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Radionuclides are excellent tracers to study the migration of elements with river
flow and to estimate the imput of pollution from continental sources into seas. The
Techa river belongs to the Iset-TobolTrtysh-Ob river system flowing to Kara Sea.
There are several sources of radioactive contamination to this system, the most of them
is nuclear enterprise MAJAK, in the Urals. In 1949-1951 medium level radioactive
waste from MAJAK was released to the Techa river.
During that period 76*10 6 m3 of liquid radwastes were discharged with a total activity
of 100 PBq, long-lived radionuclides Sr-90 and Cs-137 contributed 11.6% and 12.2%
respectively (Conclusion...,1991).

In 1951-1964 discharge of the wastes was eliminated by building a cascade of
reservoirs in the upper reaches of the Techa. However, by that time a large part of the
flood plain and the bottom of the river were already contaminated. At present, the
Asanov swamps in the upper reaches of the river is the area of permanent
contamination of the Techa. Besides that, migration of radionuclides from the
cascade of reservoirs and by-pass canals has been observed,the volume of filtered water is
about 10 7 m3 per year (Genesis and conception..., 1993).

The aims of this study are the following: - to continue the investigation of
distribution of radionuclides in the principal components of the Techa river
(Trapeznikov et al., 1993).
- to get the first estimate of the contamination of sediments of the Iset, Tobol, Irtysh
and Ob rivers.

Sediment and water samples were collected in 1990-1994 from the Techa, Iset,
Tobol and Ob rivers. The samples from the Techa were taken in two-three replications
at four locations, which are located 49, 78,177 and 237 km respectively, from point
of discharge. Besides that, sediments were collected from the Iset river (near villages
Krasnoisetskoe and Mekhonskoe), from the Tobol river (near towns Kurgan and
Jalutorovsk), from the Irtysh (near town Khanti-Mansiysk) and from the Ob river
(before and after confluence with the Irtysh river and near town Labytnangy).

Sediments of the Techa river are enriched to a greater degree with Cs-137 than
with other radionuclides. Compared with the global fallout levels in sediments, the
Techa samples showed Sr-90 and Cs-137 concentrations one to four orders of
magnitude higher (Aarkrog et al, 1991). The power function was best suited to describe
the behaviour of Cs-137 in sediments: y = e a*x b, where "x" is the distance in km from
the point of discharge (Trapeznikov et al.,1993).It should be noted, that the repead,
improved investigation in 1992 showed the good convergance of real results with model
(Trapeznikov et al, 1993a). On the basis of the data of concentrations of
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radionuclides in sediments and hydrological characteristics of the Techa river
(Resources...,1973) we estimated the store of radionuclides in 0-10 cm layer of sediment
for the part of the river starting 49 km from sources and ending 240 km downstream.
It is the following:

Sr-90 - 3*10 11 Bq, Cs-137> ->6*10 12 Bq, Pu-239,240 - 8*10 9 Bq.

Our study before has shown, that the concentrations of Sr-90, Cs-137 and Pu-
239,240 in the Techa river water decrease with distance "x" in km from point of
discharge according to the exponential model: y = e (a+bx) (Trapeznikov et al.,
1993). Comparison with the concentrations of radionuclides in rivers of
northern moderate latitudes shows that the contents of >Sr-90 and >Cs-137 in the
water of the Techa river is two or three orders of magnitude higher (Aarkrog et al.,
1991). Using the data of contents of radionuclides in water and main hydrological
characterictics (Resources. ..,1973) of the Techa river we calculated the total store of
radionuclides in water as a function of distance "x" in km from point of
discharge. It is following:

Sr-90 - 2*10 10 Bq, Cs-137 - 10 9 Bq, Pu-239,240 - 10 6 Bq.
It should be noted that the Sr-90 concentration have decreased about two times

during water passage through Techa river. While water flow is increased from the
Nadyrov bridge to the end of the Techa more than ten times. It means that
radionuclides are released to the river water during its passage through the Techa.
Possible source of additional pollution is sediment and the flood plain of the river
(Molchanova et al, 1994).

The calculation the total contents of radionuclides in the Techa river has shown,
that the water, sediments and flood plain contain about 0.3 PBq Cs-137, 0.2 PBq Sr-
90 (Trapeznikov et al.,1993). The greatest part of the radioactive disposals, about
7.1 PBq, has accumulated in the cascade of reservoirs in the upper reaches of the river
(Conclusion ...,1991). Accoding to calculations, the total amount of Sr-90 and Cs-
137 discharged in 1950,s into the open river ecosystem is presently estimated as
8.9 PBq, taking into account radioactive decay. Thus, about 1 PBq of radioactive
discharges has migrated outside the Techa and is found in the Iset-Tobol-Irtysh-Ob
river system or even in the Arctic Ocean.

In order to get a first estimate of the contamination of the Iset, Tobol, Irtysh and
Ob rivers we determinated the Sr-90 and Cs-137 concentrations in the sediments of
several principal sites. The contamination of the Techa river influences the
radionuclides concentrations in the Iset river sediments. The annual transports at
Mekhonskoe with Iset river water ( to 1.1 TBq Sr-90 and 0.04 TBq Cs-137) may be
compared to the transport of radionuclides at Pershino with the Techa river water .
The data have shown that the Miass river contributes to the contamination of the Irtysh -
Ob river system with long-lived radionuclides (Trapeznikov et al.,1993a).

The levels of the Tobol contamination found at Kurgan were high and indicated
the possible presence of some unknown sources at the upper part of river. The samples
collected at Jalutorovsk show that the Tobol sediments have higher concentrations of
radionuclides after the confluence with Iset river than before, because Iset river is more
contaminated than the Tobol river (table). In most cases the activity seemad to to have
been fairly homogenously distributed between the sediment layers.
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The samples from the Irtysh river were collected in 1993 9 km before the
confluence of the Irtysh with the Ob river. The mean Cs-137 concentration in the
sediment was 6 Bq/kg. The vertical distribution of the activity in the sediments did not
show any clear trend.

The sediments from the Ob river were collected in 1992 near Labitnangi,
situated about 300 km from the outlet of the Ob into Obskaja Guba at the Kara Sea.
In 1994 samples were collected 5 km before and 5 km after confluence with the
Irtysh river. All result are summarized in Table. It appears that the Cs-137 levels in
the Ob sediments before and after confluence with Irtysh do not change
significantly.lt is difficult to see any systematic changes in Cs-137 concentrations with
depth. In some cases the top 5 cm show higher concentrations than the deeper
layers, in other cases peek concentrations are found in a depth of 15 cm. An
attempt to date the sediments from Labitnangy with the Pb-210 method was
unsuccessful. The layers were mixed so it was impossible to determine their age.
Livingston and Panteleev in 1994 have succeeded to date the sediment layers from a
station in the Ob esturnary. The maximum Cs-137 concentration was found in the
layer from 1966. This suggest that the Cs-137 primarily has come from instant run-
off of global fallout deposited in the Ob river drainage area. The investigations will be
continued in order to get final evidence of the contamination of the Ob river system
from the Ural sourses.
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River

Tobol

Iset

Irtysh

Ob

Site

Kurgan town

Jalutorovsk
before confluence
with Iset
after confluence
with Iset
Jalutorovsk

Khanti-Mansiysk

Surgut town
Gusinyjahr
before confluence
with Irtysh
Neulyovaya
before confluence
with Irtysh
5 km before
confl. with Irtysh
5 km after
confl. with Irtysh
Lamskaya
after confluence
with Irtysh
Labitnangy

Sediment
layer, cm
0-32
0-29

0-54

0-27
0-33

0-35

0-20

0-25

0-25

0-35

0-30

0-20
0-34

Sr-90
kBqm2

8.1
3.5

1.5

2.5
8.1

-

1.6;0.8

0.6;0.8

1.7;1.4

-

-

2.5;1.5
2.2;0.2*

Cs-137
kBqm2

5.2
8.6

1.6;0.3*

2.6;0.5*
4.3

2.2;2.1

l.l;0.9

1.2:1.6

2.6:1.2

2.2;1.4

1.5

0.9;2.2
3.9;0.5*

*Sample was analysed by Risoe.The discrepancy between the IPAE and Risoe data
may be because the samples were not identical, however, it may also be due to analytical
problems.

71


