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STRONTIUM FALLOUT FROM CHERNOBYL

AND PERINATAL MORTALITY IN UKRAINE AND BELARUS
@ 23 r. A. Korblein®

Miinich Environmenial fnsiiinee, Winich, Germany

Perinatal mortality rates in the regions of Ukraine and Belarus survounding the Chernobyl site increased in
1957, the vear following the Chernobyl accident. The same year, increases of perinatal mortality were also ob-
served in Germany and Poland, and the effect can be associated with the caesium burden in pregnant women.
After 1989, there is an unexpected second rise of perinatal monality in Belarus and Ukraine. This increase is
shown to cormelate with the steontivm content in pregnant women. The findings parallel an increase of perinatal
morality in Germany following the atmospheric bomb tests in the 1950's and 1960"s. While the effect from
caesium is cssentially limited to 1987, the effect from stromtium persists until the end of the stedy period in
1995, The cumulative effect from strontiom around Chernoby] outweighs the effect from cacsium by at least a
fagror of 10, This is contrary o the assertion that the coesium content in the Chernobyl falloot wis more than
10-times greater than the siroafium content. Thus, the dose factor presently used seems 1o severely underesti-
mate the effect of strostivm on perinatal mortality,

Chernobyl, perinatal mortalivy, strontium, Belarus.

INTRODUCTION

Pregnancy outcome is a very semsitive indicator of
exposure to low-level jonising radiation. While con-
genital malformation data are not available in many
countries, perinatal mortality data, ie. stillbirth and
early neonatal mortality data, usually can be obtained.
Therefore studies about possible adverse pregnancy
outcomes following Chemobyl are easier (o conduct
using stillbirth or perinatal mortality data, Research on
congenital anomalies did not show consistent evidence
of a detrimental effect of the Chernobyl accident [1].
Kulakov et al.. however, reported significant increases
of perinatal monality and other endpoints in highly
contarminated areas of Belams and the Ukraine [2].

In Germany, a femporary increase of perinaral mor-
tality relative to the long-term trend was found follow-
ing Chernobyl. The increase was associated with the
caesium burden in pregnant women as a result of con-
suming comtaminated milk [3]. The effect was con-
firmed by data from Poland [4].

A literature search did not reveal a single investiga-
tion of a possible effect of the strontium emissions from
Chemobyl on perinatal mortality. This is remarkable
since there was considerable strontium contamination
in the regions surrounding the Chemobyl site which ex-
tended well bevond the 30 km zone (see Fig. 1)

A recent regression analysis of perinatal mortality in
West CGermany before and after the atmospheric bomb
tests in the 1950°s and 1960°s showed that the pattemn
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of the ohserved data are well described by a continu-
ously falling trend and an additive term which depends
on the average sirontium concentration in pregnant
women (see Fig, 2). Between 1955 and 1985, approxi-
mately 110.000 excess perinatal deaths can be attribut-
ed to stroptum in the fallout [5]. In the present paper. a
similar approach is used to analyse perinatal mortality
data from Belarus and Ukraine.
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Fig, 1. Stronfium deposit sear the Chemoby| resctor. The
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Fig. 2. Perinotol morality in West Germany 1955 to 1993,
Thee cowrse of the data can well be apgeocmmated by te su-
perposition of a monotonously falling long-term trend and
an exiry e which s calculated usimg the average stron-
tium concemration in pregrant women. The black colummns
denale the sirontium concentration i the Fulloat {data be-
fore 1958 are noy avadlable).

DATA AND METHODS

Perinatal mortality is defined as the number of still-
births and eardy neonatal deaths (first 7 days), divided
by the number of live births plus stillbirths, After 1993,
the definition of stillbirth was changed in Belarus and
Ukraine from a birth weight of 1000 g to 500 g.

Data for three Ukrainian oblasts neighbouring the
Chemobyl reactor (Zhitomir, Kiev-City and Kiev-re-
gion), 19851991, were obtained from the centre for

Table 1. Perinatal momality data from Kiev (Kiev oblast
plus Kiev City)

Year Live births | Stillbirths J’;ﬂf{’ﬁé”;@]ﬂ
1085 67376 a0 651
1986 65680 602 491
1987 S8156 578 442
1988 67388 634 468
1989 61457 553 178
190 55505 453 T3
1991 51602 428 378

Table 2. Perinatal mortality data from Zhitomir oblast

Year | Livebirths | Stillbirths. | EAMY neonatal

deaths (0-7 days)
1985 23909 214 107
1986 24489 190 93
1987 21763 184 129
1988 21992 170 93
1989 21115 155 e
1994 19634 185 116
1991 19477 165 144
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medical statistics of the Ukrainian Ministry of Health
[6] {Tables 1 and 2}.

The statistical department of the Ministry of Health
provided annual data of perinatal morality in Belans
by oblast (region), 19851998 [7] (Tables 3 and 4).

For Belarus, the range of available perinatal mortal-
ity data extends to 1998, The data for the oblasts Gomel
and Minsk City, together with the data for Belars mi-
nus Gorel and Minsk Ciry, are shown in Fig, 3. In all
three data sets, there is a significant increase in 1994
which is caused by the change of definition of stillbirth
it that vear. In Gomel, the oblast of Belarus with the
highest fallout, perinatal mortality rises after 1989
compared to Belarus minus Gomel and Minsk City.
Minsk City 15 omitted from the 1500 since 1t
shows an unusual drop after 1996 which is unlikely to
have biological reasons.

In [5], the irend of West German perinatal mortality
data was approximated by the sum of a downward trend
and an extra term which depends on the average siron-
Hwmn concentration in pregnant women. The same ap-
proach is applied here o perinatal mostality data from
Ukraine and Belarus,

Strontium replaces calcium in the human body. The
maximum uptake of strontium occurs during menarche,
i.e. at about age 14 [8]. In a first approach it is assumed
that the average strontium concentration in mothers de-
pends, first, on the proportion of mothers bom in 1972,
i.e. mothers who were 14 years old at the time of the
Chemobyl accident, and second on the biological half-
life of strontium in the female body.

To determine, in each year following Chernobyl, the
proporticn of pregnant women who were bom in 1972,
annual data of the maternal age distribution are needed.
Since such data were not made available for Belarus
and Ukraine, data from a 5t Petersburg matemity hos-
pital, averaged over 1990-19%%, which were provided
by a Fussian colleague, were used (see Fig. 4) Since
the living conditions were similar within the European
part of the former Soviet Union, this approximation is
considerad to be a valid first approach.

Tables of the strontium elimination rates in the hu-
man body as a function of age are provided in ICRP 67.
The stronfium concentration as a function of time after
exposur: can be approximated by the sum of rwo expo-
nential functions with half lives 2.42 and 1365 years.
Thus, the average stronfium concentration in year [ af-
ter 1986 is the proportion P of mothers age (f + 14),
multiplicd by a term which allows for the strontium
elimination:

St(r) = Plr+ 1400 135exp(=In{21/2.42) +
+ 0090 exp{—In(2)6/ 13.65)).

The regression model used w analyse the Ukrainian da-
i4 is a simple exponentially decreasing trend, with ad-
ditional terms for a possible effect from cassium in
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Table 3. Perinatal mortality data from Gomel oblast

199

Tahble 4. Perinatal meortality data from Belarus minus Gomel
ond Minsk City

. ; ST Early neonatal

Year | Livebinhis | SUIBITE ldeaths (0-7 days) Year | Livebirths |Stillbirths dﬂg’m'“_ﬁ”;gfﬂ
1985 20025 219 156 l

|86 20057 08 168 955 10D GG £23 570
1087 S0 87 {52 1986 115377 £10 657
1958 37750 200 138 :3; };‘;E :; iﬁ
1985 26039 171 136 ‘g i a0 i
199 22462 161 151 1590 06200 500 505
1991 200584 151 138 1901 91780 544 442
1992 20432 138 108 1992 88672 477 450
FOG%3 19353 119 106 13 q1 192 174 361
1954 18061 121 138 1994 6740 J44 411
1945 16269 123 109 1995 70270 385 379
1996 15217 1 101 1996 66453 118 314
1997 14501 103 70 1997 62309 44 209
15405 14943 83 86 1998 64432 a2 245

1987, the year following Chemobyl, and from stron- RESULTS

tium in later years. The model has the following form:
p=cyexpl=c.t) + cyd87 + c,Sr(r-1986), (2

where p is perinatal mortality, 87 is a dummy variable
which marks the vear 1987, and ¢, through o, are parame-
ters. Parameters ¢, and ¢ estimate the intercept and the
slope of the trend curve, parameter ¢, the increase in 1987
{caesium term) and parameter ¢, the prefactor in the stron-
tium term. The null-hypothesis to be tested is HO: 0, 20
and c; = 0 versus H1: ¢; > 0, c3 > 0 {one sided r-test).

Perinatal mortality data are population-weighted
with binomial variances o* defined by

o’ = p(l - p)N,
where ¥ is the number of live births plus stillbirths.

(3)

2o o
| N L .

Perinatal deaths par 1000 births
£

10 = Gomel
Al = Minsk )
2= Belarus minus Gomel and Minsk
&.n].nlp_l I.e;hl I—Iﬂlmlqlu-,l 1 Igul
58288833523 ¢83¢

Calendar yeors

Fip. A Permnetal mortality in the oblasis of Gomel and Min-
sk City and in Belanss withour Gomel and Minsk City.
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Dara fram Ukraine

Individual regressions to the data from Kiev (Kiev
City plus Kiev region) and Zhitomir oblast yielded the
following results, Both the increase in 1987 {parameter
¢y} and the prefactor in the stronfium term (parameter
o) are significant in Zhitomir but not in Kiev. The
slopes of the trend curves (parameter c;) agree within
the lirnits of error in the two data sets, Therefore a com-
bined regression was performed. This is, first, a way to
increase the test power, but also, to make the strontium
effects comparable to one another. The combined re-
gression model has the following form:

o= (o kiev + cpzhitomir)expi—cr) + (4)
+{c kiev + eszhitomir)d87 + (cgkiev + c;zhitomir)Sr.
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Fig. 4, Matzmal age distribution from 51 Petersburg avera-
ged over 1900 1,
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Table & Combined regression analysis for Ukraine

Parameter] Estimate 50 f-value p-value
0y 18,498 047 401,30 < (L]
¢ 12.90 (.53 2443 | 20,0001
s 00714 | 00148 4829 | 00010
oy 1.054 665 1.576 L0T9s
Oy 2 662 01.9a1 R | L0138
&5 5448 | 2115 2576 | 00184
e 13.65 2041 6.680 | 0.0001

Table 6. Combined regression analysis for Belarus

Parumeter | Estimate 5D f-value p-valug
el 13.24 0.57 2322 | <0.0001
Cy 13.02 0,36 3619 | <0.000]
¢ 0.0328 | 0.0155 2119 | 00248
Oy 1058 1085 0975 0.1754
3 0314 0.508 G 0.2747
£ 3256 1.913 1.702 L0584
Ca ~(0.300 1.577 0,190 (0.4262

Table 7. Combined regression analysis for Belarws — reduced
made]

Parameter | Estimate SD | svalue | p-value
(o] 13.11 0,263 40,87 <
= 00362 | 00046 | 7812 | <0.0001
C3 1.241 R [.341 LI0ls
ry 0,307 0447 {L6RG 02523
Fef 3.852 (LR6GT 4,444 0.0003

Here “kiev™, “zhitomir” are dummy variables that iden-
tify the two data sets.

The model fits the data well: the sum of squared re-
siduals is 8.2 with 7 degrees of freedom (p = 0,315,
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Fig. 5. Anmual data of perinaral morality in Kiev (Kiev
oblast plus Kiev-City) and in Fhitomir oblast. The sobid
lines are the results of a comibined regression analysis. The
interrupted lings show the undisturbed wend lines,
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chisquare-test), The results are given in Table 5, In
1987, there is a significant 24% increase of perinatal
mortality in Zhitomir (p = 0.014); the excess perinatal
mortality is 2.66 (.96 per 1000 births. In Kiev, the
excess perinatal mortality in 1987 is only 1.05 £ 0.67
{p = 0.080), 2.5-times less than in Zhitomir, The strontium
effect is also 2.5 times greaier in Zhitomir (parameter ¢,
= 0.0001) than in Kiev {parameter ¢, p = (L0184,

Dara from Belarus

For Belarus, the range of available perinaral mortal-
ity data extends to 1998, The data for the pblasts Gomel
and Minsk City, together with the data for Belarus mi-
nus Gomel and Minsk City, are shown in Fig. 5. In all
data sets, there is a significant increase in 1 which
is caused by the change of stillbirth definition in that
wear. In Minsk City, perinatal mortality is higher than
in the other oblasts until 1996, but then suddenly drops
to a level smaller than in the other oblasts. This behav-
iour is unlikely to have biological reasons.

The trend analysis for the data from Ukraine is ham-
pered by the change of definition of stillbirth in 1994,
Therefore the data can only be analysed until 1993, For
the individual regressions to the data of Gomel (study
area) and Belarus minus Gomel and Minsk City {con-
trol area) the model in equarion 2 is used. For the rea-
sons mentioned above, Minsk Citv is not included in
the control area.

Singe the slopes agree within the limits of error, a
combined regression of the two data sets with the mod-
el in equation 4 is performed. The results are given in
Table 6. Now parameter ¢, and ¢: coincide and param-
eter ¢ is zero within the limits of error, Therefore the
model is modified as follows.

P = cpexp(~cif) + (cygomel + o rest)d87 +
+ cggomel s,

Now the undisturbed trend is the same in the study and
in the control area. The effect from caesium in 1987 is
estimated individually for the two sub data sets (“go-
mel” and “rest”, respectively). A possible effect from
strontium is only allowed for in Gomel,

The sum of squared residuals (ssq) obtained with
model 5 is ssq = 20,1 with 13 degrees of freedom (df =
= 13), the chisquare test vields p = (L093. Thus model 3
fits the data better than model 4 (ssq = 19.8, df = 11,
p = 0.048). The results of the regression with model 5
are given in Table 7. The excess perinatal mortality in
1987 iz 1.24 £ 0.96 per 1000 in Gomel (p = 0.102) and
0.31 £0.45 per 1000 in the control area (p=0.252). The
strontium term is highly significant (p = 0.0003),

The trend of the data in Gomel and in the control ar-
ea 1% shown in Fig. 6. While the data essentially coin-
cide in the two regions until 1989, they are consider-
ably increased in Gomel oblast relative to the control
area after 1989,
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Fig. 6. Perinntal mortality in oblast Gomel {study wreu) and
in Belans manus Gomel and Minsk City {cominod aread
19851993, and resuls of a combined regression Csolid ine
for Gomel, interrupted Lline for comirol areal.

Trend analysis of the odds ratios

In an alternative approach, perinatal mortality rates
in Gomel were compared to the rates in the control ar-
ea. The change in the definition of stillbirths and other
factors which may have a global impact on the data
should not influence the ratio of the mortality rates
which are defined by:

oddsratio = (p, 1 — p WP/l — pad). &)

Here p, and py are the perinatal mortality rates in Go-
mel oblast and the control area, respectively, The ad-
vantage of this approach is that no assumplions are
necded for the long-term frend, nor for the influence of
the change of stillbirth definition on perinatal mortality
rates,

The regression model has the following form:

In{odds ratioy = ¢; + c2d87 + 051 (7T)

Parameter ¢ accounts for an odds ratio different from
| hefore Chemobyl, ¢ estimates a possible increase in
1987 and parameter ¢, the strontium eftect. The use of
the logarithms simplifies the calculation of the varianc-
es o

o= Uny + LN —n )+ Uag+ TN —m),  (8)

where n,, ny are the numbers of perinatal deaths and A,
N the numbers of live births plus stillbirths in Gomel
(1} and in the controel area (0,

The model fits the data well. The sum of squared re-
siduals {s5q) is 8.0 (Jdf = 11). Without the strontium-
term in the model, the sum of squares is 297 (df = 12).
The improvement of the fit is highly significant (p =
0.0007, F-test). The results of the regression analysis
are given in Table 8. Parameter ¢, is not different from
zern, i.e.. without the cassium and strontium influence
there is no significant difference of perinatal mortality
rates in the smady and the control area, The increase in
1987 (parameter -} is not significant (p = 0.207), but
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Fig. 7. Quds ratios of perinneal mortality i the oblast of Go-
mel vs. Belomas minus Gomel and Minsk City (doag). The
error bars indicate one standard deviation. The grey eol-
uinens display the £t resalt lor Use sorontiom e,

the strontium term (parameter ¢;) is highly significant
{p = 0.0001). A chisquare test shows that a regression
without parameter ¢ yields a better fit (ssq = 8.4, df =
12, p = 0.752) than the full model 7 (ssq =8.0,df = 11,
p=10.714)

The trend of the odds ratios is displaved in Fig. 7.
Before 1990, perinatal mortality in Gomel equals the
perinatal mortality in the control region within the lim-
its of error, except for a small increase in 1987, the year
following Chernobyl. During 1990-1998, however, the
odds ratios increase to about 1.3, i.c., perinatal mortal-
ity in Gomel is 30% higher than in the control area, The
columns in Fig. 7 give the fit result for the strontium
term with parameter c, = [,

DISCUSSION

Though the approach used for the data evaluation is
rather simplified, and only sparse data were available
for Ukraine, a significant effect from strontium on peri-
natal mortality in Ukraine and Belarus is shown within
the limitations of the model. There 15 a temporal corre-
lation of the observed effect with the calculated devel-
opment of the strontium concentrafion in pregnant
women, and the effect is more pronounced in regions
with higher strontium deposit. To further confirm the
results, data from Ukraine over an extended time are
needed,

The data were analvsed using an approach that was
successfully applied to determine the effect of stron-

Table & Fit resulis for odids catios in Belarus

Porameter | Estimate 5D revalue p-value

oy 0,021 0028 0.774 02277

'z 0,040 L0538 0.545 02073

sy 0.357 0065 5475 (0.0001
Ml 2005
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tium on perinatal mortality in West Germany following
the atmospheric bomb tesis, where the peak of perinatal
mortality appeared in 1970, seven years after the max-
imum strontium fallout in 1963, In the data from Be-
larus, the maximum effect from strontium is found in
the 1990's. The present study finds 530 excess perina-
tal deaths in the oblast of Gomel 1987-1998, our of
which 32 can be atributed to the action of caesium in
1987,

Internal doses from *™'Sr ingestion in Gomel oblast
during 19862001 are estimated [0-30 tmes smaller
than from Cs ingestion for the same tme penod [9]. In
a recent German article which summarises the conse-
quences of the Chemobyl accident, strontium is not
even mentioned as a possible reason of concern [10].
But, as shown above, the effect from strontivum on peri-
natal mortality far outweighs the effect from caesium.
Hence, the dose factors presently used seem to severely
underestimate the effect of strontium on perinatal mor-
tality.
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[ToeTymuTi B peragim
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Bomangenne crponunsa nocie YepaoSnUia H NpeHATANLHAA CMEPTHOCTH
Ha Yxpanwe n benapycu

A. Kopbnsiim

Mronrencicnil promune oxprycaoel coecw, Monren, Depaanus

HHTCHCHEROCTE NPCHATANEHME CMEPTHOCTH B obnacTax Yrpankst i Genapvca BOKPYT 30HLL ABEPHAN HA
YA ppipocan B 1987 rogy, B T0M e rogy BeIpOcT DPeRaTaastas caepriocTs B Uepmanim n [onsue,
#3107 HPpPeRT MOKHO CERIATS C Ne3nehodl narpyseon v Sepemenneix mermupa., Mocae 1989 ropa seosn-
OEHHO TOABHACE BTOPOR “IHE" NPCHATLIERGH cMepTHocT B Beaapyon i Ba Yepanue, 20 vBCTHMHEHIE,
KAK NOEATINO TECh, KOPPEAHPYET © CONSPRANMEM CTPOIMHA 8 OPralHIMe GepesieuibEx e, i pe-
SVALTATHI COCMACYIOTCA © TCM, 0 Ghin0 obEapyKeno B DepMaHmm Mocie HCNBTARNN ATOMEOTD Oy
B armocticpe B 1950-1900-¢ roge. Ecni sqepekT 0T Ue3i OrpaEHuBacTea, B ocHosaos. 1987 rogom, o
afrberT OT CTPOMIMA OCTADAICH CYIUESCTRSHNEBIM BIIOTE 190 KOMUA MEpRomi necaerosanms o 1998 roay,
Eymynarusaeil 2hdext oT crponuma & obnactax sorpyT Hepaobns nperocxonyr aepekT OF We3Ha no
seHbEmIci Mepe B 10 paz Taxkswm odpaioM. HONOABTOBIHNE EMEIOMAXCA JO3I0BEY HAMPYIO0K 108 OOSHEN
HPENATANLIN CHEPTHOCTH MOMET MPHBOMHTL K Heaoouenke sduesra,
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