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PREFACE

The work that is summarized here was started about ten years ago, argd
it still continues. Eighteen papers that pertain to various facets of
this study are included, together with some recent results that have
not yet been published. The papers are indicated by Romsn numerals and

are listed chronologically in the section: "List of Papers".

As the work proceeded, its objectives have naturally come to fall into

three major areas:

1. The determination of trace elements to be found in marine

organisms.,
2. The chemical states in which trace elements may occur.

3. Characterization of the organic compounds con®aining trace

elements as a part of the molecule.

These three fields are all important to the understanding of distri-
bution, absorption, accumulation and metebolism of trace elements in

the marine organisms.

The growing interest in the determination of trace elements in msrine
organisms, due partly to their role in environmental problems and
partly to a growing realization of the physiological role pleyed by
meny of them in living organisms, has helped to point cut the direc-
t"72n in which this work should bte led. The interest shcwn by colleagues
and laboratories throughout the conduct of this work has also been a

great encouragement.

As a characterization of trace elements present in organisms, i.e.
chemical state, is highly depending on the analytical methods in use,
the latter has been given a relatively broad treatment. It is the

author's hope that this swmary could initiate some nev ileas or new

approaches to problems in the field of trace element investigation,

Most of the experimental work has been carried out at the Central

Institute for Industrial Research and the author wants to express his
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with other members of the staff, for all kind cooperation.
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INTRODUCT LON

)

years. This is partly a consequence of the concern for protection of

X .
Trece elements have met with a strongly growing interest in recent
our environment, but is also, however, due to the increasing awareness
of the role of trace elements in the physiology of living organisms.
In recent years several new trace elements have been added as well, to
the list of those elements that are essential to living organisms

through a specific function in their metabolism.

Besides measuring the absolute amount of a trace element, it is clearly
of equal importance to find out whether the elements are present in
varying forms, e.g. as inorganic ions, chelated, or bound as integral
parts of organic molecules. Depending on their form, they may in many
cases show different effects in living organisms. A toxic element like
mercury will, for instance, by going from the inorganic divalent ion to
the organic compound methyl mercury, change its effect on mammals.
Similarly the inorganic ions of copper and zinc which are rather toxic
to fish, will have their toxicity reduced when chelated by organic com-

pounds in water,

The recent development in this field has been made possible partly by
the introduction of new methods of analysis, neutron activation analysis
(NAA) and atomic absorbtion spectrophotometry (AA) should especially be
mentioned, and partly by improved equipment. This has resulted both in

higher sensitivity, and in a reduction of the time required for analysis,

Lately, multielemental snalysis has been introduced, allowing the simul-
taneous determination of several elements in a sample without any chemical
treatment, Besides NAA, X-ray fluorescence (XRF) and mass spectrometry

should be mentioned as relevant methods for this type of analysis.

The most impertant results obtained on the analysis of trace elements
in marine end limnetic (fresh water) organisms up to the early fifties

have been summerized by A.P. Vinogradov (1) in "The Elementary Chemical

x) Trace element: Element ususlly present irn concentrations less
than 100 ppm.




Composition of Marine Organisms'". Several studies in this field have

appeared later, reporting values of trace elements in plants and animals
from the marine environment (2-11). A good part of the work has, however,
been carried out on a control basis by public or trade institutions, and

is not available in published form.

In addition to the work carried out in the author's laboratory, there

is also in other groups a growing interest in investigating the form in

which trace elements exist. Apart from extensive biochemical work on the
occurence and function of trace elements in enzymes and coenzymes, work

relating to trace elements in organic bound forms has been scarce. This

is particularly so for trace elements in lipid-soluble form.

The importance of marine raw materials for food is likely to increase in
the coming years. Hence, knowledge as to the amounts of trace elements
to be found, and to the form in which they occur, should become more
important as well. In this context the breeding of fish (aquaculture)
should be mentioned. Further development in this area may require a
closer control of feed composition including the content of trace ele-
ments, comparable to what 1s now practiced in husbandry. Long term
effects and interactions of trace elements would appear to be important

in this field as well.

METHODS

The analytical methods used in the eighteen articles summarized here

can be divided into three categories:

1. Fractionation of biological sample prior tc the determi-

nation of trace elements (prefractionation).
2. Determination of trace elements in absolute terms.

3. Experiments where a radioactive tracer of the element to
be studied is added to a biological system under in vivo

conditions.
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Some important aspecfs of the methods used will be discussed in the
following sections, in particular the prefractionation of samples

as used in these investigations. Especially in connection with trace
element investigations such methods have, to the author's knowledge,

not been used extensively in other laboratories.

PREFRACTIONATION

A fractionation of the biological sample prior to determination of
trace elements is essential to the study of how they are bound chem.-
cally. It is generally most important that dissolution of sample
components, their extraction and fractionation, are carried out in a
way tlat minimizes further reaction or decomposition. Methods that
allow the isclation of particularly stable compounds only may, however,
be most useful for special purposes (XVII}. This is pertinent to both

the lipid and the aqueous phase.

THE OIL PHASE. One of the simplest types of prefractionation consists
of a separation of the oil phase from the rest of the sample, Water-
soluble components, such as inorganic icns that are not complexed in
the 0il, are removed by washing {I,IIV). Trace elements still present
in the oil may subsequently be determined, to give the amounts of trace

elements either organically bound or made lipid-solubie by chelation.

Especially with NAA it is possible to study the efficiency of the
washing procedure, i.e. the removal of inorganic ions from the oil.
The level of sodium for instance, which is easily detected nondestruc-

tively by NAA, will indicate how efficient the washing process has been.

The 0il can be further fractionated according to the differing polarity
of the various types of lipids. This may be performed by chromatography
on activated silica gel, eluting with increasingly polar solvents,
{(e.g. hexane, hexane/diethylether, etc.; finishing with mixtures of
chloroform and methanol (VII}). In a somewhat simpler procedure the
lipids are dissolved in chloroform and chromatographed through a silica
gel column (XII,XV). Neutral lipids, i.e. aliphatic hydrocarboms, steroid
esters, tri-, di- and monoglycerides and free fatty acids, will elute

rapidly under these conditions. More polar lipids, phospholipids in the

o
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main, may subsequently be eluted and fractionated by addition of
methanol to the chlorcform. The fractions obtained can then be as-

sayed for trace elements (II).

One advantage that accrues from the analysis of series of fractions in
this way, is that the variaticn between fractions within a series may
be evaluated. This i1s particularly so when it serves as a check on
contamination from incrganic ions when working with very low levels of
organically bound trace elements. Usually contaminants of this type
are adsorbed to the silica gel as well, and are eluted in well defined

fractions. Contaminaticn is thus limited to certain fractions only.

The o1l phase or i*ts fractions may furthermore be saponified, allowing
observation of whether <he trace elements in guestion follow the saponi-
fiable cr the nonsaponifiable part. In such work the total amounts of

(O

trace elements found should be continually compared to their level in

3436

the original sample, showing their eventual concentration (or dilution)

in particular fractions (VII).

It has been shown that an 0il containing phosphorus, i.e. phospholipids,
will sequester inorgaric cations such as iron, zinc, cobalt, and others,
meking them lipid-scluble (VII,IXV). This sequestering action may be
studied through the use of radioactive iracers of the same ions. Dis-
solving such a tracer in water and contacting the oil phase with this
soluticn under thorough mixing, the tracer will be transferred to the
lipid phase, After mixing the two phases they are separated by centri-
fugation, and the radicactivity is measured in both phases. Exchange

of the radioactive sequestered tracer can be studied by repeating the
experiments with the same or other inactive ions (12). Figure 1, p. 22,
illustrates the accomplishment of an experiment where transfer of

6 + N .
5Zn2 to the 01l phase was measured relative to the amounts of phospho-

lipids present.

Some preliminary experiments studying the chelating effec: of the oil

of selected anions (Br , €1, Se0, , and HPOh__) were also carried

out (12).




- 11 -

A further development in the study of lLipid-soluble trace elements is

a closer evaluation of the way these compounds are bound in living
organisms. As a first step it is of interest to find whether they are
connected to lipoproteins, and hence are possibly located to cell
membranes; whether they in other ways are asscciated with tissue, or
simply are solved in the body fat. These problems may be studied through
a fractionation of aqueous protein-peptide extracts (prepared for in-
stance through the boiling of fish, or through enzymic digestion of
fish tissue) by molecular gelfiltration (MGF) and subsequent extraction
of 1ipid material from the different fractions {X). The level and the
distribution of the trace element in the fractions are then determined,
When very low amounts of lipids are produced, an "oil-carrier" should
be used in this extraction (X). The carrier should consist of an oil
that has previously been analyzed and found to have a nondetectable
level of the trace elements under investigation. A certain amount of
"aarrier" {1 - 2 ml) is added to the sample prior to extraction. Care
is taken that it blends homogeneously with lipids originally present.
Yield of original lipids from the high-molecular fraction may be esti-
mated from yield of carrier. The carrier should make up at least 95 %

of total lipids.

The binding of lipophilic compounds containing trace elements in tissue
has also been investigated through extraction with different solvents.
Relatively nonpolar solvents such as chloroform or hexane do not to any
great extent remove lipids that are closely associated with proteins.
Polar solvents such as isopropanol or methanol on the other hand, release
such lipids and transfer them to a nonpolar phase (XVIII}. Informaticn
of this kind msy also be obtained by extraction of lipids by a nonpolar
solvent, or releasing them by heat treatment (60 - 100 °c), from sample
meterial such as fish subjected to controlled degrees of degradation and

breekdown through prolonged storage (X,XII).

In connection with pollution problems, particularly the release of vola-
tile halogenated hydrocarbons, volatiles from marine raw material have
been isolated through distillation, to check for volatile, lipid soluble
bromo-organic compounds thet might be mistaken for similar chlorinated
ones of industrial origin. The fractionation was carried out by steam

distillation of homogenized sample material in water, to which was added
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cyclohexane as a "carrier". The absolute amount of chlorine and bro-
mine in the cyclohexane extract is determined by nondestructive NAA
(XI,13). If the distillation process is repeated, a picture of the
volatility of the halogenated compounds may be obtained.

The same method, i.e. NAA following a selective extraction, may be used
as well for determining the total content of nonpolar (hexane extract-
able) organic bound chlorine and bromine in water samples, There is to-
day a particular requirement for a method that will specifically and
absolutely determine chlorine, and also bromine, in organic compounds
without the requirements that the halogens are located to specific com~
pounds, or present in such amounts that they can be identified by for
instance mass spectroscopy (14). The less volatile halogenated compounds
in the hexane extract that may not be assayed by gas chromatography, may

well be the more important ones from the point of view of damage to our

environment.

THE WATER~SOLUBLE PHASE. In an aqueous solution prepared from a bio-
logical material, e.g. by heat treatment (glue water) or enzymic hydrol-
¥ysis, separation of inorganic ions from complexes and organic zompounds
of the trace elements are more complicated than with the oil phase.
Methods of separation that may be used are particularly tnose based on
various forms of liquid chromatography. The fractions resulting from
such separations may subsequently be assayed separately. Trace elements
present in organic bound forms are indicated by a selective increase in
the concentration of a particular element in one or more fractions (V).
Also, inorganic lons are separated from organ.c bound forms of the
element in such separations. Behavior of inorganic forms of a trace
element through a separation sequence may in most cases be observed by
addition of radiocactive ions of the element at an early stage in the
work-up procedure. The ions may then be followed through the various

fractiornation steps by measuring the radioactivity.

As described under Section 2.11 (concerning the use of inorganic radio-
active tracers in the oil phase), sequestering reactions, exchange of
ions aemong various fractions, and other reactions into which the ions

might enter, can be studied in the water phase in this way as well (12).

|~
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Of milder chromatogréphic methods, molecular gel-filtration {MGF)
should be mentioned. This technique essentially separates molecules

end aggregates according to size (V,X). Dextran gels of the Sephadex
type, however, do contain a certain amount of mainly negatively charged
groups, and do to some extent perform separations according tc charge,
Such effects are mostly observed when the ionic strength of the eluting
agent is less than approx. 0,02 M. They msy be avoided, or substanti-
ally reduced by addition of salts to bring the ionic strength above

this value (15).

The inorganic ions of arsenic and selenium, anéd also other ions, may

be separated from high-molecular weight material by MGF. Under the same
conditions arsenite is well separated from arsenate (resp. selenite
from seienate} (16). MGF allows the study of exchange reactions of trace
elements localized to specific fractions. Following MGF-fractionation
fractions may be mixed with either radioactive or inactive ions of the
same species, and again be subjected to MGF. Exchange may then be stud-
ied by measurement of radioactive, respectively inactive ions in those

fractions where the exchanged ions are eluted.

In separating the aqueous phase into meaningful fractions some gquite
specific properties of the element under investigation may be used.
When fractionating inorganic arsenic, i.e. arsenite and arsenate, from
stable organic bound forms of this element, advantage may be taken of
the fact that As3+ is quite volatile as arsenic-trichloride. When re-
ducing arsenate to arsenite and distilling in the presence of hydro-
chloric acid, both ions will be removed, whereas crganic bound arsenic

is retained (VII,X,XVII).

Autoradiography should be mentioned as & useful method of detecting
radioactive fractions on TLC, and it considerably improves the scope
of this means of separation (XV). For most practical applications
ordinary X-ray emulsions can be used. The technique has also been
applied on biological material (fish tissue) in studying the distri-

bution of radioactive isotopes in the fish (XIII).
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DETERMINATION OF ELEMENTS
For the determination of trace elements in this work, neutron activation

analysis (NAA), atomic absorption spectrophotometry (AA), and X-ray

fluorescence (XRF) have been used. Both NAA, AA, and XRF are fully de-
scribed elsewhere (17-19). The possibilities of performing nondestruc-
tively analysis of trace elements by NAA, especially in oils and other
nonpolar extracts, should be emphasized in this connection as a versa-

tile and useful method (XII).

NAA combined wita autoradiography nhas been used for studying the distri-

bution (homogeneity) of trace elements in oils (VII).

The determination of trace elements in an organic matrix by XRF, how-
ever, is still a relatively new technique., The method allows the detec-
tion of 2 - 4 ppm of those elements for which it is most sensitive, and
is particularly useful in the screening for trace elements that occur

in the concentration range of 5 to 10 ppm and above in organic and bio-
logical material. The method may be used on both solid and liquid
samples. The latter should, however, not be corrosive or too highly
volatile. The determination of sulfur in defatted fish tissue and in
marine oils down to about 10 ppm should be mentioned in this connection
(XVII1). The method is highly reproducible, nondestructive, and very
convenient. It has been used mostly in the assay of zinc, iron, halogens,
phosphorus, sulfur, arsenic, and selenium. Care is required in avoiding
matrix effects, and in the preparation of standards. Minor variations in
the organic matrix, e.g. salt content or consistency of samples such as
fish meal, meal of seaweeds and dehydrated aqueous fish extracts, can
cause problems. Determination of trace elements in oil requires about

5 ml of material. Smaller samples may be dissolved in a suitable solvent

prior to analysis.

MODEL STUDIES

The growth and feeding experiments (IX,XIII,XV) were a natural extension
of the analytical investigations to characterize further arseno-organic
compounds. The main advantage of using tracers is that both evaluation
of enrichments and identification of the newly formed radiocactive com-

pounds are greatly facilitated.
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These studies, involving growth experiments with algae ani feedin.
experiments with fish, were performed to learn more acous atsorp-i 1,
and metabolism of arsenic in particular. The radioactive arsen.c¢ is -
topes ThAs (75 %) with half-life 17.7 days, and 73As (25 %) witn na.r
life 70 days were used in the growth experimen:ts. The ras.oactive
arsenic was added to the culture medium, and as su’ficien® am-un*s _r
algal material was produced, it was fractionated ard analyzed ac:criiie
to the procedures outlined above. In the fisn-feeaing experimentc * .o
same general scheme was followed in that tne raalcactive arse:n. ' w.--
added tc the feed, respectively to the water, Tiue racloactive, ar- -
organic compounds formed were assayed for in & similar way afe-r

e 4%y 2

measuring the total amount of radiocactive arsenic jpresesnt i *::
e

samples both during the feeding period and in ‘ne sucsequent aep.et. :

period. Further, the distribution of arsenic wrnithir tre fisn was eva.-

uvated by means of autoradiography.

The problems of where in the marine food chain the arseno-organi:

compounds are formed, the degree of concentration taking place, e:v.,
were also studied in these feeding experimenis. By varying the ratura.
content of arseno-organic compounds in the feed, the influence of -:l:
source of arsenic was evaluated. Two feed compositions were usei [:.
this study, one prepared essentially from ground beef ~onta:niug .-

than | ppm of arsenic (present meinly as inorganic arsenic), an:

.

prepared from ground saithe eand defatted cod iiver. The "marine 1..-'

contained ~ 15 ppm of arsenic, most of it in orgen.catly fCiLJg - - .
Sampies were removed from groups of f£isr zeDl On %Le °*W: J.8L3 .. .

out a four-month feeding period. Agueous extracss (g*uc waser) s~

prepared from these samples by boiling and analyc=d for arsen. - i o

The experience so far with both the feeding {fish) und growte exper -
ments (algae) proved such model studies to be most surtasle ur i

over abscrption and metabolism of “race elements. S-uaies 3
tions between the various trace elements may b= carried ou” a..ng i

same lines.
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RESULTS

The results are presented and discussed in the following sections:

Heavy metals, halogens, phosphorus and sulfur, selenium, and arsenic,

HEAVY METALS

Heavy metals in this context imply essentially those of biological
importance which in their metal form show a specific weight in excess
of 5. This means that both elements which are essential or significant

to the growth of living organisms, and those which are toxic in fairly

low concentrations, are included.

The following heavy metals have been analyzed for in fish, fish products
and samples of seaweeds: Cobalt, zinc, tungsten, molybdenium, mercury,
cadmium, lead, copper, and antimony. A comparison of some results co-
tained by different workers is presented in Table 1. Determinations of

arsenic and selenium are included in this table, but are discussed in

separate sectione,

A comparison of the individual data shows partly large variations in

the content of trace elements, for instance in the case of copper and
zine in mackerel, cod, and herring. This indicates large naturel differ-
ences in the uptake of these elements., Some results, particularly those
of early origin, may however be influenced by systematic errors or con-

tamination during work-up of samples.

The different samples of tunny show large (absolute) differences in

the content of trace metals and indicate that the supply of trace ele-
ments originating from lower levels in the food chain and from water
can vary widely. The rather similar levels of trace elements in hali~
but caught at different localities indicate on the other hand that the
supply of trace elements can be quite constant, even at quite different
localities (XVIII). The relationship found in the case of arseniec,
bromine and iodine present in oil from cod liver from the Barentz Sea
should also be mentioned in this context (I)., The amounts of these

trace elements are surprisingly constant, also from one year to the

next.
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THE CONTENT OF TRACE ELEZMENTS (ppm on dry weight basis) IN FISH
(ref., see next page)

Mackerel Herring Capelin Cod Tunny Halibut
Scomber Clupea Mallotus Cadus Thunnus Hippoglossus
scombrus harengus villosus morhua thynnus hippoglossus
Hg 0,15 5 a 0,20 5 a 0,08 5a 0,41 6 1,25 3 3,8 54a%
0,20 6 5,3 5 &
Pb 0,35 5 ¢ 0,40 5 ¢ o,bk 5 ¢ 2,5 & 3,70 3 0,72 5 a*
0,70 6 1,9 6 0,66 5 a*
cd o,b0 5 0,10 5 ¢ 0,22 5 ¢ 0,90 4 0,5 3 0,06 5 a%
0,03 6 0,05 6 0,15 5 d
Fe 37,5 1 29,5 13 48 5¢ 200 la 60 1m 46,5 13
43,5 11 28,5 11 63 1b 90 lo, 22 5 ¢*
61,2 1 g 31,5 1p 17 11 165 5 4d
12,9 5 a 19 5 a 25,9 1lag
62 5 ¢ 60 5¢ 7,3 6
22 6
Zn 68,9 5 250 le 121 5a 92 1i 0 35,0 3 26,3 5 d&*
49 5c¢ 110 le 53 5¢ 25,8 L 65,0 5 a*
13,7 69,3 5 a 20,5 6
81 S a
5k 5 ¢
Cu 45,0 14 16 11 2,90 5a 19,0 11 3,65 3 2,09 5 4d°
13,06 11 12,h 5a 4,93 5 ¢ 2,0 1laq 2,48 5 4%
5,75 1 q L,o 5 a 3,25 k4
3,A8 5 a L,o 5S¢ 1,9 6
2,87 5¢
7,6 6
Co J,0h 2 0,03 2 0,09 5 a 0,331 r 0,058 5 e 9,05 =2
0,12 5 a 0,19 5 a 0,0k 2 C,0l6 5 e
0,10 6 0,13 6
As 0,2 1lc 1,0 1f 10,9 5a 1,5 1f 2,50 3 1,0 1lg
2,0 1lg 3,3 1 2,0 1ig 7.2 5 d 6,0 1h
72,5 1n 15,0 1k 5,0 1h 3,2 5 4
5,6 S5 a 7,7 5 =a 65,0 1k
5,8 50v LL 5 a 16,5 1m
4,5 6 7,8 50 Lk 50b
16,3 6
- - - X X
Se 5,2 S5 a 2,1 5a 1,5 5a 1,5 5% 3,0 54 2,0 54
1,6 5b 1,3 5% 0,55 5 ¢ 1,6 6
159 5¢ l,h 5 ¢
1,k 6
x) Average of 6~-7 samples.
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Bearing in mind that t}ace elements may exist in varicus cnemical
forms with different properties, this influences their absorption.
One would expect, too, that species of fish which differ widely in
their feeding habits or fat deposition, will show great species vari-

ations in this respect.

A significant inter-species difference in absorptive behavior has
been observed in the case of seaweeds, in that concentrations of trace
elements in different species of seaweeds from the same localities are

shown to differ widely (VI). A comparison is presented in Table 2.

TABLE 2

TRACE ELEMENT CONTENT (ppm) IN SEAWEED (REINE, LOFOTEN)

Sam.plex As Se Cu Mo Mn Zn Co Fe
Leminaria nyperborea™ 70 0,04 9 0,3 S 98 0,18 177
Ascophyllum nodosum Ly 0,09 22 2,0 13 11k 0,5 106
Fucus serratus k7 0,17 8 2,2 5 137 0,8 65
Fucus speralis 3 0,18 12 5,k 28 218 0,2 182
Fucus vesiculosus 65 0,17 45 4,6 11 188 0,6 33
Pelvetia canaliculata 22 0,12 8 0,96 7 137 0,6 1i5

x) collected in February - March
xx) lamine

Boiling of fish raw material gives a water-soluble part (glue water)
containing approx. 20 % of dry matter, esnd an insoluble part (fish
meal) meking up the remaining. Comparison of the concentrations of
the various trace elements in these two fractions clearly shows some
elements, such as copper and cobalt, to be concentrated in the water-
soluble part, whereas others, such as zinc, cadmium and molybdenium
are enriched in the meal (III,XVIII). Some results are presented in

Table 3.
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TABLE 3

THE CONTENT OF SOME TRACE METALS (ppm) IN MEAL (M) AND
DEHYDRATED GLUE WATER (G W) PRODUCED FROM THE SAME SAMPLE

Sample Fe Zn Cu Hg cd
M GW M GW M GW M G W M G W

Mackerel 15,0 4,4 8 8,7 2,0 10,5 0,41 0,01
Herring” 8 7,7 11,2 17,2 0,26 0,01

Herring™ 23 4,0 100 6,7 3,5 6,2 0,16 0,02

Halibut i 11,6 20 3,7 0,9 2,6 0,9 0,07 0,03 0,04
Tunny 370 290 27 26 0,25 4,4 3,7 0,47 0,10 0,05

x) mature
xx) immature

Mercury (methyl mercury) is of particular interest in this respect

in that more than 95 % of the element follows the meal (III,XVIII).

The low smounts of mercury found in glue water must imply that methyl
mercury is either associated with proteins other than collagen (the

main protein found in glue water) or tends to adsorb to the solid phase,
i.e. the undissolved proteins. There is also a possibility that the
presence of mercury in an insoluble compound (a protein) protects the

compound against hydrolysis.

Recent results may point to a mechanism involving adsorption of a meth;l
mercury containing compound to the solid phase, or to protection of the
mercury containing compounds against hydrolysis, as the level of mercury
is drastically increased in the solid phase after enzymic hydrolysis of
meal, especially when the hydrolysis is extensive. The enzymic hydrolysis
of fish meal has been described elsewhere (V). Some preliminary data from

this work are presented in Table 4,

Cadmium is an element of particular interest since it is among the most i
toxic of the heavy metals. The level of cadmium (0,05 - 1,0 ppm) found i
in dehydrated fish sample is, however, rather low. Comparing the content |
of cadmium to that of zine, one may find whether or not cadmium is en-

riched in fish relative to seawater. In seawater the ratio of cadmium i




t TABLE L

THE CONTENT OF MERCURY (ppm ON DRY WEIGHT BASIS) IN RAW AND PROCESSED FISH MUSCLE

Sample Raw material

Enzymhydr. raw material

Boiled material

Enzymhydr, meal

Solid ph. Aqueous ph. Meal Glue water Solid ph. Aqueous ph.
Pike Esox lucius 11,1 60,5 b1 10,6 0,19 54,5 0,43
Cod Gedus morhua 0,66 21,6 0,21 0,63 0,02 14,2 0,23
I . .
i Halibut Hippoglossus
: hippoglossus 1,4 1,0 0,77 1,6 0,10 14,2 0,31
Halibut Hippoglossus ‘ X
hippoglossus 1k 1,5 0,11 2,9 0,08
Helibut Hippoglossus X y
hippoglossus ol 6,2 0,17 8,4 0,07
Tunny Thunnus thynnus b,3 8,5 0,30 b7 0,55 8,0 0,69

\ x Dehydratet at 110 OC.

i
N
o

|
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to zinc is about 1:100 (20). Results so far obtained from fish show a
cadmium/zinc ratio in the range of 1/100-1/1000, implying that no such
enrichment occurs in fish. It should, however, be pointed out here that
these results are based on analysis of fish fillets or whole fish, and
that selective enrichment in particular organs {e.g. the liver or kidney)

as is observed in mammals, still may occur.

As mentioned, & relationship between the content of cations such as Zn2+
and Fe3+ and the level of phospholipids in an o0il have been demonstrated
(12). The results of the model experiments where oils containing a certain
amount of phospholipids are exposed to radioactive zinc ions confirm this
hypothesis (see Fig. 1)}. In these investigations it was shown that radio-
active zinc, complexed in oil in this way, can be exchanged with inactive
zinc and that trivalent ferric ions are even more effective in this re-
spect (12)., In oil with a fair content of phospholipids, an appreciable
part of the total content of heavy metals like zinc and iron may be asso-

ciated with the oil phase in this way, see also Figs. 2 and 3.
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*sRaw oil (SppmP1} in ref. 0il <0,t ppm P)

Fig. 1. “ The distribution of zinc in the 1ipid (*) and the aqueous {s)
phase as the content of phospholipids in the 0il increases,

65, 2+ S 2+
( }: only 5Zn added, (----): 6’Zn2 and 10 ppm Zn2+ added.
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No corresponding absorption of anions in the 0il phase was observed.

PEOSPHORUS AND SULFUR

Neither in the oil nor in the water phase are phosphorus and sulfur

included among the typical trace elements in marine organisms. Both

are, however, of interest in relation to the trace elements included

in this study. They will therefore be discussed briefly in this context.

The content of phosphorus as phospholipids in industrially produced
marine raw oils is partly dependent on the state cf the fish raw
material at production time. Preliminary results show that phospho-
lipids are released nonlinearly under conditions of anaeroric siorage
of fish (XII). Smail amounts only may be removed with the neutral fat.
by heat treatment during the first three <o four days of storage,
followed by a tenfold increase in released phospholipids in the next
couple of days. Concurrent with this release of phospnolipids, an
increase in the content of heavy metals sucn as zinc is also observed

in the o0il (see Fig. 2 and 3).

Sulfur was determined in fish meal and oils irn order to fcllow %ue
relationshir between selenium and sulfur. It 1s commonly assumed that
selenium-containing amino acids may be syntnesized alcng the same

routes as sulfur analogues (21), see alsc Section 2.4. Few data are
available on the amoun“s of sulfur in marine cils, andi furthermore,
those that are available have partly beexn measured on refined oils., The
data indicate a level of 5 to 20 ppm of sulfur (22). There is also the
question of whether these lipid-soluble sulfur compounds are originally
present in the lipid phase or whether they are converted to such during
storage. Results from this study prove raw oils from fresh, marine raw
material to contain much higher levels of sulfur than those previously
reported. Sulfur has been determined in the cil phase from halibut and
tunny {XVIII), and in the same way in oils from mackerel, herring and cod
liver, isolated both by heat treatment and by extraction with hexane/iso-
propanol and chloroform/methenol (23). Amounts of sulfur from < 1J to

900 ppm were found in these oils (see Table 5). At this point assump-

tions as to the nature of these compounds are guesswork only.
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TABLE 5

THE CONTENT OF SULFUR {ppm) IN MARINE OILS
PRODUCED FROM FRESH RAW MATERIAL

Sample Method of production S
Capelin Heat treatment 100 OC ° 10
Herring " " " 1s
Mackerel " " " 35
Cod liver " " " 10
Capelin Chloroform/methanol (2:1) L3
Herring I " " o
Herring 1I " " Lo
Mackerel I " " 390
Mackerel I1I " " o0
Red fish " " 122
Cod liver " " Lo
Halibut Hexan/isoprepanol  (1:1) 125
Tunny " " 66
HALOGENS

Bromine was firstly described in marine oils In the 1830's (24), bat

has not received any further interest until the investigations re-
viewed here were started. This work has mainly deal: with the amounts
and distributicn of oii-soluble bromo-organic compounds. The results
obtained indicate that bromine is present in a wide variety of organic
compounds in marine oils. Unspecific addition of bromine to double bonds
in fatty acids would seem to be a likely route of formation of such
compounds. But *he results indicate that they are not associated with
unsaturated fatty acids in particular (VII). Bromine-containing organic
compounds have been found as well in birds and terres*rial animals that
mainly have consumed feeds of a marine origin. They are, nowever, nc*
found in the lipids of mammals which have lived on a terrestrial die:,
or in various edible oils of terrestrial origin (VIII).

Bromine and iodine were determined in cod liver oil from different local-

ities. In cod coming in towards the coast of Northern Korway to spawn,
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the level of both iodine and bromine is surprisingly constant. Samples
from other localities, Mgre and Skagerak, among others, show quite
different values (I). Some recent results (25), including also values

for the chlorine content, are summarized in Table 6.

TABLE 6

THE CONTENT OF CHLORINE, BROMINE AND IODINE (ppm) IN FISH OIL

Sample Locality Cl Br I
Capelin Lopphavet 1972 33 L,3 0,91
" " 1973 29 4,1 0,55
Herring Steinkjer 1972 54 2,1 1,3
" Rgrvik 1972 60 2,6 3,2
" Homme lvik 1972 50 1,9 0,6
" Hvaler 1973 85 3,2 4,3
" Osiofiord 1973 51 2,8 b,
" Shetland 1972 38 b2 1.1
Mackerel Bergen 1971 125 2,9 4,3
" Kristiansand 1972 97 3,1 L,2
Cod liver Lofoten 1972 28 6,0 9,2
" Mgre 1972 28 9,1 5,0

In connection with determination of chlorinated hydrocarbons in marine
organisms and in seeawater as a result of the industrial release of
such compounds (mostly from the manufacture of polymers), it was of
interest to check whether bromo-organic compounds might contaminate
and disturb the registration of these chlorinated hydrocarbons (XI).
The results of the determination of bromine in the cyclohexane con-
centrates collected after steam distillation show that 0,1 to 1 % of
total fat-soluble bromine was collected under these conditions. The
analysis of such volatiles by gas chromatography with electron capture
detection (ECD) showed a number of ECD-sensitive compounds to be pres-—
ent. Some of them were detected by flame ionization detectors as well,
and these were further analyzed by coupled gas chromatography/mass
spectroscopy. None of the compounds that could be analyzed in this way

was, however, found to contain bromine (XI).

i
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These investigations have later been expanded to incliude chlorine and
iodine as well, and are presently continuing with samples of fish from
areas that are either typically contaminated or expected to be relativ-
ely free from contaminatlon. Very recent results show the presence of
fairly volatile chlorinated hydrocarbons, and somewhat less volatile
iodinated ones (25). Even though a fair amount of the lipid-soluble
chlorinated organic compounds found in marine raw materials today crig-
inate from human activity {and presumably some of the brominated ones
as well), there are undoubtedly also such compounds of a "natura."

origin present in marine organisms. Further characterization of he

latter type is of great interest.

SELENIUM

Toward the end of tne fifties selenium was characterized as cne of the
essential elements (26,27). Selenium deficiency in domestic animals
results in a variety of typical symptoms, necrosis of muscle tissue
being perhaps the best known, At the same time selenium is extremely
toxic and may welli be compared with mercury or cadmium in this respect.
Selenium compounds are among the most potent antioxidants known in liv-
ing organisms, and they show a marked effect in capturing free radicals
in the same way as thiols and other "radical scavengers” do {28).

-~

Certain extracts, e.g. prepared from yeast (Torula), were shown c
contain at least two selenium-organic compounds with improved thera-
peutic effect as compared to selenite, seleno-aminc acids or otner
known selenium compounds tested against selenium deficiency diseassc
{29). Isolation and identification of these compounds frcm yeas:t have,
nowever, not sc far proved feasible (30).

Marine organisms appear generally to have a nigher content of szienium
than what is found in terrestrial ones (with the exception of some
plants growing in seleniferreous areas) (V,27,31-33}. The level of
selenium in fish is in the range of 1 - 4 ppm, usually about Z ppm
(cee Table 1). Disregarding some very high levels detected ir some
tunny samples (XvIII), tne selenium content in fisk thus appears <o

be rather constant.

The selenium/sulfur ratio in meal prepared from halibut and ‘unny, and

in other fish meal as well, is quite constan%. It may indicate <hzt
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synthesis of the major part of these substances proceeds along the same
lines (XVIII,XIV). As most of the sulfur in the fish meal is present as
sulfur amino acids, it is likely too, that most of the selenium is
present as corresponding seleno amino acids in such samples. Some meal
samples produced from tunny have shown very high contents of selenium;
about ten times the amounts usuelly found in fish meal (XVIII). In glue
water produced from the same samples a level of 7O ppm was observed. As
sulfur contents in these samples were normal, synthesis of selenium com-
pounds in this case must have been preferentiated or have proceeded
along different routes. This is especially evident when recognizing the

enrichment of selenium in glue water (see Table T).

TABLE 7

THE CONTENT (ppm) OF ARSENIC, SELENIUM AND BROMINE IN DEHYDRATED
MEAL (M) AND GLUE WATER (G W) PRODUCED FROM THE SAME SAMPLE

Sample As Se Br

M G W M GW M G W
Mackerel L,5 15,2 2,7 15,1 3,3 130
Herring™ 3,6 2k 1,3 5,6 2,2 63
Eerring™™® 2,3 13 1,9 2,8 b7 85
Halibut 6 136 1,0 2,1 - -
Tunny 5 21,8 2,7 10,3 - -

Xx) mature
xx) immature

In connection with the work on selenium a new group of lipid-soluble
seleno-organic compounds was detected. Selenium in the marine oils
varied from 0,05 to ebout 10 ppm {X,XVI,XVII). The selenium to sulfur
ratio is much less constant as well (XVIII). It should be pointed out,

however, that the nature of both the lipid-scluble selenium compounds

vt Al e i

b

and the lipid-soluble sulfur compounds are so far unknown, and that the
conclusions are quite limited until more becomes known about their
nature. Varying chemical properties may, for instance, influence their

distribution between oil and water phase even though their mode of

formation may be the same.

[T N R - TSRO
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The lipid-soluble seleno-organic compounds described above appear to
be partly associated with lipoproteins, and are extracted quantita-
tively only by total extraction of lipids by mixtures of polar and
nonpolar solvents. They appear to be rather stable, and they are
found in the lipids of commercial fish meal as well (XIV). Such meal
is usually exposed to high temperature drying as well as to prolonged

storage in presence of air prior to their use as feeds.

Further evaluation of therapeutical aspects of selenium compounds from
meals and oils with particularly high contents of selenium would seem
to be of particular interest, as would studies of their toxicity. The
very high levels of selenium found in some samples of fish may indicate
that there exists selenium—-containing compounds that are not as toxic

as compounds so far tested (32). The toxic level in feed for domestic
animals is of the order of 3 - U ppm for selenite. Lipid-soluble seleno-
organic compounds of natural origin would furthermore be expected to
show differences in absorption and effects, as well, compared to sele-

nite or other known water-soluble seleno-organic compounds.

Fish meal is recognized as an important source of selenium in the feed-
ing of domestic animals. Usually about 5 % of meal is added to the feed
composition. A clear relationship is found between amounts of selenium
given as fish meal and the level of selenium in blood from sheep and
lambs half a year later (33). This study was undertaken in an area de-

ficient in selenium.

Recent results indicate that selenium seems to relieve the toxic effects
of methyl mercury in Japanese quail (3%). The selenium present in tuna
is shown to replace known selenium compounds as a source of selenium in
this respect. It is here suggested that fish may use selenium as a
detoxification agent against methyl mercury, and that the absorption
of selenium is regulated by the mercury content in the fish. As to the
latter suggestion the results so far show that the level of selenium

th

is much more constant than that of mercury, and as the major amount of

selenium in fish apparently is present as selenium-amino acids, this

hypothesis appears somewhat dubious.
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ARSENIC

Arsenic as an element, appears to hold a quite umique pcsition in

the biosphere. Results thus far show that marine orgenisms synthesize
arseno-orgenic compounds from inorganic arsenic, whereas no evidence
points to & corresponding ability in terrestrisl organisms (V,IX,XIII,
XV,35). Accordingly more then one hundred ppm of arsenic (in the form
of arseno—organic compounds) may be found in the first group whereas

levels in the latter rarely exceed one ppm {36).

Arsenic was first detected in marine organisms in the 1890's (37). It
received s great deal of interest in the following decades, particu-
larly during the period 1920-194C, presumably &s a result of the

arsenic-containing pharmaceutics in use at the time (38).

Some of this interest was focused on arsenic in marine organisms as
well. In Table 1 are given some of the results so far obtained. Some

of the lower values given here may be caused by insufficient enalytical
techniques. The content of arsenic in fish from coastal areas appears

to be lower than in fish of a pelagic origin (I). One reason for this
mey be a reduction in available arsenic in coastal areas due to a rather
heavy absorption by marine plants in these areas. Considersble varia-
tions may occur depending on the localities where the fish has been

caught , however,

The presence of arsenic as compounds other than arsenite and arsenate
has been indicated by Vinogradov (1) among others. Studies were under-
taken in the period up to 1S40 to further characterize these compounds
{39,40). It was found for instance that arsenic could be extracted
quantitatively from marine raw material (shrimp) by ethanol (39)1).

In a feeding experiment with rats in which arsenic in shrimps was com-
pared to inorganic arsenic, it was found that arsenic in the two cases

was metabolized differently, indicating that arsenic in shrimps did not

exist as inorganic arsenic or as compounds broken down to this stage in

metabolism (41).

1) These results could not be reproduced in the author's laboratory.
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The effects of both tri- and pentavalent inorganic arsenic in mammals
are rather well understood (38). Trivalent arsenic (arsenite) is much
the more toxic, and reacts with e.g. sulfhydryl groups in enzymes to
block essential metabolism. A similar mode of action has also been
found for some trivalent arseno-organic compounds. Pentavalent arsenic
(arsenate) acts as an "uncoupler" in that it competes with phosphorus
in formation of organic esters in the main metabolic pathways. The

arsenate esters formed are unstable in water, however, and hydroclyze

to release arsenate again.

In addition to arsenite and arsenate, arsine and trimethyl-arsine should

be mentioned as very toxic compounds.

As in the case of mercury, selenium, and tellur, arsenic may be methyl-
ated by microorganisms under certain conditions (L42,43). The ensuing
compounds are quite volatile and hence may be distributed via the
atmosphere. Only in one case has a volatile arsenic compound been
encountered in these investigetions; possibly di- or trimethyl arsine.
This was found in sample material from shrimps, and was isolated by
steam distillation and subsequent extraction of the distillate by
hexane, The amounts of arsenic detected in this way, however, amounted

to only a few percent of total arsenic in this material,

Interpretation of the significance of the content of arsenic in marine
organisms is presently under discussion. There is broad agreement to

the view that most of the arsenic is not present as inorganic ions
{arsenite/arsenate), and that the organic forms of arsenic probably

are less toxic than the inorganic ones. The chemical state, i.e. whether
the arsenic is present as pentavalent or trivalent in the arseno-organic
compounds, is however, not known. Also, few data exist about pharmaco-
logical properties or long term effects of these arseno-organic compounds

in terrestrial organisms. A discussion in 1972 in Fishery News Interna-

tional clearly states the confusion of this matter (4L,L5).

The main goal of the studies summarized concerning arsenic in marine
organisms was to shed some new light on the chemistry and the synthesis

g of these compounds. Some of the most important results obtained in the

studies reviewed are presented in the following:
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Arsenic is present in marine organisms as both water—soluble and lipid-
soluble arseno-organic compounds. The level of arsenic is established
in this work to be between 1 and more than a 100 ppm (I,IV,VI,VIII,XIV,
XVIII). Some other results are mentioned in Table 1, p. 17. The data
indicate enrichment factors from 200 - 300 to 30 000 - 40 0000 in dehy-
drated raw material compared to arsenic in water, ~ 3 ppb (20). It

should be noted also, that the arsenic is enriched in the glue water,

see Table 7.

Work-up of marine raw material, e.g. by heat treatment or by enzymic
hydrolysis, and followed by fractionation of the water-soluble part by
MGF, results in the major part of the arsenic being found in & fraction
with higher molecular weight than the amino acid fractioms, but well
separated from the high-molecular weight material, i.e. the void volume.
This indicates that arsenic is not associated with the proteins in fish,
For such an association to be present in vivo, it has to be weak enough

to be completely destroyed by such methods as are described here (V}.

Growth of unicellular algaé with radioactive arsenic added to the growth
medium shows both oil and water-soluble arseno-orgenic compounds to be
formed (XV). The oil-soluble compounds are transformed to a water-soluble
one on treatment with hydrochloric acid. This compound is very stable and
shows chemical properties similar to the one found in highest concen-
trations in the aqueous extracts. This compound is ninhydrin positive,

and has been studied in more detail by MGF and TLC.

Among the most important results obtained from the fish-feeding experiment
was the finding that fish too has the ability to synthesize lipid-soluble
and water-soluble arseno-organic compounds, Only a small part of the in-
organic arsenic present in the feed was, however, converted to arseno-
organic compounds, and as the content of inorganic arsenic in natural
waters is low co.upared to the marine organisms, this direct synthesis

must therefore be of minor importance as a source of arseno-organic com-
pounds in fish. Absorption of arsenic from feeds with a varying content
of organically bound arsenic, on the other hand proves lower levels in

the merine food chain to be the major source of arsenic for fish (XIII).

R T —
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When inorganic arsenic (arsenite/arsenate) is added to the water it
is absorbed by the fish; however, no arseno-crganic compounds were

detected by the methods used for studying this process (XIII).

All results so far indicate the nature of these arseno-organic compounds
to be similar in unicellular algae and in fish. Recent results show that
lipid-soluble arseno-organic ccmpounds extracted from meal of seaweeds

and treated with HCl, give a water-soluble arseno-organic compound with

properties similar to the ones most prominent in fish and algae (L&).

The results of the fractionation of organic bound arsenic from inorganic
compounds or those broken down to inorganic arsenic during the HCl treat-
ment, show that under these conditions 0,3 to 3,0 ppm of the arsenic
present in marine samples is removed during the distillation. The re-

maining arsenic consists essentially of stable arseno-organic compounds

(xvIiI).

The stability of the arseno-organic compounds may also be illustrated
by some preliminary investigations carried out to check for presence
of organically bound arsenic in sediments (47). The analysis has been
performed on clays taken 10, 20 and 30 cm below the seabottom in the
outer Oslofjord (Hvaler) and from cores (1 - 10 m) drilled in the North
Sea. After distiliing off the inorganic arsenic, the undistilled was
evaporated, extracted with ethanol and fractionated on TLC before
assaying arsenic in the different fractions by NAA. The results show
that approximately 50 percent of the arsenic in sediments taken from
the Oslofjord and about 15 percent of the sample from the North Sea

are present as organic compounds.

Further studies over the chemical nature of the main arseno-organic
compounds are continuing at present. Enrichment of arsenic t0 concen-
trations of 1 ~ L4 percent As (dry weight) has been achieved through
ethanol extraction of dehydrated water-soluble marine raw materials
(and from lipids treated with hydrochloric acid as well) followed by
MGF and preparative TLC. Suitable conditions for further enrichment
by ion exchange chromatography have been achieved quite recently (b6).

A ninhydrin developed TLC fractionation is presented in Fig. 4, The
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spots were scrapped out and analyzed by NAA. Spot A only contains

arsenic. All arsenic present in the sample was found in this spot.

I

*.
Fig. b,
. A Ninhydrin developed thin layer
chromatogram of an aqueous extract
{produced from cod liver) enriched
; in organic bound arsenic, Only
' compound A contains arsenic.
TLC system:
¥ Substrate: Cellulose F (Merck)

developing solvent:
Chloroform/methanol/ammonie 2/2/1.

Preparation of derivatives of the arseno-organic compounds has been
tried on the concentrated material, and acetylation has so far met
with success as indicated by disappearance of ninhydrin resction and
the appearance of s compound with a different (and higher) Rf-value
in TLC. This compound is, however, still water-soluble and attempts
to improve the volatily by further derivation, e.g. by using methyla-

tion and silylation, have not succeeded.

=
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A

SCME ECOLOGICAL ASPECTS OF TRACE ELEMENTS IN THE AQUATIC ENVIRONMENT

AMlthough trace elements and their significance to aguatic organisms
have been investigated to a much smaller extent than have the corre-
sponding terrestrial systems, it is generally assumed that trace

elements function similarly in both.

Aguatic orgenisms are, however, much less exposed to deficiencies in
these elements. This is particularly so in the marine environment,

where supply and availability of trace elemeni. are rather abundant,
relatively speaking. Deficiencies in specific elements may, however,
be encountered in eutrophic lakes in high production, and in coastal

areas where iodine, for instance, is strongly enriched in seaweeds.

Absorption of trace elements in aquatic organisms, and perhaps passive
absorption 1in particular, may, however, follow routes quite different
from those common in terrestrial life, Besides the uptake of trace
elements from food, they may be absorbed through the skin and the
respiratory system of the organism. Of equal importance 1is excretion
through the same organs. {It should be emphasized that absorption and
excretion in water occur to an extended medium, rather than to a con-

fined one as it is for terrestrial plants.)

It will carry too far to go into the aquatic ecological aspects of
each trace element here. Rather, some comments based on the resuits

obtaired in the present work will be presented.

The results with respect to arsenic is the most important in the con-
text of aguatic ecology. Methylation of arsenic, analogous to the
methylation of mercury by microorganisms seems to play & very minor

part in the aquatic environment.

When inorganic arsenic is absorbed together with the food, the result
is a synthesis of arseno-organic compounds that are very resistant to
degradation, while inorganic arsenic absorbed through the skin and

gills (fish) does not seem to be converted to such compounds. Due to

a high accumulation of the arseno—organic compounds in the different
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steps in the aquatic feed chain compared to that of inorganic arsenic
in the water, the amount of inorganic arsenic present in the aquatic
orgenisms is negligible. Results furthermore indicate that orgenisms
low in the feed chain synthesize the major part of the arseno-organic

compounds, and thus are the main originators of such compounds.

Even though it has not been shown cenclusively that the arseno-organic
compounds found in algae are identical to those found in fish and other
marine organisms, all results obtained so far {such as thin layer chro-
matographic behavior, stability, molecular weight, ninhydrin reaction,
etc.), point to a common base. The fact that these compounds are formed

in both algae and animals further confirms this view.

Aquatic organisms may have an intensified need for protection egainst
microbial invasion, particularly in areas of mucous membranes. Synthesis
and excretion of these arseno-organic compounds may be associated with
such a function. Both the need and the possibility of obtaining such
substances are drastically reduced on land, and may be the reason why

terrestrial organisms cannot synthesize these compounds.

Of other results pertinent in this connection should be mentioned the
ability of marine organisms to form lipid-soluble compounds containing
the trace elements arsenic, bromine, chlorine, iodine, and selenium.
Sulfur may be included here, although it is not usually considered s

trace element., Such lipid-soluble compounds are not known in terres-

trial organisms.

Unlike the arseno-lipids, halogens do not appear to exist as specific
compounds or classes of compounds, but rather to be nonspecifically
bound to different lipid-soluble compounds. The possibility that such
matter may contain substances that are stable, and may be harmful to

terrestrial ecological systems, should be considered.

0f particular interest are ‘he lipid-soluble seleno- and sulfo-compounds
that have been detected, The large variations in the level of these

compounds imply either that they protect or make up for other essential
compounds , or that they are localized in the tissue, and in varying de-

grees are accessible during the isolation of fatty matt-r, The rathcr
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constant content of selenium in fish meal, and of sulfur in sea-
vater indicates that the supply of both selenium and sulfur to

marine organisms is quite constant.

EPILOGUE

The coming years appear to bring a greatly enriched activity in the
research on trace elements, their nutritional and pharmacological
effects, the forms in which they are present in living organisms,

and their interactions in nature.

Modern analytical chemistry would seem to make this development pos-
sible. However, the importance of concerted efforts by biologists
and analytical chemists in cooperation in the attack on this type of

problem is becoming increasingly evident.
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1. Introduction

The first analyses of bromine and iodine in marine organisms were performed
in the years from 1830—1840. SaARPHATI (1934) and others noted the presence
of bromine and iodine in fishes. The content of arsenic in fishes was observed
by THIERGARDT (1897) and others around 1900. After these first studies more
systematic investigations were initiated early in the 1920. These investigations
were now primarely concerned with the determinations of iodine and arsenic in
fishes. However, no analyses of bromine were made in this period or later.
A survey of this development can be found in ‘The Elementary Chemical Com-
position of Marine Organisms’ by ViNoeeaDov (1953). Some of the results dis-
cussed in the latter publication pertaining the distributions of iodine and arsenic
in fish have interest in connection with the present work and will therefore be
mentioned.

Most of the determination of iodine in fishes refer to muscular tissues and
different organs. It is reported that species of the family Gadidae contain more
iodine than species of other fish families such as Salmonidse, Clupeidae, Scom-
bridae and Pleuronectidae. Determinations of iodine in fish oils, especially in
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cod liver, Gadus morrhua, show a iodine content of 1.5—16.5 ppm. Corresponding
determinations of the iodine content in fresh water fishes indicate that these
contain 10— 100 times less jodine than the marine forms. Also it was observed
that the iodine content in fishes from the coast of Norway were riches in iodine
than the same species of fishes or species from the same fish family caught along
the Pacific coast of the United States. This indicates a connection between the
iodine content in the fishes and their nutrition. In some experiments reported,
fish tissues have been extracted succesively by HCI, cold and hot aleohol. chloro-
form and ether. All of these fractions contained iodine. Therefore it is concluded
that most of the iodine in the fishes is present as an unknown organic compound.

Reviewing the results of the arsenic determinations in fishes it is of interest
to note that this element accumulates in liver oil and in oil from other organs.
In the cod liver oil it is found from 0.3—0.45 mg arsenic per 100 ecm?® oil. and in
the liver fat of herring 9 ppm arsenic.

The amount of arsenic found in many different fish species in salt and fresh
water show considerable variations, but no results point out any significant
difference in the arsenic content. It also seems probable that the arsenic occurs
in the fishes as an organic compound.

2. Methods. The Principlesfor the Neutron Activation Analysis

Many excellent surveys, publications, and proceedings concerning activation
analysis are available wherein the theory and the different fields of applications
are described. Therefore only a short genreal intreduction to the method will
be given here, together with some particular problems concerning the irradiation
of oils. For a more thorough study of activation analvses one may refer to
JENKINS and SMALES (1956), ATKINS and SMALEs (1959), BoweN and GIBBONS
(1963), Kocu (1960), and to proceedings from conferences in activation analyses,
ViexNa (1959), Texas (1963), SaLzBurc (1964), and TExas (1965).

If an amount W(g) of an element is irradiated the radioactivity A (desinte-
grations sec™!) produced in a time, f, can be established by the following ¢quation:
g-a-0. . X
A="""y

wherein ¢ is the neutronflux in neutrons em-2, @ is the percentage abundance
of the isotope to be activated and o ist the activation cross section (in barns)
for this particular isotope. N is Avogadros number, M is the atomic weight of
the element and 7'y is the half-life of the radioactive isotope formed. The ex-
pression 1 — e~%9931T1;2 jg called the saturation factor.

From this equation it can be seen that with an irradiation time of { = T,
the saturation factor is 0.5, and when it is increzsed, the factor will approach 1.
At this time the same amount of radicactive izsotopes formed, will disintegrate
and the maximum sensitivity is attained. In practice the irradiation time depends
on the element to be analysed and may vary from less than one hour to many
days. The radioactive isotopes which are formed will usually desintegrate by
emitting both y- and f-radiation and can therefore be detected by measurement.
From the previous formula for calculating the induced activity it is seen that .4
is proportional to the weight of the element. An absolute determination can
now be performed by irradiating a known amount of this element (a so-called
standard) under the same condition as the sample. The activity induced in the

(1 —e— 6.593“1']/2,
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Table 1. Half lives, sensitivities!). and characteristic y-energies?).

Element \ctivated form Half life Sensitivity Characteristic -energies
’ . Ty g:g sample (MeV)

Na Na — 24 15.0h 1-10-10 1.38. 2.76

Cl ]l - 38 37.3m 3- 107 164, 2.15

| P - 32 14.3d 1-10-® no y

Mn Mn — 3d 26h 1-10-1 0.84. 1.3, 2.11

Fe Fe — 359 43.1d 5-10°7 110, 1.29

Co Co — 6V 3.2y 1-10-®° 1.33. 1.17

Cu Cu — 64 128 h 3-107° 0.51

Zn Zn — 44 245 d 1-10-¢ i.11

Zn Zn — 69 13.8h 1-10-* 0.438

As As ~ 76 26.7h 5.10-1 0.55

Br Br — 82 36 h 1-1l0-10 0.55. 0.78. 1.04. 130

Mo Mo — 99 66 h 1-10°8 0.141. 0181, 0.74

I - T — 128 B m 1.10-* 0.455

Notes to the table: The irradiation is performed in a uranium reactor at a neutronflux
at 1012 em =2 gec™! for one month or to saturation. The measurements
are supposed 10 start two hours after the end of the irradiation with
an end window G.M. tube. The effeciency is 10°, for g~ and p* with
maximum cnergy 0.2 MeV and 19 for f-particles with lower energy.
1) from JENKINS and SMALES (1956)

2) from CrOUTHAMEL (1860)

standard is then compared with the corresponding activity in the sample. As
the weight of the standard is known. the amount of the element in the sample
can be determined.

Table I contains half-lifes and sensitivities, from JENKINS and SMALEs (1956)
for sume elements of interest. Characteristie p-energies are takenifrom CrovTHAMEL
(1960). The sensitivity deseribed in Table 1 is based on theoretical ealeulations
on g-measurements of induced activities. This technique will give the highest
sensitivity. but it is necessary to perform thorough separation of the radicactive
isotope to be measured. In practice the registration is performed by a y.spectro.
meter where the demand to radiochemical purity of the sample is not that high
as for the previous method. Several radioactive isotopes can here be analysed
in one sample. This latter technique may reduee the sensitivity. but on the other
band it will improve the precision of the analysis becanse the number of sep-
aration steps is reduced.

Neither carbon. hydrogen. oxygen, nor nitrogen will give any measurcable
radioactivity if the activation is performed in a nuelear reactor. For this reason
it is therefore possible to register the activity induced in trace elements in many
organic and biological samples without chemical separations. Sodiun: is one of

;the elements that may interfere in this procedure. In this type of material sodium
is usually present in a relative high concentration. It has high sensitivity for
neutron activation. and its radivactive isotope Na-24 emits high energy p-ray=.
The registration and interpretation of other radioactive isotopes can therefore
be impeded. For radioactive isotopes with a long half life (2 days or morej.
the interference from Na-24 can be aveided by waiting until this isotope has
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decayed to a level where the other active isotopes can be measured. Elements
forming radioactive isotopes with shorter half-liefes (~5 hours) can be analysed
either by selecting a short irradiation time. or it may be necessary to remove
sodium by chemical methods.

When the irradiation takes place in a nuclear reactor with thermal neutrons.
the most common activation process will be a (n.y) reaction where an isotope
captures a neutron with a subsequent simultaneous emission of a y-quantum.
The y-emission will give the activated isotope a recoil in the opposite direction.
Usually the kinetic energy gained in this process will be higher than the binding
energy, and the atom may diffuse out in the matrix. This is especially true if
the sample is in liquid phase or it is a biological material. These atoms, or ~hot
atoms™ as they are called. can here form volatile compounds and escape from
the sample. In the present investigations both the bromine. iodine, and arsenic
will leave the molecules where they originally were located and diffuse into the
oil, These atoms are very reactive and it is highly probable that the bromine
and iodine will abstract hydrogen from organic molecules forming hydrogen-
bromide and hydrogeniodide. Both of this compounds have a definite vapor
pressure at the irradiation temperature (about 40 °C) and therefore these can
escape as a gas. However, the probable reaction will be that they add to double-
bonds and remain in the oil.

In order to investigate this type of reaction and also the behaviour of the
arsenic activated, 5 different oils were neutron activated and extracted with
water. Each of the liquid phases were then separated and the radioactivity
measured in cach fraction with a seintillation detector. The result showed that
1—49; of activity induced in the bromine and arsenic in the oils could be extracted
into the waterphase. From disintegration curves of oil and corresponding water-
fractions it was furthermore observed that they contained nearly the same mixture
of Br-82 and As-76. This shows that the water extracts about the same relative
amount of arsenic and bromine from the oil, and confirms the fact that bromine
and arsenic almost quantitatively will stay in the oil after activation. Due to
the half-life of I.128, the activated iodine could not be determined in these
experiments, but will certainly follow the same reactions scheme as the bromine.

3. Experimental

a) Production of the Oils

Many of the herring oils and some of the other marine oils were produced in
factories. They were all analysed as received. The other samples of fish were obtai-
ned at the commercial fish market or caught by local fishermen. The plankton was
collected with a phytoplankton tow net. From these samples the oils were pro-
duced in the laboratory either by boiling with water or by extraction with
a chloroform-methanol mixture (2:1), or with petrolether. The last method of
extraction was only used on dried materials. The oil produced by extraction
contained some impurities, especially sodium. In order to remove these it was
necessary to wash the oil with water.

The fish oils were produced either from whole fish, liver or tissue (whole fish
without intestine). No further treatment was performed before the extraction
of the oils. The plankton samples were dried ai 50—60 °C before the extraction.

A v
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by Leradiation and Registration

Ordinary about 0.5 ¢ from cach oil sample was used for the determination o
bromine. jodine. and arsenic. The method of analysix and the handling procedure
cmploved here will put @ lower limit of about 25 mg il for cach activation.

The oils were sealed into polyethylene ampoules and irradiated in Jeser -
nuclear reactor JEEP 1. Kjeller Norwax. The neutronflux was about 2. o
noem 2see ! The irradiation time was from | --2 hours when all three elements
were determined 1 only bromine and arsenie are to be analysed. it is reasonable
to prolong the time of irradiation to I -2 days. This will inerease the sensitivity
for the bromine and arsenie determinations.

After irradiation the oils were poured from the ampoules into 5 ml test-tubes
and measured. The weight of the oils were determined by weighing the tubes
witl and without the activated oil.

A standards tor the quantitative determinations of bromine, jodine. and
arsenic NHBr. KLand A, Oy (Mereh, pro analysis) were employved. A 400 channel
sospectrometer (Intertechnique) with a 2 - 27 thalliumactivated Xal ervstal was
used to register the induced radioactivity in the oils. Due to the short half-fife
of 1-128 (T . 25 min) it isx necessaryv to start the registration as fast as pos-
sible. within 1 --2 hours after irradiation. During 4—5 hours this activity is
reduced and the registration of the radioactivity from bromine and arsenie can
=tart,

The determination of jodine was performed by comparing the intensity of the
043 Me\™ s.peak from the activated oil with the activated iodine standard.
The [-128 activity in the oil sample was alse controlled by following the decay
of this isotope. Bromine-82 and As.76 have both of their prominant ;-intensities
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at 0.53 MeV and these will therefore be superimposed in the y-spectrum recorded,
Also Br-82 has y-energies of 0.78 and 1.04 MeV which can be used for quantitative
determination. if the measurements of bromine and arsenir are made within
a day after the activation there will be some contribution of 0.51 MeV and
0.62 MeV 5 from Br-80 m'). Bromine-80 m has a half-life of 4.4 hours and will
disintegrate to Br-80 with a half life of 18 min. In this period it is important
to measure the bromine-standard so as to control the disintegration of Br.80 m.
After the decay of about one day the influence from this isotope is negligible.

The 0.78 MeV p-peak of Br-82 was used for the determination of the bromine.
The arsenie was determined by using the 0.55 MeV y.peak from As-76 after the
contribution from Br-82 in the 0.55 MeV y-peak was subtracted.

The figures 1—3 show bromine, iodine, and arsenic standards, and in fig. 4 6
are presented some typical y.spectra of activated cod liver oil. herring oil. and
salmon oil.

4. Results

Tables 2—7 give the result from determination of the bromine. iodine. and
arsenic content in the different oils. In addition to the fish and plankton il
also some samples of whale oil were activated and analysed.

Besides radioactive isotopes of bromine, iodine, and arsenic, other radioaetive
isotopes could be observed after the activation. Among the latter the radio-
active phosphorus and chlorine isotopes P.32 and CI-38 may be mentioned.
The radioactive phosphorus isotope, P-32, has a half life of 14.3 days and is a pure
p-emitter. In a y-spectrum this isotope will be recorded as bremsstrahlung.
The chlorine isotape, CI-38, has a half life of 38 min and can also be determined
in a mixture of bromine. iodine. and arsenic with a y-spectrometer.

Some samples of vegetable and animal oils were irradiated to see if any of the
trace elements found in fish oils were present. The following oils were irradiated
and measured with the same technique as described previously: saffloweroil.
peanutoil. sovaoil. shefat. pigfat. and fats from cow and hen liver. The results
of these experiments showed that no bromine. iodine, or arsenic could be detected

As reported by SapoLix (1932) the arsenic content in the eod liver oil can be
partly removed by washing with a sodium carbonate solution. The results from
similar experiments in this study, where the oils were washed with other hasic so-
iutions, showed that the arsenic could be completely removed. The latter being
accomplished by washing with a 0.1 M NaOH solution, whereas 0.1 M XH; had
no infiuence. Neither the bromine nor the iodine content was changed by this
treatment. erring oil and cod liver oil were used for these experiments.

In some other experiments tie different methods of oil production were in-
vestigated. Here it was of interest to see if the distribution of bromine. jodine.
and arsenic was dependent of how the oils were produced. Determinations of
the three elements in different oil fractions, from the same cod liver. produeed
by water boiling and extraction with chloroform-methanol (2:1) showed no
significant variations in the contents of these elements. The same result was
also obtained when water boiling and petrolether extraction of cail liver were
emploved and compared.

') Bromine-8 m is an jsomeric state of the isotope Br-80.




Sample

Perca fluviatilis |
Perca fluviatilis 2
Perea fluviatilis 3
Perea fluviatilis 3
Lucioperca lucioperen
Erox lucius

Aspius aspius
Abramis bramn
Leuciscus idus
Leuciscus cephalus
Thymallus thymollus
Salmo alpinus
Salmo alyinus
Salmo eriox

Salmo erior

Salmo eriox
Coregonua lavaretus

Y Ak.
H 0 m

Laocality ')

Bjornsjoen (1). Ak.
Langevatn (1). Ak.

Oyeren (1), Ak.
Oyeren (1), Ak.
Overen (1). Ak.
Oyeren ()., Ak.
Oyeren (1), Ak.
Oyeren (1), Ak.
Oyeren (1), Ak.
Oyeren (1), Ak.

" Glomma (r). He.

Akerhus cov'.ty, He

Valdres (d), Op.
Valdres (d), Op.
Jaren (d), Op.
Glomma (r), He.
Kivsjien (1), He,
Jaren (d). Op.

- Hedmark county. Op.
Extracted w/chloroform-methanol, P ¢
il Not determined,

Table 2. O from fresh water Fish

Caught

Autumn-63
March-64
May-64
May-G4
May-64
1. 5. 64
24 4. G4
24, 4. 154
M, 4, 64
24, 4. 64
Aug.-63

Autumn-63 -

April-ti4
" Autumn-63
" Aug.-63
*July-63
Autumn.63

Method of
production )

(& m
| LA
B
B w
B -w
B w
B =
B w
B w
B W
P-e
P e
B w
P. e
| LA—
B -w
| LT

Oppland county, (1)
Exteacted wipetrolether. B

Organ

Tissue
Tissue
Tissue
Liver
Tissue
Tissue
Tissie
Tissue
Tissne
Tissue
Tissue
Tissue
Tissue
Tissue
Tissue
Tissue
Tissue

take.

(1)

w

Coniments

Fish 0.1 kg

Fish 0.2 ky

1 fish 104 kg
Frow I, fluviatilix
I fish 4,43 ky
ffish 4,23 ky

1 fish 3.3 kyr

1 fish 1o ke

Ffish L6 ke

river, () district.
Boiled w water.

Hr
ppm

7.7
0.4
1.8
0y
0.9
0.4
03
n.y
.4
0.8
3.6
0.6
0.9
4.5
2.1
0.0
1.0

As
pput

0.8
0.2
<)
0.2
0.3
<L
[IXY)
0.3
<O
0.7
<1
< .1
<1
<0O.1
<0.1
<01

<0

I
ppmd)

(24

(22

B
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Table 3. Ofl from =adt water fish

afruatenaanug

. . . Method of ) . ) Br An !

_:__ Nample Locality 1) Crught production *) Ovgan Comments ppm ppm ppm 3)

g

£ Brevoortia tyranus North Ameriea 52 » Whole fish 200 155

:;5 Seomber scomber ) Agder, 80N, Dee.-433 ¢ m Timane 213 7.

*. Seomber scomber | Agder, 8. N, Dec.-63 ¢ooom Liver From 8, zcomber | 47.0 BEY

5 Sconber scomber 2 Agder, S, N. Jan,-64 ¢ - m Tinsue 14.8 1.5
Secomber scomber 3 Agder, 8. N, May-64 ¢ m Tissue a4 42 27
Mallotus rillosus Finnmark, N. N, March-i63 I Whale fish 7.5 132
Sebastus marinus Vesterdlen. NN, Oct..62 I Liver ah 1.3
Hippoglossus hippoylossus Vesterdlen, No N May-62 3 Liver N2 53
Gadus virens Vesterdlen, N. N, Oct,.62 K Liver 7.5 3.2
Brosmius brosme Vesterdlen, N, N, Wint..63 I Liver 8.1 1.8
Gadus esmarki Halten Bank 4.4..04 ¥ Whole fish 12,9 3.2
Anguille anguille 1 Oslo Fiord, 8. N, Febr.-64 ¢ m Tissue 10.5 0.5
Anguille anguilla | Oslo Fiord, 8. N, Febrgd |, ¢ m Liver From A\, enguitla 1 25.4 LR
Pleuronectex platessa | Agder, 8. N. Dec.-63 ¢ -m Tissue 5.0 2.4
Plewroncetes platessa | Agder, S, N, Dec.-63 ¢ om Liver From P, platessa 1 264 1.0
Pleuronectes plutessa 2 Denmark Jan,-t4 ¢ o.om Tissue 7.5 2.2
Pleuronectes platessa 2 Denmark Jan..i4 ¢ m Liver From P platessa 2 318 4.0
Nalmo salar 1 Finnmark, N, N, Atump-d . Coom Tissue 1 fish ah. 15 ke 4.4 3.1 -
Nalmo sular 1 FFinnmark, N, N. Mitumn-63 ¢ m Liver From S, salar | 20,9 6.7

Y SN, Routhern Norway, NoN. Norther Norway,
I K Produced in factory. ¢ m Extracted w chioroform-methanol,
b)) Not determined,
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Sample

No.

ST R W™~

[}
)
L]

10

11

13}

12

13

4

15

16

17

17

Loeality Y

Mehavn, Fi.. N. N,
- Mehavn, Fi.. N. N.

Sté, No, N. N,
Sté, No.,, N. N.
Sto, No., NN
Alsviig. No.. N.N.
Siger Fiord. No., N, N,
Hadsel Fiord, No.. N. N.
- Mare. W, N.
" Mére, W, N.

More, W, N.
E More, W. N.
. More, W. N,

Maore, W. N.

Oslo Fiord, 8. N.

Oslo Fiord, 8. N,

Skane, Sweden

Skine, Sweden

Table 4. Oil from cod (Cadus morchea )

Canght

22,4, 63
29, 4.
19 12,682
24, 1. 64
17.2. 64
13. 5. 63
12,3, 64
Oct..(3
1.0, 04
Dee. 63
Dev.-603
2.3, 64
2.8, 64
2.3 64
3. 4.04
3. 4. 64
Dec.-63
Dec.-63

Method of

production )

°
F
P
P
F
P
"
P
C-m
¢ -m
Coom
C -m
C-mwm
¢ m
C - m
C-m
¢C-m
¢ m

" I'T - Finnmark county, No. = Nordiand county. N. N.

K
:\)

Produced in factory, (¢ - m
Not determined.

Orgraa Commenis
Liver Mature aretic cod
Liver Mature arctic cod
Liver Mature arctic cod
Liver Mature aretic cod
Liver Mature arctic cod
Liver Mature arctic cod
Liver Matare arctic col
Liver Coastel immature cod
Liver
Tissue 1 fish 4 kg
faver From No, 11
Liver 1 fish 4 kg
Liver 1 fish 4.4 kg
Liver 1 fish 2.7 kg
Liver L fish 2 kg
liver 1 fish 2 kg
Tinsue 1 fish 4 kg
Liver From No. 17

Northern Norway, W. N, Western Norway. 8. N, -= Southern Norway.

Extracted w/chloroform.methanol.

Br
ppm

8.5
7.0
7.1
FRY
8.4
8.0
7.6
$.4
5.6
14,1
50.6
12,2
2.6
179
32.5
X
14.5
3.7

Aw
ppm

3.4
3.9
24
24
2.6
2.3
2.2
2.4
4.3
10,0
4.0
1.0
0.7
1.3
14
(%]
26.0
1.7

|
ppm *)

1.7
20,1
10.8
10.7
13.7
12,2
19.4

6.0

6.1

5.4
5.6
9.4
60.4
25.6

(&)

D

ddx.a] asvadl
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Table 5. Oil from herving £ Clipea harengus)

sample | " : . Method of | ‘ . Br toAs i
N“l, l Locality ') vt aught production ) Organ Comments ppm i ppmt ppm ¥
“Aeeland Autumn-62 ¥ Whole fish 3.0 8.2
R Leotand 8.7.63 v Whaole fish w37 9.0
3 leeland 6. 8. 63 ¥ Whole fish 0.7 9.0
4 i leeland 20, 9. 63 r Whole fish Mature herring (D) 9.0
3 i Vest Fiord. N. N. 14. 3. 44 13 Whole fish Mature herring 54 1.3
[ Vest Fiord, N. N. March-o4 ¥ Whole fish Mature herring 3.5 13.2
7 Vest Fiord, N. N. March-64 1 Whole fish Mature herring 5.0 12,5
8 . Vest Fiord, N. N. May-64 K Whole fish  Mature herring 9.6 14.3
] ¢ Mére, W. N, 3. 3. 64 B - wé Whole fish Lmmature herring 5.5 L 3.3
10 " Ramsdy Wiord. W. N. " 21. 3. 64 F Whole fish Mature herring 3.5 134 E
1 Kristiansund, W. N. 5.4, 64 F Whole fish Mature herring 5.6 1.3
12 Bergen, W, N, Spring-64 B- w Whole fish Mature herving 3.4 13.0
13 i Bergen, W, N. Nov..64 Com Whole fish Immature herring 2.7 3.4
14 ' Bergen. W. N, - Autumn-64 B- w Whole fish Pmmature herring 5.1 8.4
15 + Bergen. W N. Jan.-64 B - w Whole fish Immature herring 14 8.4
16 , Egersund, 8. N, 9. 4, 64 r i Whole fish Mature herring 6.1 1.7
17 . North Sea 5. 4. 64 I Whole fish Mature herring 3.8 [N
18 " Skagerak Dee.-663 ¢ m \Whole fish Immature herving 2.5 3.8
19 " Skagerak " Dec.-683 C-m Tiszne Immature herring 14.6 3.6
19 * Skagerak Dec,-63 ¢ —-m Liver From No, 19 24.0 3.7
20 i Skagerak Jan.-64 F Whole fish Immature herring 12.0 1.7 -
2] + Oslo Fiord, 8. N, Jan.-64 C-m Whole fish Immature herring 8.3 3.1
22 Oslo Fiord. 8. N, Dee.-53 ¢ - m Tissue Emmature herring 2.2 4.5 1.2
22 Uslo Kiord, 8. N, Dee.-63 [QESN Liver From No. 22 13,7 4.4
23 i Oslo Fiord, S. N, Feb.-tid B w Whole fish Mature herring 3.6 6.6
24 " Oslo Fiord, 8. N, 3.3, 64 B - w Whole fixh Mature herring 1o 4.0 5.1

") N. N, Northern Norway, W. N, Western Norway. 8, N, - Sonthern Norway.

a1 . ) .

H Produced in factory, B — w Boiled w/water, ¢ -~ m Extracted w/chloroform-methanol,
) Not determined.

1 WoN  Western Norway, 80N, Southern Norway.

B Produced in Factory, B w Boiled w water. C m Extracted w;chloroform. methanot.
i Nat determined.
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! Locality

Sample 1)
i
Whale x, Antarctica
Whale x, Antaretica
Whale x; Antarctiea
) Balaenoptera physalus Antarctica
\ Balaenoptera physalus Antarticae
Balaenoptera physalus Antarctica
Physeter macrocephalus Antarctica
") x  mixed sample from tank,
4 ¥ Produced in factory.
3 Not determined,

Sample i
No. i

LSS5 R W -

D Ak Akershus conniy, Bu

Locality 1)

Gjersjoen, Ak, (F. w.)
Steins Fiord, Bu. (. w.)
Maridalsvatnet, Os.. (F. ».)
Pollen. Ak. {F. w,)
Arungen, Ak. (F. w.)
Nerevatnet, Ak, (I, w.)
Oslo Fiord (S, w.)

Oulo Fiord (8. w.)

H P ¢ Uatrcted wipetrolether,

Honod Not detected,

Table 6. Oil from whale

Not determined,

Caught Method of Ores ¢ | Br As
ang production 2} faan omments ppm ppm
Season 61 62 I Blubber Color 4.5 [IX.] 2.2
Season 61 62 ¥ Blubber Color 5.8 w3 28
March-63 i Blubber 0N 25
March-63 K Blubber 1o [k
March.63 ¥ Meat-bone-blubber o8 23
March-63 r Meat s 24
Season 62 65 F Blubber 5460 08
Table 7. Oil from marine and limnetie plankton
Date of Method of ! Comments Br As
i collection pioduction ®) The dominating plankton ppn ppm
13. 8. 63 e Diutome plankton 150 u, d.

8. 8. 63 Pooe Diatome plankton 120 nod
15. 8. 63 P e Bluegreen algae plankton 75 n. d.
26. 6. 64 | Dinoflagellat plankton 95 nd.
26. 6. 84 P e Rotifer plankton 20 n.d.
26. 6. 64 P o-e Diatome plankton 24 nod.

L3604 P Diatome plankton 15870 n.d.
. 3.04 | L Dinoflagellnt plankton Lo9iny n.d.
Buskerud county. Ox Oxlo county, Fou, Fresh water, Sow, Salt water

|

ppus )

l
ppm?)

n. d.
n.d,
n. d.

N
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Activation Analysis of Bromine, lodine and Arsenic in Oils 27

The oils produeed from plankton were compared with fish oils by 1R-spectro-
metry, The spectra showed that the plankton oils contained more free acids,
otherwise the speetra were similar.

With oil samples of about (L5 ¢ it is assumed a aceuracy of 4 W - 159
better. When smaller amount of oil is to be analysed the aceuracy may be poorer
The possibility that some of the activated isotopes will disappear as hydrogen
compounds is higher in s=mall samples. This is especially the case for the il
extracted from plankton where the content of bromine is essentially higher than
i fish oils.

5. Discussion

The principal goal for this investigation was to develop a method for deter-
mination of the bromine. iodine. and arsenic content in oils from marine and
limnetic organisms. Due to the selection of the oils analvsed. it wax also possible
to draw some conelusions concerning the concentration and distribution of these
clements in the different samples of oil,

The values for the bromine and iodine contents in the oils analvsed are in
good agreement with results from carlier investigations. Whereas no quantitative
determinations of bromine in fish oils are available in previous literature.

The present work confirms that the nuteition of the fishes seems to be an
important factor for the bromine. jodine. and arsenic content in the oils. 1t
probably also indireetly reflects the content of the clements in fresh and sea
water exeept for bromine in the latter.

It is seen that oils from limnetic organisms contain generally less bromine.
iodine, and arsenie than oils from marine organisins. This is especially the case
for the arsenice content in fish oils from inland loealities where the eoncentration
of this element was helow .1 ppm.

In eases where fishes of the same species seemn to have the sane living conditions.
the value for these elements are nearly constant. Mature cod coming from
Barentz Sca and into the coast of the North Norway to spawn, have about the
same content of bromine, iodine, and arsenic in the liver oil whereas the concen.
tration of these clements in coastal cod from North Norway and from other
localities along the eoast of Norway is significantly different. A similar relation
ean he seen for mature herring caught just before and during the spawning
period. Samples of oil from this type herring (““storsild™) from Vest Fiord. More.
and the North Sea have a bromine content of 3—6 ppm and an arsenic content
of 10—14 ppm in spite of the highly different Jocalitics. Samples of oil from
herring caugbt near Iceland with intervals of about 1 month show similar constant
bromine and arsenic contents: Br. 0.7 ppm and As, 9.0 ppm. Most of the samples
of oil from {ocal herring canght along the coast have vahies quite different from
those quoted above. It secems from the results that fishes located along the coast
and in the fiords have a higher bromine content in relation to the arsenic content.
than the fishes from open sea.

The bromine content in the oils from marine and fresh water organisms i~
present at a more constant level than the other two clements. This is of interest.
especially when looking at the high bromine content found in plankton oil.
pointing out that the element may have some connection with the production of
the oils.
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From determinations of liver and tissue oils in the same fishes it is observed

that there is » higher bromine con*ent relative to the arsenic content in the liver

as comparcd with the tissue.

It is difficult to say whether the arsenic is present as an arsenorganic compound
or if the clement is a substitute for phosphorus in one or some of the phospho-
lipids. The fact that the unknown compound containing arsenic seems to exist
as a weak aeid also excludes the connection with many of the phospho-lipids,

It can also be coneluded that both the bromine and iodine seem to be parts
of organic molecules which are highly soluble in the oils.

The analytical method established in this investigation has proved to he
especially fitted for analvzing trace clements in oils. One interesting feature of
the method is the possibility of studying the relation between two ore more trace
clements in one sample and compare this with the same relation in other samples.
This can be done with a high degree of precision if the sample ix analyzed non-
destructively. Any accumualation of one element compared with the other can
then be detected.

Generally. the neutron activation analyses may also be applied for other pro-
blems related to trace elements in biological systems.

G. Summary

A method for analysing bromine iodine. and arsenic in oils from marine and limnets
organisms has been developed. [t is based on neutron activation of the oils and the measur-
cment of the induced radioactivity by a ;-spectrometer without any chemical treatment of
the oils. Ordinary about (.3 ¢ of each oil was used for determination of all three elements.
The lower limit here is about 25 me oil Jor cach determination. This is set by the sensitiviny
of the method and difficulties in handling the oil samples of this size.

The oil samples which were analysed contained: In fish oils, 0.3—60 ppm bromine.
1 - 60 ppm iodine, and <C0.1 26 spm arsenic. In oils from Jimnetic plankton. 20— 174 ppm
bromine and in oil from marine plankton. 1.0-- 1.5 - 10 ppm bromine. The results for arsenic
and iodine are in reasonable agreement with published data obtained hy other analytical
methods. The resuits also support earlier assumption that the iodine and arsenic are present
ax organic compounds. This also seems to be the case for the bromine. No sign of bromiue.
iodine, and arsenwe was observed in oil samples extracted from terrestric plants and animals.
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Analysis of Arsenic in Marine Oils by Neutron Activation.

Evidence of Arseno Organic Compounds

GULBRAND LUNDE, Central Institute for Industrial Research, Blindern, Oslo 3, Norway

Abstract

The arsenic content of phospholipid fractions
separated from codliver oil (Gadus morrhua) and
herving oil (Clupea harengus) was analyzed by
meiuns of neutron activation. The fractions were
separated on a silicic acid colummn by chloroform,
methanol mixtures as eluting agents. The results
indicate that the arsenie appears as arseno or-
ganiv compounds. Two such compounds were
evident in herring oil.

Introduction

RSENIC HAS EARLIER been observed in marine oils
AL\ (1-4). There seems to be a certain agreement that
the arsenie appears as one or more arseno organie
con pounds (4). A work by Sadolin may be mentioned
in this connection (5). By extracting codliver oil
by alcoho). it was possible to enrich the arsenic content
trow. 3.9 mg per kg to 100 mg per kg, After further
treatment a fraction was obtained, whieh contained
1000 myg arsenic per kg, On the basis of these studies
it appeared that the compound containing the arsenic
has a closer resemblance to the phospholipids than
the neutral lipids.

The purpose of this work was to study, in more
detail. whether the arssnic replaces phosphorus in
the phospholipids or whether it exists as one or more
independent. arseno organie compounds. Codliver oil
(Gadus morrhue) and herring oil (Clupea harengus)
were used in this investigation. The phospholipids
from these oils were fractionated, and each fraction
was analyzed by neutron activation. A deseription
of the method is given elsewhere (4).

Preparation of Samples

Oil from codliver and herring was extracted by a
mixtare of chloroform methanol (2:1 v-v) after
homogenization of the samples in a mechanical mixer.
After removal of the solid phase the solvent was
evaporated at 30-60C. The phospholipids were sepa-
rated from the neutral lipids by using activated silicie
acid (B, Merck AG, Darmstadt), 0.2-0.5 mm, for
chromatography. The oil was dissolved in chloroform
and mixed with silicic acid. About 4 g of silicie acid
to 1 ml of oil were used. In this step the phospholipids
were adsorbed to the silicie aeid, and the ehloroform
phase, coutaining the neutral lipids, was filtered out.

TABLE I
Arsenic Cuntent in Phosphalipid Fractions

As (ppm} in

Phospholipids
El- _—
ating Cod- Her-
Frac- Eluating volume liver ring
tion agent {ml) oil oil
1 Chloroform 500 1.0 0.8
2 Acectone 150 18 0 23.0
3 {(.5% Methanol in chloroform 200 26.0 34.0
4 7 % Methanol in chloreform 250 11.2 34.0
5 12 G Methanolin chlorvform 250 24.3 30.0
6 17 % Methanel in chloroform 250 85.0 225.0
7 22 9 Methanol in chloroform 500 308.0 900.9
8 27 % Methano! in chloroform 250 718 ¢ 911.0
9 uhove 274 Methanol 250 42740 590.0

TABLE 11
Eluating Arents Used in Fraction Collector kxperiment

3 Eluating Elunting

Fraction apent volume
1 Ar Chioroform 210
2 B Acetone 150
3 C 5% Methanolin ehloroform iy
4 I:t 15% Methanol in chiorofurm g0u
5 E 25%% Methanol i chloroform S
6 F 40%% Methano! in chlvrofurm BN
'SI G 65% Methanol in chioroform RED

H 90 G0 Methanol in chloroform 270

8 See Fig. 1.

It was then washed twire with chloroform prior to
the filtering of the phospholipids by a c¢hloroform
methanol mixture (1:20 v vi. The phospholipids were
fractionated on a silicie acid column height 30 em.
iner diameter 22 c¢m) by means of chloroform.
methanol mixtures.

The fractions were eluted hy gradually increasing
the mehanol content in the chloroform with a speed
of about 4 ml per minute. The first elution processes
were earried out with chloroform methanol mixtures,
as deseribed by Froines et al. (6) in their stu-lies
of the phospholipid distribution in menhaden tissue
(Table I). Neutral lipids, not separated during the
initial purification stage, were eluted first with pure
chloroform. An acetone clution was done to remove
oxidized products (7). To obtain a more exact elution
diagram, a fractionation with an automatic fraction-
collector was carried out. Eaeh fraction was 30 wml,
aud the chloroformt, methanol mixtures (Table 1)
were almost the same as used by de Koning (81, The
phonpholipids in the various fractions obtained were
not analyzed.

Irradiation of Samples

After evaporation of the solvent the phosphaolipid
fractions were weighed. transferred to polyethylene
ampoules, and sealed, The amponles were irradiated
in the nuclear reactor JEEP T (Kjeller, Norway )

40 x103
13
)
T3 '
23 !
Q‘_E J2 <
£ £
I
9 20 e
w
2
1
10 »
g0] )
TUBE NO -~
bo— A —er8de-T e D e E e— F e 5 e Hoe
F16. 1. Phospholipids ------ , arsenic ~———. Chromu-

tographic separation of phospholipuls and arsenic therring oil).
The composition of the eluating mixlures A, B, ete, is given
in the tex:.




02 Y — T T T T
0}
o
a
9
<
0 T < L —n=.-_.|.__j
10 26 30 40 50 §0
TUBE NO —

b—a—bsd—c D efe— E—f-Ff—oc H -
Fic. 2. The ratio between arsenic and phosphorus (w/w)

in fractions of phospholipids from herring oil. From the same
chromatographic separation as shown in Fig. 1.

with a neutron flux of approximately 2.10'2 neutrons
em2 see’! for 24 hours. Arsenic and phosphorus
standards (As203 and (NH,).HPO,; PA-reagents, E.
Merck A. G., Darmstadt) were irradiated at the same
time. A 400-channel gamma spectrometer (Vietoreen
Seipp 400), with a 2 X 2-in. sodium-iodide crystal,
was used for recording the induced activity in the
samples. As it was difficult to avoid sodium con-
tamination of the samples during fractionation of
the phospholipids, it was expedient to wait about five
days before recording the activated arsenie, arsenic-
76. The activity of sodium-24 [T;,. (half life) = 14
hours] was then reduced sufficiently to allow re-
cording of the arsenic-76 (T, =26 hours). The
arsenic photo peak ¢f 0.35 MeV was used for the
quantitative determination of arseni¢ in the phos-
pholipids. This was compared with the same photo
peak from the arsenie¢ standard.

When the measurement of radio-active arsenie is
undertaken without removing the lipias from the
activated polyethylene ampoules, impurities from the
polyethylene ampoule can disturb the recording of
the arsenic-76. This applies especially when the
arsenic content in the samples is below 0.1 ug. These
problems can be avoided by subtracting. during the
recording of the samples, the ganmma spectra from
an identical, empty polyethylene ampoule which is
irradiated under the same conditions as the samples.
After the arsenie-76 activity has decayed, the induced
phosphorus  isotope, phospherus-32, is  measured
directly by means of a proportional counter. As
phosphor-32 is a pure B-emitter, this method gives a
poor degree of precision owing to the uneven distribu-
tion of the lipids in the polvethylene ampoules.

The phosphorus determinations were used for cal-
culating the As/P ratio in the ditferent phospholipid
fractions. For this purpose a high accuracy was not
necessary.

Results and DPiscussion

The results of the first experiments appear in
Table I. The arsenic content of the various fractions
is caleulated in ppm. The results indicate that the
arsenic content in the fractions is highest in the
fractions eluted with 20-30% methanol. ¥rom the
experimnent where the fractions were vollected with
an automatic fraction-collector (Table 11 and Fig. 1)
it was evident that there were two arseno organic
compounds present, one that was eluted with about
20 volume % wmethanol and the other with about
25-30 volume % methanol. The arsenic c¢ontert in
one of the fractions was about 3,000 ppm. This should
have been sufficient to characterize the compound by
other analytical methods. The phosphorus content in
the fraetions (fraction 20-50) was from 1.9-3.9%.
By means of the phosphorus determination the As/ I’
ratio was caleulated (Fig. 21. The two peaks indicate
also the presence of two arseno organie compounds.
1f the arsenic had replaced the phosphorus in the
phospholipids, this would probably have resulted in
an approximate constant As P ratio in the different
fractions.

On the basis of the results obtained, two arseno
organic compounds or arseno lipids are indicated and
their chemical properties resemble the properties of
the phospholipids. It is most probable that it is the
fish itself or other organisms contained in the food
intake of the fish, which syuthesizes these arseno
organic¢ compounds. The arsenic in sea water (about
0.003 ppm) appears mainly as inorganie anion (9).
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ACTIVATION ANALYSIS OF TRACE ELEMENTS
IN FISHMEAL

By G. LUNDE

Fishmeals produced from herring (Ciupea harengus), mackerel (Scomber scomber), capelin (Mallotus

villosus) and Norway pout (Gadus esmarki) were analysed by neutron activation.

The elements tested

were mercury, bromine, arsenic, selenium, antimony, copper, cobalt, iron, zinc, molybdenum and tungsten.
The distribution of these elements in the solid and aqueous phases in boiled fish used as raw material for

fishmeal was also studied.

Introduction

Interest in trace elements and their physiological significance
has increased considerably in recent years, for example in
relation to animal feedingstuffs. Feed mixtures should con-
tain sufficient amounts of trace elements necessary for the
animals. Of these elements the following may be mentioned
specially: molybdenum, zinc, fluorine, copper, manganese,
cobtalt, chromium and selenium. There is also a certain
amount of interest in arsenic; although this element has not
been localised in any metabolic process, additions of certain
arseno-organic compounds have a favourable influence on
growth of chickens and pigs.!

Relatively few data are available for trace elements in feeds
of marine origin.2.3 The purpose of this work was to analyse
the most common types of fishmeal commercially produced
in Norway.

Fishmeal is usually produced by boiling the fish at 95-100°,
The material is then pressed in a screwpress where the in-
soluble phase (the press cake) is separated from the liquid
phase consisting of oil and nitrogenous liquor. The oil is
separated by centrifugation and the nitrogenous liquor is
concentrated by evaporation.

In Norwav the norma) procedure for making fishmeal is to
mix the press cake and the solubles and dry the mixture to
so-called full meal. The dehydration of the meal is normally
carried out at 60-80°.

In connexion with the project it was also of interest to
investigate more thoroughly how the various trace elements
are distributed in the press cake and the nitrogenous liquor.
For this reason some samples of press cake and N liquor
were produced from the same raw material.

Experimental

Neutron activation was used as analytical method. This
method is sensitive for several among the typical trace
elements. It is also suitable when several elements are to
be analysed simultaneously in the same sample. Owing to a
high content of Na and P in the fishmeal it is necessary to
perform a chemical separation after the irradiation. This
separation was carried out according to the directions given
by Samsahl.4-6 A general introduction to the method has
been given by Bowen & Gibbons.”

The following elements were analysed or looked for: Hg,
Br, As, Se, Sb, Cu, Co, Fe, Zn, Mo and W. All of these
elements, with the exception of Fe, show high sensitivity by

this method. The radioactive isotopes induced in these
elements by pile neutrons disintegrate, giving off gamma
emissions; they can therefore be recorded by means of a
multi-channel gamma spectrometer after a relatively simple
chemical separation.

Sample preparation

The common types of fish used in the production of fish-
meal in Norway are herring (Clupea harengus), mackerel
(Scomber scomber), and capelin (Mallotus vitiosus), but
smaller landings of trash fish, such as Norway pout (Gadus
esmarki), are also used. The samples for the analyses were
obtained directly from factories or they were produced in the
laboratory. The raw material for the laboratory samples
was obtained from the commercial fish market and treated as
follows: about 2 kg fish were ground in a blender, and boiled
in a glass apparatus for about half an hour. Some distilled
water was added. The oil was then separated and the
residue was filtered and washed once on the filter with dis-
tilled water. The insoluble portion, the press cake, was
dehydrated at 50-60° and finally homogenised in an agate
mortar. The water-soluble portion was concentrated by
evaporation at 80-90°. Prior to the neutron irradiation all
the samples were dehydrated at 105° to constant weight.
The yield of press cake and N liquor from the samples pro-
duced in the laboratory is presented in Table 1.

Irradiation and registration

Approximately } g fishmeal was used in each irradiation,
The samples of the concentrated N liquor were diluted with
distilled water (1 : 2) in order to facilitate the transfer of the
N liquor after irradiation to the dissolution flasks. Al
samples were sealed in quartz ampouled and irradiated for 3
days at an approximately constant neutron flux 24 x 102
neutron cm-2 sec~! in the nuclear reactor JEEP I, Kjeller,
Norway. Standards (PA reagents from A. Merck, Darm-
stadt) for the elements to be analysed were jrradiated simul-
taneously.

The chemical separation of the trace elements to be
analyseds-® was based on a wet dissolution (Hz80y), distilla-
tion and ion exchange technique. By varying the eluting
conditions groups of elements were adsorbed in different jon-
exchange columns. After the separation the fractions of
resin were collected in measuring glasses and the activities
were recorded by a 400-channel v spectrometer {Victoreen
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Scipp 400) with 2 ~ 2’ sodium iodide crystal. The standards
were subjected to identical treatment; they were dissolved
and adsorbed on 1o ion-exchange resin in the same way as
the corresponding elements from the activated samples. A
precision of +10-159 can be expected by this method when
the concentrations of the respective elements are not close
to the limit of the sensitivity

Results and Discussion

The analytical results for commercially produced fishmeal
samples are given in Table I, and those for samples produced
in the laboratory are in Table 1II. Zn and Fe are adsorbed
to the same ion-exchange resin, and owing to the high activity
of the 1 -11 MeV v-peak from 87Zn the activity from 1-29 MeV
of #%Fe was difficult to measure. Only a few such measure-
ments were performed, and low precision was to be expected

Tasee 1

Yield of press cake and nitrogenous liquor produce: from fish raw
material in the laboratory

(£40-50%,). The variations in the results of the Fe deter-
minations may also be due to contamination by this element
throughout the processing of the meal. The concentrations
of Co, Zn and Cu in the fishmeal are in agreement with other
analytical results.2.8 Results concerning Hg, As, Br and Sb
content in fish can be found in ‘The elementary chemical
composition of marine organisms’ by Vinogradov.? The Br
content was only determined in the samples produced in the
laboratory (Table 1II). No previous determinations of Se in
marine fish have been found.

Table I indicates how the various trace elements are
distributed in the solid and liquid phases (i.e. press cake and
concentrated N liquor). It may be noted that among the
essential elements, Zn and Mo seem to occur mainly in the
press cake while Co and Cu are more concentrated in the N
liquor. The way in which the different trace elements are
distributed on the two phases may have some effect on the
living organism’s ability to resorb these elements. The Se,
As and Br contents are greater in the liquid phase than in the
solid phase. In some preliminary studies using the radio-
active isotope, "6As, it has been shown that the As does not
exchange with inorganic arsenite and arsenate (Lunde, G.
unpublished results). The As may therefore exist as an
arseno-organic compound.

Sample Raw “g‘a‘eml' d:,:ﬁ.:é‘é?'g rzol,',?:%r’ From the analyses there does not appear to be any sig-
nificant difference in the trace element content of fishmeal
Herring (Mature 2140 232 80 praduced from different types of fish. The variations found
aerfl'(ﬂg (llmmalure) }3%8 ggg 2; seem to be as much an expression of the difference in basic
ackere food intake and habitat of the fish as of species differences.
TaBLe H

Trace elements ppm in press cake and concentrated N liquor

Sample Fraction  Locality Se As Sb Br Co Cu Zn Fe Hg Mo w
Herring (Mature) Press cake Western Norway 1:9  2-3  0-061 4-7 0-17 11-2 86 — 0:26 026 <0-005
Herring (Mature) N ligquor Western Nerway 2:8 13-0 <0-01 65 0-28 17-2 7.7 — <0:01 <0:05 <0-005
Herring (Immature) Press cake Western Norway 13 3-6 0-013 2-2 0-087 3-5 100 23 016 013 <0-005
Herring (immature) N liquor Western Norway 56 24-0 <0-01 63 0-11 6-2 67 40 <0:02 <0-05 <0-005
Mackerel Press cake North Sea 27 45 0-017 8-3 0-10 20 84 150 0-41  0-10 <0-005
Mackerel N liquor  North Sea 1.1 152 <0-01 130 0-22 10-4 87 4-4 <0-01 <0-05 <0-005
-~ Not measured
TabLe 111

Trace elements ppm in factory-produced fishmea)

Sample Locality Se As Sb Co Cu Zn Fe Hg - Mo W

Herring North Sea 29 4-9 0-029 0-51 3-0 88 - 0-18 0-05 <0-005
Herring North Sea 3-2 4-0 0-028 0-07 2-8 76 — 0-26 0-30 <0-005
Herring Shetland 3-7 15-0 0-040 0-25 2-0 84 — 0-36 0-03 <0-005
Herring Western Norway 2-7 4-0 0-015 G-19 1-6 75 14 0-18 0-07 < 0-005
Herring Western Norway 2-2 29 0-029 0-15 2-3 85 106 0-09 0-13 <0-005
Herring Western Norway 2-0 4-0 0-017 0-18 16 74 — 0-11 0-07 0-014
Herring From stock, Oslo 36 5-3 0-012 0-34 2-4 65 — 0-13 0-16 <0-005
Mackere! North Sea 5-3 3-8 0-015 017 1-2 88 — 0-21 <005 <0005
Mackerel North Sea 2-2 2-17 0-047 0-23 2-1 77 87 0-09 0-15 <0-005
Capelin Northern Norway 1-3 2-6 0-015 0-05 1:7 108 — 0-026 02 <0-005
Capelin Northern Norway 17 19-1 0-018 0-13 4-] 134 — 0-13 0-08 0-008
Norway pout Western Norway 1-5 3.9 0-20 0-82 2.9 180 —  0-40 <0-05 0-030

— Not measured
J. Sci. Fd Agric., 1968, Vol. 19, August
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(Reprinted fromi Natwre, Vol. 224, Ne. 5215, pp. 186 187,
Qcrober 11, 1969

Water Soluble Arseno-organic
Compounds in Marine Fishes

MARIXE fishes have been shown to contain arsenie m both
the lipid and non-lipid phase!~4 In the first case s
probably i the oru of one or more arseno-organic con-
pounds?.  Previous work has established that when raw
tislr 15 boilled the ar-enie 1s enriched in the water soluble
phase (the N-liquor)s.

We have mvestigated whether the arsenie is present as
an organie or an inorganie compound in the N-hiquor.
This 1s especially interesting in connexton with the use of
fish products as food. Therc may be an effeet simular to
that reported for the arsep als used as additives m feed
for domestic animals®.

Our method has been to study the exehange between
the arscie origimadly present in the N-liquor and added
radioactive arsenite-arsenate. Comparison of the arsenie
content in the N-liquor before and after elution through
an anion exchange resin can reveal the origin of the arsenic.

We used samples of mackerel (Scomber scomber).
capelin (Mallotus villosus) and herring (Clupes harengus).
whicl were botled for approximately 20 min to mve the
N-liguor. After removing the sohid by filtration. the con-
centration of dry matter in the N-liquor was adjusted to
about 2 per cent with distilled water. To 100 ml. of this
solutivn was added 2 ml. of a radioactive arsenite-arsenate
solution (0-02 pg/ml. of As). We used the arsenic isotope
As. produced by irradiation with thermal neutrons in a
nuclear reactor. The solution was heated to approximately
80”7 ¢ for about 5 h. eooled and eluted through an anwon
exchange column ("Dowex-2' 1x 8 200/400 mesh). The
radioactive arscnuc in the anion exchange resin and the
N-liquor were then measured in a well-type Nal scintilla-
tion counter. Results showed that all radicactive arseme
was adsorbed 1o the anion exchange resin.

The N-hquor, from before and after the treatinent just
deseribed, was analysed by neutron activation. The
samples (1 l} were sealed in polyethylene ampoules and
irradiated together with standards of arsenic for 2 hin a
nuclear reactor at a flux of 3 x 10'* nfem?® s. A simple radio-
chenueal separation was then performed to purify the
induced radioactive arsenic sufficiently for it to be regis-
tered by o y-spectrometer.  We added 10 mg arsenic
carrier and “hold-back™ carriers of sodium and phos-
phorus together with HCl to make the N-liquor about
6 N in HCI. The solution was heated to 70°-80° C for 2 h.
This treatment brought about #n exchange between the




arsenie carrier and the arsenic to be analysed.  Arscnic
was then precipitated as a sulphide, and the preeipitate was
washed. (If radioactive sodiwun and phosphorus, *Na and
3P were still present at this poiut and impeded the
registration of *As, the As,S; was dissolved in NH,; and
additional hold-back carriers were added before repre-
cipiwating the As,S,; with HCL) The samples were then
ready for registration.

Talde 1. ARSENIC CONTENT IX N-LIQUUR BEFURE AND AFTER IOX EXCHANGE

TREATMENT
Arsenic Arsenic
Locality before ion  after ion
Sample where caught When caught  exchange  exchange

(p.p.m.) {p.p.m.)

Herring West coast of Norway  Spring 1968 TR
Herring  North coast of Norway Spring 1908 52
Herring  North Sea Summer 1968 192
Herring  Nocth Sea Surnmer 1962 216
Mackerel  North Sea Summer 1968 31
Capelin North coast of Norway Spring 1968 79

The results in Table 1 arc caleulated as p.p.an. of As
as dry matter in the N-liquor before anion exchange.
They indicate that the conteut of arsenic in the N-liquor
was only slightly reduced during the treatment I deseribed
und diminished far less than the dry matter in the N-hquor
during ion exchange—on average 20-25 per cent.

This investigation has shown that arsenic is present in
the N-liguor chiefly as one or more arseno-organic com-
pounds in which the organic arsenic does not exchange
with inorganie arseme, The reduction of the arseme
content observed after ion exchange treatment may be a
conscequence ot adsorption to the resin.

I thank the Norwegian Herring Oil and Meal Industry
Research Institute for samples of N-hquor.

GULBRAND LUNDE
Central Institute for Indusural Research.
Oslo 3, Norway.
Recoived July 2, 1969.
! Vinogradov, A. P, The Elementary Chemwcal Composttion of Marine Orgay.-
1smas, 551 (Sears Foundation for Marine Research. Yale 1 niversity, 1453).
t Lunde, G., Intern. Ree. %es. Hydrobwl., 52, 265 (1967),
I Lunde, G., J. Amer. Gl Chem. Noc., 45, 331 (189GS).
4 Lunde, G., J. ~Sci. Food Agric., 19, 432 (1968).

s Underwood, E. J.. Prace Elements tn Human and Animal Nutrition, 329
(Academic Press, New York and London. 1982).

Prnted in Great Britan by Fishcr. Kaight & Co  Lul.. ST, Albans.

RER SV

I




ANALYSIS OF ARSENIC AND SELENIUM
IN MARINE RAW MATERIALS

By G. LUNDE

The content of arsenic and selenium has been analysed in the following marine orgamisms: cod (Gudus
morhua), herring (Clupea harengus), mackerel (Scomber scomber), Norway haddock (Sebastes marime).
lobster (Homarus vulgaris), mussel (Myrilus edulis), clam (Pecten maximus), oyster (Ostrea edulis), squid
(Ommastrephes sagitiatus) and whale (Balaenoptera physalus). The analyses were performed both on the
raw material and in the waler-soluble phase after the samples had been boiled (the N liquor). An enrich-
ment of arscnic is observed in the N liquor, compared with the raw material. The results inuicate that
selenium is aiso enriched in the N liquor from fish, but not from the invertebrate animals analysed.

The N liguor and the water-soluble phase of the enzyme-hydrolysed presscake (the water-insoluble
phase after boiling) were fractionated by molecufar gel filtration. Fractions from 1hese elutions were
analysed for arsenic and selenium. Selenium was present in the fractions with a molecular weight abve
aboul 5000. Arsenic was connccted with the lower molecular weight fractions, and may be present as

more arseno-organic compounds.

Introduction

In previous work it has been shown that marine organisms
contain about 1-20 ppm arsenic!-? and 1-5 ppm selenium.2-3
Arsenic appears in fish both in the lipid and in the water-
soluble phase,2:4.5 whercas selenium seems only to be present
in the non-lipid fraction. Since the arsenic content in ocean
water is about 3 pug kg and the corresponding value for
selenium is about 0-{.,% a strong accumulation of these
elements evidently occurs in fish. No corresponding arsenic
enrichment in plants or animals of terrestrial origin has so far
been indicated, either in the lipid or in the non-lipid phase.
Some results show that terrestrial animals contain about
0-1-0-3 ppm of selenium and in some organs more.?’:®* The
content of this element also seems to be somewhat higher in
marine organisms,

Arsenic and selenium are the subject of considerable interest
in the feeding of domestic animals. Both elements have a
favourable influence on growth and health.® Selenium is an
essential trace element and may be present both as an in-
organic and as an organic compound, the Jatter mainly by
replacing sulphur-containing amino acids, i.e. seleno-
methionine, seleno-cysteine etc. Too low a concentration of
this element leads to severe diseases in cows, pigs and other
animals. Arseno-organic compounds (arsenilic acid and
others) promote growth in the same animals. However, any
physiological significance of this element is not known. In
large concentrations both arsenic and selenium will have a
toxic effect. This is particularly true of selenium. The
toxic effect of these elements will depend on the form in which
they appear. Organic arsenic compounds are recognised as
less toxic than inorganic compounds such as AsHa, Asz0O3
etc.!! Notably, the arsenic has an antagonising effect in the
case of selenium poisoning of domestic animals.12

The analyses of the trace element content in the water-
soluble (N liquor) and the water-insoluble fraction (the press-
cake) from boiled fish showed that the concentration of
arsenic and selenium was higher in the water-soluble portion
than in the presscake.? Arsenic also seems to be present as
organic compounds in the N liquor.13 In this case the
arsenic present in N liquor did not exchange with inorganic
arsenic, i.e. arsenite-arsenate.

The purpose of this work was to analyse some selected
samples of marine organisms and N liquors produced from
these, and to stvdy in more detail the form of the arsenic and

selenium in these samples. Of particular interest is whether
or not any similarity exists between the selenium in marine
organisms and the selenium-organic compounds found in
terrestrial organisms.

Experimental

Molecular gel filtration

The investigation was based on molecular gel tiltration of
the N liguor and the water-soluble phase of ensyme-hydroly-
sed presscake, following analysis of arsenic and selenium
in individual fractions. The position of the fractions con-
taining these elements will provide information concerning
the molecular weight, and whether or not they are present in
the same way in the different marine organisms. This method
of fractionation has previously been used for studying trace
elements connected to serum proteins;!415 likewise organic
iodine and inorganic iodine have been separated by means of
gel filtration.!6

Molecular gel filtration is generally used for the separation
of water-soluble organic molecules. The fractionation is
based on the dift :rence in molecular weight. This method
can also be applied to the fractionation of solutions where
organic compounds with different molecular weights are to be
separated from inorganic ions. [t should, however, be noted
that the ions will not behave similarly to non-ionic molecules
with identical molecular weight. The reason for this is that
gel made of dextran has a certain number of carboxy! groups
that will cause the resin to behave like a weak cation-exchange
resin. Here both inorganic and organic anions may elute
togither with neutral compounds with higher molecular
weight, especially when the ionic strength is low. For the
same reason the cations may be retarded. The fractionation
method should be tested first to establish where the inorganic
ions of the elements to be analysed are eluted, in order to
ensure no contamination of these. A more detailed descrip-
tion of such a study is to be presented later. Only results
pertinent to this investigation will be presented. In Fig. 1
the position of some inorganic cations and anions are shown
eluted together with N liquor made of herring. Radioactive
isotopes were used for tracing the ions in the molecular
filtration.

The analyses of arsenic and selenium in both raw material
and fractionated samples were performed by neutron activa-
tion. This method offers great sensitivity for these elements.

J. Sci. Fd Agric., 1970, Vol. 21, May
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FI1G. 1. Position of some different inorganic ions when molecular

gel-filtrated (Sephadex G-25) together with N liquor made from herring

Elution was performed with 0 005 M-NH,
{a) Absorption ol the N liquor at 254 nm. (b) Cu? | () AsOr" Ay |
(d) SeO? ; {e) POy . (1) Br , (g) Na

Irradiation v (th thermal neutrons from a nuclear reactor will
give the radioactive isotopes 75As with a half-life of 26-5 h
and 8!Se with a half-life of 121days. They both disintegrate
by emitting ;-photons suitable for registration with a multi-
channel s-spectrometer. If no interfering radioactive iso-
topes are present in the fractions {rom the molecular gel
filtration and the content of arsenic and selenium is not too
low. it is possible to register these and also other induced
activities without any chemical treatment. i.e. non-destruc-
tively.

A radiochemical separation of these elements is necessary
for the analyses of arsenic and seienium in the raw material.
The method used here is that described by Samsahl.17 19

Thin-layer chromatography was used for establishing where
the main fractions of amino acids were eluted when gel
filtrated.

Preparation of sariples

Samples of fish and other marine species (listed in Table 1)
such as clams, lobster and whale, were acquired from the
official fish distribution centre in Oslo, Norway, and from
factories producing commercially available deep-frozen fish
fillets. From two species of fish — cod and herring - samples
were also taken of skin, bone and liver.

The raw material was first homogenised in a mechanical
mixer to which double the sample’s weight of distilled water
was added; it was then boiled for 20 min in a glass apparatus.
The mixture was subsequently cooled, filtered and washed
once with distilled water. The oil was then removed. In
order to convert part of the presscake into a water-soluble
form suitable for gel filtration, the presscake was treated with
a protease enzyme (Bioprase: Nagase and Co. Ltd., Japan),
produced from the bacterium Bacillus subtilis.

To a tubular flask were added 10 g presscake, 40 ml dis-
tilled water, 0-1 g enzyme and 0-05 g preservative (methylen-
tetramin). The pH was adjusted to 7-7-5 with NaHCOs.
The flask was placed in a thermostat at 50° and agitated for
24 h. The soiution was then filtered and stored in the same
way as the N liquor.

The samples of N liquor and hydrolysed presscake to be
used for further analyses were transferred to polyethylene
flasks and stored at —~20°. The majority of samples were
pale yellow.

J. Sci. Fd Agric., 1970, Vol. 21, May

Fractrionation

The molecular gel filtrations of N hquor and the hy drolysed
presscake were carricd out by means of a destran resin
(Sephadex, type (5-25 fine. from Fine Chenucats Pharmacia,
Sweden). This resin wil fracuonate molecules 0 the
molecular weight range 100 5000. Molecules with molecular
weight above about 5000 will follow the vaud volume.,  This
fraction will hereafter be catled the protein fraction.

The pH of the solution to be fractionated was adjusted to
8:3-8-4 with NHa.  Before being applied te the column the
solution had to be filtered. as some of the samples were
slightly turbid following the period of storage.  An ashestos
filter (John C. Carlson Ltd.. U.K.. tape K3, clanfving filter)
was uszd for this operation.  The first half of the filtrite was
discarded. At each separation 50 ml of & solution contamng
0-2-1-8", dry matter wis used (see Table 11, The resulting
clear solution was added to the top of the column (1-17 m
4-5 ¢m), and adsorbed on the resin. - The elution was carried
out with 0-005 M ammonma solution produced by muxing
ammonia with distilled water. The rate of elution was from
1-7-3 mimin. In all the experiments a fraction cutter
(LKB, Sweden) was used and each fraction was approvmately
20 ml.  Immediately after the cluate left the column. the
absorption at 254 nm of the cluate was recorded with a
Uvicord spectrometer (LKB. Sweden). On the basis of the
elution diagram, fractions were combined and evaporated n
a Rotovapor at 40 . Figs 2 5 show examples of the absarp-
tion of some of the elutions.

Analyses of arsenic and selenium

The fractions obtained from the molecular gel filtration and
used for the analyses of arsenic and selenium were usually
100-150 ml. These volumes were about double the amount
necessary for resolving one peak in the gel filtration. The
fractions intended for arsenic analysis and where there was a
possihility of contamination of arsenite arsenate (see Fig. 1).
were treated at this stage with an anion-exchange resin
order to ensure complete removal of the inorganic arsenic.

All fractions to be analysed were evaporated to dryness,
weighed and transferred to poivethylene or quartz ampoules,
depending on the irradiation time. Because some of the
evaporated liquid fractions could not be readily transferred
after neutron irradiation from the irradiated ampoules, these
samples were dissolved 11 0-5-1 ml distilled water before the
ampoules were sealed. Ali the samples of the raw material
used for the production of N liquor and presscake were dried
to constant weight (105 ) and sealed in quartz ampoules
before activation.

The samples were irradiated in Jeners nuciear reactor
JEEP II (Kjeller, Norway). Usually an irradiation time,
varying from 2 h at a neutron flux of approximately
5~ 102n/cm?secto }-1 - 10" n'cm? sec for 20 h, was used,
depending on the desired sensitivity of the clements to be
analysed. Standards of arsenic and selenium were irradiated
simultaneously. After irradiation the samples from the gel
filtration were transferred to inactive powder vials and the
activity was recorded on a multi-channeled j-spectrometer
(Victoreen Scipp 400) with a 2 - 2 in sodium iodide crystal.
The standards were dissolved in water, diluted and recorded
in the same way. As there was generally some sodium in the
samples, it was expedient to wait for 4-6 days before the
registration of arsenic could begin. After this period the
induced sodium activity (>*Na with a half-iife of about 15 h)
was sufficiently reduced to ¢nable recording of “*As.
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The determination of phosphorus was also of interest in
establishing whether or not there was a relationship between
phosphorus and arsenic in the compounds. 3P, induced
during neutron activation, was recorded after the “As had
disintegrated. The phosphorus isotope 32P emits only fg-
particles and is recorded as brehmstrahlung in the ;-spectrum.
The amount of phosphorus may be measured by totalling
channeis 20-30 in the --spec.ra.

The selenium, with a hal-life of 121 days, was measured
after waiting about a month. allowing all the relatively short-
tived radioactive isotopes to disintegrate.

In some of the fractions the content of interfering activities
was too high or the content of arsenic or selenium was too
low, to enable a non-destructive analysis. A simple radio-
active separation was therefore carried out. By treating the
sample with 6 N-HCl at 50-80° the activated arsenic was
exchanged for an arsenic carrier of arsenite-arsenate. The
arsenic was then precipitated as a sulphide. The fraction
containing selenium was treated with sulphuric acid and
hydrogen peroxide until a clear solution was obtained.
Selenium carrier was added and the selenium was precipitated
as a sulphide. Standards for both arsenic and selenium were
prepared in a similar way to the sample to be analysed.

The method for analysing the total amount of arsenic and
selenium in the marine raw material and the N liquor was
based on distillation of the two elements with hydrobromic
acid, after dissolving the organic material in sulphuric acid
and hvdrogen peroxide.!7-19

The approximate position of the amino acids in the gel
filtration was established by means of thin-layer chromato-
graphy. Samples of various fractions from the gel filtration
of N liquor from herring and cod fillets were used. Here
chloroform-methanol-ammonia (2 : 2 : 1 by vol.) was used
as solvent and cellulose as the thin layer.
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Results and Discussion

The results of the analyses of the total amount of arsenic
and selenium in the different samples of raw material and
N liquor, produced from the raw material, are presented in
Table 1. They confirmed previous results of fish analyses,
both as to the content of these elements in the raw material
and also that they were enriched in the N liquor. For the
other organisms analysed, a corresponding enrichment of
arsenic in N liquor was observed, but not for selenium.
Although not many samples were analysed in the latter case,
a difference seems evident here for the fish species compared
with the other organisms.

The arsenic and selenium content were significantly lower
in the fish samples than in samples from the other organisms.
This may have some connexion with the fish being at a higher
level in the food-chain. If the inorganic arsenic present in the
sea water is the main source of the production of arseno-
organic compounds, the ability of the organisms to concen-
trate water may be of importance. Probably the arsenic
content was also influenced by the locality in which the
different organisms had been caught. This has been shown
for the arsenic present in the lipid phase of fish,20

The results for the whale meat were an exception as they
were significantly lower than the other results. More data
reed to be obtained.

In the elution diagram from gel-filtrated N liquor the first
peak represents the void volume and consists mainly of
proteins, i.e. compounds with molecular weight above about
5000. From the studies by thin-layer chromatography of
fracticns from gel-filtrated N-liquor of herring, mackerel and
cod fillets, it was established that the amino acids start to elute
in fractions 65-75. The section between the first peak
and the amino acids usually consisted of a shoulder, and was
mainly a mixture of different peptides. In some of the gel-
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TABLE [
Arsenic and selenium content in dehydrated raw material and N liquor, ppm

Raw material N iiquor
Sample Name
Arsenic Seienium Arsenic Selenum
Cod fillet Gudus morhua 2-2 1-2 13 240
Code bone . 2 G-9 0-7 11 16
Cod liver - - 9-8 3-7 Rl 16
Cod skin . » 3-5 8:6 61 1-4
Herring fillet Clupea harengus 3-8 1-0 24 |
Herring bone " ,. 1-9 0-8 n.d. n.d.
Herring skin - " 7-2 0-8 n.d. n.d.
Mackerel fillet (mature) Scomber scomber 3-8 13 nd. 2y
Mackerel fillet (immature) . ' 3-0 14 1 R
Norway haddock fillet Sebastes marinus 3-3 1-5 23 45
Lobster fillet Homarus vulgaris 5-3 1-5 14 2.9
Mussel Mytilus edulis 3-0 3-9 N 11
Clam Pecten maximus I-6 2-6 N 1-0
Oyster Ostrea edulis 7-6 n.d. 93 0-9
Squid Onuvnustrephes sugittatus 6-5 1-0 17 0-6
Whale meat Balaenopteru physalus 0-36 0-5 g9 0-4

n.d. = not determined

filtration experiments peaks in this area could also be ob-
served, especially in the lower molecular weight region. The
water-soluble phase from the enzyme-trea‘:d presscake gave
a similar elution diagram, except that the protein fraction was
reduced; in some of the samples this fraction did not appear
at all (Figs 3 and 5).

The fractions from the molecular gel filtration can generally
be analysed non-destructively for arsenic up to fractions
70-75. This was particularly the case for fractionated N
liqguor where the arsenic content in general was higher than
in the samples produced by enzyme-hydrolysed presscake.
Above fractions 70-75 a radiochemical separation of the
arsenic was usually necessary, owing to the presence of what
was probably organic bromine. As seen from Table II,
fractions 1-3 have been analysed in each of the gel-iiltrated
samples. They were all taken from fractions 60-75. The
arsenic concentration in the fractions below no. 60 was too
low to be analysed non-destructively.

When the results in Table 11 are compared with the total
amount of arsenic found in the raw material and in the N
liquor, only some of the arsenic can be accounted for in the
analysed fractions. Therefore arsenic is also present in
fractions above nos 60-75. Compared with the amount
found in the raw material and the N liquor, no fractions were
specially rich in arsenic, either calculated as absolute amount
of arsenic or as g As/g dehydrated matter, indicating that no
distinct arsenic compound seems to be present. This leads
to the assumption that the arsenic probably exists as part of
more organic molecules in the N liquor, and in the water-
soluble part of the enzyme-hydrolysed presscake. As these
arseno-organic compounds are mainly neutral, it is not
possible to use the position of the amino acids in the elution
diagram as a standard for molecular weight determination.
Because of the ion-exchange character of the gel-filtration
resin, the speed of elution of amino acids was probably faster
than corresponding neutral molecules. The arseno-organic
compounds registered in the fractions 60-75 may therefore
have molecular weights considerably higher than the amino
acids.

Only preliminary studies were undertaken on the phos-
phorus content in the different fracticns. Phosphorus was
detected in some of the protein fractions and in fractions
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above about no. 70. No evidence was found of phosphorus
and arsenic replacing each other.

From the results it should be concluded that the arseno-
organic compounds analvsed in this study may be present
originally in the marine organisms or they may be formed
from one or some few compounds by decomposition when the
raw material is boiled. It is empting to assumie that these
compounds are derivatives of a relatively simple arseno-
organic molecule present in all marine organisms. This
compound is probably synthesised by the same mechanism
in one or more species of marine organisms. The arsenic in
this arseno-organic compound cannot be linked to organic
groups by ester bondings in the same way as phosphorus, as
these are not stable in water.>! Both the lipid and water-
soluble arseno-organic compounds may, however, be of a
phenylarsine type. Derivatives of such a compound provide
possibilities both for lipid and water-soluble compounds.
However, more work has to be done for more definite con-
clusions to be obtained.

The selenium was only analysed in the protein fractions
(see Table 1II). This was done both in order to avoid any
contamination from inorganic selenium (Fig. 1) and to sce if
sclenium was present in the same way as sulphur in the
sulphur-containing amino acids, thus being a constituent of
the proteins. When the Sephadex G-25 resin was used all
molecules with molecular weight above about 5000 will
appear in this fraction. The presence of selenium in these
fractions indicated that this selenium was probably present
as one or more selenium organic compounds.

The concentration of selenium in the protein fractions seems
mostly to be higher than in the raw material. The fraction of
proteins, i.e. N - 6-25, constitutes 80-90°, of dehydrated
raw material after the fat is removed. It is theretore difficult
to understand that in most of the analyses the amount of
selenium connected to the proteins exceeds the amount found
in the raw material by a factor greater than 1-1-1-2, especially
if the seleno-amino acids are present in the different proteins,
by replacing sulphur-containing amino acids, and follow the
same way of reactions as those when decomposing ctc. On
the other hand this fraction may also be enriched in selenium
by other water-soluble organic selenium compounds, either
with a high molecular weight or by addition to high molecular
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Taste 1L
Arsenic content in samples fractionated by molecular gel filtration

Enzyme-hydrolysed presscake

N liquor
Sample Wt. of sample Wit. of Wi. of sample Wit. of
to be fraction, As ug to be fraction, As ug
fractionated, g g fractionated, g g
Ced fillet 10 0-067 I-1 0-6 0-16 0-42
0-024 5-4 0-12 0-30
0-024 0-28
Cod bone 0-2 0-010 0-42 0-7 0-12 0-15
0-055 0-81
0-060 0-42
Cod liver 0-8 0-073 -2 0-4 0-056 1-1
0-026 2-3 0-054 0-14
0-078 0-50
Cod skin 2-5 0-049 -1 i1 0-18 0-63
0-036 21 0-26 0-10
0-62 0-68
Herring fillet 10 0-021 1-2 08 0-083 0-51
Herring bone 0-6 0-003 0-01 0-5 0-14 1-0
Herring skin 1-0 0-016 1-4 0-3 0-058 0-74
0-060 0-30
Mackerel fillet (mature) 1-0 0-047 2-3 0-6 0-17 0-06
0-079 0-52
Mackerel fillet (immature) 1-0 0-017 19 0-9 0-070 0-46
0-016 0-Y 0-074 1-1
0-034 0-43
Norway haddock fillet 1-0 0-048 1:7 0-8 0-077 0-41
0-082 0-41
Lobster fillet 1-0 0-016 1-12 0-5 0-017 0-93
Clam 0-9 0-057 2-7 0-6 0-17 0-90
0-22 2-2
Squid 1-0 0-071 4-9 0-6 0-10 0-26
0-40 6-6 0-098 0-63
0 065 0-29 0-17 1-1
Whale meat 1'0 0-09 0-16 0-6 0-14 0-05
0-03 0-10 0-20 0-05
TasLe 11T
Selenium content in the protein fraction from molecular gel filtration
N liquor Enzyme-hydrolysed presscake
Sample -
Wit. of fraction, g Se, ug WI1. of fraction, g Se, ug
Cod fillet 0-079 0-62 — —
Cod bone 0-009 0-11 0-069 0-25
Cod skin 0-079 0-40 0-032 0-32
Cod liver 0-074 0-31 0-054 0-42
Herring fillet 0-006 0-05 0-036 0-40
Herring bone 0-0022 0-01 0-019 012
Herring skin 0-030 0-33 0-059 0-20
Mackerel fillet (mature) 0-010 0-13 0-019 0-08
Mackerel fillet (immature) 0-028 0-20 0-045 0-18
Norway haddock fillet 0-032 0-18 0-017 010
Lobster fillet 0-032 0-20 0-017 0-13
Clam 0-15 16 0-022 0-04
Oyster 0-13 0-47 0-037 0-09
Squid 0-098 1-2 0-008 0-04
Whale meat 0-07 0-10 0-037 0-38
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weight compounds. It should also be noted that the differ-
ence in chemical behaviour of sulphur and selenium may have
some effect on the distribution of selenium in the different
sulphur-containing compounds and also the way in which
compounds decompose during the production of the N liquor.

The results presented in this investigation should be of
interest in connexion with the use of fish as a feed ingredient
for domestic animals. Probably all the arsenic and at least
part of the selenium are present as organic compounds.
Arsenic especially, but also to some degree selenium, are, as

reported for organic compounds of arsenic. The fish raw
material should also provide an adequate source of selenum.
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ANALYSIS OF TRACE ELEMENTS IN SEAWEED

By G. LUNDE

The following trace elements have been analysed in various algae samples : arsenic, copper, molybdenum,

marganese, zinc, cobalt, antimony, selenium and iron.

The ash content has also been determined. The

samples were collected from two different localities in Norway, one (Trondheimsfjord) characterised by a
relatively strong influence of river water, industrial waste etc. ; the other (Reine in Lofoten) is free from this
type of contamination. In the case of two species, Ascophyliurt nodosum and Laminaria hyperborea, the
variation in the content of trace elements has been studied during a one-year period, samples being taken
every second month. Considerable differences in the content of trace elements was found between the

Laminariaceae and Fucaceae,

Introduction

Most of the seaweed meal produced industrially today is
utilised as feed additive for domestic animals. Many feeding
experiments have been undertaken where the nutritional
value of the seaweed has been studied.! 3 However, the
results obtained from these have nct been conclusive.  Varia-
tions in processing and storage of the meal have probably
been important factors influencing its nutritional value.
Although there have been contradictory results from these
experiments it is generally agrzed that the seaweed meal is of
considerable importance as a source of minerals and some
vitamins in compound feed.

In addition, there may also be trace elements appearing in
chemical combinations that improve the nutritional effects of
these elements. This may be the explanation in experiments
where the addition of seaweed meal had a favourable effect
compaied with other sources of minerals.?

Relatively little work has been published to date on the
analysis of the trace element content of seaweed. Wino-
gradov4 has summed up the main results obtained up to the
beginning of the 1950s. In addition, Young & Langille5
and Black & Muitchell® among others, have contributed with
studies reporting both analyses of a number of trace elements
and their physiological significance.

Recently more attention has also been focused on the
uptake of inorganic ions in algae. This includes both trace
elements?® and elements appearing in larger amounts, for
example the alkaline earths.? Considerable enrichment of
many of these elements is known to occur in the plants,
often by a factor of 1000 or more. Several relevant aspects
present themselves in determining how this takes place.
First, a passive reversible enrichment, in which the ions are
absorbed to definite locations in the plant can be considered,
often with a high degree of selectivity for certain ions.?
In addition, an active transport of ions through the cell
membranes, i.e. an irreversible enrichment, is also occuring.?

To date, spectrographic methods have been chiefly employed
in the analysis of typical trace elements in seaweed, but other
procedures have also been used. Among the elements
affording greatest problems are those forming volatile
compounds at relatively low temperature, such as arsenic,
selenium, mercury, antimony. Among other analytical
methods activation analysis has proved to be an adequate
method for analysing many of these elements both in the
micro-and submicro-region (1-0-001 ug).

The purpose of this work was firstly to extend the know-
ledge on some of the trace elements present in seaweed by
analysing samples from new localities, and secondly to see
if the trace element content varied when samples of the same

algae were taken from different localities where a difference
in the trace element content should be expected. Also,
seasonal variations in the level of trace elements were worthy
of attention and samples of two species collected frem the
same locality were analysed every second month for a year.

Experimental
Callection and processing of samples

Samples of seaweed were collected from Reine in Lofoten
and from Trondheimsfjord, Norway during the period
1951-1968. An abundance of fresh and uncontaminated
seawater characterises Reine in Lofoten, while Trondheims-
fjord is exposed periodically to trace element contatnination
from rivers, sewage and industrial waste.

Each sample contained at least 50 specimens. Free water
on the seaweed was removed by shaking, and the samples
were dried at 40-80°c. They were then homogenised in a
porcelain ball mill after smaller samples had been quartered
out. Some of the samples from Reine in Lofoten were
ground on a Wiley laboratory mill. Special care was taken
so that these samples were completely dry before grinding.
Care was also exercised throughout this treatment to avoid
contamination from the metallic parts during the processing.

Analytical methods

Analyses were carried out by means of neutron activation
and atomic absorption. Arsenic, copper, molybdenum,
zinc, cobalt, antimony and selenium were determined by
neutron activation according to the methods described by
Samsahl and others.2?-!12 Samples of approximately 0-2 g
dried material were activated in quartz ampoules for 20 h ata
neutron fluxof 1-1 x 10'2¢cm~2sec ", together with standards
of the elements to be analysed. The samples were dissolved
in sulphuric acid and hydrogen peroxide. Thereafter the
arsenic, antimony and selenium were distilled by means of
hydrobromic acid and cooled in a sulphuric acid adapter.
If the samples contain mercury this element will also appear
in this fraction. Both the distilled elements and those
remaining in solution were processed further and obtained in
suitable fractions by an ion-exchange technique. These
fractions contained radioactive isotopes of the elements to
be analysed and could be recorded on a gamma spectrometer
without interference from other radioactive nuclides. Stan-
dards of the elements to be analysed were recorded in the
same way.

Copper and zinc were also analysed by atomic absorption
measurement, together with manganese and iron. Samples
of about |1 g placed on a water bath at 90-100° were dis-
solved in sulphuric acid and hydrogen peroxide. After the
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solutions cleared, they were diluted to 25 ml before analysis.
A Perkin-Elmer atomic absorption instrument, Model 303,
was used for this purpose.

Ashing was performed in a laboratory furnace at 450°.
The samples were heated slowly up to this temperature and
kept there for about 20 h.

Results and Discussion

Marine plants undoubtedly have a more constant supply
of minerals than terrestial ones, due both to beiter conditions
for absorption of the elements (ions) and to the fact that the
sea is a more reliable source of inorganics than the soil.
The concentration of trace elements in the same species of
algae would therefore be expected to keep within relatively
close limits, and analytical results outside these limits are
probably due to some kind of contamination.

The results of the analyses are presented in Tables 1-1V.
They confirm, in general, previous results, even though results
for some of the elements vary. This is the case with arsenic,
copper, molybdenum, zinc, cobalt and iron. WNo previous
quantitative data are available for the selenium and antimony
contents in algae.

The agreement between results for copper and zinc,
analysed both by atomic absorption and by neutren activation
was good, being within 20%, for most of the samples. For
these two elements the average value obtained by the two
methods is used.

The iron, copper and zinc contents in the samples from
Reine in Lofoten, ground in a Wiley mill, appear in the same
range as the other, proving that the grinding process does not
lead to a measurable increase of metal content in the samples.
The high values found for some trace elements in a few
samples is probably due to some kind of contamination.
A sample from Flakk in Trondheimsfjord, Fucus serratus
(Table 1V) had high manganese and zinc contents, but normal
iron apnd copper contents. This distribution probably
reflects high manganese and zinc contents in seawater.
Contamination from tools should also cause a high iron
content. Some samples also contained a considerable
amount of iron, without other trace elements, such as zinc,
manganese and copper, being equally large, e.g., Fucus

spiralis (Table W11, 3.6.51) from Reine with 93} ppm iron,
and Laminaria hyperborea (Table 1V, 18.2.57) from Munk-
holmen with 856 ppm. These results indicate that the
seaweed had been contaminated either in the sea or during
the collecting and processing.

The selenium content in the samples analysed varied
between ~0:04 and ~0-2 ppm. In general. selenium
follows sulphur in biological processes and can replace sulphur
in sulphur-containing amino acids and other sulphur com-
pounds. Comparing the values of selenium found in algae
with the corresponding figures for marine fish species, which
are about 2-5 ppm selenium,!? a significant difference between
marine plants and animals in the ability to enrich selenium
is indicated. This observation is also confirmed when the
sulphur/selenium ratio in seaweed is compared with that of
fish. The sulphur content in seaweed is about 3°,!4 and in
fish about 0-7°,.15 Based on these data the figures for the
sulphur/selenium ratio are about 3 - 10¢ for algae and about
3 % 104 for fish. The corresponding ratio in milk products
from dairy cows is about 8 - 10%.!6 In marine algae the
sulphur is mainly present as sulphated polysaccharides
whereas the sulphur in fish (and in milk products) is located
in the proteins. 1t should therefore be concluded that the
accumulation of selenium in relation to sulphur is considerably
higher when the elements are located in proteins than when
they are linked to polysaccharides in the compared samples.

Comparison of trace element content in samples from the
same algae species taken from Reine and Trondheimsfjord
showed relatively little difference. The results indicate that
the trace element content is more dependent on ability to
accumulate these elements than to variation in trace element
concentrations in the water at the two localities,

The analyses of Laminaria hyperborea and Ascophyllum
nodosum, presented in Tables I and !1, especially demonstrate
how the various species enrich different trace elements.
Laminaria hyperborea has the largest arsenic content while
Ascophyllum nodosum exhibits a higher content of the other
elements.

Two samples of red algae (Gigartina mamillosa and Rhody-
menia palmata) (Table 1V) were not particularly different
from the brown algae with regard to the trace elements in
question.

TaABLE 1
Trace element content (ppm) in Laminaria hyperborea lamina (Reine in Lofoien)

Date of collection Qr;h;n;/‘;tgf As Cu Mo Mn Zn ‘Co Sb Se Fe
28.2.57 2.7 70 9 0-3 5 98 0-18 0-10 0-04 177
304.57 31-8 68 8 0-3 6 96 0-16 0-15 0-04 130
30.6.57 24-4 06 6 0-6 5 60 0-t0 0-07 0-04 71
27.8.57 20-0 53 6 0-4 4 53 0-14 0-07 0-05 118
27.10.57 19-3 53 22 0-7 4 73 0-12 0-05 0-07 49
30.12,57 256 1) 8 0-6 4 88 0-12 0-10 0-05 81
Tance II

Trace element content (ppm) in Ascophyllum nodosum whole plant (Reine in Lofoten)

. Ash, % of
Date of collection dry matter As Cu Mo Mn Zn Co Sb Se Fe
28.1.57 238 44 22 2-:0 13 114 0-5 0-19 0-09 106
29.3.57 20-6 23 29 1-5 14 240 0-4 0-20 0-09 176
30.5.57 21-2 22 18 2-1 11 i04 0-4 0-53 0-07 114
30.7.57 18-9 23 35 -6 12 99 Q-7 0-45 Q-07 145
30.9.57 22-2 - 30 27 1-1 10 74 0-4 0-21 0-06 101
30.11.57 21-6 38 19 1.4 15 103 0-5 0-22 0-07 116
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TasLe I
Trace element content (ppm) in seaweed (Reine in Lofoten)

. Date of Ash, % of F
Sample collection dry maotter As  Cu Mo Mn Zn Co Sb Se ¢
Pelvetia canaliculata, Reine 1.3.51 236 22 8 0-96 7 137 0-6 0-38 0-12 {rs
Pelvetia canaliculata, Reine 3.6.51 17-6 21 t 0-45 8 118 04 052 0-14 129
Fucus serratus, Reine 1.3.51 27-6 47 8 2-2 5 137 0-8 0-23 0-17 65
Fucus serratus, Reire 1.6.51 23-8 40 20 2-3 41 113 0-8 0-31 0-24 238
Fucus spiralis, Reine 5.3.51 25-3 34 12 54 28 218 02 029 0-18 182
Fucus spiralis, Reine 3.6.51 2146 26 39 5-8 24 135 06 027 0-11 931
Fucus vesiculosus, @vre Reine 1.3.51 23-2 65 45 4-6 11 188 0-6 0-37 0-17 33
Fucus vesiculosus, @vre Reine 1.6.51 206 26 12 2-6 5 15 0-6 2-5 0-17 126
Laminaria digitata lamina, Reine 25.4.52 36-2 73 14 0-6 6 138 0-10 0-10 0-17 59

* The samples consist of whole plants unless otherwise indicated
TaBLE 1V
Trace element content (ppm) in seaneed (Trondheimsfjord)

* ; Date of Ash, % of
Sample* and locality collection dry matter As Cu Mo Mn Zn Co Sb Se Fe
Laminaria digitata lamina, Munkhoimen  23.10.56 27-6 109 20 22 9 170 0-4 0-31 0-09 384
Laminaria digitata lamina, Flakk 12.4.57 38-0 107 34 1-1 5 100 0-1 0-05 0-09 166
Laminaria hyperborea lamina, Munkholmen 18.2.57 37-0 69 22 2-7 10 167 0-7 0-30 0-16 865
Laminaria hyperborea lamina, Munkhoimen 9.1.62 36-9 55 12 26 6 276 0-3 0-34 0-14 240
Laminaria hyperborea stipes, Munkholmen 26.6.57 36-8 94 16 78 2 122 02 029 0-17 186
Ascophyllum nodosum, Flakk 30.9.68 19-9 2 63 {-6 17 273 2-0 0-22 0-04 198
Gigartina mamillosa, Flakk 25.4.52 30-5 10 15 1-1 10 183 0-6 9-06 0-06 86
Rhodymenia palmara, Flakk 28.3.52 31-5 13 24 06 11 143 0-5 0-05 c-17 153
Fucus vesiculosus, Fiakk 28.3.52 200 39 18 1-7 54 195 1-6 0-14 0-16 145
Fucus vesiculosus, Flakk 30.9.68 17-9 24 35 1-0 70 297 2.2 0-19 0-05 61
Fucus serratus, Flakk 30.9.68 21-9 28 27 1-6 164 520 5-2 0-26 0-06 166
Fucus spiralis, Flakk 30.9.68 24-8 15 43 1-3 54 390 2-8 0-20 005 420
Pelvetia canaliculata. Flakk 30.9.68 237 15 41 1-0 10 12 0.7 0-12 0-06 226

* The sampies consist of whole plants unless otherwise indicated

Little data exist on seasonal variation of trace elements in
seaweed. Among other factors this variation is dependent
on the form in which the trace element is present in the algae,
i.e. as part of organic molecules or as inorganic ions, reversibly
or irreversibly bound. Both destruction of organic material
in the algae and seasonal variations in the concentration of
trace elements in the water are important factors in this
connexion. The results obtained in the present study demon-
strate that such a variation does exist in such material.
Arsenic, antimony and zinc contents in Laminaria hyperborea
are higher in February-April than in September-November.
This may have some connexion with the reduction of the
ash content, but cannot account for it afl.

When comparing the trace element content in seaweed and
in plant material of terrestial origin,7-18 the resnit< indicate

algae, particularly in the Laminaria species, by a factor 200-
500 compared with arsenic in terrestial plant material. More
attention should be focused on how this element occurs and
whether or not it has any physiological role in marine algae.
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Activation Analysis of Trace Elements in Lipids With

Emphasis on Marine Oils’
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ABSTRACT

A short introduction to the activation analyses is
given where some of the main features of the method,
especially when appliad on biological material. are
described. The following trace elements are analyzed
in marine and vegetable oils: arsenic, bromine, sodi-
um, copper, manganese, zinc. nickel and iron. Both
arsenic and bromine are present as organic com-
pounds. The arsenic is removed in the alkali refining
process. The distribution of trace elements in oils has
been studied by use of autoradiography and 7y-spec-
troscopy. The results indicate that this distribution is
dependent on the phospholipid content in the oil. A
high phospholipid content seems to give a more
homogeneous distribution of inorganic trace ele-
ments.

10ne of 28 papers presented at the Symposium, “Metal-
Catalyzed Lipid Oxidation,” ISF-AOCS World Congress, Chicago,
September 1970.

INTRODUCTION

The neutron activation analysis combines both high
sensitivity and good accuracy for many elements. Today,
when high sensitivity is required, the activation 1s mostly
performed by thermal neutrons from a nuclear reactor. The
activity is here induced by a (n, ) reaction. Neutrons are
captured by stable isotopes and these are then converted to
new isotopes of the same clement. At the same time o
Y-quant is simultaneously emitted. Some of these sotopes
may be unstable, i.e. radioactive, and will distntegrate by
emitting characteristic ¥ and § radiation. The induced
activity is measured either by recording the § particles with
a Geiger Muller counter or the characteristic y photons with
a multichannel y-spectrometer. The latter is by far the most
used.

The sensitivity of the mcethod will depend on several
factors. Among these are the neutron flux (nfcm? sec), the
irradiation time and the activation cress section, the
probability for the isotope to capture a neutron (u,q,). In
practical analytical work, that is to say. among the elements
reported analyzed by this method, the sensitivity has been
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11G. 1. Gamma-spectrum of neutron actwvated capelin oi!
recorded about one day after activation. The main peaks belong to
As76 with 0.56 MeV and Br82 with 0.56 McV, 0.78 MeV and 1.04
MeV,

from about 10-!! to about 10-4g In addition, the
sensitivity will also depend on how the samples are
prepared and how they are recorded. Many excellent review
articles and books have been published both dealing with
the theory for this analytical method and with practical
applications 1 }-3).

In connection with the analysis of trace elements in oils.
the following clements are velj smted to be analvzed by
this method manganese, 10dine. chlornine and nickel. with
half lives from 25 min to 2 /2 hr, copper, sodium, bromine
and arsenie, with half Lves fromm 12 to 36 hr. and zinc,
cobalt, iron, chromium. with half hives from about 30 days
to about 5 years. In addition phosphorus should also be
mentioned. The radioactive phosphorus isotope P32 has 4
half life of about 14 days and emits only 3-particles.

Some important features of this analytical method
relevant to the analysis of oils should be pointed out in
more detail.

I. The registration of the activity from an uactivated
element is mostly performed by recording high energy
v-photons. This reduces matrix effects. As a result, it 1s not
necessary to prepare the standards in the same way as the
sample to avoid an uneven absorption of y-photons in the
standard and in the sample. Activities in biological materials
may, tor instance, be compared with standards dissolved 1n
water,

2. Especially when trace elements in the sub-microgram
area (1 ppb to C.1 ppm) are analyzed, the nsk of
contamination during handling and analyzing the samples is
considerable. For the activation analysts this is only a
problem before the activation. After activation, the addi-
tion of impurities, even foreign cources of the elements to
be analyzed, will be of no consequence for the results.

3. In many cases the matrix activity and also the
activity induced in trace elements is negligible or does not

{ABLEL

Nondestructive Actination Analy ses of
Trace Elements in Unprocessed and Processed Marnine Ods

Sample As (ppm} Br (ppm) Na {(ppm}

710 ~01
710 ~0.3
6-10 ~0.2

W&

Crude oil 8-
After alkaline treatment and washing © 0.
After bleaching ‘o
After hvdrogenation and

deodorization 0.2 4.7 ~0.1

TABLE 1}

Destructuive Acnivatonalyses of
Trace Elements in Hydrogenated Marnoe Ozls

Samiple Cu (ppm) Ni (ppm) fe (ppm)

0.004-0.04
0.006-0.012

No. 1 10 samples

0.03-0.14 0.5
No. 2 6 samples 5

0100.72

(S

-1
-1

interfere with the registration of the induced activity n
the trace celement to be analysed. In these cases 1t s
therefore possible to perform s nondestructive analysis of
one or mote elements Examples of such matrnixes are
organic and biological materials. This type of nondestruc-
tive analysis is an interesting way to study the level o!
impurnities 1n samples taken for instance from different
steps duning the processing oi the oil. and also to study the
relation between two or more impurities and how the
different steps in the process may change this relation. Thas
can be done by companng y-spectra of activated samples
taken from the different steps

tf the 7y-radiation (the y-photons) trom the induced
activity in the element to be anulyzed, 1s covered or
interfered by y-photons from other activities. it 1s pecessary
to carry out a radiochemical separation to punfy the
clement enough to perform a registration with the y-spec-
trometer. This is done usually by adding a carrier {mulligram
amount of the element to be analyzed). When the carnier
has exchanged with the activited 1sotope. ordinary chemi-
cai separation methods are used to solate this. Often only
one or a few separation steps are necessary to get the
sample pure enough to secure an adequate registration.

4. A distribution pattern of trace clements n flat
sections (films, polished or flat surtaces etc.y can some-
times be obtained by using autoradiographic methods A
umform exposure of the film reveals ¢ homogeneous
distibunion whereas areas with 4 hugher ¢aposure indicate
an inhomogeneous distribution oi 1Norgani. IMpuritics of oi
particies. Due to high specitic activity in these areas the
corresponding exposed areds on the him may be rather
large and no conclusion can be drawn as 1o the real size of
the area. Also a variation in the bachground exposure may
be observed when the oii 1~ not evenly distributed. A
y-spectrum of the oil will indicate the main radioactive
1sotope present. Tlus technique 1s especially useful for
solids but also for frozen liquds or liquids with high
viscosity.

GENERAL INFORMATION ON
ACTIVATION ANALYSIS OF OILS

The main elementary constituents of oils (carbon.
hydrogen, oxygen. and 1n raw ous also phosphorus) will not
give any detectable y-radiation (y-peaks} when irradiated
with thermai neutrons. The B-particles from phosphorus,
P32 will be recorded as bremsstrahlung on the y-spectrom-
eter. It is therefore possible 10 perform a nondestructive
analysis of some of the trace clements present 1n the oils.
Other trace elements. where the induced actwvities are low
or where the y-spectrum is complicated by Y-photons from

-
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F1G. 2. Autoradiographs: A. Neutron activated refined fish oil; exposure time about 2 hr. B, Inactive fish oil where radioactive arsenic has
been introduced from a water phase. C, Neutron activated refined soybean oil. The phospholipid content is low (25-50 ppm). D. Neutron

activated refined peanut oil with a low phospholipid content (~25 ppm).

other activities, have to be separated by chemical methods
before registration, This can be done either by wet or dry
destruction of the oil or by different types of extraction
methods. The extraction can be carried out by dissolving
the oil after activation in 4 suitable solvent and extraction
with water at an adjusted pH. The elements are then
transferred into the water phase and subsequently separated
by chemical methods. Saponification is an alternative
method for bringing some of the trace elements into the
water phase without destruction ot the organic matter.

EXPERIMENTAL PROCEDURES

Materials
The oius analyzed in this investigation were either
commercially available or produced in our laboratory.

Irradiation

About 1 ml of each oil was sealed off in quartz ampoules
and was then ready for neutron activation. P.A. Chemicals
(Merck, Darmstadt) of the elements tc be analyzed (MaCl,
NH4BI’, N3H2PO4, A5203, Zn(.lz, FeCl3, MnClz, NlCClz
and CuCl,) were sealed in the same kind of ampoules and
wradiated together with the oil samples. Especially at
irradiation times up to 24 hr. it is often advisable to
dissolve the standard before sealing in the ampoules. The

irradiation was performed with a neutron flux of 4 » 1012
nfcm?2 sec in the nuclear reactor JEEP 2 Kjeller, Norway.

Separation and Registration

After activation the following procedures were used for
preparing the different trace elements in the oils for
registration. Both principles and detailed separation proce-
dures for the elements to be analyzed have been discussed
elsewhere (4) and only some of the main steps of the
analysis are outlined here:

Saponification. During conventional saponification cop-
per and nickel ammonium complexes were added us carrner.
The carrier will exchange with the activated copper and
nickel in the oil samples. After the saponification the nickel
is precipitated with dimethylglyoxime and copper as copper
sulfide.

Wet Destruction. The oils were treated with concen-
trated warm sulfuric acid. nitric acid and hydrogen perox-
ide. Carriers of the elements to be analyzed were added and
conventional separation methods were applied after the
destruction of the organic matter.

Extraction. The oils are dissolved in hexane and mixed
with hydrochloric acid at a pH of about 2. Carriers of the
elements to be analyzed are added to the water phase. The
activated trace elements are extracted into the water phase
and will exchange with the carriers; the different elements
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TABLE 1]

Nondestructive Activation Analyses
of Trace Elements in Vegetable Oils

{(ppm)

Sample Mn Zn Cu Na Br
Crude oils 2 {0.05-1.1 <0.005-1.0 0.03-5 <0.01-4
Refined oils (0.005-0.1 ‘ {(0.005-0.3 (0.01-2 <0.01-4

3not determined.
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F1G. 3. Gamma spectrum of neutron activated linseed oil. The
main peaks belong to Cu6% with 0.51 MeV, Mn56 with 0.85 MeV
and Na24 with 1.38 MeV.
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FIG. 4. Gamma spectrum of neutron activated coconut fat. The
main photopeaks belong to Br82 with 0.56 MeV, 0.78 MeV, 1.04
MeV and Na2¢ with 1,38 MeV.
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are then separated to the degrce of purity that enable a
recording with a y-spectrometer.

Direct Registration. The oils are poured into inactive
glass vials and are recorded directly with a y-spectrometer.

Distribution Studies. The neutron activated o1l is poured
onto a thin plastic film and placed in contact with a
photographic emulsion. An ordinary x-ray film can be used.
After exposure the film is developed and handled as an
ordinary x-ray film. The exposure is about 14 hr on a fine
grain x-ray emulsion or 2 hr with a medium grained film.
Gamma spectra of the oils are recorded after the exposure.
The procedure should be repeated after a few days to see
how the shortlived isotopes influence the distribution
pattern on the film and correlate this with the y-spectrum.

=103 1 — v
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»
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w
—
=
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1+ 4
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FIG. 5. Neutron activated linseed oil. A, Automdiogtaphlz

exposure time about 2 hr. The background exposure is from P32
(phospholipid content ~2500 ppm). B, Gamma-spectrum recorded
unmedxatel‘{ after the exposure. Copper, Cu64 with 0.51 MeV and
sodium Na<4

bremsstrahlung from 1'32 is also 1ecognized.

with 1.38 MeV are the main y-emitting isotopes. The
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RESULTS AND DISCUSSION

Marine Qils

Crude oils manufactured from marine fishes (mackerel,
herring, capelin and others) by conventional methods are
reiatively low in inorganics. Nondestructive analysis indi-
cates that these oils contain usually less than 0.2 ppm
sodium and less than 0.05 ppm copper. This is probably
due to the way these oils are produced. The oil is in contact
with relatively large amounts of water at 100 C followed by
centrifugation. This insures an effective washing procedure
and an efficient removal of the water from the oil.

Marine oils however contain some trace elements present
as organic compounds (5,6). Among these arsenic and
bromine have been studied in more detail. Figure 1 shows
the y-spectrum of capelin oil recorded about one day after
activation and without any chemical treatment after the
activation. The 7-spectrum consists mainly of the radio-
active arsenic isotope As?6 and the radioactive bromine
isotope Br82. When the oil is treated with alkali 1n the
refining process the arsenic will follow the alkaline phase
together with most of the phospholipids left in the oil. The
bromine content will be reduced during the hydrogenation
to about half of the original value. See Table I.

Due to the high content of bromine and arsenic a
nondestructive analysis cannot be performed when the
amount of inorganics in marine oils are low. In this case
other methods have to be used to carry out an analysis. The
contents of copper, nickel and iron have been analyzed in
hydrogenated marine oils partly by the sapomfication and
partly by the destruction procedure. Some of the results are
shown in Table [[. The two series of oil samples, No. 1 and
No. 2 are from different productions.

The distributicn of trace elements in a refined fish oil
with a low phosphorus content is shown in Figure 2A. This
oil however has a high background exposure and contains
some inhomogeneities. The corresponding y-spectrum indi-
cates that sodium-24, arsenic-76 and bromine-82 are the
main activities. As the sodium-24 with a half life of about
15 hr disappears, the inhomogeneities disappear. This
indicates that the main radioactive isotopes left, bromne-
82 and arsenic-76 with half-lives of 36 hr and 24 hr
respectively, are homogeneously distributed and are there-
fore probably present as organic compounds soluble in the
oil. These results were also confirmed when some experi-
ments were carried out where radioactive arsenic was
introduced into inactive oil from a water phase. Figure 2B
shows an autoradiograph of radioactive arsenic introduced
into a fish oil.

Vegetable Qils

There is no evidence so far that organic bound trace
elements are present in vegetable oils. Nondestructive
analysis of inorganics present in the oils with a high
sensitivity for activation analysis is therefore possible. In
vegetable oils one or more of the following trace elements
can usually be analyzed without any chemical treatment:
copper, manganese, zinc, sodium, chlorine, bromine and
iron. Qther trace elements have to be analyzed by radio-
chemical separation methods based on chemiv:l treatment
of the oils after the acvitation, Table III shows some results
of nondestructive analysis of vegetable oils. Among the oils
snalyzed are coconut fat, soybegn oil, olive oil, peanut oil
and linseed oil. Figure 3 and 4 shbw the y-spectra of linseed
oil and coconut fat. Copper, manganese and sodium are
observed in the linseed oil whereas coconut fat contains
mostly bromine and sodium. The content of inorganic ions
in the different types of oils depends greatly on the
possibility of contamination during the refining ard hydro-
genation steps and also on how the processed oils are stored
afterwards., A simple washing procedure of the finished
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wn
(0]
—

Ll
-
o

w W

T

w

A1

0.51 MeV

INTENSITY ————>
N

1.38 Mev

0 50 100 150
CHANNEL NO.(ENERGY)——>

FIG. 6. Neutron activated olive oil. A, autoradiograph, exposure
time about 2 hr (phospholipid content ~25 ppm). B, Gamma-
spectrum recorded after the exposure. Cu63 and Na29 are the main
radioactive isotlopes present in the oil.

product may often reduce the level of impurities (parts per
million) by a factor of 5-10.

Figures S and 6 show two autoradiographs of activated
linseed and olive oil together with corresponding Y-spectra.
The linseed oil contained about 0.25% phospholipids and
the olive oil about 0.003%. When the y-spectra of the oiis
are compared with the corresponding autoradiographs it is
evident that the inhomogeneous areas on the exposed film
consist mainly of radioactive copper, sodium and bromine.
The inhomogeneities on the autoradiographs disappear as
the radioactive isotopes of copper, sodium and bromine
disintegrate.

Although too few experiments have been performed, the
results seem to indicate that oils relatively high in phospho-
lipids have a more homogeneous distribution of trace
elements than oils low in phospholipids. Figure 2C and 2D
show two more autoradiographs of vegetable oils with a low
phospholipid content. Qils with about the same amount of
trace elements and with a high phospholipid content show
an approximately homogeneous distribution of trace ele-
ments. These results are also confirmed by autoradiog-
raphing inactive oils with high and low phospholipid
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content where radioactive tracers (Br82, Cu64, and Na24)

have been introduced from a water phase.

Besides the content of phospholipids, small amounts of
water present in the oils may also be of importance in this
connection, providing small areas with a higher water
concentration where the trace clements probably can be
concentrated.

When studying the effect of trace elements on the
autoxidation of oils more emphasis should be concentrated
on the distribution of these trace elements. and on how this
distribution is influenced by the content of phospholipids
and probably also of the content ot small amounts of water
in the oils.
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Analysis of Arsenic and Bromine

in Marine and Terrestrial Qils

GULBRAND LUNDE, Central Institute for
Industrial Research, Forskningsvn. 1, Oslo 3, Norway

ABSTRACT

Samples of marine and terrestnal oils of both plant
and animal origin have been analyzed for arsenic and
bromine content. Two o1l samples (cod liver oil and
oil extracted from mackerel fillets) were fractionated
on silica gel columns and bromine was determined 1n
the different fractions. The results obtained indicate
that lipid soluble bromine and arseno organic com-
pounds are charactenstic components of marine
animal and marine plant oils (seaweed). The results
also show that the bromine 1s not localized in any
particulai compound or type of compounds. The
bromine-containing compounds seem to be relatively
stable, but the arseno-containing compounds are not.
When oils containing arsenic and bromine were
saponified. some of the arsenic and bromine com-
pounds were found in the fatty acid fraction while
others appeared in the water soluble fraction.

INTRODUCTION

It has been shown in previous work (I-3) that lipids
extracted from various marine organisms contain arsenic
and bromine as organic compounds. In analyses made on
iipids from whale and fish, the contents of these elements
were found to vary between 3-25 ppm for arsenic and 1-50
ppm for bromine. It has also been shown that arsenic s
present as two or more hpid soluble arseno organic
compounds 1n herring (4). Bromine and arsenic are likewise
found in the hpid phase of fresh water fish (3.5). Bromine
is also present 1n hipid extracts from fresh and salt water
algae, 20-150 ppm and tG-15000 ppm respectively (3).
Arsenic was not determined in these samples.

The results obtained so far indicate that the presence of
arseno and bromine organic compounds is characteristic of
oils produced from marine and fresh water fish. The
purpose of this work was to analyze oils from other species
of both terrestrial and marne origin in order to see if this
assumption has a more gencral validity. In addition to
analyzing, these oils—some in which both arsenic and
bromine were present—were saponified so that the fatty
acids could be isolated and analyzed separately.

It was also of interest to ascertain whether bromine was
present as one or more specific bromine organic compound.
Such a study was undertaken by fractionating some of the
oil samples and analyzing the different fractions. By

calculating the bromine as parts per million (ug Br/g oil), 1t
should be possible to obtain an indication as to whether
this element was present as one or a few discrete com-
pounds, i.e.. present in one or a few fractions, or whether it
is more distributed in several or all of the different
compounds in the oil.

EXPERIMENTAL PROCEDURE
Methods

The production and saponification of the ods were
carried out using conventional methods. In some samples
where little material was available and where the yield of ail
was low, the saponification was carried out directly on the
raw material.

Analyses for bromine and arsenic were made using
neutron activation. Such analvses may be made without
chemical treatment of the sample (o1l and taity acid) after
the activation, providing that after activation they do not
contain trace elements that will interfere with the detection
of the induced radioactivity of the arsenic and bromine.
Among elements which do nterfer. sodium should be
emphasized. The content of sodium and other organic
ions may, however, be reduced by washing with distilled
water. When little material 1s available. a solution of the
material in a suitable solvent may be washed. Some
solvents appear to have an affinity to inorganic rons, and
may carry the 1ons into the oil phase where they are left
behind when the solvent 1s evaporated. Chloroform seems
to be such a solvent. and should be avoided (unpublished
results obtained in the author's laboratory). Among the
solvents which may be used are diethyletker and toluenc.
By this method it is also possible to analyze small amounts
of material (milligram amourts) without taking any special
precautions. Transfer of the samples before and after the
neutron activation should be accomphshed with the md of a
suitable solvent. Further details concerning activation anal-
yses of oils are discussed elsewhere (3.4.6).

The fractionation of the two oil samples was made on
sihca gel columns according to the directions given by
Barron and Hanahan (7).

Materials

The raw materals used tor the production of the ol
samples were obtatned from the local fish and meat market
and also through the kind assistance of other laboratories.

TABLE 1

Huting Agent and Characterization of the Main Fractions
From Chromatography of Fish Lipids on Silicic Acid

kFraction Fluting agent Amount, mi Characterization of main components
A Hexane (H) 150 Hydrocarbons
B 157 Benzene in H 400 Sterol esters
C 54 hethylether in H 1330 Trigly cendes and free fatty acds
n 1577 Diethylether in H 950 free sterol
r 307 Methylether in H 600 Diglycerides
3 507 Diethylether in H 600 Digly cerides —monogly cendes
G Diethylether (D) 600 Monoglycendes
H 3.7 Methanol in D 250 Phospholipids
[ 5% Methanol in ) ts0 Phosphohpids
H 8077 Methanol in D 250 Phosphotipids
K Methanol 100 Phospholipids
44
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TABLE 11

Bromine and Arsenic in Qil and Fatty Acids Extracted From Marine Fishes and Invertebrates

Br, ppm As, ppm
Sample Locality Qil Fatty acid Qil Fatty acid
Capelin Mallotus villosus whole fish Northern Norway 9.2 8.1 121 6.3
Herring Clupea harengus whole fish Western Norway 5.8 2.2 13.8 9.2
mature
Herring Clupea harengus whole fish Skagerak 2.6 2.7 19.3 12.1
Mackerete Scomber scomber fillet Southern Norway 2.8 3.1 8.2 4.1
Mackerel Scomber scomber liver Southern Norway 16.5 8.5 t2 6.2
Cod3 Gadus morrhua liver Western Norway 34 12 8.4 6.1
Coda Gadus morrhua fiver Western Norway 36 9.2 9.9 7.2
Cod Gadus morrhua liver Western Norway 26 6.8 10 6.0
Plaice Pleuronec 1e0s filet Southern Norway 17.3 7.6 6.1 5.2
platessa
Clam Pecten maxpnumnt whole animal Northern Norway 15 7.8 4.8 1.9
Squid Ommatostrephes whole ammal Northern Nurway - 3.9 - 0.7
sagittatus
Starfish A sterias rubens whole animai Oslo Fiord Norway 14.6 6.9 9.1 7.5
Shrimp Pandalus borealis whole animal Oslo Fiord Norway 7 13.0 10.1 4.8
Lobster Homarus vulgares whole animal Southern Norway S0 < 4.7 <3
Atussel Aly titus edulis whole animal Western Norway 137 3s i8 22
Snal Littorina littoreu whole animal Western Norway 294 82 84 32
dkrom the same locality .
Some of the vegetable raw oils were factory produced. were used for the fractionation experiments. The silica gel
(Merck AG. Darmstadt. 0.2-0.5 mesh) used as solid phase
Treatment of the Samples was prepared in the following way: The gel was first dried

at 110C and then treated with the following solvents:
diethylether, 15% benzene in n-hexane, and n-hexane.
About Y0 g of gel was added to a column with diameter 2.5
cm. Approximately 20 mg oil per gram of gel was used. The
different eluting agents used and the amounts of each are
given in Table I. The absorption of the eluate at 254 mu
was obtained with an Uvicord-Unit (LKB, Sweden). From
the elution curves obtained, and information given by
Barron and Hanahan (7), the eluate was devided into
different fractions and the solvents were removed by
evaporation.

All samples were homogentzed n a mechanical blender.
and extracted with two volumes of chloroform-methanol
2 1. The extractions were carried out for 2-4 hrat 50 C on
a waterbath, under reflux. The extract was then filtered,
and the extraction was continued with a ssmilar amount of
solvent for another 2-4 hr. The two extracts were com-
hined, the chloroform phase was removed in a separatory
tunnel, and finally removed under reduced pressure at
35-40 C. If a sufficient amount of o1l was available, the oil
phase was washed twice with distilled water. Usually it was
necessary to add magnesiuim sulphate as a deemulsifying
agent, The oil was then centrifuged. Where the oil yield was

small, the oil was dissolved in toluene or diethylether and Neutron Activation

washed with water. After two washing processes the organic The oil and fatty acid samples were neutron activated in
phase was separated by centnifuging and the solvent quartz ampoules. The quartz ampoules were first washed
evaporated. with warm nitric acid and rinsed with distilled water.
The saponification of the oils was performed in an Standards (PA Chemicals: Merck AG, Darmstadt) of ammo-
alcoholic potassium hydroxide solution (2NKOH in nium bromide and arsenic dissolved in hydrochloric acid
C;HsOH). The solution was subsequently made acidic with (0.1 N) were neutron activated under the same conditions
sulphuric acid and extracted with diethylether. The ether as the samples. The activation took place in the nuclear
solution was then washed with water and the ether reactor JEEP 2, Kjeller, Norway, with a neutron flux of
evaporated. Some seaweed samples with a low oil content approximately 5 x 1012 nfcm? sec for 2 hr. The quartz
were saponified directly. The fatty acids were separated as ampoules were cooled to -196 C before opening in order to
described for the other samples. reduce the pressure from volatile compounds formed during
. . . the irradiation. The samples were then transferred to
Fractionation of Oil inactive glass vials. The stagdards were treated in the same
Cil produced from mackerel fillets and from cod liver way.
TABLE 111

Braomine and Arsenic in Oil and Fatty Acids Extracted From Seaweed

Br, ppm As, ppm
Sample? Oil Fatty acid Qil Fatty acid
Larmenaria digreata 366 640 221 36
f.aminaria saccharing 496 477 155 7.5
l.aminaria hyperborea 368 385 197 16
Ascophyllum nodosum {1968 61 27 7.8 5.2
Ascophyllum nodosum (1969) 56 25 a9 2t
Fucus vesiculosus a3 44 3s 5.1
Fucus Serratus 40 39 27 6.1
fucus spiratis 12 19 5.7 5.0
Pelvetia canaliculata 34 41 10.8 7.3

AThe samples were collected at the west coast of Norway.
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TABLE 1V

Bromine in Oil Extracted From Birds, Terrestrial Mammals and Vegetables

Sample

Locality

Bromune, ppm

Hare

Reindeer

FIk

Con

Wood-grouse

White-grouse

Lesser black-
backed gull

Common gull

Herring gull

Lepus timidus
Rangifer torandus
Alces alces

Bos taurus
Tetrao urogailus
Lagopus lagopus

Larus fuscus
Larus canus
Larus argentanesd

Inland Norway

West coast Norway

<o.1
0.12

<o.01

<0.05
0.01
0.03

Herring gull Larus argentatusi
Soybean oil

Olive vilb

Peanut ol

Linseed 0ilb

Cuco fat

ATraces of arsenic present.
h(‘ummercially produced raw oil.

Registration of the Samples

After neutron activation, measurement of the induced
activity in the samples was made with the aid of 2 2 x 2 in.
sodium iodide detector coupled to a multichannel y-spec-
trometer. The samples were not treated chemically before
these measurements. Some of the samples contained traces
of sodium and the registration of their activity was
therefore postponed for 4-5 days to ensure that the activity
from sodium -24 would not disturb the registration of the
induced bromine and arsenic activity. The sensitivity for
the analysis of bromine and arsenic when using this method
is approximately 0.005-0.01 ug and 0.002-0.005 respec-
tively. The sensitivity is reduced when the registration after
activation is postponed, or if activities from other radio-
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_ FIG. 1. The Bromine content in different fractions of cod liver
oil (a) and oil extracted from mackerel fillet (b) fractionated in a
silica gel colums {see Table I for characterization of fractions).

active isotopes increase the “background’ activity .

RESULTS AND DISCUSSION

The results of the bromine and the arsenic analvsis in the
different oils and in the corresponding fatty acids are
shown in the Tables 11-1V. They confirm the earlier findings
that lipid soluble arseno and bromine organic compounds
are characteristic of oils of marine origin. This conclusion
applies to lipids extracted from fish, different invertebrates.
seaweed and algae. The amount of bromine in vegetable oils
and in some oils extracted from terrestrial ammals is
significantly lower than in marine oils, and it 1s probably
present as inorganic bromine which has not been removed
from the oils by the washing process.

The only oil from organisms of terrestrial origin in which
bromine was detected came from seabirds. and the bro-
mine-organic components were here partly present 1n
somewhat reduced amounts. Fish constitutes the main part
of the diet of these birds and is most likely the source of
the bromine-containing compounds found in them. The
analytical results indicate both a gradual reduction in the
content of bromine organic compounds through the feed
chain from algae to fish and to seabirds, and that at least
some of these components are quite stable. No arsenic was
found in any of the terrestrial oils, except for some traces
in the oil from seabirds.

When the arsenic content in marine oils is compared
with the arsenic content in the corresponding fatty acids,
the results show that at least two groups of arseno organic
compounds are present in the marine oils. One type consists
of an arsenic-containing acid which follows the fatty acids
during the saponification process while the other type is
converted to a water soluble compound during this process.

It is interesting to note that the lipid phase in seaweed
also contains arseno organic compounds as do the lipids
from the marine animals studied. The amount following the
fatty acids in a saponification is, however, relatively lower
than for the other marine oils studied. These compounds
are probably formed from inorganic arsenic absorbed from
the sea water, synthesizing first a water soluble arseno
organic compound. Compared with the total amount of
arsenic present in seaweed (30-110 ppm} (8,9}, the amount
of arsenic found in the oil represents a relatively small
amount of the total arsenic present in the seaweed. The
yield of extractable lipids here is usually from 3-6%.
However it should be noted that the contents of arsenic
particularly in oil extracted from some laminaria species
exceeds that in any other marine raw material anatyzed.

The analysis of bromine in the marine oils and in the
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corresponding fatty acids shows that this element also is
localized in the fatty acid fraction, but that the content is
somewhat lower here than in the oils. This would indicate
that the bromine oiganic compounds are not formed solely
by an addition of bromine to double bonds in the fatty
acids.

The results of the bromine analysis in the fractions from
the two oils fractionated on a silica gel column (see Figs. la
and b} give nearly the same picture of the bromine
distribution in the different fractions, aithough the absolute
amount of bromine is considerably higher in the cod liver
oil than in the mackerel cil. Both diagrams show that the
highest bromine concentration is located in fractions B and
C-D. Fraction B (15% benzenc in hexane) contains mainly
sterolesters while the fractions C-D (5-15% diethylether in
hexane) contains triglycerides, free fatty acids and sterols.
It is also possible that the bromine may be present in other
compounds which are eluted under these conditions, but
which are present in smaller amounts and not found in this
study. Although the results indicate that the bromine is
randomly added to the main components of the oil, there
may be one or more specific bromine organic compound
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focated in fractions B and C-D.
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The Analysis of Arsenic in the Lipid Phase from Marine
and Limnetic Algae

GULBRAND LUNDE

Central institute for industrial research, Forskningsveien 1, Oslo 3, Norway

The arscnic content in the lipid phase extracted from sclected
marine and limnetic algae has been analysed by use of neutron
activation technique. The arsenic content varicd from about 0.5 ppm
to 5 ppm. The algae were eultivated in the laboratory using enriched
cultures. The following types of algae were investigated: Chlorella
ovalis Butcher, Chlorella pyrencidosa Chick, Oscillatoria rubescens
(D.C.), Phaevdactylum tricornutum Bohlin, Scelefonema costatum

(Grev.) Clove.

t has been shown earlier that the arsenic present in different marine

organisms as well as in seaweed is in the form of lipid soluble and water
soluble arseno organie compounds.!*~! These compounds can probably be
formed in two ways; it is possible that the various marine animals and plants
themselves can synthesise compounds using inorganic arsenic which they
absorb from their surroundings, or it may be that there is a well defined group
or groups of miecro organisms which is responsible for the synthesis of these
compounds. In the latter case the arseno organic compounds could be
transferred vie the food chain to the more advanced organisms. A combination
of the two alternatives may also be a possibility.

As far as we have been able to find out no quantitative data concerning
the arsenic content of algae exist. Gautier  and others have demonstrated
that arsenic is present in marine algae, but in all cases it proved to be difficult
to obtain exact data due to small quantities available of algae material for
the analysis. Neither is there any information available relating to the form
in which the arsenic is present in these algae, although many have considered
the hypothesis that the arsenic is present in the form of one or more arseno
organic compounds. To clarify this situation it was of interest both to obtain
quantitative data relating to the arsenic content in algae, and to obtain more
pointers as to the form in which the arsenic is present.

The oil phases in the algae were selected for analysis since the risk of
contamination by inorganic arsenic is far smaller for the oil phases than for
the water phases. If the oil phase were contaminated with inorganic arsenie
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or other inorganic ions, then it is a relatively simple process to remove this
contamination. This can for example be achieved by washing the oil with
distilled water, or if the amount of oil is small by dissolving the oil in an
organic solvent as hexane and then washing this solution in distilled water.

The cultures used in this investigation were Chlorella ovalis Butcher,
Chlorella pyrenoidose Chick., Oscillaloria rubescens (D.C.), Phaeodactylum
tricornutum Bohlin, Scelefonema costatum (Grev.) Cleve, and have been de-
scribed previously.%” The algae were cultivated in fresh or salt water media
enriched with plant nutrients.3 Arsenic was not added to the media. The only
source of arsenic was therefore the arsenie present either in the water samples
or as impurities in the components of the enriched solution. The concentration
of arsenic in the eulture media was of the order of 1 —3 ppb.

EXPERIMENTAL

The algae were cultivated in a speeially built ““‘climate room” designed for the purpose.
The dctails of this rcom and the conditions observed for the cultivation are desceribed
elsewhere.® »_. rtieal flasks (2 1) were used to hold the enltures. The flasks stood on a
“vibrating” table which was illuminated by fluorescent lamps (Philips TL 40 W/32).
Theso gavo an illumination of G000 lux at the table surface. Every day, once tho growth
was well under way, one hLalf of the algne solution was filtered off through a glass sinter
filter, After the filtration the filter papers with the algae were stored in chloroform.
Culture solution was then added to the flasks so that the volume of the solution whero
the growth occurred reinained constant.

It took about 14 days of eultivation to produce enough algae material to allow a
sufficiently sensitive analysis of the lipid phase obtained from the algae. The lipids wero
extracted from the almae speciinens Dy adding methanol and water to the chloroform
solution containing the filter with the filiered off algac. The resulting mixture was shaken
for about 2 h, and then more water was added so that the chloroforin phase becameo
separated from the methanol —water phase. The chloroform phase was then separated,
and evaporated. The I:pids thus extracted were dissolved in hexane and the solution was
then washed twico in distilicd water,

Tho analysis of the ails was carried out using neutron activation. This mcthod is
very sensitive and well suited for the analvsis of arsenic in oils as long as these do not
contuin other cornponents which disturb the registration of the induced As-76 activity.
The incthod has been described earhier * and only a few of the main points relating to
the technique will be mentioned here. Tho o1l specimens were irradiated in quartz am-
poules. The oil was transferred to the ampoules by dissolving it in diethyl ether, and then
ovaporating the ether. The ampoules were then scaled and irradiated together with
arsenic standard (As,0, dissolved in 0.01 X HC1) for 2 h in a neutron flux of about 10*
n em~? sec™i. After nradiation, the specimens were transferred to inactive glass vials.
Also this transfer was performed by usc of a suitable solvent.

The arsenic activity in the irradiated oil speciimens was registered using a multichannel
7-spectrometer. The arsenic content in the specimens was estimated by comparing their
spectra with the corresponding spectrum taken from the irradiated arsemic standard.
Yor somo of the specimens where a siell amount of sodium was present it was necessary
to wait 3—4 days before their y-speetra could be registered. By this time most of the
radioactive sodium isotope Na-24 had disintegrated. It should be mentioned that the
bromine content of tho oils extracted was small, so that the measurement of the As-76
activity was not disturbed by any activity from the radioactivo bromine isotope Br-82
which 1s created when bromine is irradiated with thermal neutrons.

RESULTS AND COMMENTS

) As can be seen from Table 1, the presence of arsenic has been demonstrated
in all of the oil specimens extracted from algae. Since the algae were cultivated
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Table 1. Yield of and arsenic content in oil extracted from algae cultivated in fresh
and salt water.

Alga Water  Yicld of oil (g) As ppm
1. Sceletonema costatum salt water 0.050 1.3
2. Chlorella ovalis » » 0.032 0.7
3. Chlorella pyrenoidosa fresh water 0.019 0.5
4. Phaeodactylvm tricornutum salt water 0.062 3.8
5. Ihaeodactylum tricornutum fresb water 0,024 4.8
6. Oscillatoria rubescens (Ziricher See) . » » 0.030 0.5
7. Oscillatoria rubescens (Steinsfjorden) » » 0.016 0.4

under very favourable conditions in the laboratory with, among other things,
a sufficient supply of culture solution, the values found for the arscnic contents
must be regarded as qualitative and as giving an impression of the algal
ability to synthesise arseno organic compounds under such conditions.

Since the arsenic content in the culture solutions probably varied, and
was not exactly analysed cach time, it is difficult to estimate any enrichment
coefticient for arsenic in the algal oils. If the value of 1 —3 pph As is accepted
{for the euiture solutions) then the enrichment coefticient will lie in the region
from 200 to 5000,

On the basis of the results obtained, it can be concluded that ihe arsenie
presext in lipids extracted from algae is organically bound in the same way
as it is in oils extracted from more advanced marine organisms. It is therefore
possible that the arsenic which is found in the algae is transferred via the
food chain to other organisms, and thab the algac form an import:. .- source
for the arsenic which is present in the higher organisms. i

If onc considers the situation with regard to fish and other aquatic
organisms, it scems reasonable to belicve that the aluae ean also synthesise
water soluble arseno organic compounds. This possibility is now being more
closcly investigated in our laboratory, by cultivation experiments where
radioactive inorganic arsenic is added to the culture solution.

Acknowledgements. Tho author wishes to thank the Norwegian institute for water
research and O. Skulberg for all telp with the algae cultivation experiments.
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It has been established that a lipid-soluble selenium compound is enriched in high
molecular weight (m.w. -5000) extracts from fish. The selenium compound is also
enriched in oil extracted from fish by a mixture of non-polar and polar organic
solvents (hexane-isopropanol) as compared to the oil extracted with non-polar
solvents (hexane) only. When raw fish material is stcred it gradually deteriorates
and the selenium content in oil produced by boiling of the raw fish material.
increases with time. The results indicate that at least part of the lipid-soluble
selenium is bound as a lipoprotein.

1. Introduction

It has been shown that marine oils contain 0.1 to 2.0 parts/million of selenium® and that
the selenium is present as a lipid-soluble organic selenium compound. Some of the oils
analysed were produced industrially and some were isolated under controlled con-
ditions in the laboratory either by treatment with hot water, or by extraction with
chloroform-methanol mixtures. It was also shown that the lipid-soluble organic
selenium compound has a polar character. Chromatographed on silicic acid. most of
the lipid-soluble selenium compound was eluted in front of the bulk phospholipids by
mixtures of chloroform and methanol.

When solutions produced from marine raw materials either by boiling or by enzyme
hydrolysis are subjected to gel filtration, the selenium content is enriched in the high
molecular weight fraction as compared with the original material.2 The conclusion
drawn is that the selenium very probably exists as compounds other than seleno amino
acids (present in the protein phase analogous to the sulphur amino acids).

The purpose of this work was to study in more detail whether the lipid-soluble
selenium compound shown to be present in marine oils is bound to the lipid phase in
the high molecular weight fraction, i.e. whether it is part of a lipoprotein complex.
Assuming that the lipid-soluble selenium compound is bound to proteins, it is also of
interest to determine whether it may be enriched by means of selective extractions. The
neutral oil may be extracted by a non-polar solvent, such as hexane. The lipids which
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are bound to the proteins may then be extracted by a polar solvent, such as an alcohol.
in addition to the hexane.

If the organic selenium compound is present in a lipoprotein complex, it is possible
that the selenium content will be dependent upon the way in which the oil is isolated.
When the oil is extracted from the raw material by chloroform-methanol, the lipid-
soluble selenium compound will most likely be quantitatively extracted together with
the neutral oil. On the other hand, if the oil is isolated by treatment of the raw material
with water at different temperatures, the selenium organic compound may well behave
like the phospholipids. Consequently, it will depend upon the conditions under which
the isolation occurred and also upon the quality of the raw material used for

extraction.

2. Experimental

2.1. Preparation of samples

Raw materials with different fat contents were selected for the analysis. Here cod fillet.
cod liver and whole herring were used. Some samples of industrially produced glue
water from herring and mackerel were also included.

The glue water is prepared by boiling homogenised raw material in glass apparatus
for 20 min. Distilled water is added as the boiling proceeds. Oil produced in this process
was centrifuged off and the glue water (the water phase) was then filtered and the filter
washed once with distilled water. The glue water from cod fillet contained no visible
traces of oil. The samples of glue water were concentrated to 4 to 5%, drv matter, and
stored at —20 C for subsequent molecular gel fractionation.

The fraction which was insoluble in water after the preparation of the glue water.
i.e. the fish meal, was hydrolysed by incubation with a protease (Bioprase: Nagese and
Co Ltd, Japan). This precedure has been described earlier.? The water-soluble part was
filtered off and treated in the same manner as the glue water, Samples of homogenised
fresh raw material from herring were similarly hydrolysed using the same enzyme.
Because of the natural enzyme activity in this material, incubation time was held to
3 h: i.e. after considerably less time than for the material prenared by boiling with
water.

The enzyme-hydrolysed samples and the glue water were subjected to molecular gel
filtration on a dextran resin (Sephadex G25 medium, Pharmacia Fine Chemicals.
Sweden). To ensure sufficient amounts of material in the fractions which were to be
further analysed, 300 ml of solution holding 15 g of dry material was used in each
fractionation experiment. In all the elutions a column of the type K 100/100 (Pharmacia
Fine Chemicals Sweden) was used. As elution agent a weak aqueous ammonia solution
with a pH value of about 9 was employed.

The absorption of the eluate «t 254 nm was registered using a Uvicord spectrometer
(LKB, Sweds 1). The various fractions were divided into a high molecular weight
fraction, the protein fraction—(fraction 1), and intermediate molecular fraction, the
peptide fraction—(fraction 2), and a low molecular fraction which mainly consisted of
amino acids and salts—(fraction 3), see Figure 1.
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The fractions were evaporated 1o a suitable volume and the lipids were extracted with
chloroform-methanol (2:1) for about 2 h at room temperature under constant stirring.
More water was added and the chloroform phase was separated off, For some of the
fractions, the oil yield was small and it was difficult to continue the analysis without
taking extra precautions. In such cases | mi of olive oil was added as a carrier. A previous
analysis had shown that the olive oil contained no selenium. The mixture of olive oil and
oil extracted from the gel-filtration fractions was then treated in the same way as the
lipids extracted from the other fractions.

The extraction using hexane and thereafter hexane-isopropanol was applied to both
raw material and to material where a part of the oil had been isolated by boiling with
water. The conditions for these experiments are given in Table 2. Cod liver and herring
were used in these experiments. For the extraction process. the ratio between the
extracting medium and the raw material was 2 to |. This mixture was shaken for about
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Figure . The u.v. absorbancy at 254 nm of the eluate from gel filtrated (Sephadex G25 medium)
enzyme-hydrolysed cod liver residue. The protein, the peptide and theamino-acid fractions are indicated.

2 h and the hexane phase was separated off and the hexane evaporated. Prior to the
determination of selenium the oils were washed twice with distilled water.

Preliminary experiments were performed on raw maierial which had been stored
from 2 to 10 days at 4 to 8 °C (see Table 3). From these samples the oil was isolated by
boiling with water.

All oil samples produced were analysed by neutron activation. The lipid fractions
were transferred to quartz ampoules, sealed and irradiated for 24 h together with
selenium standards in a neutron flux of approximately 1 x 10!® n.cm? s. After a
“cooling off” period of about two weeks, the irradiated samples were transferred to
inactive glass vials and their activity determined on a multichannel y-spectrometer with
a 2 x 2 in Nal crystal. A detailed description of the procedure has been given else-
where.? For samples with a low phosphorus content it is usually possible to carry out
the registration of selenium after a two week period without any prior chemical treat-
ment. Figure 2 shows the y-spectra of neutron-irradiated oil extracted from the high
molecular weight fraction from enzyme-hydrolysed cod liver residue; Figure 3 shows
the selenium standard. The spectra were recorded about 2 weeks after irradiation.
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Figure 2. Gammaspectrum of neutron-activated oil extracted from the protein fraction of enzyme-
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Figure 3. Gammaspectrum of the neutron-activated selenium standard.




TasLE 1. Yield and selenium content of oils extracted from fractions produced by molecular gel filtration of giue water and enzyme-
hydrolysed presscake and fresh fish

Sample

Mackerel Factory prod. glue
water (high quality)

Herring
Cod liver
Cod liver
Cod fillet
Cod fillet
Herring
Herring

Herring

Treatment

Fraction 1

Yield of oil (9}

Factory prod. glue

water (low quality)

Laboratory prod.
glue water
Enzyme-treated
presscake
Laboratory prod.
glue water
Enzyme-treated
presscake
Laboratory prod.
glue water
Enzyme-treated
presscake
Enzyme-treated
fresh fish

0.8
5.4
29

0.2

Fraction 2

Se

15 parts/million
0.41 parts/million
1.0 parts/million

33 parts/million

0.025 ug
0.040 ug
0.7 g

0.11 g
0.06 ug

Yield of oil (%)

0.50
0.71
0.48

0.2

Fraction 3

Se Yield of oil (%) Se
0.1 parts/million 0.3 3.0 parts/million
0.6 parts/million 0.2 0.1 parts/million
3.0 parts/miition 0.4 1.4 parts/million

2.8 parts/million
0.012 pug
0.013 pg
0.008 ;g
0.030 ug
0.07 ug

1.2 parts/million
0.04 ug
0.03 ug
0.03 ug
0.02 ug
0.04 g




TasLe 2 The sclenium content (parts/million) in oils produced by successive water treatment, hexane and hexane-isopropanol
extractions of cod liver and herring

Water treatment Hexane extraction Hexane/isopropanol extraction
Sample Conditions Yield of oil (g) Se (parts/million) Yield of 0il (g)  Se (parts/million) Yield of oil (g) Se (parts/million)
Cod liver* -20°C 69 0.15 9 022 Lo 0.75
Cod liver 60 min 100 °C 74 0.22 7 0.20 L4 0.65
Cod liver 4 h 100 °C 77 0.24 5 0.24 1.4 0.50
Herring® +20 °C — —_ 15 0.065 40 0.16
Herring 4he60°C 27 0.05 25 0.05 6 043
Herring 20 min 100 °C 1.0 0.06 45 0.09 13 0.21
Herring 1h100°C 1.3 0.13 4 0.10 13 0.21
Herring 4h100°C 17 0.075 27 0.09 14 0.064

* The cod liver contained ~40%; oil.
b The herring contained ~5 % oil.
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3. Results and commentis

Resuits presented in Table I indicate that lipid-soluble selenium is enriched in the high
molecular weight fraction (fraction 1 in Figure 1), (m.w. 5000 or more) and hence is
part of a lipoprotein complex. In particular this is evident in the samples of mackerel
and cod liver glue water, of hydrolysed cod liver residue and in some of the samples of
herring. Unfortunately, the amount of lipids in some of the samples prepared in the
laboratory was too low to allow the yield to be determined. The selenium contents of the
other sampies do not give such definite results, although selenium is present in the oil
isolated from the high molecular weight fraction in all samples.

The results of Tables 2 and 3 show that a certain amount of the selenium compound
is present also in oil samples extracted with hexane or by treatment with water at 60 °C.
This indicates that at least some of the selenium compound is either bound relatively
weakly or exists free in the lipid phase. There is also the possibility that different
selenium compounds are present and that more than one type of association, possibly
to different proteins, may exist.

TABLE 3. The selenium content (parts/million) in marine oils from raw materials of different age

Storage time Se Storage time Se Storage time Se
Sample (days) (parts/million) (days) (parts/million) (days) (parts/million)
Capelin 2 0.05 5 0.08 7 0.11
Herring 3 0.11 6 0.17 8 0.21
Mackerel 2 0.09 5 0.22 7 0.28

The results presented in Table 2 indicate that as the storage time increases and the
raw fish samples gradually deteriorate, more of the selenium will follow the o0il when
this is isolated by boiling with water. The phospholipids behave in the same way. The
content of phospholipids was measured by registration of the phosphorus isotope, 2P,
produced by the neutron activation.

The extraction experiments show that selenium is enriched in oil extracted by a
mixture of hexane and isopropanol. The latter mixture is capable of splitting off the
lipids in the lipoprcieins. This effect may be observed particularly for samples where
the majority of the neutral lipids were first removed by water treatment at temperatures
of less than 100 °C. The results indicate that a certain amount of the selenium compound
is bound in the lipid phase and that it is liberated in a2 way similar to the phospholipids.

For herring in particular, there seems to be an increase of the selenium content in the
oil with boiling time up to about 1 h, then a decrease is observed (4 h). It may be that the
heat treatment results in the transformation uf the selenium compound into new
substances having different solubility characteristics, or that the selenium compound
itself could react with other components.

The evidence is that the lipid-soluble selenium compound occursin the high molecular
fractions produced from the different solutions as part of a lipoprotein complex. This
indicates that the compound can probably be localised to the cell membrane and should
be of interest in connection with the theory which proposes that selenium has a function
related to the protection of the cell membrane.*
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The Presence of Volatile, Nonpolar Bremo Organic

Compounds Synthesized by Marine Organisms

GULBRAND LLUNDE, Central Institute for Industrial Research,

Forskningsv. 1, Blindern, Oslo 3, Norway

ABSTRACT

The presence of volatile, nonpolar bromine-
containing compounds in marine organisms is demon-
strated. These compounds represent, especially in
tissue containing a high fat content, ca. 0.1-1.0% of
the total amount of bromo organic compounds
present in marine oils. In tissue with a low fat
content, a higher concentration of bromo organic
compounds is found. It is concluded that these
compounds are probably synthesized in one or more
stages in the marine food chain. These compounds
may follow and disturb the analyses when isolating
and determining chlorinated hydrocarbons originating
from industrial and other sources of pollution.

INTRODUCTION

It has been shown that marine oils contain lipid soluble
bromo organic compounds (1-3). The content of organic
bound bromine varies between 3 and 50 ppm. When
samples of marine oils are fractionated on a silica gel
column using mixtures of chloroform and methanol as
eluting agents, bromine is found in all the groups of
different components fractionated. it does not seem that
the bromine is localized to any particular group of
compounds. It is concluded that marine organisms are able
to synthesize lipid soluble bromo organic compounds (3).

In connection with contaminants that are released from
industrial and other sources of pollution, extensive studies
involving the analysis and characterization, especially of
compounds consisting of chlorinated aliphatic and aromatic
hydrocarbons, have been initiated. These compounds are in
the main lipid soluble and when present in the marine
environment they tend to be storcd and also enriched in the
lipid phase ir marine organisms. Although the effect of

many of these compounds 1s not known. one must assume
that they will be harmful when present even in small
quantities. This applies particularly to those organs such as
fish liver that, in addition to being a storage place for fat,
also have a high enzyme activity.

Most of these compounds may be ennched by steam
distillation using a nonpolar solvent such as cyciohexanc to
collect the distilled compounds.

The presence of halogenated compounds has been
demonstrated, mainly by gas chromatography (GC). where
an ECdetector (electron capture) has been used. By
connecting the GC with a mass spectrometer (MS) it 15
possible to identity the various components. In order to
carry out such an identification ca. 10 ng or more of each
compound is required. Using a gas chromatograph with an
EC-detector only, it is not possible to distinguish between
chlorinated, brominated, 1odinated or other EC-sensitive
organic compounds. Among the latter some esters, ketones.
nitro compounds and thioles should be mentioned. An
identification of the different compounds depends here on
available standards.

Relating to the pollution aspect, 1t should be of interest
to determine whether there exist volatile compounds
among the lipid soluble bromo organic compounds, which
marine organisms are able to synthesize themselves. They
may then be detected under the same conditions applying
to the detection of the chlorinated hydrocarbons from
pollution sources.

Such a hypothesis could be confirmed 1f cne were able
to demonstrate the presence of bromo organic compounds
among the volatile organic compounds that can be steam
distilled from marine organisms. Following such a distil-
lation the absolute quantity of bromine present can be
determined by neutron activation of the cyclohexane
rhase.

TABLE

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

Br ug/kg oil, ppb

Yietd
Organism Sample Locality of oif, % 1 Dist. 2 Dist.

Cod liver oil Gadus morhua Qil Northern Norway, 1924 100 4 K)
Cod liver oil Gadus morhua Qil Northern Norway, 1940 100 5 2
Cod liver oil Gadus morhua Qil Lofoten Norway, 1960 100 4 2
Cod liver oil Gadus morhua Qil Lofoten Norway, 1969 100 5 2
Cod Gadus morhua Filet Western Norway, 1971 0.9 63 68
Cod Gadus morhua Filet Western Norway, 1972 0.4 50 50
Cod Gadus morhua Liver Western Norway, 1972 55 3 i
Cod Gadus morhua Filet Lofoten Norway, 1972 0.4 130 44
Cod Gadus morhua Liver Lofoten Norway, 1972 61 2 i
Mackerel Scomber scomber Filet Southern Norway, 1969 20 8 4
Halibut Hippoglossus Filet Helgeland Norway, 1971 9.3 6 4

hippoglossus
Halibut Hippoglossus Filet East of Greenland, 1971 10.5

hippoglossus
Capeli Mall, villosus Whole fish Northern Norway, 1969 9.2
Capeli Mall, villosus Whole fish Northern Norway, 1972 9.3
Herring Clupea harengus Whole fish Langesund Fiord, 1971 8.8
Shrimp Pandalus borealis Whoie fish QOslo Fiord, 1969 0.4
Mussel Mytilus edulis Whole animal Trondheim Fiord, 1971 163
Seaweed Laminaria Wholise plant Western Norway, 1973 3.2

hyperborea
Seaweed Ascophylium Whole plant Western Norway, 1971 3.1

nodosum

aDried material.
24

Xl
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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 s 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.

EXPERIMENTAL 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 prcduced 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
Jatter being connected to & conventional distillation appa-
ratus. Five milliliters cyclohexane was added and the
solution was then heated to boiling. The cyclohexane
together with ca. 50 m] of water was distilled over. The
solution was cooled to below S0C, a further 5 ml of
cyclohexane was added and the distillation was repeated a
second time, now collect:ng 5-10 ml of water. The function
of the last added cyclohexane 1s 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 1norganic 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 nfcm? 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 y-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. ) day after irradiation. If these solutions also
contain corresponding chloro- and iodine-organic com-
pounds, then the chlorine 1sotope CI-35 with a half life of
37.3 min and the iodine isotope 1-128 with a half life of
25 min will be formed when they are subjected to neutron
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irradiation. These radioactive isotopes can be detected using
a 7y-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 negligibie.

The results of the bromine determinstions in the two
distillations together with the content of lipids extractable
with chioroform-methanol are given in Table I. The amount
of volatile bromo organic compounds is given as ug Br/kg
extractable lipids (ppb). The amount of bromine found in
the distillate from fish raw material represent ca. 0.}-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 a2 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 resuits 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 che bromo organic compounds
found in the first distiilate 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.

REFERENCES
I. Lunde, G.. Int. Rev. Gesamten Hydrobiol. 52:265 (i 967).

2. Lunde, G., JAOCS 48:517 (1971).
3. Lunde, G., Ibid. 49:49 (1972).

[Received September 12, 1972]




LReprinted from the JOURNAL OF THE AMERICAN O1L CHEMISTS' SOCIETY. Vol. 50, No. 1, Pages: 26-28 (1073

The Analysis of Organically Bound Elements (As, Se, Br) and
Phosphorus in Raw, Refined, Bleached and Hydrogenated
Marine Oils Produced from Fish of Different Quality’

GULBRAND LUNDE, Central Institute for industrial Research,

Forskningsvn. 1, Blindern, Oslo 3, Norway

ABSTRACT

Manne 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 difterence 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

Ipresented at the ISF XIth World Congress, Gpteborg, Sweden.

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.

INTRODUCTION

It is well known that. in catalytic hydrogenation of oils,
the marinc oils will cause a considerably faster inactivation
of the catalyst than the oils ot vegetuble onign. Sulphur
compounds are the most frequently occurring of these
catalyst contaminants (1.2). However 1t 15 possible that
other compounds present in marine oils could attect 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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TABLE |

Trace Elements in Oil Produced from Fish of Different Quality

Storage, TVN,2 FFA in Se, Br P, As.,

Sample Locality and date of catch days mgN/100g theoil, % ppm ppm ppm ppm
Herring West coast of Norway 6/2/70 (1] 13 0.6 0.09 4.3 <1 6.5
6 88 2.3 0.14 4.0 72 6.6

13 156 6.7 0.28 4.1 66 7.6

Herring Shetland 13/t0/70 0 13 0.2 0.02 4.4 6 5.3
2 22 0.6 0.04 5.0 12 5.4

S 83 9.8 0.22 4.3 111 5.3

8 133 16.4 0.26 3.8 230 5.3

Mackerel North Sea 24/10/70 [} 6 0.2 0.05 3.1 <2 5.2
3 3s 1.3 0.06 2.5 8 5.2

7 91 1.5 0.11 33 99 5.2

10 134 16.5 0.11 2.9 106 4.9

Mackerel West coast of Norway 8/9/70 (1] 18 0.3 0.05 3.7 8 4.6
6 87 1.9 0.19 3.7 12 5.5

12 141 3.8 0.21 3.2 20 4.9

Capelin North coast of Norway ] 31 2.5 0.09 o 4 9.t
..b 116 10.4 0.12 3.4 141 7.8

--b 198 10.9 0.10 3.6 137 8.5

]
f
I
i

4TVN = Total volatile nitrogen: FFA - free fatty acids.
blow quality raw material.

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

The presence of seleniuim-containing compounds 1n
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 1t 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 1n 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 maternals 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 spectronhotometry 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 1s performed nondestructively.

EXPERIMENTAL PROCEDURES

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 vefy bad. The storage tock place under anaerobic
conditions, and the temperature was kept at a level
corresponding to air temperature nonmnally encountered
during corresponding industrial storage. The storage period

varied from 0-13 days. The condition of the fish material
was charactenzed by analyzing the total volatile nitrogen
(TVN) content in the raw matenal, 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 4
laboratory scale using nickel catalyst (&). O1l samples were
taken at given intervals. Further information concerning the
treatment and the characteriza’ion of the oils are given
clsewhere (X).

Neutron activation was used for the analysis of bromine.
selenium, arsenic and phosphorus. Only a brief description
of the analtyical technique is mven here. Samples of ca.
0.5 g were weighed and sealed into guartz ampoules. The
samples, together with bromine, selentum. arsenic and
phosphorus standards. were irradiated with thermal neu-
trons at a flux of ca. 5 x 1012 n/cm? 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 7y spectrometer with 4 3 x 3 in. Nal well-type
crystal. The induced activity in bromine (82Br) and 1n
arsenic (7€As) with half lives of ca. 34 hr and 26 hr,
respectively, can be measured 1-7 days after irradiation.
The radioactive sodium isotope 24 Na was detected in some
of the samples, and in these cases the counting of the
bromine and the arsenic activity was postponed until the
interference from 24 Na compton became neglhigible.

When the radioactive bromine and arsenic isotopes in the
oils had disintegrated, the radroactive selenium isotope
758e with a half life of 120 days could be registered. The
neutron activated phosphorus, 32P emits only § 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 75Se. the phosphorus was analvzed by summing
up a known number of channels i the Y spectrum
obtained. Figures 1-2 show examples of the ¥ 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 11
Selenium and Bromine Content in Samples of Oil Taken at
Different Stages in the Refining and Hydrogenation Process
Mackerel Herring
Stored 0 days Stored 6 days Stored 13 days Stored 0 days Stored 6 days Stored 12 days
. Se, Br. Se, Br, Se, Br, Se, Br. Se. Br., Se, Br,
Sampiing stages ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
Crude oil 0.09 4.5 0.15 4.2 0.28 3.9 0.05 3.7 0.19 3.7 0.21 3.2
Alkaline-refined 0.05 4.7 0.09 4.0 0.24 3.6 0.04 3.3 0.14 3.6 0.16 3.3
oil
Bleached oil 0.05 3.7 0.09 3.9 0.19 3.3 0.04 3.0 0.12 3.3 0.15 1.6
Hydrogenated oil, <0.02 0.6 <0.02 0.7 <0.02 0.7 <0.02 0.6 <0.02 0.7 0.02 1.2
10 min
Hydrogenated oil, <0.02 0.4 <0.02 0.4 <0.02 0.6 <0.02 0.3 <0.02 0.3 <0.02 0.9
25 min
Hydrogenated oil, <0.02 0.3 <0.02 0.4 <0.02 0.6 <0.02 0.2 <0.02 0.5 <0.02 0.8
60 min
Hydrogenated oil, <0.02 0.3 <0.02 0.2 <0.02 0.4 <0.02 0.2 <0.02 0.2 <0.02 0.5
120 min

oil produced from the same raw matenal which had been
stored at different lengths of time, are shown in Table I.
Even though relatively few samples have been analyzed in
each series, the results indicate that a significant increase in
the amount of extractable selenolipids occurs, during this
period of storage. The results also indicate that the main
release of these selenolipids from the tissue and into the
extractable oil phase takes place after 4-6 days storage. The
extraction of phospholipids seems to follow the same
pattern. From a relatively low level of 2-10 ppm phos-
phorus in the beginning of the storage period (0-4 days},
the content increases with a factor of 5-10 during the next
5-6 days. In the case of bromine. the results show that the
content of this element is approximately constant in oils
produced from the sume raw matenal. This 1s in accordance
with earlier results which show that brominated compounds
are distributed among both polar and nonpolar lipids (3).
Even the content of arseno compounds does not seem to be
dependent upon the quality ot the raw material from which
the oil is produced, in spite of the fact that the arseno
organic compounds must be characterized as typical polar
lipids. No absorption of these compounds to the tissue
seems to take place in the same way as with the seleno and
phospholipids.

The results of the bromine and selenium analyses of the
oil samples taken at different stages during the processing
of the oil are presented in Table 1. They also confirmed
that the phospholipids and the arseno organic compounds
are washed almost quantitatively out during the alkaline
treatment. Ncither bromine nor selenium are removed
during the alkaline-refining and the bleaching of the oil.
Here the selenium content is only reduced to about
one-third. In the case of bromine, the different refining
steps seem to have little or no effect,

During the hydrogenation process a sigmticant fall 1n
both the selenium and bromine contents 1s observed. This s
most pronounced for the selenium, which disappears almost
completely already after a hydrogenation period ot 10 min
The bromine disappears more slowly. However due to a
considerable higher content. the bromine compounds may
have a more pronounced effect on the calalyst as an
inactivating agent.

On the basis of these results one can conclude that both
bromine and selenium orgamic compounds present n
marine oils seem to have an inactivating eftect on the
catalyst during the hydrogenation of the oils. I'he bromine
content of the oils will in the main be independent ot the
quality of the raw material from which the oil is produced.
while the content of the selemum will increase as the raw
material deteriorates. Since the presence of corresponding
selenium and bromine organtc compounds in vegetable oils
has not been detected, the effect of these compounds will
be a characteristic of manne oils when they are hydro-
genated.

ACKNOWLEDGMENT

The Norwegian Herring Qil and Meal industry Rescarch Institute,
the Department of Industrial Chemistry, and the Norwegian
Institute of Technology, University of Trondheim, provided samples
used in this study.

REFERENCES

—

. Mprk, P.C., JAOCS 49:426 (1972).

2. Urdahl, N., H. Saav and A. Helgerud, ISF X1th World Congress,
Geleborg, Sweden, June 1972, Absir. 227.

. Lunde, G.. ). Sci. Food Agr. 23:987 (1972).

. Lunde, G., JAOCS 49:44 (1972).

. Lunde, G., Ibid. 48:517 (1971).

[ Received August 25, 1972]

&




FISKERIDIREKTORATETS SKRIFTER
SERIE TEKNOLOGISKE UNDERSOKELSER
VOL. 5, NO. 12

Reports on Technological Research concerning
Norwegian Fish Industry

THE ABSORPTION AND METABOLISM OF
ARSENIC IN FISH

by

GULBRAND LUNDE

Central Institute for
Industrial Research,
Blindern, Oslo

DIRECTORATE OF FISHERIES
BERGEN - NORWAY
1972




INTRODUCTION

It has been shown that fish contain arsenic both in the form of lipid
soluble and water soluble arseno organic compounds (1—4). Experiments
on the growth of single celled algae in cultures where radioactive arsenic
has been added to the culture solution, showed that these algae were
able to synthesise both lipid soluble and water soluble arseno organic
compounds (5). It was considered that these organisms would be the
main source of the arseno organic compounds demonstrated in the marine
food chain; in organisms such as fish, shrimps and other invertebrates.
However, if arsenic occurs in compounds which are essential to fish
and other marine organisms, the possibility that they themselves are
able to synthesise these compounds have to be considered. A better
understanding of this problem would be of interest from both a biological
point of view, and in connection with arsenic containing pollution and
waste.

In order to study the absorption of inorganic arsenic by fish, two
series of experiments based upon the use of inorganic radioactive arsenic
were carried out, one with radioactive arsenic added to the feed and
the other with the arsenic mixed into the water.

In the feeding experiments, two types of feed were used. One consisted
of terrestrial feed compounds, and contained about 0.3 ppm arsenic,
mostly present in the form of inorganic arsenic. The other was based
on a marine feed composition containing about 15 ppm of arsenic in the
form of arseno organic compounds. The aim of the experiment was
to establish accumulation, respectively depletion of arsenic in the fish.
If differences in the arsenic content between the two groups could be
observed, a second experimental period with inorganic radioactive ar-
senic added to the feeds should make it possible to establish whether
the absorption of radioactive (i.e. inorganic) arsenic is influenced by the
level of arsenic in the fish. Two new groups of fish were started as controls
on the same two diets a couple of days before radioactive arsenic was
added to the two feed compositions during a feeding period of 14 days.
In all four groups, both in the lipid and the non lipid phase, the content
of synthesised radioactive arseno organic compounds were determined
both during the feeding period and in the subsequent period where the
pattern of depletion was investigated.
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The arseno organic compounds produced by the fish were studied
using molecular gel filtration of aqueous solutions produced from the
fish, and further by thin layer chromatography of these fractions enriched
in radioactive arsenic. In order to get information on the distribution
of the radioactive arsenic in the fish in the depletion period, when the
content of inorganic arsenic in stomach has been reduced to a negligible
level, autoradiographic studies were carried out.

EXPERIMENTAL
Absorption of arsenic.

Rainbow trout (Salmo gairdneri) were used in all the experiments.
The experimental conditions have been described earlier (6). Four
groups with 35—40 fish in each group were used. The feed made up
from terrestrial components consisied mainly of minced meat. About
29, carboxy methylcellulose {CMC) was used to hold the mixture
together. The marine feed consisted of enzyme hydrolysed powdered
defatted cod liver mixed with minced coalfish. CMC was also here used
to hold the mixture together. The radioactive arsenic isotope As-74 with
Ty =17,7d (As-74, AJS, 1P, Amersham, England) was sprayed on
to the feed mixture and mixed well in before the CMC was added.

The activity of the feed was checked by measuring the specific
activity (activity/g of feed) for 10 samples. The variation between these
samples was less than 159%,. The feed were given in small lumps which
were eaten before they began to disintegrate. During most of the period
when the two feed types were used, the fish in all groups exhibited a
good appetite and normal growth. Only at the end of the period some
stagnation in the growth was observed.

The groups fed terrestiial feed is called T1, and the groups fed marine
feed is called M1. The two parallel groups started after about two months
are correspondingly called T2 and M2.

Samples of fish were taken during the whole experimental periods,
and stored at —20 °C prior to analysis,

In the experiments where the absorption of inorganic arsenic from
the water was studied, the radioactive arsenic was added to the water
using dosing pump (LKB, Sweden) operating at a speed of about 60 ml/
hour. The radioactive solution was injected into the main water supply
tube through an injection needle. The flow rate of the water through
the aquarium during these experiments was 4 1 water/min.
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The analysts.

The fish selected during the feeding period with radioactive feed and
likewise from the depletion period, were weighed and the radioactivity
{counts/min, g fish) measured using a scintillation detector (3 x 3" Nal
crystal). The fish were ground subsequently and homogenised in a blen-
dor, and the lipids extracted using a chloroform/methanol mixture
fv/v, 2/1) as extracting solvent. The extraction was carried out at room
temperature under constant stirring for 2 hours. Some more water was
then added and the chloroform phase was separated off. The chloroform-
lipid phase was washed twice with distilled water, and the chloroform
removed by evaporation.

The yield of lipids was determined by weighing. The radioactivity of
the arsenic present as lipid soluble arsenic containing compeounds was
measured using a scintillation detecior (227 Nal well type crystal}.

The lipid phase extracted from some of the fish samples were analysed
in order to obtain information as to the possible synthesis of lipid soluble
arseno organic compounds, by observing the possible appearance of
radioactivity in the polar fraction, as previously reported for fish lipids
(2). The lipids -ere redissolved in chloroform, and transferred to a
column (height: 15 cm, internal diameter: 1 cm) loaded with activated
silica gel (Kieselgel 0.2—0.5 mm {. chrom, E. Merck A.G., Darmstadsi,
W. Germany). After washing with chloroform in order to remove neutral
lipids still present in the solution the elution was carried out with respec-
tively 10, 20 and 30%, methanol in chloroform. The radioactivity was
measured for each of these fractions.

After the extraction of the lipids from the homogenised raw fish,
distilled water was added to the non lipid phase and the mixture boiled
for 20 min. in an Erlenmeyer flask, whereupon the aqueous solution (the
glue water) was filtered and the filter with the undissolved material
washed once with distilled water. The washings were combined with
the filtrate. All the samples of glue water produced from fish which had
received radioactive feed and also fish taken up to 10 days after the feeding
with radioactive arsenic was stopped, were eluted on an ion exchange
resin {Dow 2 . 8, 200—400 mesh). The pR of the solution transferred
to the column was 5—6, and distilled deionized water was used as eluting
agent. The radioactivity in the aqueous solution was measured using
the same counting equipment as used for the lipids. The ion exchange
step is necessary in order to remove radioactive inorganic arsenic still
present in the fish. The removal of inorganic radioactive arsenic was also
studied by adding separately 6.6 N HCI to the glue water and to the solid
phase. The mixture was heated to about 100 °C. The inorganic arsenic
would during this procedure, evaporate as arsenic trichloride (7).
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Molecular gel filtration of selected samples of glue water was carried
out on a dextrane resin (Sephadex G-25 fine, Pharmacia fine Chemicals,
Sweden). Before the collection of the fractions the eluate was recorded
on an Uvicord spectrophotometer (LKB, Sweden) measuring the
absorbance at 254 nm. A more detailed description of the gel filtration
procedure used in this study is described elsewhere 13). After measuring
each fraction, the most radioactive fraction produced by the gel filtration:
was analysed further by thin laver chromotagraphy. A system with cel-
lulose substrate (1 mm thickness! and a developing solvent consisting
of chloroform/methanol/ammonia in the ratio 2:2:1 was used (8 .

Autoradiography.

The distribution of the svnthesised arseno organic compounds was
studied by use of autoradiographic technique. Selected samples of fish
taken out after the period when the use of radioactive arsenic added
to the feed had been discontinued, i.e. in the depletion period, were
used in a study of how the radioactive arsenic was distributed in the fish.
Samples of fish stored at —20 °C were cut up into sections, perpendicular
to the backbone. The fish should during this operation be kept at a
temperature of 4 °C or less. The sections were polished using finie
grain emerypaper and placed in contact with a photographic emulsicn
(IMord Industry G X-ray film). A thin laver of cellophane was placed
between the fish sections and the photographic emulsion to prevent any
of the compounds in the fish sample coming in contact with the film
emulsion and thereby giving spurious darkening of the film. During the
exposure the samples were placed in light tight boxes and kept at —20 °C.
Alter an exposure period of about 2 1/2 months, the film was developed
in the same way as ordinary X-ray film.

Activation analysis.

Glue water produced of fish samples taken from the four groups were
evaporated to dryness at 105 °C. Samples of 100--200 mg were taken
out and sealed in quartz ampoules, neutron activated together with an
arsenic standard and analysed for arsenic using a method slightly modified
which has been previously described (4). After the neutron irradiation,
arsenic carrier was added and the organic matter was decomposed using
sulphuric acid and hydrogen peroxide. The arsenic was then precipitated
as arsenic sulphide and the y-spectrum of As-76 recorded by a mulu-
channel gamma ray spectrometer. It should here be noted that the
radioactive arsenic isotope formed by neutron activation, As-76 with a
half life of 26 h, has different nuclear properties irom the As-74 isotope
used in the feeding experiments,




RESULTS AND COMMENTS

Figure 1 shows how the radioactive arsenic mixed into the feed is
absorbed by the fish from the four groups during the period in which
they received radioactive arsenic added to the feed, and in the sub-
sequent period when the addition of radioactive arsenic in the feed is

7

As-74 (c/min g)

Months

Fig. 1. The content of As-7+ in fish taken from the four groups T1 ( A— &),MI( C— 2},
T2(@®@— @) and M2 (§j - @) in the period when feeding with As-74 was added to the
feed and in the subsequent depletion period.
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discontinued. In the beginning of the depletion period a steep decrease
in the activity is observed. After 6—10 days the curves level out. At this
time the contents of radioactive inorganic arsenic in the fish is negligible
at least in the oii and in the aqueous extracts (glue water) produced
by boiling fish samples. This is demonstrated for the glue water by ion
exchanging and measuring the activity, i.e. arsenite-arsenate absorbed
to the ion exchange resin, The same result is obtained for the oil when
washing the oil and counting the oil between each washing procedures.
The results of the HCI treatment of the solid phase of the same fish show,
however, that there may be some inorganic arsenic or organic arsenic
compounds decomposed to inorganic arsenic by HCI, located in the meal
phase as the activity decreases 10—30%, during this treatment. The
results here are however rather scattered and may also be caused by
individual variations between the different fish samples.

The results presented in Fig. 1 show further that the absorption of
inorganic arsenic is influenced by the quantity of arseno organic com-
pounds present in the feed. After a 2 months period of feeding prior to
the addition of radioactive arsenic with the two different feeds, there is
a significant difference in the absorption of inorganic (radioactive)
arsenic in the two groups of fish. In the two groups starting with the two
different feed compositions just before the radioactive arsenic was added
to the feed, only a small difference in the uptake of arsenic is observed.
The results indicate here that the uptake of radioactive inorganic arsenic
mixed into the feed is dependent of the content of arsenic present in the
fish, as discussed later, only a small fraction of this arsenic is converted
by the fish to arseno organic compounds.

In Fig. 2a—d are shown the radioactivity of lipid soluble and water
soluble arseno organic compounds present in the fish after the radio-
active feed has been discontinued. The curves indicate that the lipid
soluble arseno organic compounds have about the same biological half
life, about 40—50 d, as the waier soluble ones. However, taking into
consideration that there may be considerable variations between the fish
samples it is difficult to draw any definite conclusions concerning this
matter,

In the two groups, MI and TI, fed on marine and terrestrial feed
which started 2 months before the addition of radioactive arsenic, there
is a significant difference especially in the amount of radioactive lipid
soluble arseno organic compounds. In the two other groups M2 and T2,
only a small change in the level of radioactive water soluble arseno
organic compounds is observed.

When comparing the arsenic activity from the arseno organic com-
pounds present in the lipid and the non lipid phase of the fish samples
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with the total amount absorbed, see Fig. 1 and 2a—d, it is observed tha-
only a small fraction of the inorganic arsenic is converted to arseno or-
ganic compounds. The amount of inorganic arsenic in the terrestrial
feed composition is less than 0.3 ppm and in the marine feed probably
in the area of I ppm. As only a small fraction of this is absorbed and con-
verted to arseno organic compounds in the fish, the results demonstrate
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that this source of arsenic represents a quite inessential contribution to
the total quantity of arsenic found in fish. The arsenic present in the
fish is therefore probably supplied from other marine organisms at lower
stages in the marine food chain. This is also demonstrated by the results
presented in Fig. 3. Here the results show that the two different feed
compositions had a pronounced eflect on the level of arsenic in the fish.
Although there is some scattering in the determinations, the results show
that after 1—2 months the groups fed on the marine feed have a consider-
ably higher level of arsenic in the glue water than the other groups of
fish fed on the terrestrial feed. Starting with about 20 ppm arsenic in
dehydrated glue water in all groups, the M groups increase to 30—50 ppm
while the arsenic content in the T groups decrease to about 10 ppm.
These results suggest that the arseno organic compounds from lower
stages in the marine food chain represent probably the main sources
of arsenic present in fish.

The results of the molecular gel filtration experiments carried out on
glue water extracts are presented in Fig. 4, where the absorbance at
254 nm of the eluate and the radioactivity registered (counts/min g dry N
material) for fractions obtained during the gel filtration are shown.

They confirm that the water soluble arseno organic compounds synthe-

70

60

Months

Fig. 3. The Absolute amount of arsenic in glue water produced from fish fed on marine
(O — ©) and terrestrial feed (X —X).
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of molecular gel filtrated glue water. The glue water was produced from fish taken 6
days after the depletion started.

sised by the fish, are eluted in the same fractions as have been established
for the main amount of organic bound arsenic in fish (3). Autoradio-
graphy applied on thin layer chrematograms of the molecular gel filtrated
fractions with highest specific activity produced from fish taken in the
depletion period, shows one radioactive arseno organic compound with
a Rf value of about 0.30. Due to the low specific activity of the arseno
organic compounds present in the glue water, only one radioactive arseno
organic compound was detected. The Rf value, 0.30, corresponds to
the results obtained when water soluble radicactive arseno organic
compounds synthesised in single celled algae were analysed in the same
way (5). Both the results from the molecular gel filtration and the thin
layer chromatography indicate that the main water soluble arseno
organic compound which is synthesised by the fish, is also synthesised
by algae and probably by other marine organisms.

The results of the fractionation studies where the neutral part of the
lipids was separated from the polar fractions on a silicage! column show
that the arseno organic lipids synthesised by the fish follow the polar
fractions. This is in agreement with previous results where the total
amount of arseno lipids in fish were studied (2). Most of the radioactive
arseno lipids was detected in the eluates using 20 and 30°, methanol in
chloroform as eluting agent.

Fig. 5—7 show how the radioactive arseno organic compounds are
distributed in some selected sections of the fish. These compounds seem
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especially 10 be enriched in the eyes, the throat and the gills, the pylorus
organ and in some less distinet arca. Due to a relatively rough technique
used for preparing the samples and also the use of a fast X-ray-emulsion,
a rather low resolution on the autoradiographs was obtained. Besides
the organs already mentioned also the liver and the kidney exhibit a
strong accumulation of radioactive arsenic immediately after the {ceding
of radioactive arsenic was discontinued. But this arsenic disappears faster
from these organs in the depletion period than from the other organs.
This may indicate that the synthesis or part of the synthesis of the arseno
organic compounds occurs in the liver. No significant accumulation was
observed in the fish muscle and in the skin, The strong concentration of
arseno organic compounds in the eves and in the throat and gills, that
is in the most pronounced mucus membrane regions show that these
compounds may have a bacteriostatic effect and is used by the fish to
protect these area against nuCroorganisms,

Fig. 8 shows the absorption of inorganic radioactive arsenic by fish
when the arsenic was added to the water. Ordinarily the fish samples
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Fig. 5. Autoradioeraph of a section cut perpendicular on the back bone of the fish
and through the eves. The fish was taken 12 days after the depletion period started.
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Fig. 6. Autoradiograph of a fish section prepared in the same way as in Fig. 5, but
from a different area in the head of the fish. The fish taken 12 days after the depletion
started.

were kept in inactive water for a period of 5 min. before they were taken
out and the absorbed activity recorded. Some corresponding values
for fish washed in inactive water for 1 day are also presented. These
last results show that at least 25—30“;, of the absorbed activity is washed
out during this period.

In fish samples selected from this latter series of experiments and
which were treated in the same way as previously described, the presence
of neither lipid soluble or water soluble arseno organic compounds was
detected. Even though it was diffcult to achieve a sufficiently high specific
activity in the water without using excessively large quantities of radio-
active arsenic, it should nevertheless have been possible to detect radio-
active arsenic in the oil phase if the synthesis of lipid soluble arseno
organic compounds occurred in the same way as when arsenic was
added to the feed. The results show also that some inorganic arsenic
can be washed out, indicating at least to some degree a passive absorption.
The activity of the water was in average 50 imp/min ml. Comparing
this value with the amount absorbed in the fish ca. 0.4 imp/min g, it is
evident that the absorption of arsenic is a rather inefficient or slow process.
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Fig. 7. Autoradiograph of a fish section prepared as in Fig. 5 taken from the stomach
and through the pylorus organ. The fish was taken 12 days after the depletion started,
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Fig. 8. The absorption by the fish of As-74 (imp As-74/g fish) added as inorganic
arsenic to the water. The fish were kept in inactive water 5 min (i — @) and 1 day
( ) before counting.
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CONCLUSION

On the basis of the results obtained during these experiments it can
be concluded that fish are able to synthesise both fat soluble and water
soluble arseno organic compounds from the inorganic arsenic to be found
in the feed eaten by the fish. However, this inorganic arsenic plays an
insignificant role as source for the organic bound arsenic found in fish.
The major part is supplied as already synthesised arseno organic com-
pounds, from lower stages in the marine food chain. An accumulation
of arseno organic compounds in specific organs shows that the compounds
may possibly have a significance for fish. It is proposed that this mav be
as a bacteriostatic agent which acts to protect those regions of fish which
are especially vulnerable to attack from microorganisins.

Inorganic arsenic present in the water will also be absorbed bv the
fish, but neither water soluble nor lipid soluble arseno organic compounds
could be detected by the available methods used in this investigation.
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SUMMARY

The absorption and metabolism of inorganic arsenic in rainbow
trout (Salmo gairdneri) has been investigated by means of radioactive
tracers. The results obtained show that the fish will absorb inorganic
arsenic when this is mixed into the feed, and synthesise both lipid soluble
and water soluble arseno organic compounds. The absorptior of in-
organic arsenic seems to depend upon the quantity of arsenic present
in the fish. The abscrption of inorganic arsenic decreases as the concen-
tration of arsenic in the fish increases, When radioactive arsenic (As-74)
is added to the water, absorption seems to take place through the skin
and gills. This absorption, as far as can be determined by the methods
used in this investigation, does not result in the formation of arseno
organic compounds. When As-74 is mixed in the feed and thus absorbed
through the digestive track, autoradiographic investigations indicate
that arseno organic compounds are synthesised and accumulated in
the eyes, the throat and gills and certain of the internal organs.
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In fish meal produced industrially and in the laboratory from mackerel (Scomber
scomber). herring (Clupea harengus). Norway pout (Boreogadus esmarkii) and
capelin (Muilorus rillosus). the following trace elements have been determined:
cadmium, zinc, lead. copper, iron and cobalt, and, in the lipid phase extrac:ed
from the meals: selenium, arsenic, bromine, zinc, iron and copper. In addition
phosphorus was determined. The results show that the level of zinc, lead and
iron is higher in the indusirially produced meals compared to those produced
in the laboratory. Assuming that the zinc to cadmium ratio occurring naturally
in seawater is about 100 to one, then the resulls indicate that zinc seems 1o be
enriched relative 10 cadmium in the fish meal. Besides the elements arsenic,
bromine, selenium and phosphorus which are present in the lipid phase as organic
compounds, zinc, iron and cobalt are also present. These are probably complexed
bound by the phospholipids. The selenium detected in the lipid phase (0.3 to 3
parts:million) shows that the organic lipid-soluble selenium compounds do not
decompose during the production of the fish meal.

1. Introduction

There has in recent years been a noticeable increase in the interest shown in both the
analysis of trace elements and their physiological significance, the latter especially in
connection with feed for domestic animals. Here it is important to give the animals a
balanced mixture of trace elements in their feed composition to ensure a good growth
and development. It is also important to control the presence of any potentially harmful
elements. Among these the toxic heavy metais should be mentioned.

There are relatively few new data available on the content of many of the important
trace elements to be found both in fish and in feed produced from fish.'~2 This applies
to both unwanted. i.e. toxic, and *‘essential” trace elements. Moreover, little is known
about the chemical state in which these elements occur, whether they are present as
part of organic molecules, complexed bound in the lipid or non-lipid phase or as
inorganic ions. It should also be noted that the lcvel of trace elements may be increased
above that occurring in the original raw material during the manufacturing process.

Selenium belongs to the most interesting trace elements picsent in marine raw
material. It is one of the essential elements and is also highly toxic. Fish should be
recognised as an inportant natural source of selenium. As has been shown previous-
ly,* selenium is here present both in the meal remaining after the extraction of the
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lipids and in the lipid fraction obtained from marine raw materials. It was of particular
interest in conmection with the present work to see whether the seleno organic com-
pounds existed in the lipid phase after the production of the meal.

Besides selenium the element cadmium should be mentioned. Considerable interest
has been focused on this element due to its high toxicity.®-’

The aim of this investigation was first to get more information about the content of
some of the more important trace elements present in the lipid and the non-lipid phase
in industrially produced fish meal. By comparing these values with corresponding
values from laboratory produced meals eventual contamination during the indus-
trial production may be evaluated.

2. Experimental

2.1. Sample collection

Samples of industrially produced fish meal from herring, mackerel, Norway pout and
capelin were collected. Special efforts were made to obtain meal samples from different
manufacturers and to ensure that the samples were produced from fish from different
localities and as far as possible caught at different times of the year. Two samples ol
meal produced from anchovies were also analysed. The sampie of capelin, mackerel
and herring used for the laboratory mea! production was obtained through kind
assistance from SSF.¢

2.2. Sample preparation

The industrially produced meals were dried at 105 C until their weight remained
constant. They were then ready for ashing. For the laboratory production of fish meal,
about 2 kg of whole fish (capelin, herring and mackerel) was used. These were first
homogenised in a Waring blendor and then boiled for approx. 20 min in a glass
apparatus. Some distilled water was added before the boiling. After the boiling the
samples were filtered and the oil was separated from the aqueous phase (the glue water)
by centrifuging the filtrate. The glue water was then added to the meal phase (presscake)
which was dried to constant weight under conditions corresponding to those applying
for the industrially produced meals.

The meal samples were ashed in a muffle oven at 450 C for approx. 12 h. The ashes
were afterwards dissolved in 5 ml of 2 x-HCI. About g of ash was used. The solution
was then diluted to 25 ml.

The lipids present in the industrially produced meals were extracted using a chloro-
form/methanol mixture (v/v, 2:1). About 4 parts of water were added to |1 part of
meal before the extraction and the ratio between the meal-water phase and the ex-
tracting solution was | te 2. The liquid was then filtered and the insoluble solid phase
washed once with chloroform/methanol (v/v, 2:1). This solution which was added to
the extraction solution containing the bulk of lipids. The chloroform phase was then
separated off and the chloroform evaporated. The methanol-water phase was mixed

2 Norwegian Herring Oil and Meal Industry Research Institute.




‘Trace metal contents of fish meal 415

together with the solid phase. This mixture was then dried to constant weight. The
oi} phase was washed twice with distilled water. The total amount of lipids was extracted
from the homogenised raw material used for the production of meal in the laboratory.
The lipids were extracted, separated and washed as the lipids extracted from the
industrially produced meal.

2.3. Analysis

The analysis of the trace elements. selenium, arsenic, bromine, zinc. iron and cobalt, in
the lipids extracted from the meal, wis performed by use of neutron uactivation. The
phosphorus content of the lipid phase was also analysed by this method. For the
analysis, samples of from 0.5 to | mi were used. The selenium present in defatted meal
was analysed by the same method. using samples of about 0.5 g. The ol and meal
samples to be analysed were sealed in quartz ampoules and irradiated n a nuclear
reactor at a flux of 5 - 10'? nm,cm? s for 18 h together with standards of the elements
to be analysed. The method has been described in more detail elsewhere.® After irradi-
ation the sumples were transferred (o inactive glass vials and registered. without am
prior chemical treatment. using a 3 - 3" sodium iodide well type crystal detector
coupled to a multichannel gamma ray spectrometer. The registration of the activity of
bromine and arsenic took place 3 to 5 days after the irradiation while that of selenium.
zinc and cobalt was carried out about 1.5 months after the irradiaton. The radwactive
phosphorus isotope P-32 is a pure ff-emitier and was here analysed by meuns of the
“bremstrahlung™ spectrum. The sum peak of 1.17 MeV and 1.33 MeV a1 2,50 MeV was
used for the analyses of cobalt.

The iron content of the lipid phase was analysed by atomic absorption spectro-
photometry (Perkin-Elmer Model 303). The sampies were dissolved in xylene und
diluted to 15", before the measurements.

Because of the relatively high zinc content in the meal. the solutions produced by the
hydrochloric acid treatment of the ashed meal had to be further diluted by u factor of
50 to 100. These solutions could then be measured directly. A deuterium background
corrector(Perkin- Elmer) was used toavoid scattering effects. The detection of cadmium,
lead and copper was achieved by first extracting them into an isobutyl ketone phase
using ammoniumpyrrolidinedithiocarbamate as a complexing agent. This solution was
then used for the analysis. Standards were prepared in the same way. The use of such
a4 method increases the overall sensitivity and at the same time enables one to avoid
the disturbance arising from salts to be found in the dissolved ash.

The iron content in the meal was analysed using X-ray fluorescence (Philips,}540).
The dried meal was carefully pulverised in an agate mortar, 10", wax (Hoechst) wis
added as a binder and tablets were pressed and analysed without any further treatment.
Standards with known amounts of iron added were prepared in the same way.

In order to check the ashing process and the analysis of cadmium in the meal samples,
ten selected samples were analysed by neutron activation. Here the radioactive cad-
mium was isolated radiochemically before registering the activity on a multichannel
gamma ray spectrometer. )

Some of the industrially produced fishmeals have been analysed for iron and zinc
before.? These results are marked with an asterisk in this study.
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3. Results and comments

The results of the analyses are given in Tables 1 and 2. When comparing the trace
elernent contents in the industrially produced and the laboratory produced meals it is
demonstrated that for iron and zinc in particular and partly also for cadmium and
lead. the values found for the industrially produced meals are higher. This is probably
due to contamination occurring in the production process. Differences in uptake of
these elements at the various localities may. however, also play a partin this connection.

Selenium was detected in the lipid phase extracted from both the industrially and
the laboratory produced meals. This indicates that the lipid-soluble seleno organic
compounds observed in marine oils are relatively stable and that they do not decom-
pose during the industrial production of fish meal. Most of the selenium present
in fish meal is localised in the protein phase, where at least some of it is probably
present in the form of seleno amino acids. It is, however, important to be aware that
a certain amount of the selenium is present in the lipid phase. In this fatter case these
selenium compounds will certainly have other absorption properties than the selenium
present as seleno amino acids in the proteins, when the fish mel is used as a component
in domestic animal feed compositions. The results indicate further that the selenium
content in mackerel, especially in the lipid phase, seems to be higher than in the other
species of fish studied.

The results of the cadmium analyses show a relatively large variation. On the basis
of the higher zinc content observed in the industrially produced meal. a corresponding
increase in the cadmium content should be postulated since these elements normally
will follow each other.

Few data on the natural cadmium content of seafish are available. The results
obtained in the present work indicate, however, the same level of cadmium as reported
elsewhere.® The concentration in mackerel meal seems to be somewhat higher than
in meals produced from other fish. Ii the ratio of zinc to cadmium occurring in seawater
is taken to be 100 to 1,° then it appears that this ratio has increased noticeably in most
of the fish material analysed where values of 100 to 1000 are observed. In the case of
the industrially produced fish meals, it must be assumed that any zinc~cadmium
contamination which may occur during the production process will mask and reduce
the zinc-cadmium ratio originally present in the untreated raw fish material. It should
therefore be concluded that based on the results obtained in this investigation the
zinc-cadmium ratio in marine fish seems to increase compared with the values observed
in seawater.

No significant increase of lead or copper seems to occur during the industrial pro-
duction process. Only a few of the meals gave values which could be due to accidental
contamination occurring during the production process. Otherwise the values obtained
agree with the values reported earlier.!-5-'¢

The relatively large variation in the phosphorus content of the lipid samples ex-
tracted from the fish meals is interesting and suggests that a high percentage of the
phospholipids decompose either during the storage of the raw material prior to the
production or during the production process itself, or during the storage of the meals
after production is completed.

__ i




TasLe 1. Trace element (parts/million) in laboratory produced fishmeal and in the fipid phase of the meal

Lipids Meal
Date of Yield
Sample Locality collection of lipids  As Br Se Zn be P d Zn Pb Cu  Fe  Se
Herring Shetland 17 August 1971 13.6 30157 072 397 47 82 005 62 048 460 55 137
Herring Shetland 18 july 1971 24.0 4.5 37059 1.69  0.62 108 0105 45 032 340 64 1.37
Mackerel  Shetland 2 August 1971 32.8 4.3 6.1 1.2 1.84 5.7 99 029 38 0.23 350 €2 146
Mackerel  Shetland 19 August 1971 253 5.5 56 1.3 .52 30 93 051 59 047 424 62 238
Capelin Finnmark 17 February 1971 27.7 5.2 33 029 054 1.02 547 0Od6 58 052 490 53 047
Capelin Finnmartk 2 Qctober 1571 30.0 5.5 51 039 195 21 267 028 48 035 495 43 0.68

“ Defatted meal.



TaBLE 2. Trace element content (parts/miliion) in factory produced fishmeal and in the lipid phase of the meal

Lipids Meal
Date of Yield
Sample Locality collection ofoil As Br Se Zn Fe Co P Cd Zn Pb Cu Fe

Capelin Batsfiord Finnmark  April 1968 81 232 82 034 14 26 0023 4361 008 38 1.1 47 11°
Capelin Norheimsfeltet March 1568 63 190 90 026 27 15 - 0.02 7609 008 114 1.7 5.6 164°
Capelin Syltefiord Finnm. February 1968 4.2 92 137 06 20 36 0.21 2191 012 96 1.3 48 17157°
Capelin Syltefiord Finnm. March 1968 10.0 73 92 03 39 133 0045 5496 0.15 146 13 57 440
Capelin Tromse 1970 11.1 59 108 0.3 46 53 -002 6006 0.17 150 20 34 300
Capelin Jovik Troms 1970 92 — - 007 11 28 005 8700 0.12 139 1.1 26 86
Capelin Btsfiord 1971 122 69 86 022 40 56 0029 4265 018 92 36 33 160
Mackerel North Sea May 1968 83 102 160 29 25 33 - 0.02 4880 0.18 100 38 5.2 3715
Mackerel North Sea November 1968 53 101 112 33 42 67 0.09 7391 022 79 26 43 251
Mackerel North Sea September 1968 6.1 122 155 23 54 47 0.10 2818 086 142 14 7.1 176"
Mackerel Nerth Sea June 1968 64 150 93 18 49 48 -002 2305 029 76 27 58 196"
Mackerel North Sea 1971 22 140 21.7 26 62 54 008 223190 013 94 13 48 208
Summer

herring Yaranger Finnmark July 1968 9.7 74 11.5 09 156 29 0.08 3600 030 138 14 49 328

herring Persfiord Finnm. May 1968 6.5 48 102 1.2 9.3 31 - 0.02 6783 0.13 183 13 43 248

herring Dstbanken Finnm.  May 1968 33 158 11.7 11 17 18 - 0.02 6433 041 118 10 7.3 160*

herring Javik Troms September 1968 46 120 9.7 1.0 60 87 006 9266 002 90 10 68 189
North-Sea

herring Shetland August 1968 62 129 120 09 124 145 0038 5042 0.13 93 08 7.5 288

herring Shetland June 1967 79 75 144 23 21 36 0.20 7520 0.44 147 18 138 270

herring Shetland June 1968 38 163 81t 06 IS5 18 <002 6733 0.18 124 14 78 167°

herring North Sea June 1968 76 94 185 26 22 36 -002 4304 028 102 1.1 29 276¢*
Winter Sula, Skolmen,

herring Slettingen February 1967 96 46 100 1.1 82 24 0.05 3345 034 97 13 3.7 155

herring Froyabanken March 1968 58 133 87 05 25 7 0.03 6935 024 98 26 9.5 258

herring Froyabanken February 1968 7.7 202 125 08 4.0 7 0.027 10888 0.17 87 07 69 174

herring Froyabanken February 1968 8.5 38 126 1.7 13 15 0.08 5628 0.19 104 23 23 140°
Norway pout North Sca June 1968 52 70 103 042 21 28 0027 1600 017 82 75 83 757"
MNorway pout North Sea March 1968 52 87 67 046 14 44 0025 2936 0.12 65 21 49 340
Norway pout North Sea June 1968 63 118 125 1.0 30 46 0035 4963 034 57 1S 104 190
Anchoveta Peru 1969 56 7.1 171 08 15 47 0.15 4470 096 639 1.3 113 222
Anchoveta South Africa 1969 46 107 122 06 13 63 012 ' 7304 046 69 16 6.7 295

—_— N = NN - -
Nownwo=d0®

* Values from?.
* Defatted meal.
¢ Not determined.



Trace metal contents of fish meal 419

The content of organically-bound arsenic and bromine is higher in the lipids extructed
from the industrially produced meal than in the laboratory produced oil and also
compared with earlier results.'’!* It should here be noted that laboratory produced
oil was eatracted with chloroform methano! from the whole fish. An eventual accuniu-
lation of these compounds in the lipids extracted from the meal e.g. due to absorption.
will only have a small effect on the concentration of the arsenic- and bromine-containing
compounds in the oil when all oil is extracted in one operation. The lipids present
in the industrially produced meal (5 to 10°,) contribute only 5 to 20, of the 10t}
amount of lipids in the fish.

In addition to the organically bound trace elements. arsenic, bromine and selenium:
zine, tron and cobalt have also been analysed in the lipid phase produced from the
meals by extraction. The content of both iron and zinc is relatively high. especially in
the lipid samples extracted from mackerel meal and suggests ciearly a complexing agent
present in the lipid phase. Earlier results’ suggest that the phospholipids 1 the ipid
phase may be responsible for complexing inorganic ions.
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The Synthesis of Fat and Water Soluble Arseno Organic
Compounds in Marine and Limnetic Algae

GULBRAND LUNDE

Ceatral Institute for Industrigl Research, Oslo 3, Norway

Two green algae (Chlorella ovalis and Chlorella pyrenoidosa), one
blue green (Oscillatoria rubescence) and two diatoms {Phaeodactylum
tricornutum and Skeletonema costatum) were cultivated in {resh andjor
salt water media containing radioactive arsenic ions. The incorporation
of arscnic into various lipid and water soluble fractions was studied by
chromatographic separation and radioactivity measurements. All the
alzae were found to synthesise both lipid and water soluble arseno
organic compounds. Acid treatment converted different arsenolipids
into a water soluble product which seemed to be identical to an
arseno organic compound isolated from fat free algal material under

mild eonditions.

Growth of the two algae, Phaeodactylum tricornutum and Chlorella
ovalis, was not influenced by the presence in the medium of 10—-30
ppm and 1--3 ppm of arsenic salts having a 1:1 ratio of tri to penta-
valent arsenie ions. Enrichment of arsenic (as arseno organic com-
pounds) in the aleae corresponded to 200— 3000 times the concen-
vration in the medium. Algae seem to be an important source of the
arseno organic compounds found in higher marine organisms.

arlier work has shown that there is a significant difference in the level of

arsenicin marine plants and animals as compared with that found in terrestrial
piants and animals. 1,2 It has also been established that in marine animals the
arsenic both in the lipid and the non lipid phase is present as arseno organic
compounds. 3% Other results indicate that at least lipid soluble arseno organie
compounds are present in marine algae.® Arsenic has not been detected in
the lipid phase in either plants or animals of terrestrial origii1, indicating that
these do not svnthesise arseno organic compounds corresponding to those
found in marine organisms3

Little is known about the structure and chemistry of the arseno organie
compounds present in marine organisms. Earlier results indicate that they are
biologically very stable, as they are not broken down to inorganic arsenic when
they are taken in orally by mammals.? Thess results also imply that the arseno
organic compounds which are found in marine samples are less toxie than
inorganic arsenic, especially arsenite.

Acta Chem. Scand. 27 /1973) No. §




ARSENO ORGANIC COMPOUNDS 1587

The presence of both lipid soluble and water soluble arseno organic com-
pounds in fish and other marine animals suggest ¢ that marine algae may
gerve as a source of the arseno organic compounds found in organisms higher
in the food chain. Previous results indicate that fish (Salmo gardnert) is able
to synthesise lipid and water soluble arseno organic compounds from arsenite/
arsenate mixed into the feed. The amount of arseno organic compounds
present in the fish from this source is, however, shown to be small compared
tc that derived from lower stages in the marine food chain.?

In view of these findings it is of interest to study the uptake of arsenic in
algae and to characterise the lipid soluble (and eventually the water soluble)
arseno organic compounds synthesised by the algae in more detail. An investi-
gation of this type may be carried out under laboratory conditions by adding
radioactive arsenic to algal cultures and subsequently analysing for the radio-
active compounds synthesised.

EXPERIMENTAL

Growth experiments. The algae were grown in 2 ] spherical flasks at the Norwegian
Institute for Water Research as previously described *® in nutrient enriched media **
based on uncontaminated sea water for Chlorella ovalis Butcher, Phaeodactylum tricorn.
utum Bohlin and Skeletonema costatum (Grev.) Cleve. The green algae Chlorella pyrenoidosa
Chick as well as Phaeodactylum tricornutum and Oscillatoria rubescens (D. C.) were grown
in a fresh water medium based on distilled water with nutrients added. When the growth
of the algae was well under way (approx. one week), half of the algal solution was filtered
off each day, and new culture medium was added from the stock solution. The filters
were stored in chloroform prior to analysis.

For each culture experiment 10 1 of medium were prepared and between 0.01 and
0.1 mCi of arsenic tracer (As-74, AJS.1, Amersham) was added. At the time of addition
the radioactive arsenic tracer consisted of & mixture of arsenite and arsenate (3/2).

In a second series of experiments Chlorella ovalis and Phaeodactylum tricornutum
were grown with inactive arsenite/arsenate (1/1) added to the radioactive arsenic in the
following amounts: 3, 30, 3 x 108, 10°, 3 x 10% 10% and 3 x 10* ug/l.

To compare arsenite and arsenate in the absorption process, t'vo identical cultures of
the alga Phaeodactylum tricornutum were started. To one culture was added 30 ppb As*+
together with 0.04 mCi As®* tracer, and to the other 30 ppb As*t with the corresponding
amount of As*+ tracer. Half a liter of the culture was filtered after 1d, 2d, 4d, and 8d,
respectively. The amount of As*+ and As®*t in the filtered medium, after the experiments
were finished, was determined by molecular gel filtration.* Samples were stored at — 20°C
prior to enalysis.

Separation of organic and tnorganic arsenic. Lipids were extracted from the slgal
material with chloroform/methanol/water (4/2/1). Following separation from the aqueous-
methanolic phase, the chloroform phase was washed twice with distilled water vo which
inactive arsenite-arsenate had been added in order to dilute any inorganic radioactive
arsenic ions present in the chloroform. The algal material was subsequently boiled in
water for 20 min to produce an aqueous extract. The pH of this was adjusted to 7-8 by
NH,, and the solution was run through a column of anion exchange resin (Dowex 2 x 8,
200 — 400 mesh) previously equilibrated with 0.2 N HC] and washed with water. Inorganic
arsenic ions are adsorbed on the resin under these conditions, while organic bound arsenic
is eluted.*

Inorganic radioactive arsenic was also removed as volatile AsCl, by distilling it off
from a solution adjusted to 6.6 N HCl. During this treatment the As*t present will be
reduced to As**, AsCl, will distil at 100°C; to prevent decomposition of arseno organie

* The two valencies of arsenic will be separated on & 1 m column loaded with Sephadex G 25
Fine (Pharmacia Fine Chemicals, Sweden), using 0.05 M NH, as eluting agent (unpublished
results).

Acta Chem. Scand. 27 (1973) No. 5
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compounds, the temperature should be kept at 100—105°C, particularly towards the
end of the process. The degree of separation obtained was estimated on thin layer
chromatography by autoradiography.

All measurements of radioactivity were performed with a 2 x 2” Nal *‘welltype"”
scintillation detector.

Tkin layer chromatography (TLC). Adsorbent layers of about 1 mm thickness were
used for the analyses performed by TLC, in order to obtain sufficient amounts of the
synthesised radioactive arsenic compounds to allow the autoradiographic measurements.
The use of 1 mm adsorbent layers resulted, however, in a reduction of both the separation
and reproducibility usually obtained with TLC.

A portion from the aqueous extracts produced by boiling of defatted algal material
was chromatographed in a system of chloreform/methanol/ammonia (2/2/1) (system 1)
with cellulose powder (MN 300, Macherey, Nagel & Co., Diisen, GFR) as adsorbent.!!
The plate dimension was 20 by 20 cm. Some fractions from separation of the water
extracts by molecular gel-filtration were characterised in a two-dimensional TLC pro-
cedure, in which the solvent system deseribed above was used in the first direction, and
methanol/water/pyridine (10/5/1) in the second (system 2).

The lipids extracted from the algal material were investigated using two different
techniques. A sample of 10— 20 mg of vil was dissolved in chloroforin and polar lipids
separated from the non-polar ones on a silica gel column (8i0,, 0.2—0.5 inm, for chro-
matography, E. Merck AG, Darmstadt, West Germany). The non-polar lipids were
eluted with chloroform, and the polar lipids subsequently with 90 %; methanol in chloro-
form. As more than 98 9, of the radioactivity followed the polar fraction, the latter
was characterised further by “Kieselgel” (7731, E. Merck AG, Darmstadt, Wost Germany)
using chioroform/methanol/water (65/25/4) for the development 1* (system 3).

The algal lipids were also analysed directly by TLC in the system used Yor the water
extract (system 1, described above). The lipid soluble arseno organic compounds followed
the solvent front. They were detected by autoradiography, scraped out and refluxed in
hydrochloric acid (6.6 N) for 2 h. The hydrolysate was concentrated by evaporation and
the residue extracted with ethanol. Samples of the ethanol solution were subsequently
analysed by TLC on system 1. All plates were sprayed with ninhydrin reagent in order
to detect amino acids or other comnpounds containing amino groups.

To see whether inorganic arsenic ions could be complexed by algul material and
move in the TLC systems employed, radioactive arsenite-arsenate was added to inactive
aqueous algal extracts and subjected to analysis by TLC in system 1.

Molecular gel-filtration. Aqueous algal extracts were subjected to molecular gel
filtration on a dextrane resin (Sephadex G 25 Fine, Pharmacia Fine Chemicals, Sweden).
A column with a diameter of 15 mm and a height of 25 cm {K 15/25, Pharmacia Fine
Chemicals, Sweden) was used, and absorbance at 254 nm in the eluate monitered by a
Uvicord spectrophotometer (LKB, Sweden). A 0.005 N (pH 7-8) ammonia solution
was used as eluting agent. The eluate was collected in 10 ml fractions and the activity
of each was measured. The fraction with the highest radicactivity was analysed by
TLC in system 1. Aliquots from each fraction were tested for ninhydrin-positive com-
pounds by application to filter paper, drying and spraying with ninhydrin reagent in the
conventional manner.

Autoradiography. Radioactive arsenic eompounds separated on TLC were detected by
autoradiography. The TLC plates were dried thoroughly and piaced in contact with
sensitive X-ray emulsion (Ilford Industry G film). Exposure time was 1—14 days,
depending on the amount of activity present. The film was subsequently developed as
ordinary X-ray emulsion.

RESULTS AND DISCUSSION

TLC analyses of the extracts from the defatted algae all show a basic spot
with an Rp value of about 0.30 (A, Figs. 1 and 2). The thickness of the ad-
sorbent layer and poor reproducibility in preparing the plates resulted in
considerable variations of this R value. This spot (A) is present in all the
aqueous extracts produced from different algal species investigated. Despite the
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Fig. 1. Autoradiograph of TLC plate of
aqueous extracts produced from Phae-
odactylum tricornutum (1) and Chlorella
ovalis (2). The exposed area (dark) shows
the presence of radioactive arseno organic
compounds. The main compound is marked

A. More detail is shown on the original
film. Analytical condition: Cellulose sub-

~ B

Fig. 2. Reproduction of an autoradiograph
of TLC plate of aqueous extracts from
Phaeodactylum tricornutum cultured in
salt water (1) and in fresh water (2), and
Chlorella ovalis 1n salt water (3}and Chlurella
pyrencidosa in fresh water (4). The main
radioactive arseno organic compound pres-
ent is compound A. Analytical conditions
as described in Fig. 1.

strate (1 mm); developing solvent, ehloro-
form/methanol/ammonia, 2/2/1 (system 1).

lack of a rigid proof, the spot is supposedly caused by a single compound,
namely compound A. Its presence is independent of the means used to remove
the inorganic radioactive arsenic ions. There are also some weaker and more
diffusely exposed areas corresponding to compounds with higher and lower
R values. This is particularly so for the chromatograms where the aqueous
extracts were treated by the ion exchange process. The amount of these
compounds, in particular those with an R, value greater than 0.30, are
reduced in extracts subjected to treatment by 6.6 N hydrochloric acid. Com-
pounds with R, values less than 0.30, which are more polar than A, are
present in all the water extracts.

A slight exposure at the spots of application on TLC plates is seen mainly
for the extracts treated with hydrochloric acid. This should be compared

Acta Chem. Scand. 27 (1973) No. 5 2
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with results obtained when radioactive arsenite-arsenate was added to an
inactive algal solution, demonstrating that the inorganic arsenic ions are
stationary or moving only slightly under the TLC conditions used. Stationary
radioactive arsenic compounds in the aqueous algal extract thus probably
consist of arsenite-arsenate or other types of arsenic ions.

The ion exchange process is the preferred method for removal of inorganic
radioactive arsenic from the aqueous algal extracts. The method is less drastic
than the treatment with hydrochloric acid and seems not to cause changes in
the chemical status of the arsenic. Some of the arseno organic compounds
may, however, be irreversibly absorbed to the ion exchange resin. Changes,
or decomposition of arseno organic compounds, may also take place in the
preparation of the aqueous extracts, particularly during the boiling step.
Formation of compound A is the most likely reaction.

TLC of the aqueous extracts from the algal clones of Phaeodactylum
tricornutum, cultured both in fresh and salt water, and the two species, Chlorella
ovalis and Chlorella pyrenocidosa, cultured in salt and fresh water, respectively,
indicates that the concentration of compounds A is somewhat higher in the
algae grown in salt water (Fig. 2).

The radioactivity in the non-polar and in the polar fractions of the algal
oil, after these had been separated on the silica gel column, shows that nearly
all the radioactivity ( > 98 %,), i.e. all the lipid soluble arseno organic compounds
synthesised by the algae, follow the polar fraction. These results are in accor-
dance with previous results reported for the lipid soluble arseno organic com-
pounds present in fish oils.13,1

TLC-separation of the polar lipids made visible by autoradiography
(Fig. 3) indicates the presence of lipid soluble arseno organic compounds
different from those detected in the aqueous extracts. Moreover, the pattern
of arsenic containing compounds varies with the various algae studied (Chlor-

Fig. 3. Reproduction of an autoradiograph

of TLC plate of the polar hpide from

Sceletonema costatum (1). Phaeodactylum

tricornutum (2) and Chlorella ovalis (3).

° ° ° Analytical conditions: Kieselgel G sub-

1 2 3 strate (1 mum); chloroform/methanol/water,
| 65/25/4 (systom 3).
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ella ovalis, Oscillatoria rubescens, and Phaeodactylum tricornutum). A similar
difference has been reported for lipid soluble arseno organic compounds in
invertebrates.!® This observation could be of significance, but new lipid soluble
arseno organic compounds may be created as a result of the experimental
conditions when extracting and fractionating the algal lipids.

TLC of algal lipids in system 1 shows the lipid soluble arseno organic
compounds to move with the solvent front, as do the other algal lipids. In
some of the samples, however, a well defined spot with an R, value of ca.
0.30 was found. Presumably this is traces of compound A found in the aqueous

extract.
S BN - SRR Li__ ]
- 2
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Fig. 4a. Reproduction of autorediographs Fig. 4b. The lipids (L'-?) shown in Fig. 4a

of TLC plates of the total amount of were scraped out, treated with HCl and

lipids extracted from Oscillatoria rubescens extracted with ethanol (see text). These

(1), Phaeodactylum tricornutum (2), and extracts were analysed under the same

Chlorella ovalis (3). The lipids (L'-?) will conditions as described in Fig. 4a (see
have Rp values close to 1 in system 1. text).

Scraping out the lipid soluble compounds as detected by autoradiography
and refluxing with hydrochloric acid (6.6 N) again produced a well defined
spot at Rz 0.30 on repeated TLC-separation in system 1. Apparently compound
A from the aqueous extract is also produced from the lipid soluble compounds
| on treatment with hydrochloric acid. A positive ninhydrin reaction is always

associated with this compound. This fact becomes especially relevant when
the positive reaction was obtained with compound A prepared from lipid
soluble arseno organic compounds isolated by TLC, since this operation will
remove most foreign ninhydrin positive material. Two-dimensional TLC of
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the most radioactive fraction from the molecular gel-filtration gave coincidence
between radioactivity and ninhydrin reaction.

Figs. 5 a-b show how the production of lipid and water soluble arseno
organic compounds varies, as the concentration of inorganic arsenic ions is

a

wu (-]
T
-

/

N oW
T

As-74 (e/min g)

-
T

L. 4 b S 4
1 10 10?2 103 104 108
ppb As added

o

Fig. §. The production of lipid (M) and

water (@) soluble arseno organic eocm-
~. pounds (activity/g matter) in Phaeodac-
* tylum tricornutum (a) and Chlorella ovalis

(b). The same amount of radioactive
. arsenic (As-74) was added in each batch
while the addition of inorganic arsenic

, ,\b‘:' )
1 102 10? varied from 3 ppb to 30 ppm (a) and from
pc::b As odded 3 ppb to 1 ppm (b).

As-74 (c/min q)
O - oW~ o,

-

increased in the medium under otherwise identical conditions. The ordinate
is activity (counts/min} divided by weight of lipids and of dehydrated aqueous
extracts, respectively. Both Phaeodactylum tricornutum and Chlorella ovalis
show the same behaviour, which indicates two different patterns of uptake.
One applies to media containing up to about 100 ppb of inactive arsenic ions
added, and represent an active absorption of the arsenic. The percentage
amount of arsenic converted to arseno organic compounds depends on the
concentration of arsenic ions in the medium. The other applies to concentrations
of arsenic from 100 ppb up to 10— 30 ppm As for Phaeodactylum tricornutum
and at least to | ppm As for Chlorella ovalis, and shows that an approximately
constant fraction of the arsenic in the medium is absorbed. In the latter case
an equilibrium between the arsenic absorbed and the arsenic present in solution
seems to be established up to the concentration where the toxic effect of the
arsenic begins to limit the alga’s growth (and finally causes its death at around
30 ppm arsenic added (Phaeodactylum iricornutum)).

The results of the experiments where arsenite and arsenate were added
independently and with radioactive arsenic tracer of the same valency show
that more lipid soluble arseno organic compounds are synthesised by the
culture with As®* added. This is especially so in the first samples taken after
one day. Gel filtration of the media shows that the arsenic in the two solutions
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of As’* and As®*, respectively, will tend to reach an equilibrium between
As®* and As5*. Although preliminary and not conclusive, the results indicate
that the arsenate is used or preferred for the synthesis of arseno organic
compounds in the algae.

Some results for the accumulation of arsenic in the algae compared to the
concentration of arsenic in the culture media were obtained. The measurement
of the radioactivity of the lipid and aqueous phase (counts As/g), produced from
the various algae, was compared with corresponding measurements of the
radioactivity of the medium. These results are shown in Table 1. They indicate

Table 1. Accumulation of arsenic #in algae as arseno organic compounds in the lipid
phase and in the aqueous phase, respectively.

Culturing media
Salt water Fresh water
Lipid phase Aqueous phase Lipid phase Aquecus phase

Phaeodactylum tricornutum 2900 2000 2800 1800
Chlorella ovalis 1600 1300
Chlorella pyrencidosa 400 190
Oscillatoria rubescens 540 240
Skeletonema costatum 1100 710

4 The calculation is based on the ratio between organic bound As.74 in the lipid phase and
inorganio As-74 in the medium, and correspondingly in the aqueous phase and in the medium.

an accumulation factor of 250 — 3000 in the algae. It should be noted that the
arsenic is somewhat more enriched in the lipid phase. From Figs. 5§ a—b it
must also be assumed that the accumulation is dependent upon the amount of
arsenic present in the culture medium. Here the degree of accumulation
will decrease with increasing arsenic concentration in the culture solution
up to about 100 ppb (Phacodlactylum tricornutum and Chlorella ovalis),

J1gw10?
412
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Activity of Ae-74

1
o N ~ o o

&0 ml

Fig. 6. UV absgorbance (—) at 25¢ nm of molecular gel-filtrated aqueous extract
from Phaeodactylum tricornutum. The radioactivity (-—-) of the eluate was measured
in fractions of 10 ml
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and then be constant until at least a concentration of about 1-10 ppm
arsenie in the solution is reached. The accumulation in this region is a factor
15 — 20 below the values found with no inactive arsenic added to the medium.

The results of the molecular gel filtration analysis of the water extracts
are presented in Fig. 6. They show that the radioactive arseno organic com-
pounds are eluted in two regions, one of smaller and one of larger molecular
weight. The larger lies in the region where the majority of the water soluble
arseno organic compounds from fish glue water are eluted. ¢ This indicate that
the main water soluble organic arsenic compouuds in algae and fish are of
similar molecular weight. By testing the fractions with ninhydrin reagent it
is shown that these compounds are eluted before the amino acids. The two-
dimensional TLC analvses of this fraction and subsequent autoradiography of
the plate showed that no other radioactive arseno organic compounds could
be detected and furthermore that the fraction shows a positive ninhydrin
reaction.

CONCLUSIONS

On the basis of the results obtained in this work it is concluded that uni-
cellular algae of limnetic as well as of marine origin are able to synthesise both
fat soluble and water soluble arseno organic compounds from inorganic arsenic
ions. The lipid soluble compounds are relatively unstable and may by a suitable
treatment be converted to a water soluble arseno organic compound which
cannot be distinguished from that which is most abundant in aqueous extracts.
This main compound is present in all the algal species studied regardless of
whether they are cultivated in salt or in fresh water. The results suggest that
the arseno organic compounds present in the algae may be one important
source for corresponding compounds found in marine organisms at higher
stages in the marine food chain.

Acknowledgement. The author is indebted to the Norwegian Institute for Water Research
and to Mr. O. Skulberg for help with the algal cultivation experiments and for valuable
discussions.
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THE PRESENCE OF LIPID-SOLUBLE SELENIUM COMPOQUNDS IN
MARINE OILS
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SUMMARY

A new group of seleno-orgaric compounds present in marine organisms .as
been demonstrated. They are fipid-solubie and the main part seems to have a pc ar
character. In the samples analysed the content of selenium is between 0.02 and 4.6 ppm.

INTRODUCTION

Interest in the element selenium and its role in biological systems has steadily
grown since 1957 when Schwarz' showed that certain selenium compounds could
replace vitamin E in curing liver necrosis provoked by vitamin E deficiency in rats.
Since then other deficiency diseases in animals due to lack of selenium have been
described?.

The existence of various organic selenium compounds which can be synthe-
sized from inorganic selenium salts, in particular by plants®* and microorganisms®,
is known. It has been shown that some of these compounds, e.g. selenomethionine
and selenocysteine, are produced by a metabolic pathway analogous to thai applying
to the corresponding sulphur amino acids (methionine and cysteine). Among uniden-
tified and important compounds are those which were first described by Schwarz®.
It has been established that the active principle consists of two selenium compounds.
It appears to have a higher therapeutic effect and to be less toxic than selenite or any
other organic selenium compound investigated, and found to have a therapeutic
effect. Various seleno-organic compounds have been synthesized and their biological
potential tested. Some of these compounds were shown to be better than sodium
selenite’. None of the organic selenium compounds which have been discovered in
plants and animal organisms have been typically lipid-soluble. Among biotopes marine
animals appear to contain more selenium than corresponding samples of terrestrial
origin. In fish and other marine organisms selenium contents of approx. 14 ppm
have been registered®.

Recent data® ' indicate that the selerium in fish is partly present in the lipid
phase as organic compounds. This suggests a new group of seleno-organic compounds
that are synthesized either by the fish, or by a lower stage in the food chain. The
purpose of this investigation is to study these compounds in further detail, particu-
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larly to see if they have a polar character and whether there may be contamination
from inorganic selenium, i.e. selenite. Furthermore, it was of interest to extend the

range of samples investigated.

EXPERIMENTAL

Industrially produced marine oils were selected for this investigation along
with a series of oils produced in our laboratory. The latter were extracted from homo-
genized raw material by chloroform-methanol (2 : 1, v/v), or by boiling with water
for 20 min in a glass apparatus. After the boiling the oil was separated by centrifu-
gation. To remove inorganic ions all oil samples, including those from industrial
sources, were washed twice with distilled water. Previous results!! have shown that
this procedure is very efficient in removing inorganic ions from oils.

To check whether selenite may be sequestered by the oil, the following expe i-
ments were carried out. | ug of selenite with radioactive selenite (7*Se) added, v .s
dissolved in 10 ml of distilled water and mixed with 10 ml of various oil sam ‘es
produced both by boiling with water, and by extraction with chloroform-methan )l
After shaking for 1 h at approx. 40 °C the oil phase was separated from the aqucous
phase by centrifugation. The radioactivity in samples from both the oil and the water
phase was measured with a Nal well-type crystal.

Experiments were further carried out to determine whether the lipid-soluble
organic selenium compound had a polar character. Oil samples (approx. 3 g) produced
by boiling were dissolved in 25 ml of chloroform and mixed with activated silica gel
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Fig. 1. y-spectrum of neutron-activated oil extracted from Aounder { ) and of the selemum

standard (- - -).
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(0.2-0.5 mesh, Merck AG, Darmstadt). After shaking for 1 h, the chloroform phase
with the neuiral lipids was decanted. The silica gei was transferred to a coiumn (height
17 cm, inner diameter 2 cm) and eluted with chioroform until no o1l could be detectec
in the eluate. The polar lipids remaining adsorbed to the silica gel were elutes witn
250 ml of a 10 9, mixture of methanol in chioroform. and foliowed by 2506 mi of ¢
50 : 50 mixture of the same solvents. The eiuates were collected. anc the soiven.

evaporated.

The analysis of the oil specimens was carried out by neutrori activation, as
described previously'!. The samples with seienium standards were irradiatec a! ¢
neutron flux of 1 - [0*? nfem? - s for 20 h. Following irradiatior:, the sampies were
transferred to mnactive glass vials and the induced selemum activity { *Se; in the oiis
was measured directly after allowing short-lived radioactive 1sotopes to disintegrate.
When activity from 7®As and ®2Br predominates. it is necessann to wait abou:
2 weeks before the selenium activity can be measured. With phospholipids presen?
in the oil the isotope 3P with a half life of 14.3 days is produced. 1t 1s then necessary
to postpone the measurements, depending on the phosphorous content 1n the sampie.
This occurs particularly with oils which are produced by chlorororm-methano!
extraction. Only small amounts of phosphorous were detected in the fractions elutec
with 10 %, methanol in chloroform. Fig. 1 shows y-spectra of an oii extracted from
flounder and of the selenium standard. respectively. recorded on a 3 inch> 3 incn
Nal weli-type crystal’Z. The measurement was made 14 days after neutron activatior.

RESULTS AND COMMENTS

Results obtained when radioactive selenite was mixed into tne oi! from arn
aqueous solution, with subsequent determination of the radioactive seienium present
in the oi! and aqueous phase, show that iess than ! %, selenite is preseni in the oii
phase after separation of the two phases. This experiment and the general experience
with the washing procedure demonstrate that the selenium in the marine. oils is presen*
as lipid-solubie selenium compounds. This is confirmed by results which indicate
that at least some of the lipid-solubie selenium compounas are located to the lipo-
proteins® and by the fact that the selenium in manne oils is not removed by washing
with dilute alkali (0.1 M NaOH). Arsenic and phosphorous (as organic and inor-
gauic compounds) are both removed by this procedure®®.

The results of the selenium aaalysis are given in Table I for both the industri-
ally and the laboratory produced oils. The content of selemum varies from 0.02 to
4.6 ppm. Although relatively few samples have been analysed, the results indicate
a higher selenium content in samples produced by extraction with chloroform-
methanol. This is in agreement with results published previously®, where a connection
between these compounds and the lipoproteins is established. The great variation
in the content of selenium in different oils should be noted. As lipids make up only
a small part of most organisms, this large variation contributes little to the totzl
selenium content in the organism,

Although some data on the sulphur content in marine oils are available (10—
600 ppm*), it is far below the amounts present in non-lipid protein-rich samples.

* Preliminary results from X-ray fluorescence spectrometry at the author's aporatory.




TABLE 1

THE SELENIUM CONTENT (ppm) IN MARINE OILS

Sample

Herring (immature)
Mackerel 1972)
Herring (mature)
Mackerel

Capelin

Cod liver

Flounder

Mackerel (1970)
Mackerel liver (1970)
Mackerel (1972)
Herring

Cod liver

Cod fillet

Tunny

Halibut

Shrimp

Mussel

Squid

Clupea harengus
Scomber scomber
Clupea harengus
Scomber scomber
Mallotus villosus
Gadus morrhua
Pleuronectes platessn
Scomber scomber
Scomber scomber
Scomber scomber
Clupea harengus
Gadus morrhua
Gadus morrhua
Thunnus Thynnus
Hippoglossus hlppogl

Pandalus borealis
Mytilus edulis
Ommastrephes sagittatus

Method of production

[.aboratory produced
Laboratory produced
Industrially produced
Industrially produced
Industrially produced
Industrially produced
Laboratory produced
Laboratory produced
Laboratory produced
Laboratory produced
Laboratory produced
Laboratory produeed
Laboratory produced
Laboratory produced
Laboratory produced
Laboratory produced
Laboratory produced
Laboratory produced

Boiled with watet
Boiled with water

Extracted with chlotaform/methanol
Extracted with chloroform/methanol
Extracted with chloroform/methanol
Extracted with chloroform/methanol
Extracted with chloroform/methanol
Extracted with chloroform/methanol
Extracted with chloroform;methanol
Extracted with chloroform/methanol
Extracted with chloroform/methano)
Extracted with chioroform/methanol
Extracted with chloroform/methanol

Extracted with chloroform/methanol

Se (ppm)
0.26
0.14
0.3
0.29
0.07
0.20
1.0
0.73
13
0.60
0.18
0.25
0.27
4.6
0.04
0.12
20
0.02
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TABLE I
THE SELENIUM CONTENT IN FRACTIONS OF MARINE OILS SEPARATED ON SILICA
GEL COLUMN

Sample Eluted with The selenium content (ppm)
hi s i .
chloroform Elused with 107 Eluted with 50°
methanol in chloroform methanol 1n chloroform
Macherel oil 0.05 32 0.9
Herring otl 0.14 2.3 1.1
Capelin oil 0.08 1.3 0.3
i9 1.2

Cod hiver oil 0.04

Here values of 7000 ppm have been reported’®. Most of the selenium in the latter
samples is probably present as seleno-amuno acids and are synthesized along the
same routes as the sulphur-amino acids. This suggests thus that the Iipid-soluble
seleno-organic compounds are either heavily enriched in the lipid phase compared
with the analogous sulphur compounds, or that such lipid-soluble sulphur compounds
are not formed at all.

Similarly, in Table ! the resulis from the fracticnation on silica gel are given.
These show that selenium is enriched in the fractions eluted with 10 ¢, and 50 %, of
methanol in chioroform. As compounds eluted under these conditions are generally
recognized to have a polar character, these selenium compounds are polar in nature.
Furthermore. varving degrees of polarity are exhibited, showing that several lipid-
soluble selenium compounds must be present.

The consequence of these findings is at present difficult to evaluate. They may,
however, throw some new light on the presumed connection between vitamin E and
selenium in their metabolic action and on the role of s¢lenium in living organisms

in general.
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A method for the separation of stable arseno-organic compounds from inorganic
arsenic and the subsequent determination of both forms of arsenic is described.
The separation is based on volatilisation of inorganic arsenic as arsenic trichloride
by addition of hydrochloric acid to 6.6 N and subsequent removal by distillation
at 100 C. Remaining arsenic is bound in arseno-organic compounds that arc
stable under these conditions.

Total arsenic in the samples analysed is reduced by 0.5 to 3 parts million by this
treatment. Determination of arsenic was performed by neutron activation and
X-ray fluorescence.

1. Introduction

It has been shown that arsenic is present in marine organisms as both fat-soluble and
water-soluble arseno-organic compounds.!~® The arsenic content of such samples
varies from about 2 to approx. 150 parts/million. Feeding experiments on rats. in which
the effect of inorganic arsenic has been compared to that of arsenic present in marine
raw materials such as shrimps, indicates that arsenic from marine raw materials is
metabolised along lines quite different from those of inorganic arsenic.® It has further-
more been shown that only a small amount of the inorganic arsenic present in the feed
given to fish (rainbow trout) is converted to arseno-organic compounds and that only
very little of the inorganic arsenic absorbed from the water is converted 10 arseno-
organic compounds.”

There seems to be general agreement that most of the arsenic prescit in marine
organisms is organically bound and less toxic than inorganic arsenic. To the author’s
knowledge no definite data are, however. available to indicate in what forms arsenic
exists, i.e. whether it is present as stable organic compounds, as inorganic arsenic or as
organic compounds easily broken down when taken in by living organisms. It should
also be mentioned that release of arsenic with increasing amounts of inorganic arsenic.
mostly industrial waste, may upset the normal pattern of absorption of arsenic by
plants and animals.

A more thorough investigation of these problems requires an analytical method which
enables one to separate and analyse individually the arseno-organic compounds and
the inorganic arsenic, respectively, present in marine organisms. In previous studies
both lipid- and water-soluble arseno-organic compounds have been analysed’-*
without, however, determining the amount of inorganic arsenic in the same sampie.
The aim of this study was to develop a method for separating stable organic-bound
from inorganic arsenic in marine organisms, allowing the content of arsenic to be

1021
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Figuie |. Combined wet combustion-distillation apparatus. A, distllation flask: B, receiver;
C, refiux condenser: D, splash head.
determined in each of the two fractions. Furthermore the total amount of arsenic, i.e.
the sum of organic bound and inorganic arsenic, should be controlled in the samples
to be analysed. Neutron activation and X-ray fluorescence were selected as analytical
methods.

It has been shown that the majority of the arseno-organic compounds present in
marine raw materials are stable. They will for instance tolerate treatment with 6.6 N-
hydrochloric acid at 100 C without or with only negligible decomposition.* Under
such treatment trivalent inorganic arsenic forms the volatile compound arsenic tri-
chloride with a boiling point of approx. 130 °C. Inorganic arsenic might therefore be
removed by distilling it as arsenic trichloride under conditions where the stable arseno-
organic compounds are not volatile. For the separation and determination of organic-
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bound and morganic arsenic to be based upon this technique. more information con-
cerning the parameters and quanutative aspects of the distillation must be determined.

2. Preliminary studies

For the distillation experiments an apparatus as shown in Figure | was used. This
consists of a refluxing and a distillation section and has been de.cribed in detail be-
fore.” ' As sample material for these experiments fish meal and agueous fish extracts
(glue water) were used. Both were produced in the laboratory from iresh homogenised
fish. Radioactive pentavalent arsenic (~0.1 uCi) as sodium arsenate (AJS. 1. Amersham.
England) was added in 10 mi of distilled water. The measurement of radioactive arsenic
in the different fractions was carried out using a Nal well-tvpe scintillation detector.
The sample was boiled for 20 min and filtered. Meal and glue water were subsequently
evaporated to dryness and dried at 110 C. Aliquots (3 to 4 g) of this material were
transferred to the distilfation flask A (Figure 1) and 50 m! of 6.6 ~-hydrochloric acid
was added. The sample was heated to, and maintamned at, temperatures of 70 to 80,
80 to 90, 90 to 100 and 100 to 110 C, respectively. For each temperature runge the
distillation was continued for one hour or until 90 10 95", of the solution was trans-
ferred to the receiver B. Before each distillation Fe?™ (approx [ g) was added 1o ensure
reduction of all pentavalent arsenic to the trivalent state.

The results are shown in Figure 2, and indicate that the arsenic starts to distil at a
temperature of 100 to 110 'C. The results for the meal and the glue water were the
same. A second experiment was carried out to investigate the course of the arsenic
trichloride distillation at 100 to 110 C. 30 mi of 6.6 N-hvdrochloric acid was added to
samples as previously described together with radioactive inorganic pentavalent
arsenic. The mixture was heated to the boiling point. The distillanon was started after
about 20 min of refluxing and fractions of 5 mi were collected. Radiactivity of each
fraction was measured. The results of these experiments are shown in Figure 3. It can
be seen that by the time about 20 mi. i.e. ~40° . of the hydrochloric acid has distilled
over. more than 95° of the radioactive arsenic tracer has been distilled over as well.
When adding a chloride containing sait instead of hyvdrochloric acid or omitting the
reducing agenl atier dissolving the sample, the vield of distilled arsenic is reduced to
40 or 50",,.

3. Experimental
3.1. Materials

When selecting samples for the analysis it was considered important 10 use both
processed and fresh raw material and with both a low and a high content of arsenic.
The samples were obtained from localities along most of the Norwegian coast and
included fresh fish, fish extracts, fish meal (commercially produced), seaweed, mussel
and shrimps. They were stored at - 20 C prior to analysis.

3.2. Separation and analysis of arsenic

Samples of ubout 2 g of dry material were thoroughly ground to a fine powder. weighed
and transferred to the distillation flask A (see Figure 1). Distillation of inorganic arsenic
was performed uas described under the preliminary studies. except that the amount of
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hydrochloric acid was reduced to 25 ml and the distiilation procedure was repeated
once. In cases where the sample existed as an aqueous solution, the distillation was
started after about 10 min of refluxing. Dry samples were boiled for about 20 min under
the sume conditions. When 2/3 of the solution was distilled into the receiver B. this was
drained off'and a further 25-ml portion of 6.6 N-hydrochloric acid was added to flask A.
The distillation process was repeated once. The cooling section and receiver were then
rinsed with distilled water: this water and the two distillates were combined and the
solution was made up to 100 ml with distilled water. In some samples the two distillates
were analysed separately as a check on the distillation.

The organic-bound arsenic was determined by decomposing the undistilled residue
which remained in the flask A, after removing the remaining hydrochloric acid by
continued distillation. Decomposition was achieved by addition of 5 ml of concentrated
sulphuric acid and heating until white fumes of sulphur trioxide were observed. When
the mixture had become homogeneous it was cooled and hydrogen peroxide (30",)
was carefully added until the dark colour from carbon in the solution disappeared.
Inorganic arsenic was subsequently isolated by distillation as above. Hydrobromic
acid may also be used as a reducing agent.'?

The analysis for arsenic in the distilled fractions was carried out by neutron actsva-
tion. Aliquots (! ml) of the distillate were sealed into quartz ampoules. These were
expesed to a neutron flux of 5+ 10" neutrons cm” s for 2 h together with an arsenic
standard. Isolation and registration of the induced radioactive arsenic isotope. "®As.
with a half life of 26 h was carried out as previously described.'?

The total amount of arsenic in the sample was determined both by neutron activation
and by X-ray fluorescence. For neutron activation analysis the same procedure as
described for undistilled fractions was followed. About 0.2 to 0.5 g of sample (dry
weight) was used and the dissolution of the sample after activat:on was again performed
with sulphuric acid and hydrogen peroxide and distillation of arsenic as arsenic tri-
chloride.

Arsenic is one of the elements most suitable for analysis by X-ray fluorescence. The
limit of sensitivity for the analysis of this element in biological material is in the region
of 2 to 5 parts; million (Philips, model 1540), depending somewhat upon the matrix and
upon which other c¢lements are present in the sample. In the preparation of the dry
samples for analysis, these were first homogenised and then pressed into tablet form.
109, wax (Hoechst) was added as a binding agent. Solutions were used directly without
any pretreatment. Arsenilic acid was used as a standard and gave a linear response for
arsenic in the relevant range of concentrations, i.e. from about 5 to about 150 parts/
millicn.

4. Results and comments

The preliminary studies show that the arsenic is quantitatively disulled under the
conditions used. This is also confirmed when determining arsenic in repeated distillates
from the same sample. Here less than 59, of arsenic was found in the second distillate.
The results of the analyses are presented in Table 1. They show reasonable agreement
between the two methods. Besides the direct determination of organic-bound and in-
organic arsenic. as shown in the Table, the amount of stable organic-tound arsenic
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Organic bound and inorganic” arsemic in marine samples

Samiple

Arsenic (parts/million dry weight)
Neutron activation

X-ray

Locality fnorganic Crgani Total fluorescence
Shrimp Pandalus borealis Shagerak 25 295 30 17
Shump Pandalus borealin Oslofiord 1.8 36.5 42 39
Mussel Myrilus edufis Western Norway 1.5 124 14 12
Mackerel Scomber seombrus Southern Norway 18 40 4.7 [
Mackerel Scomber scomii us Southern Norway 1.1 89 9.2 5
Haddock Melanogrampnis alelefime More 4.9 120 10.8 17
Cod Gadus maorhua More 1.3 23.0 - 20
Capelin Aallotas villovus Northern Norway 1.3 109 6.1 7
Tunny Tl thynnus West of Slotteroy P2 8.4 — 5
Coalfish Polluchins virens Trendelag 1.0 7.8 7.2 9
Herring Clupea harengus Western Norway 1.7 34 4.2 5
Herring Clupea harengux Western Norway 1.0 5.2 — 7
Herring Clupea harengus Northern Norway 13 5.7 — 4
Defatted enzyme hydrolysed cod liver Gadus morhua Lofoten 1.4 53.6 52.6 59
Defatted enzyme hydrolysed cod liver Gadies morhua Northern Norway 32 179 23 —
Seaweed Laminaria yperborea Trondheimfiord 0.9 139 142 —
Extract of herring Clupea harengus Western Norway O.R 28.4 27 29
Extract of coalfish Pollachius virens Western Norway 0.7 356 37 37
Herring meat® Clupea harengus Western Norway 1.0 52 6.5 5
Herring meal Clupea harengus North Sea 1.3 57 69 4

-, Not determined.

“ [neludes also organic bound arsenic degradeable by 6.6 N-HCI.

* Factory produced.
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can also be estimated by subtracting the arsenic which can be removed by distillation
with hydrochloric acid from the values obtained by the neutron activau'on or X-ray
fluorescence analysis for the total amount of arsenic.

The results indicate a constant level of inorganic arsenic or arseno-organic com-
pounds degradeable to inorganic arsenic by the hydrochloric acid treatment. For all the
samples analysed these values were between 0.5 and 3 parts/million. This level seems
to be independent of the absolute amount of arsenic present in the marine samples.
for fresh raw material, for aqueous extracts produced from this material and for de-
hydrated material such as fish meal. The hydrochloric acid treatment as described here
is a rather drastic procedure so that the figures quoted presumably represent the maxi-
mum amount of inorganic and chemically degradeable arseno-organic compounds
present in marine organisms. This may also include arseno-organic intermediates
from the synthesis of the more stable arseno-organic compounds.
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Analysis of Trace Elements, Phosphorus and Sulphur, in the
Lipid and the Non-lipid Phase of Halibut (Hippoglossus
hippoglossus) and Tunny (Thunnus thynnus)

Gulbrand Lunde

Central Institute for Industrial Research, Forskingsveien 1. Blindern. Oslo 3
( Manuscript received 26 February 1973 and accepred 30 March 1973)

The following elements have been found in the lipid phase of samples of halibut
(Hippoglossus hippoglossus) and tunny (Thunnus thynunus): arsenic. bromine,
selenium, zing, iron, phosphorus and sulphur, and in the non-lipid phase: cad-
mium, lead, copper. selenium, zinc, iron. arsenic, mercury and sulphur.

Of the results the following should be emphasised: a surprisingly high content
of sulphur was observed in the lipid phase suggesting a new group of lipids. The
results indicate. furthermore. a rather constant selenium to sulphur ratio in de-
fatted meal while the corresponding ratio in the lipid phase is more variable. No
accumulation of cadmium compared with zinc seems to take place.

1. Introduction

There is today considerable interest in the toxic heavy metals in fish and other marine
organisms, mostly in connectior: with environmental problems.'* Besides this aspect
of the field. it should be recognised that a number of the trace elements are of importance
10 the growth and development of living organisms. Increased knowledge of the level
and distribution, parucularly of the significant trace elements in the marine organisms,
is therefore desirable from this point of view.

The level of trace elements in marine organisms may, in addition to viariations caused
by human endeavour. vary from one location to another depending on natural sources
of these elemenis. The age of the organisms will also be significant with regard to
accumulation of these elements, especially for organisms at a high level in the food cycle.

The purpose of this work was both to study the effect which some of the natural
conditions have upon the level of trace elements, by selecting samples of a non-stationary
fish and of a stationary one caught at ditferent localities. and to get more information
about some of the more important trace elements present in fish. Halibut (Hippoglussus
hippoglossus) was chosen as representative lor a relatively stationary species of fish.
Old individuals of tunny ( T/umnus tliynnus) were selected as examples of non-stationary
fish.

Among aspects of interest which warrants closer examination, is the relation between
the levels of selenium and sulphur (both in the lipid and the non-lipid phase). Relatively
Jarge selenium contents, about | to 3 parts; million, are reported in fish.®"* Lipid-soluble
selenium compounds have also been found” '° If the latter are synthesised in a manner
analogous to that of the sulphur compounds, which have been shown for the sulphur
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and seleno amino acids in plants,!! the selenium-sulphur ratio should be expected to be
constant both in the meal and in the lipid phase. Furthermore one may obtain more
evidence for the possible connection between methyl-mercury and selenium which
has been reported previously for tunny."*

Likewise information may be obtained as to whether cadmium is enriched, relative
to zinc after passing through several stages in the marine food cycle.

2. Experimental

The samples of tunny were selected from old individuals. They were all caught off the
Western coast of Norway and weighed from 200 to 280 kg. All tunny samples consisted
of dark muscle tissue. Samples of young and old halibut wers obtained from four
different localities, namely Danmarksstredet, the Faeroe Islands. East of Greenland and
the Skjoldbanken. The weights of these fish are given in Table 1. All samples were
frozen and storad at —20 °C prior to analysis.

The received samples were all treated along the following lines. They were homo-
genised in a Waring blendor and extracted with an equal amount of hexane per homo-
genised sample for 2 hours at room temperature and under constant stirring. The two
phases were separated by centrifugation and the extraction was repeated twice. The
same extraction procedure was then repeated using hexane/isopronanol (1 :1). The
two extracts were handled separately in the following processing. The hexane phase
was separated from the isopropanol/water mixture by addition of more water and the
latter mixture was transferred back to the extracted tissue. The hexane was evaporated
and the lipids washed twice with distilled water.

The defatted samples were boiled in a glass apparatus for 20 minutes. Some distilled
water was added prior to boiling. The samples were filtered and washed twice with
distilled water. Both the insoluble phase (the meal) and the water-soluble part (the
aqueous phase) were dried at 90 to 100 °C for 6 h and weighed. Samples (2 to 10 g de-
pending on the ash content) were ashed at 450 °C for 8 h. The ash was dissoived in
2 N-hydrochloric acid and in conc. hydrochloric acid, respectively. The solutions were
diluted with distilled water to 25 ml.

The determination of zinc, iron, seleniuim, copper, lead and cadmium in the meal and
in the dehydrated aqueous phase was carried out as reported elsewhere,!3 using atomic
absorption spectrophotometry and X-ray flucrescence techniques for zinc, cadmium,
lead, copper. arsenic and iron and neutron activation for the analysis of selenium.
The zinc content was also analysed by the latter technique. Mercury was determined
together with the selenium in the meal by non-destructive activation analysis (Figures
1 and 2). In the aqueous phase the mercury was analysed in some samples by flameless
atomic absorption spectrophotometry. During the ashing process the iron may form
oxides which are not easily dissolved in 2 n-hydrochloric acid. Hence the solution
produced by treating the ash with conc. hydrochloric acid was ana'ysed for iron.

In the two lipid phases from each sample of fish. arsenic, bromine, selenium, zinc
and phosphorus were determined by neutron activation,'* while iron was determined
by atomic absorption spectrophotometry!? and sulphur by X-ray fluorescence. In the
latter case dimethylsulphoxide was used as a standard and refined olive oil as matrix
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Tanee 1. Yield of lipids, meal and dehydrated aqueous phase from tunny (Thannius thynmas ) and halibut (Hippeglossus hippoglossus) muscle

Date of Total Meal* Aqueous phase®
No Sample Weight (kg) Locality collection  lipids{°,) Yield(®,) Ash(“,}) Yield(®)) Ash(%)
1 Tunny 280 West of Telavig 2.8.197 0.5 31.6 28 2.0 16.7
2 Tunny 265 West of Telavig 3.8.1971 1.6 20.4 2.5 4.0 17.0
3 Tuany 193 West of Bremnes 14.8.1971 0.7 230 6.0 3.7 16.5
4 Tunny 267 West of Slotteray 18.8.1971 428 11.0 32 1.5 12.3
5 Tunny 280 Wesl of Slotteray 18.8.1971 10.1 22.2 39 39 16.6
6 Tunny 237 West of Bremines 19.8.1971 23 (8.0 7.5 2.1 16.7
7 Tunny 250 West of Bremnes 12.8.1971 8.6 204 3.5 28 13.0
8 Halibut 78.5 Denmark Strait 1.4.1971 5.7 17.4 6.4 34 19.7
9 Halibul 19.5 Denmark Strait 1.4.1971 47 13.5 4.9 2.7 19.3
10 Halibut 39 Faeroe Islands 1.7.1971 12,5 1.5 5.6 4.7 271
11 Halibut 19 Faeroe Islands 1.7.1971 74 19.0 58 2.1 14.2
12 Halibut 76 East of Greenland 1.4.1971 9.1 14.8 23 2.5 29.5
13 Halibut 28.5 East of Greenland 1.4.1971 104 17.8 39 25 17.7
14 Halibut 47 Skjoldbanken, Helgeland 6.2.1961 9.3 16.0 9.1 34 13.2
15 Halibut 18 Skjoidbanken, Helgeland 6.9.1971 8.3 15.4 4.3 2.7 27.3

“ Defatted, dehydrated.
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Frgure 1. Gammua-spectra of neutron activated tunny meal (— -) produced from sample § and a
mercury standard ¢ - - ) recorded ~3 months after activation.
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Figure 2. Gamma-spectra of neutron activaled dehydrated agueous phase (- -) produced from
sample § and selenium standard (- - ~ ~) recorded ~3 months after activation.
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for the standard for the determination of sulphur in the lipid phase and sodium sulphate
in distilled water as standard for the determination of sulphur in the aqueous phase

3. Results and comments

The yield of defatted. soluble and insoluble materials after dehydration at 90 w0 100 C.
together with ash contents and the yield of total lipids, are given in Table 1. These
values are rather constant for the halibut samples, demonstrating relatively simiar
living conditions both for young and old individuals. For the tunny a high variation is
observed. This is especially the case for the content of lipids, which varied from approxi-
mately [ to 2°,, up to more than 40 °,. This also influences the yield of defatted insoluble
and soluble material in these samples. When the yield of dry material from the aqueous
phase and the meal is considered in view of the fat content of some of the tunny. par-
ticularly samples 2 and 6, these values are more in accordance with the rest.

The results of the trace element analysis of the meal and the dehydrated aqueous
phase are given in Table 2. They show that the tunny which cover a great area and
occupy positions near the top of the marine food chain show large variations in the
content of the different trace elements analysed. This again reflects a considerable
variation in their type and amount of prey and also that the different localities may give
a different exposure to trace elements. These variations are probably natural in origin,
rather than caused by pollution. The halibut samples taken from the various localities
did not show such a great difference in the content of trace elements analysed for. Nor
could any particular difference between young and old individuals be observed.

The content of the heavy metals lead, copper, zinc and cadmium seems on average
to be within the same range as formerly reported.!* !* The values for iron found in
halibut, are, however, remarkably low.

Special concern has been focused on cadmium to see if this element is enriched in
the food chain as compared to zing. 1t has been shown previously?? that the cadmium :
zinc ratio in fish is lower than that reported for seawater, namely 1 : 100.14 The resuits
obtained in this study are in agreement with these findings, see Table 4. 1t should be
noted, though. that due to uncertainties connected with the cadmium and zinc deter-
minations in seawater it is, at present, difficult to draw any definite conclusion on this
matter. On the assumption that the cadmium :zinc ratio in seawater lies between | and
2 1073, the results indicate some enrichment of zinc compared to cadmium.

The fractionation between the meal and the aqueous phase of the defatied samples
show that the copper content is higher in the aqueous phase for both tunny and halibut
and that the content of zinc and cadmium is higher in the meal. This is in accordance
with previously reported results.”

The selenium content of the different samples varies from a level which should be
characterised as normal for marine fish, i.e. 1.5 to 3.5 parts/million and up to very high
levels for some samples (tunny samples 2 and 7). The values found here lie far beyond
what is normally regarded as the toxic level for selenium in mammals. Since the sulphur
content in all meals is rather constant, the results indicate that there should exist
selenium compounds which are created independently of the sulphur compounds.
i.c. not as analogous to the sulphur amino acids, see Table 4. Peculiar 10 these high




Tastr 2. The contents of trace elements and sulphur (pacts aittion) in the meal and dehydrated aqueous phase of tunny and halibut

Meal Dehydrated aqueous phase
Sample no. Cd Pb Cu Se Zan Fe As Hg S Cd Pb Cu Se Zn Fe As Hg S
\ 0.05 030 041 28 18 52 4 5.1 5800 007 0.61 5.0 1.8 22 310 7.3 0.53 550
2 0.14 026 29 10.3 42 190 6 88 7200 007 0.88 27 62 30 166 21.1 0.5 1500
3 010 032 025 27 27 370 5 3.7 7000 005 058 44 103 26 290 218 0.55 5440
4 027 1.7 076 33 189 75 4 37 8300 005 0.59 36 33 7T 1o 6.7 0.18 900
5 008 0.17 008 26 23 35 -3 3.0 7400 009 1.13 16 50 36 120 7.6 0.19 550
[ 0.16 1.2 14 38 76 90 5 59 8%00 0.12 090 13 1.5 12 — — — —_
7 035 047 53 33 94 340 7 68 5700 010 069 13 70 ,25 540 23 086 3800
8 002 045 1.8 24 29 - 15 5 1.3 8100 001 0.72 1.7 ta 60 &0 93 0.0 1280
9 Gl16 (.26 2.2 2.5 35 25 P 7.0 8090 003 0.59 1.1 5.0 42 - 20 37 006 1570
10 006 19 057 25 64 s 5 57 9800 008 0.39 84 18 6.6 18.0 171 -— 560
" 007 034 1.2 14 29 15 10 i.2 8400 004 1.7 35 22 109 20 235 — 110
12 005 029 040 20 25 15 -3 37 8700 005 038 22 34 59 135 54 — 1170
13 003 033 09 16 20 14 8 09 9300 004 043 26 2.1 3.7 11.6 186 0.06 850
14 006 078 4.0 1.7 27 27 9 6.2 9600 0.03 0.59 4 21 58 20 32 0.19 1340
[ 004 060 27 19 22 15 5 43 7800 003 018 20 2.1 46 222 24 007 1150

-—, Not determined.
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selenium concentrations is also the observed enrichment of the element in the aqueous
phase. This is in agreement with earlier results.”

When boiling fresh fish it has been shown that the arsenic is enriched in the aqueous
phase.® These results are confirmed i the present investigation. Especially in the
halibut ~amples a very high content of arsenic is found in the aqueous phase.

Abou 1 month after neutron activation, it was possible to measure the radioactive
mercury isotope *°**Hg together with the radioactive selenium isotope “*Se (see Figures
I'and 2). The y-spectra of all samples show the same tendency of the mercury content
to be reduced in the dehydrated aqueous phase compared wvith the content in meal
produced from the same sample. As indicated by Table 2, where some sumples of the
aqueous phases have been analysed separately by flameless atomic absorption spectro-
photometry. this effect is especially pronounced for the halibut samples. This eftfect
has also previously been observed for mackerel and herring.” It is difficult to say
whether the mercury. which presumably is mainly present as methyl-mercury.® is re-
leased from the combination with proteins in the aqueous phase and evaporates; or
whether the methyl-mercury is mostly localised proteins or compounds which are in-
soluble in water when treating the raw material as described in this investigation.

The results of the trace element determinations in the lipids extracted with hexane
and with hexaneisopropanol, respectively. are shown in Tabie 3. The purpose of
dividing the extraction of the lipids into two stages was to obtain some fractionation
between the bound and the unbound lipids in the tissue. The concentration of phos-
phorus. (i.e. the phospholipids), in the two fractions indicates that such a fractionation
is obtained, although some of the hexane extracts contain a relatively high amount of
phospholipids. The different steps of sampie handling prior to extraction may have
some influence on this fractionation.

It has been shown previously that the presence of metalssuch aszinc, copper and cobalt
in the oil phase seems to be correlated with the simultaneous occurrence of phospho-
lipids.'? This was also observed in the present investigation, iron and zinc were found to
be present in the lipid phase in both the hexane extracts and the hexane isopropanol
extracts where phosphorus also was observed. This was particularly so in the case of
tunny. It should. however, be recognised that the iron and zinc levels in the oil will be
dependent upon the content of iron and zinc which is available in the fish for this
reaction.

The results show furthermore than the fat-soluble arseno and bromo organic com-
pounds are 10 a certain extent concentrated in the hexane/isopropanol extract. This
means that some of these compounds are probably more strongly bound to the tissue
than others. This is most evident in samples from fish with a high content of oil but the
tendency also prevails in the other samples. The amounts of these compounds associated
with the tissue is, however, rather small compared with the total amount of these

; compounds present in the oil.
The results of the selenium determinations show an enrichment in the lipids extracted
with hexane/isopropanol which is in accordance with earlier findings.'® Except for two
f samples 2 and 7. the level of selenium in tunny is of the same order as has been reported,”
K while the level in the lipid phase from halibut is lower. The great variations of the
; selenium content in the lipid phase compared with the meal phase should be noted. In




Tawme 3. The content of trace elements, phosphorus and sulphur (parts'million) in the liptd phase of tunny and halibut

Hexane extract Hexane ‘isopropanol extract

" Yeld of

Yield of
Sample no. lipids (") As Br Se Zn Fe P S lipids (%)) As Br Se Zn Fe P
1 0.2 1.2 38 096 7.8 297 9300 -- 03 74 200 037 29 3.0 14200
i .1 50 53 34 58 330 970 88 0.5 78 130 59 46 56 5400
3 0.4 40 3AS 072 45 126 1480 — 0.3 56 109 061 31 15 7400
4 42.2 260 LB 005 012 - 13 10 0.6 98 70 030 66 102 3300
M 8.4 32 39 007 066 — 98 85 1.7 62 42 028 14 2.1 2020
6 2.2 36 20 019 14 45 169 600 1.1 12 78 085 49 4.3 3200
7 S 58 54 176 47 428 1230 900 1.5 19 12.5 139 6.0 120 9000
8 4.0 24 4.2 003 022 03 117 — 1.7 48 107 0066 7.3 0.74 2810
9 17 {6 35 006 026 03 167 950 1.0 44 96 020 04 — 3550
10 9.0 22 32 003 01 03 41 240 3.5 1.8 4.8 0040 042 -- 660
il 53 22 9.1 002 -0.1 0.3 10 — 2.1 4.6 9.9 9,030 0.2t _ m
12 6.7 42 56 0032 025 03 71 440 24 62 10 0035 044 15 490
13 8.1 24 6.5 0025 -0.1 -03 10 40 2.3 4.0 7.7 0031 050 — 600
14 8.4 54 4.6 003 01 -03 344 60 0.9 98 124 009% 40 12 3900
15 7.0 16 25 0043 00 -03 148 780 1.3 48 47 0010 048 — 3500

-, Not determined,
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order to get some more information about the nature of the organic selenium com-
pounds, the sulphur :selenium ratio was calcuiated both in the lipid and in the non-
lipid phase, see Table 4. These resuits show a good correlation between sulphur and
selenium in the different samples of meal, where the sulphur :selenium ratio appears to
be rather constant, Se :S ~ 1.5 to ~4.0 > 107*, No such agreement is observed for the
sulphur :selenium ratio in the lipid phase. The lipid-soluble selenium compounds scem
here to be formed independently of the sulphur organic compounds. The selenium :

TaBLE 4. The ratio of Se S, Se’'Hg and Cd Zn in fractions produced from tunny and halibut

Lipid phase Dehydrated aqueous
Se/S Meal phase phitse
Hexane,isopropanol

Hexane extract extract Se,S CdZn SesS Cd Zn

Sample no. ( 1073 (-107?) (<1073 Se’Hg (107%) (.10°%) S¢ Hg (10 Y
! 048 055 28 33 4 31
2 38 14 1.17 33 41.3 112 23
3 038 073 37 18 14 1.9
4 5 4.5 0.39 0.86 1.4 3.7 1% 0.6
5 0.8 0.47 0.35 0.86 35 9.1 26 24
6 0.3 0.48 042 063 2.1 9.6
7 8.4 1.7 5.8 4.8 3.7 182 81 4.0
8 0.05 0.26 1.6 0.6 09 {1 1.6
9 0.06 0.02 0.31 036 45 0.7 I8 7.1
10 0.15 0.83 0.25 0.44 0.9 32 12.1
1 0.06 016 12 24 2.0 37
12 0.07 0.13 022 052 20 29 8.5
13 0.62 0.4 0.17 1.7 1.5 2. 35 10.8
14 0.5 0.18 0.28 22 1.6 1n 52
15 0.05 0.002 0.25 0.45 1.8 1.8 0 6.5

sulphur ratio in the aqueous phase indicates an enrichment of selenium compared with
sulphur.

The high sulphur contents found in both lipid fractions were quite surprising, since
to the author’s knowledge presence of typical fat-soluble sulphur compounds in such
quantities have previously not been observed in marine organisms. At the present time
nothing is known about the nature of these compounds. They seem to separate between
lipids extracted with hexane and lipids extracted with hexane/isopropanol in a pattern
stmilar to the phospholipids, i.e. they are enriched in the fraction of lipids which are more
closely bound to the tissue. The relatively large amounts of sulphur observed may
indicate a specific biochemical function.

Lately, interest has been focused on a possible connection between selenium and
nethyl-mercury in tunny.'? It is proposed that the selenium acts as a detoxification
agent against methy|-mercury and also that the fish has an ability to regulate the uptake
of selenium corresponding to the level of methyl-mercury in the fish. In Table 4 %
presented the mercury :selenium ratio in tunny and halibut which shows considerabie
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variatior ». In view of the rather constant selenium content, see Table 2, the above
suggestion that the content of methyl-mercury should influence the uptake of selenium
seems, therefore, dubious.
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