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Think and discuss in Hiroshima: the roles of
chromosome research on the impacts of
Irradiation exposure
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Sex ratio disequilibria in new
born babies after Chernobyil

accident
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Color anomalies in natural populations of amphibians
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Limb anomalies in natural
populations of amphibians
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Anomalies as warning signals
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Pollution by pesticides and hormones 5




Anomalies as warning signals
EENRBZEE ( 2F )

Radioactive pollution

Henle, K. & Dubois, A. (2017) Studies on anomaliesatural populations
of amphibians.Mertensiella, 25. 1-260.




Two main categories of anomalies

according to their causes
2XCHIZIRABD200HE
e [1] Phenotypic anomaliesadt transmitted to offspring):

LRBEOEERE ( FRICEEHLSEL)
[1a] Accidents during development and life (traunragsinjuries)
FRABSLUEETBEICST2EW (HE. BE)
[1b] Physico-chemical aggressions (pesticides, retiga} inducing
genetic or chromosomal mutations in somatic cells
FHERCECETFRELEREARALEZFTHIT S YE
ILENBEERF ( BE. BEHR)
[1c] Biological aggressions (predation, parasitismaedses,
hormones, viruses)
EYMFNEZTER (HRIBRABERD, FE£R, FR.
RILEVERE, VA4ILR)
[1d] Composite organisms: chimeras (partial fusibagys)
EEEwmiE . FXZ (HOMBLRAE )




Anomalies caused by DNA damage
due to major physico-chemical

aggressions (radiations, chemicals)
TEZYEBALENEER T (AR, LEYE ) FEL5T
DNABEICERITSEE
e [1b] Genetic or chromosomal mutations induced In
somatic cellspot transmitted to offspring:

[1b] FHRICHERE N BEGRFRELEREARALE
(FRICEFEDLSHEV)

Pathogenetic andcarcinogenetic effects: physiological

dysfunctioning, diseases, death
BEMESIORNIAMEE . £ BNMETE, KRF. 3t

Teratogenetic effects: perturbation of growth and

ontogenesis, resulting in phenotypic anomalies
EFE RES I EEREDIN-RRERE 8




Two main categories of anomalies

according to their causes
EREICEITZ2RRINIO=>DOHE

o [2] Genotypic anomaliedransmitted to offspring):

- R EETFEE (FRICEDD)

[2a] Genetic or chromosomal mutations
- Spontaneous
- Induced by mutagenetic factors (radiations, chemicals...
BEFEREEREERALE
- BRIZEUDE0D
- BERER (AR, LEPWE... ) ICK2>THELDEOD
[2b] Composite organisms: hybrids

- EEEwmE  ME



Anomalies caused by DNA damage
due to major physico-chemical
aggressions (radiations, chemicals)

FELSYEBIVENESE T ( SR, LEWE )N EL5T
DNAEESICERTHILE

o [2a] Genetic or chromosomal mutations induced In

germinal cellstransmitted to offspring:
EIEMRICER T NI BEL TR ELEROBRRLEE

FTRICEDZED:
. Leth.gl mutations R
o Sterility . FIF
e Aneuploidy - EWMEE (REH)
_* Phenotypic anomalies” =#%5%

RSt
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Chernobyl
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Chernobyl

?In/74U%ﬁ® ‘ BEFEOEDY O
LS FIIIN/T74) EEYTEs

New Armor for the Chernobyl Ruins | Existing sarcophagus

,around the damaged
reactor

UER SPIEBEL

Tl'le bowed steel mantle -'
- mll be cunstructed near the reactor,
and mnued to lts ﬁnal posﬁmn on rails.
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Chernobyl
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Chernobyil
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Figure 1. Photographs of abnormalities in barn swallows. (a) Normal phenotype. (6—d) Partially albinistic plumage. (¢) and 14

(f) Deformed beak. (g) Deformed air sacks. (&) and (i) Bent tail feathers.



Chernobyl
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Chernobyil
FIIIL/TAV

IGOR KOSTINE

" “CONFESSIONS D'UN REPORTER

Chernobyl
Legacy

by Paul Fusco
MediaStorm
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Effects of nuclear bombings or accidents
REEELEREROEE
» Short-term effects on direct victims

(B )BELEALZICRETEHNEE

— Thermal effects (burns, death)
SROEE (NE. )

— Blast effects (injuries, traumas, death)
BREOXE (M5, BTIN., 3E)

— Mutagenetic effects on somatic cells
HHERANDORAELRICLDEE

» Pathogenetic effects (including cancers and leukemias)
» Teratogenetic congenital effects on embryos
Fm ((FEON AL HIE )
HEIEMREORAZE ; FRICEDD
- Long-term effects on progeny of direct victims:
WELUEADFRICKRIETREANEE
— Mutagenetic effects on germ cells, transmitted topoifs)

HIEHRRDRAZE ; FRICEH D
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Mutagenetic effects on germ cells
TIEHRICE LS ETND2RARLE

Mutations may be lethal during development or not
- RAZER (BEZ ) RERLICEICESLOZDAEANETVL, LEVAEANZV

Most mutations, even non-lethal ones, are deleteriou
s FEAENEAEER, EEABIENTREBELSTEEETHS

Among non-lethal mutations, only the dominant ones are
easy to detect in the first generation
© FBREMRALROFTE, Bl (EH) OL0OOLE—HRTESCREET NS

The recessive ones are transmitted ‘silently’ to affsp
and reappear only when homozygous, in subsequent
generations

- B (HB) ORAZERFTFRICTEhEDASTICEDLY), BUEGFN
2D (REICHE 22 ) BICOK, RERUBRICBUENNS 18




Morpho-anatomical and coloration anomalies
SR - A FNERERSLVEOER




The notions of ‘genetic pool’ and

‘genetic load’
BEF7—IEEENER OB

» Genetic pool(genetic patrimony, genetic heritage): the set afled
present in a population

» Genetic load(genetic burden): the rate of deleterious mutations,
either dominant or recessive, and either lethal or pretsent in the
genetic pool of a population (e.g., of mankind ashale)

 In animal populations, the genetic load can be evatlidirectly
through crosses or indirectly through experimentalhEarbgenesis
or gynogenesis

e But in human populations these techniques cannotd®ea us

- BEF7 L (EGHEE, BEEN#EY )  KREPRICS TR IHNULELGFOEY b

- BENER (EENAE ) B (EiE) D i (H) P ZzBHT. FLEHFEHD
EBFENAZENHLT. ER (ENERH ) OEBEF7—ILICFEITSIEEEENLR

- BYKROSS,. BENEEEREZBEL TEENIC, H2VEIREINICEREEY

‘ MMEREZFRIADEICR)BEZNICFTHEES D

- ULALERERIEEVTE, CORDIBEMEFEDS ZEFETEEL 20




Methods of evaluations of effects of

irradiation in human populations

ERNERCS THRFRBH (HE< ) OXLEFMEE
o Clear somatic effectslirect observations of pathologies (thyroid
cancer, leukemia) providing clues about somatiect$fin
affected persons

 Ambiguous effectsdirect observations on progeny born in the
weeks or months after irradiation, providing claésut either
congenital somatic mutations in embryos conceiefdrie
Irradiation or mutations in the gametes beforalifeation:

— Demographic data on stillbirth and perinatal motyali

— Data on morpho-anatomical anomalies

— Data on chromosomal anomalies

* HAAREEE  HEKULEANOREZEDFEN DY EEXDHELE
( FRIRN A, BIE ) OEEZEEHE
- BERAZ (BARTERAV ) FE  ERXRNSAHERRAZEN BFEICHEIRL ZEIC
HLULEON, HRVRRAZEN ZRIOBEBFICELZOLZHDFHLIVVEZERD
BAEEEERE ~BL) AURICEEN - FROEEEE
~RERVCBESHIETCOAOQRTENT—Z
~-FERE-BIZENT— X 21
FEAREEDT—Z




Methods of evaluations of effects of

irradiation in human populations
ERNERIICBET2BE<OEEZFTMIT 2 L E

 Clear genetic effectslirect and indirect data on offspring
concelved after irradiation, providing clues on gor
chromosomal mutations in gametes (resulting inease of
genetic load):

— Direct data obtained through DNA studies (e.g.nomsatellites)

— Indirect data obtained from statistical analy$idemographic
data (e.g., sex odds)

- HABECHRE RE<RBICEERLE (AD) FRICEIIEZNRUVBEENET—2Z,
MSRBERBFICEAUVLEGFERIVOCLBUERAZEICEHIZDFIfNDYZEERS (BR. B
WERAFBERTS )

—DNA(ZEZHT5A4K) ZRAXNTEShDEENT—X

—~ AARFENT—X (HEED?2FY X)) ORFBTHL SBShBDEENT —X
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Thyroid cancer after Chernobyl (1986)

Czech Republic, 1976-1999

FII /T AV)EW (1986F ) LLE D FIRIRHL A
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Figure 2. Crude and directly age-standardized incidence of thyroid
carcinoma in females, males and both genders combined
in the Czech Republic, change-point (CP) and reduced
change-point (CPr) linear logistic regression models (see
Table 1).

Muerbeth S., Rousanova M., Scherb H. & Lengfelder BO4) Thyroid cancer has increased in the aduult pdpuakof
countries moderately affected by Chernobyl falloMtedical Science Monitor, 10 (7): CR300-306. 23
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Stillbirth after Chernobyl (1986)

Europe, 1981-1992
FII /T AV)EW (1986F ) BDILE B VT R SRR

3—H0v /Y, 1981-1992 RS
Fig. 1 Stillbirth proportion for the combined tw o Fig. 2 Stillbirth proportions for Bavaria+GDR,
most highly contaminated districts in Bavaria: WestBerlin, Denmark, Hungary, Iceland, Latvia,
Augsburg-City (53.7 kBg/m*2) and Berchtes- Norw ay, Poland, and Sw eden combined, change-
gaden (50.3 kBg/m"2) including change-point point (CP) and reduced change-point (CPr) models

(CP) and reduced change-point (CPr) models
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Scherb H., Weigelt E. & Bruske-Hohlfeld I. (1999) Epean still birth proportions before and after the Chbgho
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Perinatal mortality after Chernobyl (1986)
Germany, 1980-1993 ADHEH : BFIEERIETE
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Figure 5. Perinatal mortality in Bavaria, the former the perinatal death and stillbirth proportions in
Ggﬂ and West Berlin ?ombined 1980-1993 Germany in 1986, 1987, and 1988. Abbreviations: A,

FRG excluding Bavaria and West Berlin; B, GDR
including West Berlin; C, Bavaria; D, Bavaria, the
former GDR, and West Berlin; E, all of Germany.

including the logistic regression line (Log reg).

Scherb H., Weigelt E. & Bruske-Hohlfeld I. (2000) Reggion analysis of time trends in perinatal
mortality in Germany 1980-199Fnvironmental Health Perspective, 108(2): 159-165.

25




Perinatal mortality after Fukushima (2011)
Japan, 2000-2015

BEEW (2011F ) EOFERS LT HZA<2000-200%F

Perinatal mortality in 6 severely contaminated prefectures

Perinatal mortality in Japan excluding severely and moderately contaminated areas
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Figure 5. Monthly perinatal mortality in Japan excluding the 6 severely and 3
moderately affected prefectures (see Figs. 3 and 4); insignificant jump in
January 2012, jump odds ratio 0.991 (0.958, 1.024).

Figure 3. Monthly perinatal mortality in 6 severely contaminated prefectures
Fukushima, Gunma, Ibaraki, lwate, Miyagi, and Tochigi; jump in January 2012,
jump odds ratio 1.156 (1.061, 1.259).

X3. sE5R6R (RBE. #E. RE. 5F. W, 1K) IC R5. BESRESLCPREFTRIEZRVEAXRIIB TS A
HTZAREERET . 2012F1AICREN BV, REFAYX BIAESET (K3, 428 )  2012F18 ICEERRHE &S h
tElk1.156( 1.061, 1.259) LV, REAY XH0.991 (0.958 1.024)

Scherb H., Mori K. & Kayashi K. (2016) Increases inipatal mortality in prefectures contaminated by
the Fukushima nuclear power plant accident in Jafga@patially stratified longitudinal studyMedicine,
95 (38) [e4958]: 1-7.
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Birth prevalence of congenital heart
malformations after Chernobyl (1986)
Bavaria, 1984-1991

FII/T A VB (1986F ) BOEXNUEZTE O HEE
ININD T, 1984-199%FF

0.009 { |" & - S_upper
—a&— 10_upper .
1 |- -3 - 10-5_upper 5 ‘-ﬁ,__.,g_,_
0.007 - —— 10_|0WE|' 'I‘ pi

weEh (£ ) FE
K #®5_upper, 10_lower...
O E K I A

U-OUD |l 1 1 T T T
1984 1985 1986 1987 1988 1989 1990 1991

Fig. 5: Birth prevalences (proportions) of two congenital heart malforma-
tions (ICD7454+ICD7455, n = 2797) in Bavaria; stratification according to
contamination of districts (see Table 1)

Scherb H. & Weigelt E. (2003) Congenital malformatard stillbirth in Germany and Europe before and dfter
Chernobyl nuclear power plant accidetvironment Science & Pollution Research, Special Issué: 117-125. 27
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Cleft lip and cleft palate prevalence In

newborns after Chernobyl (1986)
5& I/ TAVEH (1986) AED
BRESLCOSROER (RE ) =

e )
FEORR - e EHIAS LEIC
| DT TORAE
Opening in roof Opening in both lip and
of mouth in roof of mouth

« Former German Democratic Republic and Bavaria:

9.4-9.5 % Iincrease of prevalence from 1986 to 1990

NPOTORAVREHENE (RRAY ) BRG/N/NV T TR, 9.4-9.5%
DFERFEMA RSN

Scherb H. & Weigelt E. (2004) Spaltgeburtenrate inédayor und nach dem Reaktorunfall in
Tschernobyl. Mund-, Kiefer- und Gesichtschrurgie, 8 (2): 106-110. 28




Trisomy 21 (Down syndrome)
NOYZ—=21(HAIIE)

WK (B}
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Increase Iin trisomy 21 (Down syndrome ) Iin
Europe after Chernobyl (1986)

Bavaria + Belarus + Hungary + Sweden + Lothlan + NorthWVest
England + West Berlin, 1981-1992
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Sperling K., Neitzel H. & Scherb H. (2012) Evidence &m in trisomy 21 (Down syndrome)

In Europe after the Chernobyl reactor incidébenetic Epidemiology, 36 (1): 48-55.
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Minisatellite studies after Chernobyl (1986)
FIN/TAVER(1986F ) BOIZHTT (1 MNORE

« Eight human ministellite loci among families of
Ukraine

e A statistically significant 1.6-fold increase observed
the mutation rate in the germline of exposed fathers

e No such effect observed in mothers
C IS AFORBEDSANDI-HFTS A NOER (DWW T

- B LERBOEBMREICELUE (SZY T4 M0 ) RAZERN S
WICEZEx1.6Z(CEhm

- BRI IORSBEEFHEEINT

Dubrova Y. E., Grant G., Chumak A.A., Stezha V. A. &rgkasian A. N. (2002) levated
mlinistaellite mutation rate in the post-Chernobyhfhies from Ukraine American Journal of
human Genetics, 71: 801-8009.

IHH

FIN/TAVEREDIVIZATORKICHASNEIZH T NRAEERO LR 31




Live birth sex odds
HEOHEFY X

 The normal human sex ratio at conception is badrit:1)

» It decreases during the first week after conceptiam (fth excess
male mortality), then increases for at least 10—-15ke¢gue to
excess female mortality) and finally declines slowlynfr@8 to 35
weeks (due to excess male mortality)

* The total female embryo mortality during pregnancy edsethe total
male embryo mortality, thus resulting in a ‘normal’ gako at birth
Inbalanced in favour of males (105 males to 100 fes)al

- FEAOEERFOMELLEEE (1 : 1)L TV

- TN RIRZBVEBTEY ( BEHEOBEIFEICELS ) L, XVWTL10-15BTEMICEEL (&M
DBEIFEICED ), HZEWIZEF28-35BICH FTTERPHICET TS (BHOBRIFEIZES )
- ZHORIRBEPORECHRBEEENDETNZ LESHER., HEKRKTREEEMOTYE
# ( BHE105CX L ZH100) E WS IEE MEICESESEL

Orzack S. H., Stubblefield J. W., Akmaev V. R., CollsFunné S., Scholl T., Steinsaltz D.
& Zuckerman J. E. (2015) The human sex ratio from cptior to birth.Proceedings of the
national Academy of Sciences of the USA, 112(16): E2102-E2111.
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Live birth sex odds
_ _ HEDHEAY X . .
* This normal sex ratio may be modified by exteffaators, including
lonising radiations

* Four theoretical possibilities regarding the inflaerof ionising
radiations on sex ratio in human populations:

— Mothers irradiated, X-linked recessive lethal mutatioagcess of daughters
deficit of sons

— Mothers irradiated, X-linked dominant lethal mutagsono effect on sex odds
— Fathers irradiated, X-linked recessive lethal mutationseffect on sex odds

— Fathersirradiated, X-linked dominant lethal mutatiorexcess of songleficit
of daughters

* Epigenetic effects during development cannot lbedraut but they are
poorly known

- COERMLR, ESHRAFRESCAREZRICIVEHITS

- ENEROMEICREIERBFROILEICEE T 24D DERA A HE]

—BAME L, XRBEEFBY (S ) BRRARZEENELUD  BFBRICAEY, BEFFTR

- BEAMME L, XEBFEREMY (Bt ) BIRRRZEENELD Ay XICEEEL

— REFWE< L, XRBEEEEMY (S ) BRARARZENELD  F Y XICHEBL

- RBHIWE< L., XREMFEFEN (BY ) BIEERAZENELD | BFHVBEICEY, BATE
Schull W. J. & Neel, J. V. (1958) Radiation and sles ratio in manScience, 128 343—-348.
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Change In live birth sex odds after Chernobyl (1986)
USA, Europe and Asia, 1970-2007
Data based on more than 344 million births (80 + 216 47)
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Reproductive Toxicology, 23 (4): 593-599.

Live birth sex odds: Asia — former SU republics
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Scherb H. & Voigt K. (2007) Trends in the human segdt birth in Europe and the Chernobyl nuclear powantptident.



Change in live birth sex odds after Chernobyl (1986)
Russia and Cuba, 1958-2011
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Figure 3 The human secondary sex ratio in the Cuba including logistic regression model adjusted for extreme values in 1995 and
1996; ChNPP: Chernobyl Nudlear Power Plant explosion.
A

Scherb H. & Voigt K. (2007) Response to F. Bochud @ndung: Comment on the human

sex odds at birth after the atmospheric atomic bomb tefts, Chernobyl, and in the vicinity of nuclear faids,
Hagen Scherb & Kristina Voigt, Environ. Sci. PollRes. (2011) 18:697—707 (DOI: 10.1007/s11356-012765).
Environment Science & Pollution Research, 19: 4234-4141.

Scherb H., Kusmierz R. & Voigt K. (2013) Increased sm10 in Russia and Cuba after Chernobyl: a radi@algnypothesis.
Environmental Health, 12 (63): 1-10.
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Change in live birth sex odds after Windscale (1957)
Europe and USA, 1945-1962

DA AT—ILEW (1957F ) BOHBEMFY ADEH
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Fig. 1. Synoptic trend analysis of the human secondary sex ratio (or sex odds in technical terms) in the United Kingdom (UK),
Denmark (Den), Finland (Fin), Norway (Nor), and Sweden (Swe) combined versus USA and France combined. Estimated jump
in 1958, jump sex odds ratio SOR 1.0036, 95%-CL (1.0016, 1.0057), p-value 0.0004.

Grech V. (2011) Births and male:female birth ratio saBdinavia and the United Kingdom after the Windsciaéedf October
1957.International Journal of Risk & Safety in Medicine, 26: 45-53.

36
Scherb H., Kusmierz R. & Voigt K. (2014) Letter to thditor.International Journal of Risk & Safety in Medicine, 26: 173-174.




Change in live birth sex odds after

atmospheric nuclear weapon testings
USA and Europe, 1946—-2011

ARHPRZERBOLEMEAY AOEE: KESLI—O VY /N, 1946-2011
Sex odds in the USA (1946- 2010) and in Western Europe (1946 - 2011)
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Scherb H. (2015) Letter to the Editdnternational Journal of Risk & Safety in Medicine, 27: 107-110.
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Change in live birth sex odds after
atomic bombings
Hiroshima & Nagasaki, 1945
FBRETROEEMEAY AOLEE: [R8ERIE, 1945

Japan, jump 1946 SOR 1.0061; p— value = 0.0002 Hiroshima + Nagasakl, jump 1946 SOR 1.0228; p— value = 0.0160
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Fig. 1. The human secondary sex odds in Japan including logistic regression model allowing for a jump in 1946.
Fig. 2. The human secondary sex odds in Hiroshima and Nagasaki including logistic regression model allowing for a jump in 1946.
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Live birth sex odds according to distance

to nuclear facilities
Germany, Switzerland and France

France 28 NF, Rayleigh, p=0.0008

D+CH+F 37 NF, Rayleigh, p <0.0001
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Conclusion

 Dose-dependent (decreasing according to distameg)s
INn the sex ratios of newborns (excess of malesg¢wer
observed.:
— after the nuclear accidents of Chernobyl and Wialgs

— after the war bombings and the atmospheric nugleapons
testings

— within tens of kilometers from seemingly normallyhnning
nuclear facilities of all kinds (including nuclgaower plants and
nuclear waste disposal sites)

* This increase turned out to be irradiation doseedéent
(l.e., more important close to source)

 Various hypotheses have been put forward to addoun
these facts, but these have not yet been suffigient
Investigated
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Conclusion

 These data suggest the presence of more ‘silent’ non-
lethal mutations In the genetic pools of the affected
populations, therefore an increase of their genetigd loa

 |f these trends were confirmed, a permanent increise
the ‘background’ dose worldwide of ionising radiation
could considerably increase mankind’s burden of
Inherited afflictions—from mental handicaps to
predispositions to emotional diseases, cancers, iremun
system disorders, morpho-anatomical and other
anomalies, and so forth

* Therefore, the genetic effects of ionising radiation
humans should be investigated more objectively and

much more thoroughly
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