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Brief History of Mayak PA

e June 19, 1948: The first
nuclear reactor at Mayak PA
reached its fU" power The building where “The vessel stage” Pu-production

technology had been developed
e 252 days later (February 26,
1949): The first consignment
of U-Pu solution transferred
from Radiochemical plant to
Pu-production plant

e 184 days later (August 29,
1949): The first Soviet A-bomb
tested at the Semipalatinsk
test site.




Doses of external gamma-exposure

- Doses of external gamma-exposure were

Annual average external dose of gamma-exposure, mSv/year

350 individually measured.
- :] Average annual dose of gamma exposure . .

g — Annual dose limit - Substantial work had been done in order to
5 7 T adjust for:
g Dose limit, mSv/year . .
g B Year  ICRP USSR - dosimeters of different type used over
§ 1934 500 tlme
()
2 200 1948 500 300 - gamma-rays energy at different
e workplaces
E‘: 1958 50 150 - type of worker’s activity at the
5 | B ggg Zg 22 workplace: part of the body exposed,
§ 1996 20 20 direction/angle of exposure etc
% + reconstruct levels of exposure for
z Hﬂmﬂﬂﬂ workers unmonitored or with the data

| 1 I e o e e e —— : :

o1 . . . | missing

1948 1953 1960 1996 2008
Year



Exposure to Pu-containing aerosols

e “Sheet of paper completely protects from alpha-particles”
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30 - Number of Pu-induced pneumoscleroses diagnosed in Mayak
workers over time
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Effects of radiation exposure in Mayak

worker cohort
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500 radiation exposure syndrome over time Cohort over time 50
400 40
300 30
200 20
100 10
0 0
\e) ) Q N 3o » %) © A ® ) o) Q \2) N\ o) O \) O 2] )
N N N N N N N A SN



Reasons to create the Mayak Worker

Cohort

e By the end of 1970-ies it became clear that after number of tissue
reactions which developed among Mayak workers the main health
risks are related to late stochastic (cancer) effects.

e The number of workers involved in the Reactor, Radiochemical and
Pu production plants is sufficient to study late effects of radiationb
exposure

It was possible to identify the vital status of the cohort members

e Doses of external gamma-exposure and internal gamma-exposure
were individually measured.



Publications on Mayak
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These two publications in Priroda,
1990, #2 and Priroda 1990, #5 were
one of the first in “open” popular
science press to describe Mayak
workers and Kyshtym accident health
consequences.

Within several months after
publication of these two papers first
contacts with the US researchers
(Marvin Goldman, Dale Preston,
Elaine Ron) were established which
in time became the JCCRER.



The aim of the research:

e The goal of the research is to provide scientific basis for
improvement of the Radiation Safety Standards, in particular for

workers who are at contact with 239Py

e In order to achieve it we needed to obtain quantitative estimates of

carcinogenic risks from both external exposure and internal
exposure to plutonium based on analyses of data on the Mayak

worker cohort (Project 2.2).

e In order to achieve that we needed improved and reliable dose
estimates (Project 2.4).



Project 2.2 cohort

e The cohort:
e 25,757 workers who started employment at Main and Auxiliary plants

in1948 - 1982
e Number of workers by facilities:
o Auxiliary depts (Water treatment and Mech. Repair) 3,384
e Reactor 0,416
e Radiochemical 2,194
e Pu production | 1,994
e Pu production |l 2,264
e Pu auxiliary 3,505




Project 2.2 cohort

e Average HP,; dose, mSv

o Auxiliary depts (Water treatment and Mech. Repair) 98

e Reactor 449
e Radiochemical /44
e Pu production | 140
e Pu production |l 186
e Pu auxiliary 418
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e Acute gamma-exposure vs Chronic alpha-exposure

e LSS cohort

- Lung cancer mortality, ERR/Sv 0.36(0.05-0.72)

« Lung cancerincidence, ERR/Sv 0.34(0.05-0.72)
e Mayak worker cohort

- Lung cancer mortality (due to Pu), ERR/Gy 7.0(4.8-10)

- Lung cancer mortality (due to Pu), ERR/Sv (RBE=20) 0.35(0.24 - 0.50)
e Acute gamma vs chronic gamma
e Solid cancer

« LSS cohort, solid cancer 0,35(0,19 - 0,55)

« Mayak worker cohort, solid cancer 0,16 (0,08 - 0,24)
e Leukemia

e LSS cohort 2,05(1,2 - 3,1)

« Mayak worker cohort 0,28 (0,06 - 0,74)
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Excess lung cancer mortality by the dose of lung alpha-exposure
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The annual increment of the Excess lifetime risk of lung

cancer death for intake of 1300 Bq 23°PuO, per year
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Dose coefficient and annual limit of intake

for 23°PuO, by inhalation
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1994 ICRP 68, p. 70 1,5E-5 1300 bk
2019 ICRP 141, p. 346 2,5E-5 800 Bk



Scientists who contributed to the JCCRER

research

e Russian Federation: akad. L.A. llyin, akad L.A.Buldakov, prof N.A.Koshurnikova,

V.V.Kreslov, M.G.Bolotnikova, N.S.Shilnikova, N.R.Kabirova, 1.S.Kuznetsova,
M.Sokolnikov, S.A.Romanov, prof V.F.Khokhryakov, V.V.Khokhryakov, K.G.Suslova,
V.K Vasilenko, A.V.Ephimov

The United States of America: M.Goldman, D.Preston, D.Stram, E.Ron, E.Gilbert,J. Boice, Jr,

B.Napier

Germany:. prof. A.M.Kellerer, M.Kreisheimer

Great Britain: prof. A.Birchall, K.Binks, D.McGeoghegan

Japan:. K.Mabuchi
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