
407868 

·-·>.:·~ ·.'; ~~ ~ .... 

. . ·. \.~~~~~:~i<~ ·~·~•;'i ·: .... ;;.V~;;.~~i,.l, ': ·i:,,~;,·~j~;:~i·{~~~.:';: ~~~Ji;··:•· 
,:'ANATIYSES}.OFJ.R·ADIONU . 

. ;, ~ ~!;~v· ~~.~- ;~.>-~~ _; ~· _; >::-,:.:_·->'-~>\'i::.::~-}~~:~'~.;~~~~~~~~~,:f~ ~i[~~f~~ 

\•.BIOLOGICAU~'INTERES· 

~r.~~~t~.1.•.~.i~A,;S!~Q/;""'.~ " 
:~, 

'.~~t~r~i~~.}~£0i~"·\ :~)~1;~~, ........ . 

,,,.:- .. 

(Reprinted from 



:, 

(Reprinted from Nature, Vol. 203, No. 4945, pp. 571-573, 
August 8, 1964) 

ANALYSES OF RADIONUCLIDES OF 
BIOLOGICAL INTEREST IN 
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and A. H. SEYMOUR 
Laboratory of Radiation Biology, University of Washington, 

Seattle 

I NVESTIGATIONS of the distribution of radionuclides 
in marine environments have been made by the 

Laboratory of Hadiation Biology, University of Washing­
ton, since 1946. These investigations have included 
radiochemical analyses of marine samples from the 
western and central Pacific, the north-eastern Pacific 
and the Arctic Ocean (Chukchi Sea). Tho analyses 
discussed hero aro those of samples collected recently in 
tlm Pncific Ocean. One group of samples was collected 
in tho vieinity of Christmas bland during the 1962 tests 
of nuclear dnvicos by the United States; another group 
was taken from near the mouth of tho Colwnbia Hiver 
where the effluent, carrying radioactive wastes from the 
Hanford reactors, 1nixes with tho Pacific Ocean; and mw 
samphi i.vas taken 250 miles off tho Oregon coast. 

I'l,adionuclides from both natural and artificial sources 
occur in these waters. The 1nost abundant and easily 
detected naturally occurring radionuclide is potassium-40. 
Other natural radionuclides to be expected in sca-vvakr 
aro n1di11m, uraniu1n, tl10riurn and their decay products. 
l\iost of the artificial radiouuclidcs generally present in 
the oceans am added as fall-out from nuclear detonations. 
The fall-out nuclides of biological interest include the 
fission products: strontium-89, 90, 'l;irconium-95-niobium-
95, ruthenium-103, 106, cmsium-137 and cerimn-141, 144; 
and tho induced radionuclidos: manganese-54, iron-55, .59, 
cobalt-57. 58, GO and 'l;iuc-65. Tho induced radionuclidos 
phosphorus-:12. chromium.-51 and 'l;inc-G5, carried to the 
sea by tho Columbia Itivor, aro produced by neutron 
activation of elements in the water used to cool tho 
Hanfm·d reactors. 

Hadiornwlidos in sea-water may be concentrated many 
thousand-fold by plankton. However. plankton consti­
tutes only a minute fraction of the total water mass, 
hnnce tho mnount of radioactivity in the total wator mass 
is grnatnr than in the t.otal planktou. 

The concentration of radioactivity by plankton pro­
vidos a convenient method for detonnining tho presence, 
but not tl10 an1om1ts. of radionuclidt's in st>a-wator. A 
quantitative measurement can be rnadn only by water 



I 
' analvsis. The measurement of radionuclides in sea-water 

is difficult because of tho nooossity of separating and 
concentrating atom quantities of the nuclides from gram 
quantities of soa salts. (?>-emitting radionuclides, such 
as phosphorus-32 and strontium-90, require complete 
separation of the nuclides from the salts to reduce tho 
absorption of ~-particles by the sample. Photons from 
y-cmitting radionuclides. such as chromium-51, zinc-65 
and zirconium-95--niobium-95, aro not absorbed in tho 
sample; but tho amount of salt in a sample large enough 
to contain a measurable quantity of a radionuclide usually 
is so great that tho sample geometry is reduced to an 
unacceptable value. Therefore, radionuclides for y­
spectrum analysis also are separated from the salt. 

Our purpose hero is to discuss methods used at this 
Laboratory for tho analyses of radionuclidos in sea-water 
and to present tho results of these analyses. The methods 
and n·sults of analy5es of Christmas Island samples have 
been reported by \Volandor and Palumbo\ and those pf 
the Colun1bia Hiver sa1nplcs are reported by Seymour and 
Lc''is 2

; however, they aro reviewed here to present a 
summary of tho Laboratory's inethods and results. In 
addition, values for strontium-90, as determined by 
other investigators, have been included to indicate th(~ 
world-wide distribution of this radionuclide in the surface 
waters of the oceans. 

Collection and preparal'ion proce1fores. Surface sea­
water samples wern collected from three areas in the 
Pacific Ocean: in the vicinity of Christmas Island (approxi­
matelv 2° S.- 2° K. btitude and 15:l 0 W.-168° W. 
longit~d:i); within 20 miles of the Columbia Hiver 
(approximately 46° ~- and 124° W.); and 250 miles off 
the Oregon Coast (approximately 45° N. and 130° 
W.). 

The Christmas Island samplos wore collected during 
the summer of 1962 and the samples taken near the 
Columbia l'liver were collected during January 1961-
June 1962. 10 I. of sea-water wore filtered using 47-mm 
HA-typo 'Millipore' filters ·with 0·45µ pore size. After 
filtering and chemical separation, the samples were 
analysed for y-emitting radionuclides. The Christmas 
Island samples were analysed also for strontium-90. 

On March 20, 196:3. a 100-1. sample was collected off 
the Oregon coast. This sample was divided into 50-1. 
aliquots which wero analysed by different methods for 
strontium-90. Tho particulate matter was separated 
from tho water by centrifugation, rather than by filtration, 
using an SS .4 Servall enclosed superspo00 centrifuge with 
tho Szent-Gyorgyi continuous-flow system. At 17,000 
r.p.m., the flow-rate was 200 ml./min. This system was 
about 30 per cent as effective as the 'Millipore' filter in 
removing the particulate matter. 

Chemical separation. A hydroxide precipitation method 
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was usod for tho samples taken fron1 nnar thf> Columbia 
River mouth, and a sulphi<lo prccipi ta,tion method adapted 
from Sood, Golden and Velten3 was used for tho Christmas 
Island samples. The sulphido method was preferred 
becauso it proved to be simpler and equally reliable. 

Hydroxide precipitation method. CaITiers of manganese, 
cobalt, iron, zinc and chromium (:WO mg each) in thoir 
chloride form were added to l \J I. of filtered sea-water 
sample. Under constant stirring. a prccletormined amount 
of concentrated ammonium hydroxide was added drop­
wiso and the precipitate w·as allowPrl to settle for 15 min. 
Then a few moro drops of amrnoni11m hydroxide were 
added to chock tho cornpletom·ss of the precipitation. 
Tho amount of concentrated ammoniurn hydroxido 
required for complotc precipitation of a I 0-l. sample 
variPd with the salinity according to th" <'CJ nation: 

V = 100 + :ViS 

where Vis the volume of reagent in ml. and Si,; tho salinity 
of the sample in parts per thousand. This relationship 
is based on observations in the range of 10-:32 per cent. 
Tho precipitate was allowf'd to st>ttle ovmnight or longer, 
after which time most of tho elPar supornato liquid was 
siphoned off. Tho remaining rnixt11ro was filtered through 
a vVhatman-42 filter paper 11nclor vacuum. Tho precipi­
tato was wet-ashed with concentrated nitric acid and 30 
per cent hydrogon peroxide. dried in a 250-ml. 'Pyrox' 
beaker and counted. Tho elorrwnts prnsont in greatest 
quantity in sea-water romain in tho suptirnate. This 
fraction also was dried and counted. The chemical yields 
by tho hydroxide precipitation method for manganese-54, 
eobalt-60, iron-59, zinc-65 arnl chromium-51 ranged from 
89 to 100 per cent. 

Sulphide precipitation method. Carriers of lanthamnn, 
iron, cobalt, zinc, nickol, zirconium, ruthnnimn, cerium, 
c~sium and strontium wore addo<l to ''.\liltiporo' -filtered 
soa-water san1ples, with oresium and strontium. serving as 
hold-back carriers. The sample was acidified to dissolve 
any suspended matter, heated to 80° C and the pH then 
adjusted to 11 with ammonium hydroxide. Hydrogen 
sulphide was bubbled slowly into tho solution under 
constant stirring. After the solution had boon saturated 
with hydrogen sulphido, it was taken off the heat and 
allowed to settle overnight. After separation from the 
supernate by filtering, the precipitate, containing ruth­
enium, cerium, cobalt, chromium, zinc, iron, zirconium 
and lanthanum, was placed in an eight-ounce plastic jar 
and counted. The percentage chemical yields by the 
sulphide precipitation method for zinc-65, cobalt-60, zir­
conium-95-niobium-95, cerium-144 and ruthenium-103 
tags were in agreement •vith those of Sood et al. 3 and 
ranged from 90 to 97 per cent. Strontium was retained 
in the supernate, as evidenced by ]p,ss than 1 per cent 
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strontium-85 activity in the precipitate. As in the 
hydroxide method, potassium and e:Esium remained in 
the supernate with the bulk of the sea salts and no 
further chemical separation was made. 

Strontium-90. The supernate from the foregoing pro­
cedure was acidified, hydrogen sulphide was driven off 
by heat and the pH was adjusted to 5 with ammonium 
hydroxide and acetic acid. Strontium was co-precipitated 
with calcium as the oxalate using ammonium oxalate. The 
precipitate, after filtering, was wet-ashed with nitric acid 
and hydrogen peroxide. Tho ash residue was re-pre­
cipitated in 80 per cont nitric acid to reduce the calcium­
strontium ratio. The strontium nitrate thus obtained 
was dissolved in 0·2 :N" hydrochloric acid and tho resulting 
solution was passed on to a 'Dowex 501V X-8' (100-200 
mesh) ion-exchange resin column. After rinsing with 
0·2 N hydrochloric acid to remove any unadsorbed con­
taminant.s, O·Ii per cent oxalic acid was added to remove 
radioiron. Tho column was stripped off yttrium-90 as 
yttrium citrate complex ,,·ith 5 per cent ammonium 
citrate at pH 3·5. Storage time for 2 weeks was allowed 
for tho soonlar equilibrium between strontium-90 and 
yttrium-90 to be established. Tho colun:m then was 
re-eluted with <t rninim.um volumn of ammonimn citrate. 
tho eluate acidified to br<:'ak up tho yttrium citrate com­
plex and tlw rosulting solution was passed on to a short­
stemmed eyedropper colurn.n containing a 2-crn resin bed 
of 'Dom'x IiOW X-8' (100-200 mesh). "When tho yttrium-
90 was adsorbed to the resin bed the citrate mass was 
removed with dilute acid (0·2 K nitric acid) wash. The 
yttrium-!JO \\Its st1·ippcd off the column with about 5 ml. 
of 6 N nitric neid on to a stainless stool planehct, dried and 
the relativclv mass-fr<,e residue counted. This strontium-
90 method ~~-as adapted from a proemlure developed by 
Kawabata and Held4 • 

Strontimn-90 wns determined in tho sea-water from 
off the Oregon coast by this method and also by the method 
of Miyake, Sarulmshi rtncl Katsurn.gi5 . In tho J"n,ttor method 
an oxalate precipitation of calcium and strontium is 
used. follow"d by EDT.A-masking of calcium and 
recovery of yttriurn-90 as yttrium hydroxicfo after secular 
equilibrimn is rC'achod. 

Phosplwrns-32. The method of extracting phosphorus-
32 from sna-watnr was suggested by the work of Proctor 
and Hood" and :Vlurphy and Hiley'. Sea-water \Yas placed 
in a separatory funnel and allowed to react with a com­
posit.., roagont containing arn.n10ninm n1olybdato, Rulphuric 
acid, ascorbic aci<l and potassimn antirnony tartratc7

• 

:Son·n parts of S-lmtanol wnn· added to 150 parts of 
sample, and thn solution was made more acidic to favour 
extraction of the molvhd(;nwn bhw. After extraction tho 
organic layer wa.c; ba~kwashed with dilute sulphuric acid 
and <lri<'d under low heat. The n'sidn<-' was dissolnid in a 
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Table 1. RADIONUCLIDES IN FILTERED SURFACE SEA-WATER FROM Two 
ARE.~S OF THE PACIFIC OCEAN (VALUES IN pc./J.) 

Radio­
nuclide 

btCr 

'!>Zn 
9.'>zr~95Nb 

Hl3Ru 

lU,IUCe 

n;cs 
6oco 

Mouth of Columbia River Christmas Island• 
N' Jn t A vcrage Maximum N' /n t Average .Maidmum 

J anuary-Septcmber 1961 

10/25 150 770 
15/25 21 350 

November 1961-June 1962 May-July 1962 

7/9 580 1,300 

8/9 5·1 12 4/24 1·3 13 

7/9 4·5 16 11/24 16 71 

5/9 0·79 2·5 4/24 3·7 32 

9/9 9·4 27 13/24 10 46 

3/24 0·62 11 

2/24 0·38 7·0 

* Fron1 ref. 1. 
TN' Jn, Nmnber of san1ples with radioactivity greater than background 

plus the 95 per cent counting error/No. of samples analysed. 

minimum amount of aqua regia and again evaporated to 
dryness. Tho residue was dissolved in 50 ml. of 15 per 
cent hydrogen peroxide and made up to 2 N' in hydro­
chloric acid. This mixture was added to a separatory 
funnel and the inolybdato extracted with an equal volume 
of tri-butyl phosphato. The organic layer was discarded 
and tho aqueous layer ext<acted again with an equal 
volume of tri-butyl phosphate. The aqueous layer was 
then dried on a steel planchet and count,-,d for phosphorus-
32. (A more complete description of the method will he 
reported by Chakravarti, Tuell and Larson'.) . 

Cowiti:ng systems. The y-counting system mcludod a 
:{-in. solid crvstal of sodium iodide, thallium activated . 
used in conjn;iction with a 512-Kuclear Data 120 analyser 
with an X· · Y rt•cordcr and a digital print-out. Calcula­
tions were carried out on an IBM 709 digital computer 
programmed to analyse for nine isotopes and to express 
results in picocuries (µµc.) per g or per 1. at time of collec­
tion. Onlv values which were greater than the background 
plus tho \lfl per cent counting orror wore considcn•d signi­
ficant: all othm values were oonsidnred to bo zero. 

Two typos of low-background (iBigcr-.Milller counters 
weTc used. one for vttriwn-90, another for phosphorus-32. 
Tho svstoms incl1;dod snfficiont massive shielding and 
cosmi~-ray guard tubcc; to roduco the background to 
approximately l ·5 and l ·0 counts po~ min. respectively. 
Tho counting oflioionci(•S wore approxnnatdy 25 per cont 
for vttrium-90 nnd 40 per cont for phosphorus-32. All 
cou;;,tR wore stmvlardizl'd and tho results aro expressed 
in picocnrir·s lwr litre (pc./!.) at the time of colle?tion .. 

The avorago and rnaxi1num values of radionuclidc,<;, 
except thosf\ of strontium-90. potassiu.m-40. and phos­
phorus-:~2. in sea-water sitmples nrc given m Table 1. 
Thi8 Tabin is a summary of the rcsults of analyses of 
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Table 2. STRONTIUM·90 IN SURFACE SEA-WATER (VALUES IN pc./!.) 

J,ocation No. of Range 
Ref. aud samples of 

dates analysed values 

250 miles off Oregon 
coast, January 1962 1 0·04 

Christmas Island, 
Jannary 1962 6 0·03--0·2 

JO Atlantic Ocean and Carribbean 
Sea, 1956-60 60 0·031--0·30 

ll Chukchi Sea, 1959-62 7 0·095--0·27 

12 Pacific and Indian Oceans, 
1960-61 

e'-40' C'l 25 0·1--0·9 

00-40° s 6 0·06--0·1 

60' S (Antarctic) 2 O·Ol--0·02 
9 Western North Pacific 

Ocean, 1958-60 15 0·6-3·1 

samples collected at various times during the period 
indicated. The app('arance of mixed fission products 
aftor SAptembcr 1961 in the samples from the mouth of 
the Colwnbia Hiver is the result of fall-out, presumably 
from the nuclear tests by tho U.S.S.H. in October 1961. 

Chromium-5L produced in the Hanford reactors. was 
the most abundant radionuclide in the coastal waters near 
the mouth of the Columbia River, where it is of interest 
to the oe<mnographer as a tag of Columbia River water 
and sediments. Chromium-51 was neither expected nor 
detected b:v visual inspection of the y-spectra of the 
Christmas Island water samples. 

The two values for strontium-!lO from the single sample 
of sea-water from off the Oregon coast analysed by both 
tho method of Miy,1ko. Saruhashi and Katsuragi 9 and tho 
modified Ka,,-a]mta-Held method4 described here were 
0·0:{7 ± 0·003 (9.5 per cent counting error) and 0·041 ± 
0·009 pc./1.. respectively. The latter was the faster of 
the two methods and produced a sample of lesser mass. 
The reduction of nlass was from smreral grams to a few 
milligrams. The values for strontium-!lO in surface sea­
water from off tho Orngon coast and from other areas 
round tho "·orld ranged from 0·01 to a·J pc.fl. and are 
prnsented in Tahlo 2. This radionuclido seorns to be 
ubiquitous in surface waters sinco no znro values are given 
in those rnports. . 

Table 3. PHO~l'HOHUS-32 IN FILTERED SURFACE Sl~A-WA'l'J£R 1'1101'1 NEAR 
THE llf0l7Tll OF THE COLUMBIA llIVER, .JUJ,Y 1963 (VALUES IN pc./!. ± S.D.) 

SbUori 

63 

fin 

7 4 

~lilts 
fr, m month 

~)O 

24 

l~ 

~I 

Salinity 
(yrn rts per 
thousand) 

31·76 

Jl·f.:l 

27·80 

'27·74 

6 

No. of 
determinations ;i~p 

:l 3·57 ± 0·60 

5·15 

~l 8·03 ± 0·5H 

4·68±1·6:; 



Values for phosphorus-:U in the sea-water near the 
Columbia Hiver mouth are given in Table 3. Those values 
ranged from 3·6 to 8·0 pc./l. To our knowledge no other 
values for phosphorus-32 in sea-water have been reported. 

In order to compare tho radioactivity from naturally 
occurring and artiticial radionuclides in soa-wator, tho 
values for potassium-40 were determined as well as the 
radionuclidos discussed here. Hor samples collected near 
the mouth of the Columbia River. these values ranged 
from 190 to 370 pc.fl. and wore related to the salinity 
values. The calculated value for potassium-40 in sea-water 
of :15 parts per thousand. salinity is :1;30 pc./l. 

This work was carried out unuer contract AT (4;) 1) 
1:\85 with tho U.S .. \tomic Enm·gy Commission. 
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