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Abstract.

Radionuclide contents were determined in bottom sediment of the Pinheiros river, at west metropolitan area
of the Sao Paulo city. The Instituto de Pesquisas Energeticas e Nucleares (IPEN) has continuously
discharged low level radioactive effluents into the Pinheiros river, giving rise to radionuclides association
with riverbed sediment; the major contributors to the effluent release source term have been Unat, *Co,
and "'Cs. The results showed that the activity of natural radionuclides and activity of '¥’Cs found in the
sediment was close to the expected background, not allowing a clear discrimination of the IPEN's
contribution. The ®Co was the only other artificial radionuclide detected , with concentrations ranging from
0.20 Bq/kg to 0.85 Bq/kg dry, at some points of the river.

1. Introduction.

This paper describes the determination of radionucl-
ides concentration in the bottom sediment of Pinhei-
ros river, which drains the area of the Instituto de
Pesquisas Energéticas e Nucleares (IPEN), at west
metropolitan area of the Sao Paulo city.

The aim of this study is to evaluate the level of
accumulation of radioactive sediment along the
Pinheiros river, due to the radioactive liquid effluen-
ts released from IPEN, and to provide data to the
study of dispersion of radionuclides released to the
river.

The continuous release of low level radioactive
liquid effluent to the Pinheiros river was begun soon
after the establishment of the IPEN in 1957. Such
releases are controlled and limited in accordance
with the discharge limits adopted at IPEN®™. In the
last S5 years the total cummulative quantity of
radionuclides discharged in the river has not ex-
ceeded 8.3x10° Bq?; the major contributors for this

activity were the Unat (2.7x10° Bq), ®*Co (1.9x10°
Bq) and '¥Cs (4.8x10° Bq). The IPEN's effluent
enters Pinheiros river at a point located 7 km
downstream from the junction with Tiete river.

The Pinheiros river is an artificial unlined channel
extending 26.2 km from the Tieté river to the
Billings reservoir (Figure 1). At the present, its
water quality is degraded to such an extent that the
water can not be consumed and aquatic life is no
more available.

The tributary streams are sources of a large quanti-
ty of solid materials that reduces its flow capacity.
To prevent flooding in rainy days, periodic dredging
is carried out at critical points, and the excess bed
load is deposited in specific places along the river
bank. Since the dredged sediment could become a
potential source of radiation exposure to man,
radionuclide contents was monitored in the bottom
sediment along the river and at two dredged sedi-
ment deposit sites.
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Figure 1. Draining basin of IPEN.

2. Sampling and Measure-
ment Procedures.

In the summer of 1992, bottom sediment was
collected in a cooperative programme with the
Instituto de Pesquisas Tecnologicas do Estado de
Sao Paulo (IPT).

The river was divided in 47 sampling sections,
extending from the junction with the TietU river
downstream to the Billings reservoir, each of them
measuring about 500 meters. Only one snapshot
sample was collected at each sampling section,
alternately at left hand, center and right hand of the
river. Also, 4 samples were collected from two
sediment deposit sites, at 0 to 2 meters soil deep.

The bottom sediment were sampled by a manual
dredger, mounted on a motorized boat. It was
collected, at each section, about 5 to 10 kg of
sediment, from its superficial layer.

The collected sediment was dried, calcinated and
analyzed for determination of 22U and high energy
gamma emitters contents. 2*U was measured by
thermal neutron activation analysis; high energy
gamma emitters were measured by a 20% relative
efficiency coaxial HPGe detector, in a 850 cm®
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Marinelli beaker, for a counting time of 100.000
seconds.

3. Results.

Results of the radionuclide determination at each
one of the 47 sections of the river, and at 4 points
of the sediment deposit site A and B (Figure 1), are
presented in Table 1. The distance indicated in the
first column of the Table 1 was measured from the
junction with the Tiete river, downstream to the
Billings reservoir.

The results show that radionuclide concentration in
the bottom sediment of the Pinheiros river lies
within the expected range for natural radionuclides,
not allowing any clear correlation with the IPEN's
discharge into this river. For artificial radionuclides,
the ®Co and '*'Cs were the only two radionuclides
detected, at levels ranging from 0.20 Bqg/kg to 0.85
Ba/kg dry for ®Co and from 0.30 Bg/kg to 0.98

" Bg/kg dry for **¥’Cs, at some sections of the river.

It can be seen that there is no observable trend of
radionuclides accumulation at any location down-
stream the discharge point. This is due to the
relatively small quantity of radionuclides released to
the river, and also to the continuous input of solid
materials carried by tributary streams, causing the
periodic dredging of the major sediment accumula-
tion points along the river.

4. Conclusions.

From the above results one can conclude that the
contribution of the IPEN's discharges to enhance
the radionuclide concentration in the bottom sedi-
ment of the Pinheiros river is very small. Also,
these results show that the radioactive liquid efluent
emission from IPEN is being properly controled.
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Teble 1. Radionuclide concentration in the bottom sediment of the Pinheiros river (in Bg/kg).
Distance is given in meters (L = left hand, C = center, R = right hand)

Distarce U8 Re226 Re228 Th228 Be? K<40 Co€0 137
1000L 482172 307406 481115 454113 104105 3097146 0381006 <028
2000R ND 794135 1175144 1074145 <415 490082 <091 131Q2
2500R ND 663110  9B8t16 954110 68101 4222159 <039 0334008
3000C 7124107 569408 1106124 1002425 251412 3913458  Q851Q07 <044
3500C ND 524106 857121 774135 166414 4322164 =037 0471006
4000R 7494112 660416 1092124 1065115 222106 3865168 0304007 Q31100
4500C ND 582412 845421 759430 99107 3423148 Q341028 Q341005
S000L 9031138 762417 863121 791410 610420 3780453 <050 0461006
5500C ND 851119 1211115 1207136 59105 3173147 <Q32 <Qz2
6000C ND 288416 423137 383152 <M2 32181158 <067 <056
6500R ND 7061 1.1 0122 761432  €45116 3795450 <030 0324009
7000C . 9521143 3144 TISH10 741117 83110 3096173 <02z <0z
7500L ND 84115 817118 793420 <40 3399454 <038 <025
8000C ND 723310  811i21 765115 99404 3501160 <028 <029
8S00R ND 77112 795121 768419 432116 3751160 <030 <040
9000C ND 642412 784114 709121 157405  37R0144 <Q32 <030
9500L ND 525312 914118 893422 112102 3069140 0294009 <QZ?
10000C 7914119 4410 976416 865426 418107 3625495 (434004 Q324006
10500R ND 541110  R4120 735117 179406 3020145 <047 Q311006
11000C 7094106 715414 1106424 01117 227407 342468 <044 0444006
11500L ND 81116 1020420 1006133 95108 3614119 <Q50 0301007
12000C 9654145 908417 1266217 1037145 394116 3796475 Q604006 Q541006
12500R ND 619112 6116 778143 211118 3588154 <050 <030
13000C 6674100 616211 8915 740418 154112 3762160 <045 0394008
13500L ND 717114 1084124 967434 217116 4478445 2 <034 0441007
14000C 8724131 677113 817122 840114 38413 4212461 <048 <049
14500R ND 08412 1129423 1073122 56102 4082162 <029 0454008
15000C 10251154 788109 1132425 930118 480110 433165 Q664037  0424Q10
16000C ND 333107 546114 519112 38407 2326147 <020 <043
16500R ND 9412 931124 923423 124105 2774116 <030 <045
I7000C 8591129 788116 1072424  M5446 157408 3997460 0412008 0381007
17500C ND 256408 316111 300410 <51 1818427 < <Q30
18000L ND 1279124 1897126 1703150 84112 2444161 <038 0574008
18500C ND RA422 10931285 976433 802437 3429459 <032 0424007
IS000R 10762161 815116 893122 856130 211116 2992147 <046 <044
19500C ND 803114 1073425 951426 194105 3501461 Q281006 QS81Q0®
21000C ND 756115 1088120 181118 80109 2531161 Q201006 <Q26
21500R ND 807414 1083427 956126 88419 32451181 <063 0574011
22500L ND 803116 1000423 955135 73117 3741166 <038 0591006
23000R ND 876149 1288433 1078432 256169 3917165 <049 Q351008
23500C ND 84119 972124 952439 119414 3821141 <Q30 0351008
20000L 10024150 907446 1383369 1126473 <994 4977456 <11 <0%6
Al ND 465411 644117 621116 <189 3814143 <025 <Q38
~N TIA116 718423 1093160 993453 <880 5431174 <14 <085
Bl ND 398124 558137 s21124 <766 2563171 <08 <056
R ND 1018445 1337434 1234137 <516 4322483 <00 Q98+Q11

ND = Not Determined
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