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Abstract~The concentrations of various trace clements and radionuclides have been meas­
ured in marine protein concentrates prepared from surface feeding fishes. 

As with concentrates prepared from benthic fishes, the 210Pb-210Po pair ai'e the most signif­
icant radionuclides present. Concentrations of stable Pb, Co and Ag in certain concentrates are 
sufficiently high to contribute substantially to estimatC"d current intakes of thC"se clements. 

INTRODUCTION 

IN 1967, the Cnited 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 cfTort has been the 
development of a commercially viable fish 
protein 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 ( ,..._,30 ~;,; 
protein) h<iving the consistency of flour. 

The major use of a successful FPC program 
would most probably he directed to alleviating 
the protein deficiency which is now present 
in the dicb of some 1.5 billion persons living 
pri1:;:ipal]y in lropiral and subtropical arcas.Ol 
Ilmn-\eL a recent study conducted by Cornell 
L nivcrsi 1 y for tl1c '\ational Center for Fish 
Protein Concentrates indicated a potential 
rnarkct for sn-rral billion pounds of FPC as 
additives in the U.S. food industry.<~) FPC 
could ],,~ used to enrich commodities such as 
bn-eragcs, breakfast foods, canned meats and 
baked goods. '1 ·uclay, there arc vigorous research 
progr:JJm dealing with FPC production in 
S\n"dcn, ( :anada, France, Brazil, Germanv, 
:\Iorocco, Pakistan and }\:rut, and it seems. 
prolJal.ilc ll1aL such producis '"·ill ulti1nately 
play a rok in allc·;iating protein deficiency in 
hrnc1<Ul dicl.s. 

Jn a r('C('nt artic!r_,Cll data \HTC presented on 
tlic conccntra:ions ,;[ 11;.,t1ffal and artillcial 
radionm lidcs in sdcctccl s1·afoods and l·'J'( :. 
\\-c rcas•mcd that the concentrates would lie 
particularly intcff<;ting. smce the indt1slrial 

concentration of fish to concentrate (6.6 lb of' 
wet fish produce 1 lb FPc< 2 l) might enhance the 
concentrations of radionuclides if they were not 
removed in processing. Indeed, the concentra­
tions of naturally occurring 210Pb (T l/'2 = 2 l .4J1) 
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 rnateriais. In addition, we 
have measured CfTt<iin stable clements in these 
products as a further indication of the enrich­
ment processes whi.:11 occur in th(: chain: 
water -organisrn-cnnccntratc. 

:\1ETHODS 

The samples analyzed were supplied by the 
National Center for Fish Protein Concentrate, 

* P1Tscnt address: Environmental Sciences Branch, 
Division of Biology and J\lcdicine, U.S. Atomic 
Energy Commission, ·washington D.C. 20515. 

t A detailed dcscrip1ion cf both the basic FPC 
prograr11 and the ~issoci:1tecl research effort lo date is 
beyond the scop': of the present article. There are", 
however, l\\O sources where such information can be 
obtained: The .-\.nnual Rcpon of the President to 
the Congress on .\Iarinc H.<·scurce; and Engineering 
Development (l:.s. G·:iffrnment Printing Oflice: 
1970) and Fish Protein Concentrate', A Compn-hcn­
sivc Bihliqgr~~phy ~:clearinghouse for Fedcr~i.l Scien­
tific and Tcc!mical Jnfr,rrnation. :'\ational Bureau of 
Standarch, C.S. Dcparlrncnt of Commerce, Spring­
lidcl, \'a.). 
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College Park, ~1aryland. Gamma-ray emitting 
radionuclides vv·cre analyzed as received by 
counting 100-g aliquots of the concentrate 
(in duplicate) using NaI (Tl) detection systems. 
Iron-55 was determined by chemically isolating 
the iron in the sarnple<4l and then measuring 
the 5.9 keV X-ray which results from the de­
cxcitation of its daughter, 55:\J n. Polonium-210 
and 210 Pb were determined as preYiously 
described. <3 > Polonium-208 and 212Pb were 
used as yield monitors to account for any losses 
which occurred during chemical processing 
steps. Ivicasurcment or the alpha radioactivity 
was done using alpha spectrometry with surface 
barrier diodes. 

T:·~icc clement analyses for all clements except. 
iron were performed by atomic absorption 
spectrometry. Iron was determined colori­
metrically, <5> using 0-phenanthrolein as the 
color-forming agent. Duplicate 20-g samples or 
concentrate were wet ashed in redistillcd, reagent 
grade concentrated nitric and perchloric acids 
or dry ashed in a mufile furnace at ·!GO C, 
depending upon the volatility or the clement of 
interest. }'or the trace elements Co, Cu, Zn, 
Fe, Ag and J\1n, 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, l'vln, Zn) or bv com­
paring sample absorbanccs with those prqnrccl 
from standard solutions (Ag, Cd, Co, CuJ. 

All radiometric data have been decay correc­
ted to collection da1cs and the errors associilted 
with these measurements are the standard 
errors ( 1 a) ckrivcd from a statistical a1Mlysis 
or the sample and background counting rates. 
The errors associated with the stable eiemcnt 
andyscs approach :±: 5 ~{, (based on agreements 
between duplicate samples and on samples to 
which known amounts of trace clements have 
been added). 

RADIOACTIVITY MEASUREMEJ\"TS 

The results or our radioactivity measurements 
are presented in Table 1. There are significant 
differences lxt\1Tcn the radimrnclide content 
of these protein concentrates and Lhosc H'purtt·d 
e;.crlicr. <3 l In general, 137 ( 's values for concc:1-
tratcs prepared from surface feeding foh<:-; an: 
not app:-cciably dii!l:rent from those prcp;:rcd 

from inshore benthic fishes. Manganese-54 
Yalues are lower (possibly due to physical decay) 
while 55fe values are generally higher. The 
90Sr concentration of all the concentrates was 
<0.03 dis/min/g dry weight. Lead-210 and 

210Po values are comparable to those reported 
earlier, with the notable exception of the an­
chovy taken off the Southern California coast. 
The value of 5 7. 7 ± 0.5 dis/min/g dry weight 
anchovy concentrate was confirmed by the 
anah-sis or an aliquot of this sample by C. \V. 
Sill of the National Reactor Testing Station. 
This unusually high value was at first surprising, 
and we therefore analyzed various organs 
(pooled and individual) or fresh anchovy 
(Engraulis mnrdax) and saury (Cololouis saira) 
to determine the distribution of the 210Po, 
21op\) and stabk Pb in these fishes. Both 
species represent pelagic fishes whose diet 
consists mainly of plank tonic crustacea. <6 • 7> 

Tahle 2 clearly shows that in these fishes the 
majority of the 210 Po and 210Pb activity, as well 
as stable lead, is found in the internal organs, 
principally the liver, bone, stomach contents and 
viscera (heart, intestine, spleen, kidney, stomach 
and gonad). The number in parenthesis 
indicates the number or specimens analyzed. 
The values or 210Po observed makes the 210Po 
content or the anchovy concentrate less sur­
pnsrng. .\lorcover, the stable lead content or 
the anchovy bone and liver substantiates the 
high stable lead value found in the anchovy 
concrntratc. The lead specific activities (dis./ 
n1in 210 Pb/pg Pb) of anchovy tissue range from 
(i.()g to 0.3, with the ]cad specific activity or the 
anchovy concentrate being 0.09. These values, 
a;i.cl thusl'. of the saury and other concentrates 
analyzed here, approximate the range of lead 
sp:'ci!ic activities found by TER HAAR et al.,< 8 > 

in their measurements of rain waters collected 
in the mid-western United States. 

S1L\:\:\0>1 et a/.1 9 ·10
> have recently summar­

izf'd their measurements of alpha radioactivity 
m m::n nc organisms and wa tcr collected 
in South Africa. Allhough Shannon did not 
determine the partitioning or either 210 Pb or 
210 Po into the varirnts organs or the pelagic 
f]-;bcs analvzcd, he did observe a mean 210Po/ 
crnpb a<'tiYity ratio of l~i7 for whole fishes. 
Our ~ 10Po/ 21 °Fb activity t?.tios for the internal 
org:rns uf anchovy and saury reported in Table 3 
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Table I. Radionuclide concentrations in fish protein concentrates 

Radionuclide concentrations ( <lis/min/g dry weight) 

Sample Location 
Catch 
date 

Chesapeake June, 69 10.7 ±0.6 
Bay 

54Mn 137Cs 

n.d. 0.05 ±0.05 0.3 ::::0.2 0.18 ±0.02 2.2 ±0.2 Menhaden 
(Brernortia 
tyrannus) 

Menhaden 
(Brevoortia 
tyrannus) 

Menhaden 

Chespeake June, 69 9.5 ±0.6 0.07 ±0.05 0.25 :1::0.05 0.4 :::0.2 0.25 ±0.02 1.0 ±0.2 
Bay 

( B rernortia 
tyrannus 

Menhaden 
(Brn•oortia 
t)'rannus 

Ocean Pout 

Chcspcake June, 69 10.4±0.6 
Bay 

Chesapeake J unc, 69 10.0±1.2 
Bay 

Mass. Jan.,69 9.1-\-0.5 
Coast 

n.d. 0.09±0.05 n.d. 0.19±0.05 1.3 ±0.2 

n.d. 0.19 :::::0.09 1.1 ±0.6 0.23 ±0.02 4.6 ±0.2 

n.d. 0.16 ::':: 0.04 1.3 :i::0.5 0.17 ± 0.08 1.5 ::!::0.02 
(Afecmzoarces 
ameri{lmus) 

Alewife Lake April, 69 12.4-:-::0.5 0.06±0.04 0.06±0.04· 10.7=0.3 O.IG±0.04 3.2±0.07 
(Alo.sa pseudo 
haren.J;us) 

Michigan 

Gulf Mcnh:idcn 
(Brel'ourtia 
patronus) 

Anchovy 
(Engraulis 
mordax) 

l\Iiss. May, 69 I OA .r0.5 0.06 ::1:0.04 0.06 c'::0.04 0.9 ::'::0.4 1.4 ±0.3 3. 7 ±0.2 
Coast 

South Jan., 69 8.0 J::0.4 0.15±0.05 n.d. 6.7 ::1:0.6 0.74±0.08 57.7 ±0.5 

Atlantic herring 
( Chi/1rn lwrengus 
harengus) 

Califorma 
Coast 

l\tass. 
Coast 

n.d. not detcct:ible. 

Nov., 68 11.9 ±0.5 n.d. n.d. 11.2 ±0.8 0.07 ±0.02 0.2 ±0.06 

Table 2. Polonium-210, Lead-210 and stable lead in jJe!agic fishes 

S:implc 

Anchovy 
(Engraulis 
mordax) 

Location 

Oregon Coast 
(16°30') 
(124°14') 

Samy California 
(Cololabis Coast 
saira) (3G'l0') 

( 122"23') 

Collection 
date 

27 May 
1969 

16 Sept. 
1%9 

Tissue 

l\!Iuscle (13) 
Bo:ie (13) 
Liver (IO) 
\'isct:'ra (I 0) 
Stomach 

contents (10) 
Eviscerated 

whole fish (31) 
1\1 use!<~ (19) 
Bone (l'J) 
LiHr (l'l) 
\'isccra (l'J) 
Stornach 

contents ( 13) 

Radionuclide Concentration 
(dis/min/g dry \\Tight) 
21op0 ~rnpb 

1.6 :1:: 0.1 <0.l 
2.0 :-':: 0.3 2.0 ± 0.3 

255.2 - 19.2 1.2 ::!:: 0.4 -
158.9 :-.:~ :L3 l.S I 0.08 
29.1 :::':: 3.4 ') -_.:J ± 1.0 

6 ~ .I 0.8 0.12 0.05 

4.3 0.3 <0.l 
0.9 ... 0.2 0.9 :±:: 0.2 

53.1 3.0 0.5 = 0.2 
IM.I .. 7.0 1.1 I 0.1 
~J5.0 -- li.2 1.2 1.: 0.3 

---··---~---- -

Stable Lead 
(11g/g dry 
weight) 

0.2 
26.6 
10.1 

<0.1 
<0.1 

0.4 

0.2 
5.0 
3.9 

<0.1 
3.5 

=~-~-=----=-=-=:.-==--======--===-:--=---:::=-==------==.::::-----====- =----·--. ,--·-·-=--=--=--=-=------_-_. __ -_._-_·===----~---·===- . 

.. -. 
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Table 3. Trace element concentrations in fish protein concentrates 

Catch 
Sample Location date 

Menhaden Chesapeake June, 69 
(Brevoortia Bay 
tyrannus) 

I'v1cnhaden Chesapeake June, 69 
(Brevoorlin Bay 
tyrannus) 

1\1enhaden Chesapeakc June, 69 
(Brezoortia Eay 

tyramws) 
:Menhaden Chesapeake .June, 69 

(Brevoorlia B:"' 
IJrannus) 

Ocean Pout Id ass. .Jan., G9 
(c\facro.coarccs Coast 
americanu.s) 

Alevifr Lake April, 69 
(,1/osa jmudo :\1ichigan 
harcngu,) 

Gulf Mcnhaden ~\1iss. J\.1ay, 69 
(Brez oort ia Coast 
j1alro1111.1) 

Anchovy South Jan., 69 
(Engraulis California 
mordax) Coast 

Atlantic herring J\1ass. Nov., 68 
(Cl11j1ea lwrengus Coast 
lwrengu.1) 

arc in hir agreement \\·ith this ratio. Sha1mon 
has <tbo measured the 210Po/210Pb activity 
ratios in zooplankton, and reports a mean 
Yaiuc of 12. The pooled stomach contents 
oi" our anchovy specimens had a mean ~ 10 l'o/ 
210Pl1 ;1ctiYit\· ratio of approximatc:ly 12, again 
in good agreement with Shannon's findings, if 
v.T a'rnnw tLe stomach contents of the anchovy 
n~prcc;ent zooplankton residues. 

Th~: sarnc high 210I\i/210 Pb ratio was olJscrvcd 
fror the internal orgaw; of the saury. The stom­
ach content,, however, sho-vvcd a marked in­
crease in i~1i:; ratio, as a result of higher nopo 
concentrations. Unfortunately, identification 
of their st1Jmad1 contents was not possible and 
we then-fore canllot as,ign this higher ratio to a 
particular marine entity. 

Tlw clata in Table '.Z suggests that, at least in 
the case ot l'b, 210 1'1.J and 210Po, evisceration of 
the fish prior to processing would aid in reducing 
the concentrations of these entities in the final 

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

Pb Ag Cd Cu Co Fe Zn Mn 

0.8 1.3 1.0 5.4 1.6 346 124 41 

l.O 1.3 1.0 6.6 1.6 492 128 53 

1.0 1.0 0.8 5.6 1.1 614 131 64 

1.0 l. l 0.8 7.5 1.5 403 126 53 

0.3 1.9 1.1 6.5 6.3 254 93 9 

0.7 1.0 1.0 6.6 1.7 123 170 21 

2.3 J.5 J.0 5.3 1.6 860 142 64 

8.2 1.5 2.3 1l.7 l. l 373 143 12 

0.5 0.9 0.6 8.4 1.2 110 110 10 

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 species. Clll 

TRACE ELEMENT CONCENTRATIONS 

Table 3 lists the concentrations of trace cle­
ments which were measured in these FPC 
products. The number of trace clements which 
arc included is not exhaustive, and clearly there 
arc important clements missing. For example, 
Sc and As concentrations would h;i.vc been 
informative, as would the concentrations of 
l'vlo, Ti, Si, B and Ni. \Ve chose the trace 
clements shown in Table 3 because several arc 
considered toxic in moderate amounts (Pb, 
Ag, Cd, Cu) while others, in small amounL'i, arc 
essential to good nutrition (Co, Fe, Zn, i\!n).ll2J 

The high concentration of Pb in the anchovy 
FPC is consistent with the findings shown in 
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Table 2 in which the bone and liver 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 watersU3 ·14l and 
waters ofT the Oregon Coast(l5l show higher 
lead concentrations at the surface than do similar 
profiles taken in Atlantic waters off Bermuda. 
These high surface concentrations of Pb arc 
attributed to automotive exhaust emissions \\·hich 
are currently a subject of increasing concern. n 6l 
It is probable that the lead observed in all the 
FPC products analyzed here comes principally 
from this source. 

The concentrations of the remaining elem<:nts 
in the concentrates are not unusual considering 
the amounts of these elements in sea water(lil 
and their accumulation by marine organ­
isms. U8·19l 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 pyrcx glassware, and reagent blanks 
for all analyses were low. Contamination during 
production is a possibility since stainless steel 
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 arc derived solely from ecological 
concentration processes. 

CONCLUSIONS AND IMPLICATIONS 

In assessing the e!Tect which FPC might have 
in enhancing "normal" dietary intakes of both 
radionuclides and trace elements, it is necessary 
to make some estimate of daily FPC intake. 
KETCHuMOl estimates that 10~20g of animal 
protein would be sufiicient to alleviate the 
deleterious effects of protein deficiency in 
much of the world's population. l\1oreoYer, 
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/clay intake of FPC would be rearnn­
able. (20 ~4 ) 

Of the radionuclides measured in these con­
centrates the 210 Ph-~ 10Po p~1ir arc the 111ost 
significant. 'Ingestion of moderate amounts of 
these products would substantially enhance 

"normal" dietary intakes of these radionuclides. 
As argued earlier<3 l, HoL TZMAN( 25> and, more 
recently, MAGNO et al. <26l estimate the daily 
dietary intake of 210 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 210Pb-210Po which account for some 50 % of 
the skeletal radiation dose received from 
radionuclides deposited in that organ( 24l. 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 210Pb 
intake, respectively. Smaller but still significant 
contributions would be made from ingestion 
of all but the Atlantic herring FPC. 

A similar assessment concerning 210 Po is 
difficult, since time lapses between processing 
and ingestion does a!Tord a means of significantly 
reducing 210Po concentrations by radioactive 
decay (T112 = 138 d). However, 210Po con­
centrations approaching those of the anchovy 
FPC are important; a IO g/day intake of 
fresh product would add approximately 600 
dis/min to an average daily intake of 2·-20 
dis/min (H1LL<27>). A 1 yr delay between pro­
cessing and intake would reduce the anchovy 
FPC 210Po activity to 10 dis/min/g dry weight, 
but would still add 100 dis/min of 210Po daily 
to the diet at that time. 

Table 4 shows a tabulation of the estimated 
daily intake of the various trace clements of 
interest to this study. Included for several of 
the elements 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 tQ be cobalt. Ingestion of 10 g/ 
day 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 FPC, 
by greater than two orders of magnitude. The 
anchovy FPC would contribute substantially 
to Ph intake (r--.-80 µg), and all concentrates 
would increase Ag intake by 10-30%. The 
otlwr clements would all appear to be of lesser 
imponance in altering current intakes. 

::\either the radionuclide or the trace element 
concentrations measured in these product~ 

approach levels that are considered toxic, 
although the radioactive and trace element 
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Table 4. Daily intake of trace elements in adult human diets (after Bowen, Ref. 8) 

Daily intake Amount considered toxic 
(pg/day) Element (11g/day) ______ ,_______ -------

Pb 300-400 
Ag 60-80 
Cd 600 
Cu 2000-5000 
Co 0.2 

60,000 
3000 
250,000-500,000 
500,000 

Fe 12,000-15,000 
Zn I 0,000-15,000 
~1n 3000-9000 

measurements of the anchovy FPC should be 
viewed ,vith some concern. Moreover concen­
trations of both radioactivity and trace elements 
might be expected to vary in any given species 
with both time and location. It would seem 
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 
1 heir removal. 
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