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Abstract—The concentrations of various trace clerments and radionuclides have been meas-

ured in marine protein concentrates prepared from surface feeding fishes.
As with concentrates prepared from benthic fishes, the ?7*¢Pb-?!"Po pair are the most signif-

icant radionuclides present. Concentrations ofstable Pb, Co and Ag in certain concentrates are
sufficiently high to contribute substantially to estimated current intakes of these clements.

INTRODUCTION

In 1967, the United States began an ambitious
food-from-the-sea program to investigate meth-
ods of increasing the world’s protein supply.
An integral part of that effort has been the
development of a commercially viable fish
proicin concentrate (FPC) which could be
used as a protein supplement in the diet of
humans. In an effort to minimize production
costs, whole marine organisms are processed
to produce a protein rich product (-~80°7
protein) having the consistencyofflour.

‘The major use of a successful /PC program
would most probably be directed to alleviating
the protem deficicncy which is now present
in the diets of some 1.5 billion persons living
principally in tropical and subtropical areas.”
Fowever, a recent study conducted by Cornell
University for the National Center for Fish
Protein Coneentrates indicated a potential
narket for several billion pounds of FP. as
additives in the U.S. food industry.) FPC

could be used to enrich commodities such as
beverages, breakfast foods, canned meats and

baked gouds. ‘Voday, there are vigorous research
programs dealing with FPG production in

sweden, Canada, France, Brazil, Germany,
Morocco, Pakistan and Peruf, and it seens
probable that such producis will ultimately

play a role in alleviating protein deficiency in

hivman diets,

In a recent article,data were presented on
the concentrations of natural and artficial

sceaioods and PQ,

We reasoned that the concentrates would be

particularly mteresting. since the industrial

racionuchdes mi selected

concentration of fish to concentrate (6.6 lb of
wet fish produce | fb FPG) might enhance the
concentrations of radionuclides if they were not
removed in processing. Indeed, the concentra-
tions of naturally occurring *°Pb (Ty. = 21.49)
were sufliciently high to constitute a significant
source of intake to humans. However, the

majority of these concentrates were produced

from benthic fishes (hake, sole, flounder) and

we considered it of interest to compare the
radionuclide concentrations of those products
with others prepared using surface feeding

fishes as starting materials. In addition, we
have measured certain stable clements in these
products as a further indication of the enrich-
ment processes which occur in the
walter -organism-concentrate.

chain:

METHODS

The samples analyzed were supplied bv the
National Center for lish Protein Concenirate,

 

* Present address: Tnvironmental Sciences Branch,
Division of Biology and Medicine, U.S, Atomic

Encrgy Commission, Washington 1.C. 20545,
ft A detailed description of both the basic FPG

program and the associated research cffort to date is

beyond the scope of the present article. There are,

however, ro sources where sucn information can be

obtained: ‘The Annual Report of the President to
the Coneress on Marine Rescurces and Engineering
Development (U.S. Government Printing Office:

1970) and Tish Protein Concentrate, A Comprchen-

sive Biltiography (Clearinghouse for Federal Scren-
tiie and Technical Information. National Bureau of
Standards, U.S. Department of Commerce, Spring-

ficid, Va.).
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College Park, Maryland. Gamma-rayemitting
radionuclides were analyzed as received by
counting 100-g aliquots of the concentrate
(in duplicate) using NaI (TI) detection systems.
Tron-55 was determined by chemically isolating
the iron in the sample! and then measuring
the 5.9keV X-ray which results from the de-
excitation of its daughter, 5\in. Polonium-210
and ™°Pb were determined as previously
described. Polonium-208 and #!2Pb were
used as vield monitors to account for anvlosses

which occurred during chemical processing
steps. Measurement of the alpha radioactivity
was done using alpha spectrometry with surface
barricr diodes.

“Trace element analyses for all elements except.
iron were performed by atomic absorption

spectrometry. Tron was determined colori-
metrically, using O-phenanthrolein as the
color-forming agent. Duplicate 20-g¢ samples of
concentrate were wet ashed in redistilled. reagent
grade concentrated nitric and perchloric acids
or dry ashed in a muffle furnace at 160 C,

depending upon the volatility of the element of
interest. For the trace elements Co, Cu, Zn,
Fe, Ag and Mn, dry ashing techniques were
employed. For Cd and Pb, wet ashing with
concentrated acids is preferred. Elemental
concentrations were determined by the method
of standard additions (Pb, Mn, Zn) or by coin-
paring sample absorbances with those prepared
from standard solutions (Ag, Cd, Co, Cu).

All radiometric data have been decay correc-

ted to collection dates and the errors associated
with these measurements are the standard
errors (lo) derived from astatistical analy >is

of the sample and background counting rates.
The errors associated with the stable element
analyses approach +5°% (based on agreements
between duplicate samples and on samples to
which known amounts of trace clements have
been added).

RADIOACTIVITY MEASUREMENTS

The results of our radioactivity measurements
are presented in ‘Vable 1. ‘There are significant
diferences between the radionnclide content
of these protein concentrates and those reported
earlicr.@) In general, 7's values for concen-
trates prepared from surface feeding fishes are

not appreciably diiicrent from those preparcd

RADIONUCLIDES IN MARINE PROTEIN CONCENTRATES

from inshore benthic fishes. Manganese-54
values are lower (possibly due to physical decay)
while Fe values are generally higher. The
“Sr concentration of all the concentrates was
<0.05 dis/min/g dry weight. Lead-210 and

210Po values are comparable to those reported
earlicr, with the notable exception of the an-
chovy taken off the Southern California coast.
The value of 57.7 + 0.5 dis/min/g dry weight
anchovy concentrate was confirmed by the

analysis of an aliquot of this sample by C. W.
Sill of the National Reactor Testing Station.
This unusually high value wasatfirst surprising,
and we therefore analyzed various organs
(pooled and individual) of fresh anchovy
(Engraulis mordax) and saury (Cololabis saira)
to determine the distribution of the 7!°Po,

“10Ph and stable Pb in these fishes. Both
species represent pelagic fishes whose dict
consists mainly of planktonic crustacea.(6?

Table 2 clearly shows that in these fishes the
majority of the #°Po and 7!°Pbactivity, as well

as stable lead, is found in the internal organs,
principallytheliver, bone, stomach contents and
viscera (neart, intestine, spleen, kidnev, stomach

and gonad). The number in parenthesis
indicates the number of specimens analyzed.
The valucs of ?}°Po observed makes the 7°Po
content of the anchovy concentrate less sur-
prising. Mlorcover, the stable lead content of
the anchovy bone and liver substantiates the
high stable lead value found in the anchovy
concentrate. Vhe lead specific activities (dis./

min 7!8Pb/uge Pb) of anchovytissue range from
G.08 to 0.3, with the lead specific activity of the

anchovy concentrate being 0.09. These values,
and those of the saury and other concentrates
analyzed here, approximate the range of lead
specilic activities found by Ter [sar ef al.,‘®
in their measurements of rain waters collected
in the mid-western United States.
SHANNON ef al.930 have recently summar-

ized their measurements of alpha radioactivity
in marine organisms and water collected
in South Africa. Although Shannon did not
determine the partitioning of either 3!’Pb or
“19P6 into the various organs of the pelagic
fishes analyzed, he did onserve a mean 7!°Po/
49Pb activity ratio of 157 for whole fishes.
Our *°Po/6Pb activity ratios for the internal
organs of anchovy and saury reported in Table 3

.
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Table 1. Radionuclide concentrations in fish protein concentrates
 
  

Radionuclide concentrations (dis/min/g dry weight}
 
 

 
 

Catch
Sample Location date 10K 54Min 137Cs o5Fe 210Ph 210Po

Menhaden Chesapeake June, 69 10.7 +0.6 n.d. 0.05 £0.05 0.3+0.2 0.18+4+0.02 2.2+0.2
(Brevoortia Bay
tyrannus)

Menhaden Chespeake June, 69 9.540.6 0.07 4.0.05 0.2540.05 0.40.2 0.25+0.02 1.0+0.2
(Brevoartia Bay
tyrannus)

Menhaden Chespeake June, 69 10.4+0.6 n.d. 0.09+4+0.05 nd. 0.1940.05 1.3+40.2
(Breveortia Bay
tyrannus

Menhaden Chesapeake June, 69 10.041.2 n.d. 0.49-0.09 1.140.6 0.234002 4,640.2

(Brevaartia Bay
Eyrannus

Ocean Pout Mass. JjJan., 69 9.1-+0.5 n.d. 0.16-+.0.04 1.3-+0.5 0.17+4+6.08 1.5+0.02

(Macrozearces Coast

americanus)

Alewife Lake April, 69 12.4-£0.5 0.05+0.04 0.06 +0.04 10.7--0.3 0.1640.04 3.2 40.07
(Alosa pseudo Michigan
harengus}

Gulf Menhaden Miss. May, 69 {0.4 40.5 0.06+0.04 0.06+6,04 0.9+0.4 1440.3  3.740.2
(Brevoortia Coast
patronus)

Anchovy South Jan.,69 8.0 40.4 0.15+0.05 n.d. 6.7 +0.6 0.744-0.08 57.7 +0.5
(L£ngraulis California
mordax) Coast

Atlantic herring Mass. Nov., 68 11.9+0.5 n.d, n.d. 11.2+0.8 0.074-0.02 0.2 +0.06

(Clifca harengus Coast
harengus)
   

n.d. not detectable.

   
Zable 2. Polonium-210, Lead-210 and stable lead in pelagic fishes

    

Radionuclide Concentration Stable Lead

 
  
 

 

  

Collection (dis/min/g¢ dry weight) (uefe dry
Sample Location date ‘Lissue 210Po 20Pb weight)

Anchovy Oregon Coast 27 May Muscle (13) 1.6 + 0.1 <Q] 0.2
(Eneraulis (46°30°) 1969 Bone (13) 20 = 03 20 +03 26.6
mordax) (124°14") Liver (10) 255.2 — 19.2 1.2 4. 0.4 10.1

WViscera (10) 158.9 =. 6.3 1.3 | 0.08 <O.1

Stomach 29.) -4- 3.4 2.5 + 1.0 <0.1

contents (10)

Eviscerated 6.7 + 0.8 0.12 =- 0.05 0.4

whole fish (31)
Saury California 16 Sept. Muscle (19) 4.3 = 0.3 <O.i4 0.2

(Cololabis Coast 1969 Bone (19) 0.9 -- G2 0.9 =a. 0.2 5.0

saira’ (35°10°5 Liver (19) 53.1 + 9.0 0.5 += 0.2 3.9

(122°23") Viscera (19) Li4.} = 7.9 1.1 -4 Git <O.1

Stomach 95.0 -- 6.2 12 £03 3.5
contents (13)

er a “*- pac .
* »
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Table 3. Trace element concentrations in fish protein concentrates
 

RADIONUCLIDES IN MARINE PROTEIN CONCENTRATES

  

Trace element concentrations (ug/g dry wt. ppm)

 

Catch —— ———
Sample Location date Pb Ag Cd Gu Co Fe Yn Mn

Menhaden Chesapeake june, 69 0.8 1.3 1.0 54 4.6 346 124 4]
(Breveortia Bay
iyrannits)

Menhaden Chesapeake June, 69 1.0 1.3 1.0 66 16 492 128 33
(Brevoortia Bay

hrannus)

Menhaden Chesapeake June, 69 1.0 10 0.8 5.6 1.1 614 131 64
(Brevoortia jay

lyrannus)

Menhaden Chesapeake June, 69 1.0 1] 0.8 7.5 1.5 403 126 53
(Bretvoortia Bay

tyrannus)

Ocean Pout Mass. Jan., 69 0.3 1.9 Ll 6.5 63 254 93 9
( Afacra zoarces Coast

americanus)
Alewife Lake April, 69 0.7 1.0 1.0 66 1.7 123 170 2)

(Alasa pseudo Michigan
harengus)

Gulf Menhaden Miss. May, 69 2.3 1.5 1.0 53 1.6 860 142 64
(Bretoortia Coast

patronus)
Anchovy South Jan., 69 8.2 1500 2.30 11.7 1.1 373 143 12

(Engrautis California

mordax) Coast
Atlantic herring Mass. Nov., 68 0.5 0.9 0.6 8.4 1.2 116-110 10

(Clupea harengus Coast

harengits)

agreement with this ratio. Shannon
measured the 7!8Po/?©Pb activity

ratios in zooplankton, and reports a mcan

value of 12. ‘Lhe pooled stomach contents
of our anchovy specimens had a mean 7!°Po/
“0P}) activity ratio of approximately 12, again
in good agreement with Shannon’s findings, if
we assume the stomach contents of the anchovy
represent zooplankton residues.
The same high #Po/719Pb ratio was obscrved

lor the internal organs of the saury, ‘The stom-
ach contents, however, showed a marked in-

crease in this ratio, as a result of higher “Po
concentrations. Unfortunately, identification
of their stomach contents was not possible and
we therefore cannot assign this higher rauo to a

are in fam

has also

parucular marine entity.

‘he data in ‘Pable 2 suggests that, at least in
the case of Pb, "Pb and 728Po, evisccration of
the fish prior to processing would aid in reducing
the concentrations of these entitics in the final

product. It is not possible to assign an absolute
value for the anticipated reduction, for the

weight fraction which each organ contributes
to the total fish weight is only poorly known for
different fish specics.4)

TRACE ELEMENT CONCENTRATIONS

Table 3 lists the concentrations of trace ele-
ments which were measured in these FPC
products. The numberof trace clements which
are included is not exhaustive, and clearly there
are linportant clements missing, lor example,
Se and As concentrations would have been
informative, as would the concentrations of
Mo, ‘Ti, Si, B and Ni. We chose the trace
clements shown in ‘Vable 3 because several are
considered toxic in moderate amounts (Pb,
Ag, Cd, Cu) while others, in small amounts, arc

essenual to good nutrition (Co, Fe, Zn, Mn)."”?
The high concentration of Pb in the anchovy

¥PC is consistent with the findings shown in

c-

pop REC"
oe
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is (ug/g dry wt. ppm)
 

20 Fe Zn Mn
 

6 346 124 41

6 492 128 53

1 61413164

5 403 «12653

53 954 93ts«Y

17 123° «170

16 860 142 64

il 373 143° 12

1.2 110 =—-:110 i0
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Yable 2 in which the bone andliver of the fresh

anchovy contained unusual concentrations of
this element. It should be noted that stable

lead profiles (concentration versus depth) of
near-shore Southern California waters4%19 and
waters off the Oregon Coast?) show higher
lead concentrationsat the surface than do similar

profiles taken in Atlantic waters off Bermuda.

These high surface concentrations of Pb are
attributed to automotive exhaust emissions which
are currently a subject of increasing concern."

It is probable that the lead observed in all the
FPC products analyzed here comes principally

from this source.
he concentrations of the remaining elements

in the concentrates are not unusual considering

the amounts of these elements in sea water)?

and iheir accumulation by marine organ-

isms.4819%) However, the uniformity of con-

centration for Ag, Cd, Co and Cu is puzzling.
Addition of trace amounts of these elements
during analysis is unlikely since all processing

was done in pyrex glassware, and reagent blanks
for all analyses were low. Contamination during

production is a possibility since stainless stcel
vessels are used for containment and milling of

the final product to a flour-like consistency does
place the FPC in contact with metals. Conse-
quently, some caution should be exercised in
concluding that the concentrations of Ag, Co,

Cd and Cu are derived solely from ecological

concentration processes.

CONCLUSIONS AND IMPLICATIONS

In assessing the effect which FPC might have
in enhancing “‘normal’’ dietary intakes of both
radionuclides and trace elements, it 1s necessary
to make some estimate of daily FPC intake.
Keronum’) estimates that 10-20g of animal
protein would be sufficicnt to alleviate the
deleterious effects of protein deficiency in
much of the world’s population. Moreover,

experimental feeding programs conducted in
different countries in which bakery products
containing 10 -20° FPC by weight have found
wide acceptance, suggests that an assumed
10 g/day intake of FPC would be reason-
able. (0° *4)
Of the radionuclides measured in these con-

centrates the *’Pb-*!8Po pair are the most
significant. Ingestion of moderate amounts of
these products would substantially enhance

“normal” dietary intakes of these radionuclides.
As argued earlier™, Hoxutzman®) and, more
recently, Macno e¢ al.@® estimate the daily
dietary intake of2!°Pb at 4 dis/min. In addition,
Holtzman estimates an intake of another 4 dis/
min/day by inhalation. These concentrations,
over a lifetime, produce skeletal body burdens
of 2Ph—18Po which account for some 50% of
the skeletal radiation dose received from
radionuclides deposited in that organ’. Inges-
tion of 10 g/day of either the anchovy FPC or
the gulf menhaden FPC would add 7 and
14 dis/min, respectively, to a current dietary and
inhalation intake of 8 dis/min, the effect being a
near doubling and tripling of the total 74°Pb
intake, respectively. Smaller butstill significant
contributions would be made from ingestion
of all but the Atlantic herring FPC,
A similar assessment concerning ™°Po is

diflicult, since time lapses between processing
and ingestion does afford a meansofsignificantly
reducing *#’Po concentrations by radioactive
decay (Ty = 138d). However, *!°Po con-
centrations approaching those of the anchovy
FPC are important; a 10 g/day intake of
fresh product would add approximately 600
dis/min to an average daily intake of 2-20
dis/min (Hirt@?), A 1 yr delay between pro-
cessing and mtake would reduce the anchovy
FPC Po activity to 10 dis/min/g dry weight,
but would still add 100 dis/min of #!°Po daily
to the diet at that time.

‘Table 4 shows a tabulation of the estimated
daily intake of the various trace elements of
interest to this study. Included for several of
the clements are the levels which are considered
as toxic. The most striking addition of any
trace element to the diet, regardless of its source,

would appear ta be cobalt. Ingestion of 10 ¢/
dav of any of the concentrates would increase
cobalt intake by greater than an order of magni-
tude, and in the case of the ocean pout FPG,
by greater than two orders of magnitude. The
anchovy FPC would contribute substantially
to Pb intake (~80 ug), and all concentrates
would increase Ag intake by 10-3094. ‘The
other elements would all appear to be oflesser
importance in altering current intakes,

Neither the radionuclide or the trace element
concentrations measured in these products
approach levels that are considered toxic,
although the radioactive and trace clement

DOB ARS
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Table 4.Daily intake of trace elements in adult human diets (after Bowen, Ref. 8)
  

  

Daily intake
 

Amount considered toxic

 

Element (10g/day) (ug/day)

Pb 300-400 —

Ag 60-80 60,000
Cd 600 3000
Cu 2000-5000 250,000-500,006
Co 0.2 500,000
Fe 12,000-15,000 —

“tk 10,000-15,600 —_
Mn —_3000-9000
 

measurements of the anchovy FPC should be
viewed with some concern. Moreover concen-
trations of both radioactivity and trace elements
might be expected to vary in any given species
with both ume and location. It would scem
prudent, nevertheless, to continue such meas-
urements as a means of determining the suit-
ability of any given marine organism for starting
material in FPC production. Persistent and
undesirable concentrations of these entities
might then require process modifications for
their removal.
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