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College Park, Maryland. Gamma-ray emitting
radionuclides were analyzed as received by
counting 100-g aliquots of the concentrate
(in duplicate) using NaI (T]) detection systems.
Iron-55 was determined by chemically isolating
the iron in the sanlplei~) and then measuring
the 5.9 keV X-ray ~vhich results from the dc-
excitation of its dau~-htcr, 55AIn. Polonium-2 10
and 2i0Pb were determined as previously
described. t3j Poloni Llm-2?08 and ‘lzPb ~vere
used as yield monitors to at:colmt for any 10SSCS
which occui-red during chemical processing
steps. Mcasummcnt of the alp!la i-adioactivity
was done using alplm spectromctry \\’itllsurface
barrier diode-s.

Tr:xc rlcment anal}ses for all elements except,
iron \vcI-e performcj by atomic absorption
spccti-ornctry. Iron was determined colori-
met*-ically, (5J using C)-phenanthr-olein as tl~e

colm--f(x-min,g agent. Duplicate 20-g samp!m of

concentrate \vcrc \vct ashcd in redistilled. reagent
grade concentrated nitric and perchloric acids
or dry ashecl in a mttfik furnace at 460 (~,
clepcnding upon the volatility of the clement of
interest. For Lhc trace elements C1O, Cu, Zn,
Fe, Ag and Mn, dry ashing techniques ~wre
employed. For- Cd and Pb, wet ashing ~vith
concentrated acicls is prcfcrrcd. Elemental
conccn[rations wet-c clc[crmincd by the Inctbod
of standard additions (P!>, Mn, Zn) or i]y (:oiil-

paring san:ple absorbarlccs ~vith those prep:mxl
from standard so] ut ions (.A~, Cd, Co, CL)j.

Ml radiometric data llavc been ciccay correc-
ted to collection dai cs and the errors ass~x:i:itcd
with these mcasl]tcrncnts are the stanciarcl
errors (1 c7) c!crivrd from a statistical anal;>>is
of the sanlplc aIld background countin: rates.
l’hc errors assc]ciate d with the stable eicment
alizlyscs approach +- 5 ~~, (based 011 agreements
beti+ccr] dt[p!icate san]plcs and on samples (o
\vh]ch knmvn amounts of trace elements ha,,e

bear added).

RADIOACTIVITY MEASURENIEN-TS

The results of our radioactivity measurements
are prcscil[cxl in ‘1‘ilblc 1. ‘1’here are significant
dii~<rcnccs b(t~lccn the radi<)]~]~clicie Coi~t~llt

of [17(s<:prot(ill c(~ncc:ntrates ailC! dlosc rq>:x[[d

cz:rlicr. (3) In general, ‘3;(’s vzilucs for c(]nccn-
ttatcs prcparml lkc>nl surface frrdin{g fis!les ar(’
not apprwial>!v diil’Lt’tilt from t!losc prcpzu’d

from inshore benthic fishes. Manganese-54
values are lower (possibly due to physical decay)
~vhile 55Fe values are generally higher. The
90,sr concentration of all the concentrates was

<0.05 dis/min/g dry weight. Lead-2 10 and
‘laPo values are comparable to those reported
earlier-, Ivith the notable exception of the an-
C!lc)l,v taken off the Southern California coast.

‘Ihe ‘vzd’ue of 57.7 + 0.5 dis/min/g dry weight
anchovy concentrate was confirmed by the
anal;-sis of an aliquot of this sample by C. W.
Sill of’ tllc h’ational Kcactor Testing Station.
‘I-his unusually high value Jvas at first surprising,
and ~r~-: therefore analyzed various organs
(pooled and individual) of fresh anchovy
(En:~-au[i.$ fnflnfa.x) ancl saury (Cololflhi.! sai)-a)
to c!ctern~ine the distribution of the 210Po,
2101>1)and stable l% in these fis!ms. Both
spccim represent pelagic fishes wh:-lse diet
consists maiidy of plai~ktonic crustacea. (6’7)

Table 2 clearly sho\vs that in these fishes the
majority 01 the ‘]oPo and ‘l”PI] activity, as WCI1
as stable lead, is fbund in the internal organs,
principally the liver, bone, stomach co:ltents and
viscera (heart, inlestine, spleen, kidney, stomach
aild ~onad). ‘lke number in parenthesis

indicates the number of specimens analyxd.
The ~zlILl(:s of ~l’Jpo ol)servcd makes the ‘l”po

COIltCilt of the anchovy concentrate less sur-
prisill,y. :~lorco~,,cr, the stable lead content of
the a~lchovy bone and liver substantiates the
hi.q!l sta.blc lead value found in the anci~ovy
co]lc-elltratc. l’he lead specific activities (dis./
ulin ‘]0 Pb,/4ug Pb) of anchovy tissue range fl-om
(.:.08 to ().3, ~,itb the lead spcci[ic activity of the
a:lchovl. concentrate being 0.09. ‘rhesc values,
zinc] [lic)sc of the saury and other concenti-ates
anal~-zed here, approximak the range of lead
spc.c~f~c activities found by ‘rER IIAAR et al.,(y)
in their mcasurcmercts of rain waters collected
ilk thr mi(l-~vcstmm United States.

Sli,mxt)x et al. (9,]0) have recently summar-
ized tllrir n]casurcnlents c)f alpha radioactivity
i11 ll;:irinc organisms anti ~vatcr collected
in Soulll .\frica. Al iilougll Shamlon did not
(ivtemiil]c the partiti(]nin~ of either 2L(]Pb or
2101>0in~O tl~c v-:+ri(;l~s orxans of the pelagic
~~shcs an:llv;:rci, llc did oivxrvc a mean 210po/

C](’i’l> a,tiii[y ratio of 157 for whole fkbes.
ollr 210i>q/210i>l>ac[ivity ratios for the internal
oryins of anr!;ovy and saury reported in ‘l-able 3
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Table 3. Trace element concentrations inJislrprotein comentrates
— ——

Sample Location

—
Trace element concentrations (,ug/~ dry wt. ppm)

Catch —— .
date Pb Ag Cd C. Co Fe Zn Mn

Chesapeake
Bay

Chesapeake
Bay

Chesapcakr
I~ay

Cl)csapcake
J;,,,

Nlass.
coast

I.ake
Michigan

;~fiss.
coast

south
California
Coast

Llass.

June, 69

.June, 69

June, 69

.Junc, 69

<Jan., W

April, 69

May, 69

Jan., 69

Nov., 68

0.8

1.0

1.0

1.0

0.3

0.7

2.3

8.2

0.5

..

1.3

1.3

1.0

1.1

1.:1

1.0

1.5

1.5

0.9

1.0

1.0

0.8

0.8

1.1

1.0

).0

2.3

0.6

——.

5.4

6.6

5.6

7.5

6.5

6.6

5.3

11.7

8.4

1.6

1.6

1.1

1.5

6.3

1.7

.6

.1

,2

346

492

614

403

254

123

860

373

110

124

128

131

126

93

170

142

143

110

41

53

64

53

9

21

64

12

10

product. It is not possible to assign an absolute

value for the anticipated reduction, for dle
~vcight fraction t}’hich each organ contribute
to the total fish weight is 0121>7poorly known for
difrer-cnt fish spccics.fll)

TRACE ELEMENT CON’C13NTRATIONS

Table 3 lists the concentrations of tr-acc ele-

ments which win-c measured in these FPC
proclocts. The number of tram elements xvhicll

arc included is not txhaustivcj and clearly there

arc important cleincnts missing. l~or example,

Sc and .4s c(jnccl]tratious ~vou]d have LMYn

inl’orrnativc, a.s would the concentrations of
hlo, ‘~i, Si, B and N-i. IVC chose the trace
cl(vncnts show]l in ‘~able 3 because several arc
considered toxic in rnodcrate amounts (1’b,
Ag, (!d, Cu) w]lilc others, in small amounLs, arc
esstmLial to ~’ood nutrition ((k), Fe, ~n, hfrl). ‘]2)

The hi:h concentration of Pb in the anchovy

FP(”; is consistmrt Tvith the findings shown in

... ,.-.

?iPFw’
@&w 1. .’-

-*
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ATES

N (pg/g dry wt. ppru)

--l.0 Fe Z. M.

.6 346 124 41

!.6 4!32 128 53

. .1 614 131 64

L. 5 403 126 53

;.3 254 93 9

i.7 123 170 21

1.6 860 142 64

1.1 373 143 12

I.2 110 110 10

le to assign an absolute
cd reduction, for the
.ach organ contributes

ord}7 poorly knojvn for

:ONCENTRATIONS

entrations of trace ele-
asurcd in these FPC
i trace elements which
mtive, and clcariy there
missing. For example,
>ns Ivould have been
dle concentra [ions of

We chose the trace
,; 3 because se~eral are
~deratc a]mounts (1%,
;, in small amounts, arc
11(CO, Fe, Zn, \h). (12}

n of 1% in the anchovy
d~e findings shown in

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 waters{lz,l~) and
waters off the Ch-cgon Coasttls) show higher
lead concentrations at the surface than do similar
profiles taken in Atlantic waters off Bermuda.
These high surface concentrations of 1% are
attributed to automotive exhaust emissions ~rhich
are currently a subject of increasing concern. ’16)
It is probable that the lead observed in all the
FPC products analyzed here comes principally
from this source.

l’hc concentrations of the remaining elements
in the concentrates are not unusual considering
the amolmts of these elements in sea Ivater(li)
and their accumulation by marine organ-
isms. (18,1qJ 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 glass~vare, 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 \vith metals. Conse-
quently, some caution should be exercised in
concluding that the concentrations of Ag, f~o,
Cd and Cu are derived solely from ecological
concentration processes.

CONCLUSION’S AND IMPLICATIOhTS

In assessing the effect ~vhich FPC might have
in enhancing “normal” dietary intakes of both
radionuclides and trace elements, it is nrccssary
to make some estimate of daily FPC intake.
KETCFIUM(l) estimates that 10–20g of animal
prolein would be sufficient to aI1cviatc the
deleterious effects of protein deficiency in
much of the \vorld’s population. Moreover,
experimental feeding progTams conducted in
diflcrcnt countr-ics in ~vhich bakery pr-odllc:s
con{ainiug 10-20 ~. l~P(”~ by weight have found

\vidc acccptan cc, sug~gcst.s that an assllmcd

10 ~/ciay intake of l~l>(-; \rould l)c reason-
able.(~o 24)

Of dlc radionuclides measured in these con-
centrates tl]e ‘210p}J 210~~o p:~irar-~[}ICIl!OSt

significant. ‘Ingestion of moderate amounts of
these products would substantially cuhance

‘(normal” dietary intakes of these radionuclides.
As argued earlier(s), HOLTZM.AF$25)and, more
rcccntly, NIAGNO et al. (26) estimate the daily
dietary intake of Zlopb at 4 dis/min. In addition,

Ho] tzman estimates an intake of another 4 ciis/
rein/day by inhalation. These concentrations,
over a lifetime, produce skeletaI body burdens
of 210Pt]–210Po which account for some 50 % of
the skeletal radiation dose received from
radionuclides deposited in that organ(241. Inges-
tion of 10 g/day of either the anchovy lPC 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 FP(2.

A similar assessment concerning ‘l”Po is
difiicult, since time lapses between processing
and ingestion does afford a means of significantly
reducing 210po Concerltrations by radioacl ivc

decay (“~112= 138 d). However, 210Po con-
centrations approaching those of the anchovy
FPC arc 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 (HILL(27) ). A 1 yr delay between pt-o-
cessing and intake would reduce the anchovy
FPC 210Po activity to 10 dis/min/g dry weight,
but rvould still add 100 dis/min of 210Po daily
to tllc diet at that time.

‘Ial)le 4 shows a tabulation of the estimated
daily intake of the various trace elemcrrts of
intmcst to this study. Included for several of
the elements are the levels which are considered
as toxic. The most striking addition of any
trace clement to the diet, regardless of its source,
would appear to. 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 FP(’1,
by Srcatcr than two orders of magmitudc. ‘1’hc
arichovy FPC would contribute substantially-
to 1’1> intake (A80 pg), and all concentrates
\vould incrcasc .Ag intake by 10–30~&. ‘1’he
otllcr clerncnts would all appear to be of Icsscr
importance in altering current intakes.

Ncithm- (11c rariionuclide or the trace clcmcnt
conce~ltratio.s measured in these proclucts
approach levels that are considered t(,xi(,
although the radioactive and trace clement
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Table 4. Dai~ intake of trace elements in arlrilihuman diets (after Bowen, Ref. 8)
— .—

Daily in;ake Amount considered toxic
Element (/{g/day) (j/g/day)

Pb 300-400
,ig 60-80
Cd 600
c. 2000-5000
co 0.2
Fe 12,000-15,000
Zn 10,000-15,000

Mn 3000-9000

rncasurcmcnts of the anchovy FPC should be !3.

viewed }rith some concern. Moreover concen-
trations of both radioactivity and trace elcmeilts 10.

miqh t be expcclecl to Vary in any given species

with Imth time and location. It w-ould seem
11.

prudcmt, nevertheless, to continue such meas-

urements as a means of determining the suit- 12.
abilii y of any given marine organism for starting
material in FPC production. Persistent and 13.
undesirable concentrations of these entities

might then require process modifications for

1heir removal.
14.
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