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Abstract

Features of elemental composition of hair of cleitdliving in areas adjacent to
the Semipalatinsk nuclear test site were estaldislmethis work the concentrations
of 29 chemical elements in the hair of children evdetermined using instrumental
neutron activation analysis. All administrative agere characterized by a spectrum
of accumulation of elements relative to the averagethe three villages. In
Novopokrovka village it was found excessive accwatiah of U, Sr, in Zenkovka
village — Na, Fe, Nd, in Kokpekty village — Ag, Alihe results of this study are
compared with the results obtained in other citidgere such measurements have
also been carried out.

Key words: Semipalatinsk nuclear test site, hair of childrelement content,
geochemical peculiarity.

Introduction

Semipalatinsk nuclear test site (SNTS) was oneheflargest sites for the
testing of nuclear weapons in the world. From 1948l the site was closed in 1991,
carried out more than 450 nuclear detonations. Mbes 110 of the tests were
conducted in the air and on the surface of thehe@ver one million people have
been recognized as having suffered (in a broace$é&msn the SNTS [1].

The chemical composition of hair is a marker oflegmal trouble territory
[2], and can also be used as an indicator of nateehnogenic environments,
because it reflects regional characteristics iadation of elements in the territory
of the populations [3]. Hairs of human reflect teeel receipts of chemical elements
in the human body. They are the most affordablenfassive research bio substrates
[4].

Materialsand Methods

The studied territory is villages Novopokrovka a@@nkovka of East-
Kazakhstan area. Those villages are the zone oinmadxadiation risk according to
Law “About social protection of Kazakhstan citizeuffered due to Nuclear Tests on
SNTS”. They are located in the area of radiatioscés of nuclear explosions
conducted 29.08.1949, 29.07.1955, 07.08.1962. Towtra territory - village
Kokpekty that refers to the zone of minimum radiatrisk. Radiation situation here
Is due to global radioactive fallout.

A sampling of hair was conducted in accordance thighrecommendations of
the IAEA (1980) [5]. When sampling was recorded,aggnder, full name, address
and place of birth, as well as presence of patlyobogl chronic diseases. Sampling
was carried out in children aged 3 to 15 yeard) wit deviations for medical reasons,



were born in this village. Total investigated 27mg#es of hair, 10 from
Novopokrovka, 10 from Zenkovka, 7 from Kokpekty.

Determination of chemical elements was carried iouthe laboratory of
nuclear geochemical methods of investigation thepdbenent of Environmental
Geoscience Geochemistry of Tomsk Polytechnic Usitserusing the method of
instrumental neutron activation analysis. Measurégmavere made on a gamma
spectrometer with Ge-Li detector. Content 29 eldsevere determined, including
the radioactive (U, Th) and the rare earth.

Aim of study is to identify patterns of accumulatiof chemical elements in
the hair of children living in areas around SNT3hwiarying degrees of radiation
influence.

Discussion

The maximum average content more than 1000 mg/kg ¥o& Ca, which is
the basic component in the structure of hairs {FigNa and Fe are on the second
place. Zn and Sr have concentration in the rang&0D0 mg/kg. The presence of
high concentrations of calcium and strontium in liaé, due to the process of hair
growth, because these elements are active, inrtioegses of ossification.

The distribution of the studied elements in ther ldichildren living in the
studied localities corresponds to the geochemaas lof Clarke and Vernadsky (on
general scattering of chemical elements), MendedewlRule Oddo-Harkins (on the
distribution of even and odd elements), which emspdes the universal nature of
their distribution in the material objects.
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a) Average over three settlements, b) INovopokrowkZenkovka, d) Kokpekty
Fig.1. Levels of chemical elements in the hairtofdren of East Kazakhstan region,
mg/kg
Figure 2 shows the concentration of elements in hh&s of children in
comparison with published data of ICRP [6].




Studied hairs were rich with Co and Sr relative clanventional human
according ICRP. Excess of Co was in average 83 stimmaximum was in
Novopokrovka village - 97 times. For Sr excess eomr@tion was in average 189
times, in Novopokrovka - 338 times. The low concatbn in comparison with data
of ICRP was for Sb (in 113 times lower), Rb (in Xites lower), Cr and As (in 20
times lower), Ag (11 times) and Fe (8 times).
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Fig.2. Concentration ratio relative conditional lamraccording ICRP

In comparison with data of Saet Yu., Revich B.ifvpur study the level of Na
in the hairs of children was higher in 32 times-ke6 times, Eu - in 4 times, Co - in
2 times. In Kokpekty concentration of Ag in the rhaf children were higher in 4
times (Fig.3.).
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a) Average over three settlements, b) Novopokrovk@enkovka, d) Kokpekty
Fig.3. Concentration ratio relative the data Saet Revich B., 1990

In comparison with data of Rodushkin I., AxelssorDM[8] concentration of
Fe in the hairs of studied children was higheniarage 55 time, Co —in 19 times, Cs
—in 18 times, Sc — in 8 times, Sr and Ce — imié§, Th and Ba —in 4 times, La, Na,
Sbu Rb — in 3 times. Concentration of U was excessividovopokrovka in 4 times
(Fig.4.).
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Fig.4. Concentration ratio relative the data Ro#éiush, Axelsson M.D., 2000.
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In comparison with data of Ward N.I. et. al. [9hcentration of Fe in the hairs
of studied children was higher in 16 times, Ce tinfes, Co — 3 times, La and Na —
2.5 times. Concentration of Ag was highest in Kd#pén 4.5 times (Fig.5.).

Na
e AuT00—ca Au100- ca
Ce 10 Sc Ce 10 | .

a) Ag Rb:7 < As b) Ag Rﬁ Br C) Ag- P Br d) e
a) Average over three settlements, b) Novopokrovk@enkovka, d) Kokpekty
Fig. 5. Concentration ratio relative the data \srid et. al., 1987.

Figure 6 shows concentration ratio of chemical elet® in the hairs of
children living in East-Kazakhstan Area in companisvith children from Pavlodar
Area [10]. Concentration of Fe, Co, La and Na ierage in three village are higher
than in Pavlodar area in 11, 3u.8 times respectively. The content of Sc in thie h
of children in Zenkovka and Kokpekty was higherntha the Pavlodar region in 2
and 1.7 times, respectively. In the hair of childine Kokpekty Ag content exceeds
2.5 times.
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Fig.6. Concentration ratio relative contents ofredats in the hair of children the

Pavlodar region

Figure 7 shows concentration ratio of chemical elets in the hair of studied
children in comparison with Tomsk region. Of coutse sample size in this study is
considerably lower that the volume of the TomskiaergHowever, we decided to
compare the data. Average content of the studeraetts in three locations is lower
than in the Tomsk region. The content of Fe andueuwniform in size. In the hair of
children of Novopokrovka U content is higher tharthe Tomsk region in 1.7 times,
Sr — 1.4 times, Zn and Co 1.2 times. In the haiclifdren of Zenkovka the Fe
content is higher than in the Tomsk region of Imfes, Eu — 1.2 times, Na — 1.1
times. In the hair of children of Kokpekty Ag contds higher than in the Tomsk
region of 1.9 times.
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a) Average over three settlements, b) Novopokrovk@enkovka, d) Kokpekty
Fig.7. Concentration ratio relative contents ofredats in the hair of children the
Tomsk region
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Regional differences of hair in investigated satgats are reflected in table 1.
Geochemical range of elements in the hair of cardin the locality varied. The
highest concentration rates for Ag and Au was inkpékty, U and Sr in
Novopokrovka Na, Fe and Nd in Zenkovka

Table 1 - Biogeochemical specificity in the hairadfildren East Kazakhstan
region on concentration ratios (relative to aveyage

Biogeochemical specificity

Novopokrovka Ul1,8 -Srl1,8 - Sbl,5-Lul,4 — CalZh1,3 — Cel,2 — Col,2|—
Csl,1-Tal,1-Bal,0-Eul,0 —Sm1,0 — Th0,96;%b Fe0,9
— La0,8 —Cr0,8 — Th0,8 — Br0,7 — As0,7 — Au0,7 -O8b- Hf0,6
—Sc0,5 —Na0,5 —Nd0,4 —Ag0,3

Zenkovka Nal,6 — Fel,6 — Nd1,6 —Rb1,5 — Sc1,4 -3 .alif1,3 — Brl,2 +
Asl,2 -Sml,1 — Eul,1 -Yb1l,1 -Th1,0 - Cs1,0 —-€e®n0,9
— Ba0,9 —-Ce0,9 — Th0,9 —-Ta0,9 — Cr0,8 — Lu0,8 -Ca®b0,7 +
Au0,7 — Ag0,6 — Sr0,4 — UO,2

Kokpekty Ag2,5 - Aul9 -Crl,5 -Thl,4 — Asl,2 — Af+Brl,1 —-Bal,1 -
Scl1,0 - Th1,0 — U1,0 —Nd1,0 — Yb1,0 —Tal,0 —CallL@0;9 —
Ce0,9 -Sm0,9 — Na0,8 — C00,8- Rb0,8 — Sb0,8 — Eud®,7 —
LuO,7 — Sr0,7

From our data we concluded that there are sigmifiddferences in the level of
accumulation of elements in the studied substréteis indirect evidence of
differences in geochemical situation in each velayylost expressed variation was
typical for U in 10 times difference, Ag — 8 timé&], Na, and Sr — 4 times (Fig.8).




a) Novopokrovka, b) Zenkovka, c) Kokpekty
Fig.8. - Concentration ratio relative to the averagntent of elements in the hair of
children of the three settlements.

In Novopokrovka village we have found accumulatadrilJ u Sr in the hairs.
Concentration ratio relative to the average for ttivee settlements is 1.8 for these
elements. This confirms the technogenic specificavftent of U and Sr in the hair of
the children. The average content of U is 0, 21:80mg/kg, with a maximum content
of 0.49 mg/kg. The average content of Sr is 16.9&16g/kg, with a maximum
content of 54.9 mg/kg. The concentration of Sb, Ca, and Zn exceed the average
values in 1.3-1.5 times.

In Zenkovka village we found high concentration Nd, Fe and Nd which
prevailed average content in three villages intibog@s. Concentration of Rb, Sc, Hf,
La and Sb exceeded the average content in 1.3res.t The high content of rare
earth elements in the hair of children, likely icates brings these components with
groundwater from magmatic rocks.

In Kokpekty village it was found excessive accurtiola of Ag in 2.5 times
higher than in average in three village, Au — i imes. This may be an indirect
indication of the presence in the area of hiddenemalization Au-Ag-Sb type or
evidence of brings these components with groundwaim gold contenting areas.

The analysis of data shows that distribution ofnsical elements confirms
regularities of their accumulation according globales of distribution in the
environmental subjects: Mendellew-Klark on the atante of the elements of
different masses and Oddo-Harkins of the alternadifoelements with even and odd
numbers.

The elemental composition of children's hair splgtias associated with the
accumulation of environmentally significant elengent drinking water. The spatial
distribution of chemical elements and quantitatieationships between the levels of
separate elements in the scale and in the haihilofren can identify drinking water
as potential sources of the elements.

Conclusion

We have evaluated average content of chemical elismethe hair of children
living in areas adjacent to the Semipalatinsk rarctest site. It was revealed their
regional specificity of accumulation compared watiher areas. Specificity includes
higher content compared to the Pavlodar region ef €o, La and Na. In
Novopokrovka village compared with the Tomsk wenfdiexcessive concentration
of U and Sr, in Zenkovka — Fe, in Kokpekty — Ag. Wave found a very uneven
distribution of elements in the hair in the studaéas. All administrative areas are
characterized by a spectrum of accumulation of etgsrelative to the average in the
three villages. It was found the features of tiergnt status of children in areas with
different natural and man-made situation.

Content of elements in hair of children are indicatof tense technogenic
situation of territory. The most expressed of whitctand Sr in the hair of children
are living in the village Novopokrovka in the aiamaximum influence of SNTS.
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