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ABSTRACT

impact on man, we have developed a reaearch progromme on
environment monitoring. The aim of thia work was to develap
and " to apply radinchemical methods for the analysis of oe-
sium-137 in marine samples, such as seawater and {ish. Ce-
sium-137 levels in surface seawater from the coastal repginn
of Sao Faulo State range from 1.7 to 1.9 Bq.m*%. Samples of
the (ive sapeclieon of (ioh mont connumed by loeal  population
"wWere taken for cLhe annlynin of eceaium-137. Levela (o (i2h
varied f'rom 0.1 to 0. %IM1.KR*1 of edible part.bata wera yned

to calculate done anseansment .
INTRODUCTION

Nuclear weaponn bLeata, dinchargen  of e fluepnta from
nuclear reactors, dumping cperations and nuclear acceidontng
have introduced artificial radionuclidea into the eunviran-

ment. Among these are cesium-137 and strontinom-20.The a~tij-
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mates of input of the fallout cesjum into the cceang . are of
6.4 x 108 TBq [1). The inputs to the oceans in the southern
hemisphere have been half of those in the northern heminphe-
re. The artificial radionuclides can affert Marine organiamna
and their total activity is only a very rough guoide to
risks [2].

Radionuclidea In the arsa may contribute to t_.r;r' Internal
orr external expoanre of orgnnlﬂhn, fueluding man,through ae-
veral pathways. The principal pathway leading to huaman oxpo-
sure {rom the ocomrrence of radionuclides in the whrine envi-
ronment is due to the consumption of seaflood. A large varie-
ty of seaflood la eaten, but {or the purposes of donme nnarnn-
ment fish is the most consumed In quantity.

In the present work a search was made in order to
obtain data related to catech of fish and consumption of (inah
by local population. Levels of ceslum-137 in seawater and
fish samples from the coastal region of Sao Paula ftate wepra
determined. Data obtained were used to deacribe the radiolo-
gical situation in the arvea atudied an well as to ohtain re-
feronce leavela of ceajum-137 to onr eounlryy. Dalta  wera annd
to caleulale the doas asnennmont,

EXPERIMENTAL

Seawater samples

A series of seawater samples were collected by the
Oceanographic Institute of the University of Sao Paulo -USP.
Surface seawater aamplea were collected from the Atlantia
Ocean offshore of SAo Paulo State (N59 Longitude, 239 [ati.
tude). Samplea were aclidified to pll 1 and stored fn polyo-

thylene containers.




Radiochemical Procedure for Analyals of Ceslum-137 In San-

water

To 50 1 of seawnter were added 10 mg of ecarrvier cesjam.
Césium was precipitated with ammoninm phosphomnslybdatae( AP,
Sy|1L11051z041 in our Jaboratory.

The AMP was added and the aonlution wasa nLlrwww} for 3 h.
The precipitate wna decanted overnight. The anpeprnabant  wuan
siphoned to a polyethylene container Lo the louweall ponsible
level so that the precipitate will not disturbed. The supernn-
tant was reserved for strontium analysis. The solution con-
taining fhe precipitate was filtered, then dried for 2 h in
the muffle furnace.

The analysia was made in two samplea of seawater (50
Liters) and both precipites obtained in each analysin were
mixed. Cesium-137 wan assayed by gamma counting. The sample
was counted in a plastic pot placed directly over the detao-
tor. The counting time was over 3000 minuten,

The elliciency curve was done employing standar«

samples,

=
ey
Im
=
e
lca

1

Seawater sawplen wore collectoed In two different pointn
of the coastal region of Sao Paulo State.

The mean valuen found at each local are shoun in Table
1. Levels of censium-137 in aseawnter range {rom 1.7 to 1.9 By
m‘3. . At these pointn of collecting there i1a no nuelear
pover plant and nnalenr teating was not carried ont diprecotly

in our country. The artificial radioactivity present js onivy

due to atmoespherico allout {rom nucleapr weapons testa or ac-




eidents 1like Chernobyl‘acéident occured in the North hemis-
phere,

. For cesium-137 the variation according to the aite of
Q&gsqhemenbgmdesto suohbéﬁ extent that it is fmpossible to
-gibé representative concentrations of this radionuclides in
Ehe- various oceans. 1t can be mentioned that in deep ocean
  _“§€eE the concentration of cesium-137 [3] 1s generally less
‘.than 2 Bd.m-B.

In a study area in the Nurth Pacific, 900 km Southennt
of Tokyo, the cesium-137 concentrations range from 4.1 to
5.1 Bqg m-3.

In the Meditertanean, cesium-137 concentrations origi-
nating from nuclear weapons tests reach 5 to 10 Bg n1|—3 at
the surface. in some olosed shallow brackish-water gen
areas, like the Baltic Sea, the concentration of ceslum rea-
ched 20-40 Bq m'3. 1n such area, the Chernobyl accident has
- changed the concentration values found for cesfum. Concen-
Lvitrations of that radionuclide in the surface layers of the
Baltio Seawater [4] were a few to some ten timea higher than
before the accident. The concentrations in the surface water
varied between 100 and 100 Bq m"g.

The concentrations qr conlum=137T ara changing from re-
glon to region. In particular, the NE Atlantic 13 apeclal
case, as its situation is dynamlic due to the different sour-
ces of contamination namely the reprocessing f(acilities and

the fallout from the Chernobyl accident.

Analysis of Fish

Samples of fish were obtained by means of the Fishery

Institute in the southern coastal region of the Sao Paulo

(city of Santos, 23° 52,'5, 459 50'y).




Samples-of muscle and bone of the species of fish most
consumed by local population were taken for the analysls of

cesium;137.

. Sardine and balllstes sp are the two main fish re-
Eodfcéé in the region of Santos. They are caught by loecal
fishermen and sold in the markets. The fish were purchased
ﬁ:directly from the f{lahermen that know the exact point of
| fish. Ballistes sp is a typlecal fish from South America,

“in_known as "porquinho" (little pig). The other fish analysed
8

_ Two Kg of each Tlsh were QPled in the muffle at 110°C
'ffhfor one week. Later on, the témperature was gradually in-
L creased up to 450°C until ashes. Ashes were transfered to a

1;‘.plastic pot and counted in a Ge-Li detector. The level of

part.

The cesium-137 levels found in sardine, ballistes asp
" and weak fish were 0.1 Bq Kg_‘. In the case of corvine and
 dog fish, values of 0.3 Bq Kg*] were found.

Typlical valnea for cesium-137 1in deep nen {ah
musale (4] are around 0.1 to 0.5 Bq Kg~'. In the Baltic sea
concentrations of such radlonuclide in the musnele of fiah

vary from 1 to N Bq Kg~' due to global fallout [6].

Estimating Dose Rates

In order to estimate the woriéis colleciive dose rate

from cesium=137, it is necessary to carry out a series of re-

glonal assessments because ceslum-137 concentration varies
from one to another.
For estimating dose rates, it was neceasary to ob-

tain data relative to.catch of (ish, consumption of fish by
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local population and the average ceajum-137 concentration
for fish caught in each area.

The quantity of sardine caught In the Santos region are

.. of 87,000 ton, being that 80% are conaumed as (resh [iah by

a population of 18 willion 1inhabitanta. This rate of papu-
lation includes repgiona, as from Santos until ﬁio de Janai -
ro. Iun the case of ballistes =sp, the total fi=h on;ght are
of 35,000 ton and 65% are consumed. The other part in em-
ployed for the prepévation of animal diets,

The total catch of weak fish is of 33,000 ton and 85%
are consumgd. The qunhtity of corvine and dog fish ecaught
are of 17,000 ton (70% of consumption) and 9,000 ten (307 of
consumption) respectively. - |

Table 2 gives the estimations on sea food habita in the
atudisrd aren. The average connumpllion of  nen [ 1ol I the
area is 7.8 Kg per year, based on bthe atatistics of the to-
tal po;;u]atlon. .

PBased on the radinnctivity level of ceajum-137 and by
taking Into conalderalion the done conversion [actor prooom-
mended by TCRP [5]. we can esbimate the anobual eff{~otive do-
se equivalent as being of the 0,013 uSv.a~ 1. Thias wvalue
shows that the dose via ocean patways from ceajam-137 in
very low compared to the dose limit (1 m Sv.a~') recommen-
ded by ICRP to protect membera of the publie.The above nnoti-

mation givea a rough iden of the present esxposure  Jeveln I n

the ceoastal region of Lhe Sao Faule State,




It can be concluded that occanie contamination due to
cesium-137 at coastal region of Sao Paulo State has ocenred
as a result of fallout in very low level ambient coneen -

trations.
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TABLE 1 - Cs-137 Levels in Seawater

Ihatuba
Latitute 23,08
Longitude un, 5%
Ca-137 (Bq 1.9

1]
3

530 Sehantian

23°  50'5
N9 o on vy
1.7




TABLE 2 - The Estlimation on_Sea Food Habits

Sardine

(Sardinella
brasilien-
ces)

Ballistes
3p

Weak-fish

(Cynoscion
jamaicen~
sis)

Corvine,
(Micropogo
nia furni
ori)

Dog (ish

Level of coshm-
137 (ke ol
ble prut)

S

0.1

0.1

0.1

Qentity of fish
awght
1)

87,000

35,000

33,000

17,000

9,000

Percentagp of

f'idh orownd

f0n1

85%

70%

90%

(rryanphion pore
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3.87

0.60

0.15




