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TRANSURANIC ISOTOPES AND *°Sr IN ATTIC DUST IN THE
VICINITY OF TWO NUCLEAR ESTABLISHMENTS IN
NORTHERN GERMANY

I. Schmitz-Feuerhake,* J. W. Mietelski,” and P. Gaca'

Abstract—Attic dust was chosen as the test medium in order to
search for traces of man-made bone seeking alpha and beta
emitters. The samples were taken from 5 houses in the
community of Elbmarsch situated at the river Elbe, adjacent to
the Kriimmel nuclear power plant and the nuclear research
center of Geesthacht. Five houses in other regions of northern
Germany were taken as a control. 2*Pu, ®***Pu, *'Am, and
#Cm were measured by alpha spectrometry after chemical
separation. Additionally, *'Pu was measured by liquid scintil-
lation spectrometry, and the fission product **Sr was measured
in a separate investigation. All nuclides except **Cm showed
activities above the detection limit in the Elbmarsch samples
and an elevated mean concentration compared to the control.
It can be concluded from the activity ratio *’Am/~**"Pu that
the Elbmarsch contamination cannot be accounted for by the
background levels of transuranic nuclides resulting from
weapons fallout. The derived release of alpha emitters is
assumed to have contributed to the induction of a leukemia
cluster in children, which was observed in Elbmarsch between
1990 and 1996.
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INTRODUCTION

Tue communmry of Elbmarsch consists of a chain of
several small villages located at the southern bank of the
river Elbe, about 35 km southeast of Hamburg. In 1990,
a leukemia cluster appeared in children living there
(Hoffmann et al. 1997). Most cases up to now occurred
in the village Tespe, lying opposite to the nuclear
research center Gesellschaft fiir Kernenergieverwertung
in Schiffbau und Schiffahrt (GKSS), established in 1958
(Fig. 1). West of GKSS, at a distance of about 1.5 km, a
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nuclear power plant named Kernkraftwerk Kriimmel
(KKK) began full operation in 1984. It is equipped by a
1,300 MWel boiling-water reactor.

The primary initial project of the GKSS was re-
search and development on the hamessing of nuclear
power for commercial ships. In the eighties, the center
was engaged in several research programs on nuclear
reactor safety and the development of components for
nuclear power plants. It was equipped with two nuclear
research reactors of 5 and 15 MW capacities.

In 1990, about 1,500 children under the age 15y
lived in the Elbmarsch community. According to the
Childhood Cancer Registry for West Germany, one
leukemia case would have been expected there in 15 y.
However, five cases appeared between 1990 to 1991.
Four additional cases occurred by 1996 in the 5-km area
surrounding KKK. In the period 1990 to 1996, the
incidence of childhood leukemia in that region was
elevated by a factor of 5.6 (Schmitz-Feuerhake et al.
1997). All affected children were less than 11 y old at
time of the diagnosis, and five were below 5 y of age.

Because of the temporal correspondence between
the start-up of KKK and the appearance of the leukemia
cases—regarding known latencies for radiation-induced
malignancy—the suspicion arose that non-permitted
emissions of the plant might be responsible for the
induction of the diseases. The supervising ministry,
however, claimed undisturbed operation for KKK, the
two research reactors, and the experirra@ntal facilities of
GKSS and denied any relevant environmental contami-
nation.

Analyses of the environmental monitoring data were
also carried out by members of an expert committee,
officially appointed to identify possible causes of the
observed health effect. They registered several increases
of fission and activation products between 1984 and
1990 (Schmitz-Feuerhake et al. 1996; Schmidt et al.
1998). Biological dosimetry for 21 adults living in
Elbmarsch showed a significant elevation of dicentric
chromosomes (Schmitz-Feuerhake et al. 1997).
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Fig. 1. Map of the investigated Elbmarsch region.

The KKK and GKSS environmental monitoring
programs do not call for continuous measurements of
pure beta- and alpha-emitting nuclides in the controlled
media except for St in the air. Therefore, it was decided
to look for transuranic nuclides delivered in the preced-
ing period, i.e., at least since the test operation phase of
KKK in 1983, and also for *Sr as a possibly relevant
bone-seeking nuclide responsible for the induction of
leukemia.

MATERIALS AND METHODS

Attic dust in older houses, where the roof had not
been restored, was thought to be a suitable means to
detect contaminations from the past in a rather concen-
trated form. In 1997 and 1998, inhabitants of such houses
were instructed to collect attic dust in a fresh paper bag

from their vacuum cleaner. Twelve samples from differ-
ent locations in Elbmarsch were obtained, which had
masses between 60 and 400 g. In these samples a
screening measurement was undertaken by gamma spec-
trometry. Seven of the samples showed **'Am above or
near the detection limit.

Five of the Elbmarsch samples were selected for
further analyses. Three were from Marschacht and two
from Tespe, which are the villages located nearest to the
nuclear establishments (Fig. 1).

Five samples from different places in northern
Germany were taken as a control. They are described in
Table 1.

The material was passed through a sieve of 1-mm
hole diameter in order to eliminate coarse particles.
Thirty to fifty grams of each sample, either in their
original form or after incineration to ash, were sent to the
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Table 1. Locations for control samples of attic dust.

Distance to Sample
Installation Elbmarsch Date of mass

Location of attic (km) sampling [€3)
Adendorf circa 1992 14 August 1998 75
Bremen 1957 ~110 Sept. 1998 100
Grossefehn near Aurich <1988 ~250 Sept. 1998 107
Liineburg 1963 20 July 1998 116

Schamebeck near unknown 14

Liineburg

July 1998 103

investigating laboratory for the transuranic analyses.
Another portion of. the material was saved for future
measurements of *Sr.

The procedure for plutonium nuclides followed the
method applied by LaRosa and his co-workers (1992) at
the JAEA Laboratories Seibersdorf for the analyses of the
Chernobyl Project samples. Only small modifications,
described elsewhere (Mietelski and Was 1995), were
introduced. The analysis was combined with an Am/Cm
radiochemical procedure (Holm and Ballestra 1989; Mi-
etelski and Was 1997). Determination of *°Sr activity was
done separately. Both procedures started with incinera-
tion at 600°C for =8 h. Then each sample was homog-
enized, weighed, and its respective dry mass calculated.

Pu, Am/Cm procedure

After transferring the ashes to PTFE beakers, known
amounts of *Pu and '®Gd tracers were added. The
samples were dissolved by means of sequential applica-
tion of hot concentrate acids including HF, HNO,, HCI
with added H,BO, and again HNO,. The solution was
diluted to a HNO; concentration of 1 M and filtered after
cooling. The oxidation adjustment procedure (LaRosa et
al. 1992) was performed using hydrazine and NaNQO,.
After that, the solution was diluted to a HNO, concen-
tration of 8 M and cooled down. Thorium and plutonium
were separated from all the other elements by anion-
exchange chromatography using DOWEX 1X8, 200
mesh, C1” form (Fluka Ltd., SAF Germany, D-89231
Neu-Ulm, Germany). Thorium was stripped off the
column with 50 mL of 10 M HCIl, and plutonium was
then stripped off with 25 mL of 0.1 M HC1-0.1 M HF
solution.

Thin alpha spectrometric sources were prepared
directly from solutions using the NdF, co-precipitation
method (Sill 1987; LaRosa et al. 1992). Americium,
curium, and all rare-earth elements including the gado-
linium tracer were expected to pass the columns without
any retention, so they should remain in the 8M HNO,
solution. These solutions were evaporated to about 20
mL, diluted to 200 mL, 30 mL of saturated oxalic acid
solution was added, and the pH was adjusted to 3. Under
these conditions, americium, curium, and the rare-earths

co-precipitate with oxalates (Holm and Ballestra 1989).
The precipitated oxalates were centrifuged, dried, and
then decomposed at 600°C. The residues were dissolved
in hot 14 M HNO,, and a small amount of iron chloride
was added. Then the solution was diluted with de-ionized
water and adjusted to pH 9 using ammonia. This was
done to separate the rare-earths, americium, and curium,
which co-precipitate with iron hydroxides from any
bi-valent element ions, which stay in the solution (Holm
and Ballestra 1989). The precipitated iron hydroxide was
centrifuged, dissolved in hot aqua regia, converted to a
HNO, concentration of 8 M and the anion-exchange
procedure repeated in order to purify the solution from
any remaining traces of thorium.

After passing through the column, the solution was
evaporated to 3 mL, and 40 mL of CH,OH was added.
This solution was passed through further DOWEX-1
columns pre-conditioned with a similar solution. Amer-
icium, curium, and rare-earths were expected to be in a
complex configuration in the column (Holm and
Ballestra 1989). They were finally removed together
from the column using 50 mL of 1 M HCl in CH,0OH.
The solution was evaporated to dryness, and the residue
was re-dissolved in 12 M HCI and then diluted to a HCl
concentration of 1 M. NdF; co-precipitation sources were
prepared (Sill 1987).

Alpha spectrometric measurements were done using
an alpha-spectrometer Silena AlphaQuattro (Silena Inter-
national Spa., Via Firenze, 3-20063 Cernusco sul Na-
viglio (Mi), Italy) with Canberra PIPS silicon detectors.
The alpha-sources were measured in a detector to source
distance of about 1.5 mm. The obtained spectra were
analyzed using ALF software (Mietelski and Was 1995).

After the alpha spectrometric measurements, the
plutonium sources were dissolved in small amounts of
hot 14 M HNO, with traces of H;BO, added, evaporated
to dryness, re-dissolved in 2.5 mL of 1 M HNO,, mixed
with liquid scintillation cocktail Wallac HiSafe3, and
measured for **'Pu using a Wallac 1414-003 Guardian
liquid scintillation spectrometer (PerkinElmer Life Sci-
ences—Europe, Imperiastraat 8, B-1930 Zaventem, Bel-
gium). The total alpha emitting plutonium activity
present in the source, already known from the alpha
spectrometric measurement, was used to monitor the
chemical recovery. The tritium protocol together with the
built-up library data were applied for all quenching and
efficiency problems. Details of the applied method of
1Py activity calculation were described elsewhere (Mi-
etelski et al. 1999).

*Sr measurements
The applied radiochemical procedure for *Sr was a
modification of our previous method for bone matrix
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sumples (Mietelski ct al. 2007). Samples of about 5 g ash
weight cach were mineralized by a subsequenl tzeatment
with hot concentrated HF, HNO,, HCl (with H,BO,
added}), and again HNO,. Then they were diluted to 1 M
HNO,. The solutions were filtcred after cooling. Oxalic
acid and ammoniy were added, and the oxalates were
precipitated at pH 6 from the hot solution. The centri-
fuged oxalates were decomposed in concentraled hot
HNO,. The solution was diluted 10 3 M HNO, and
deposited on a Sr-Resin (Eichrom Ltd., Eichrom Tech-
nologies, Inc., 8205 Cuass Avc., Suite 106, Darien, IL
60561, USA) column (10 cm high, 0.4 cm inner diame-
ter). Strontium was stripped off with water and the
solution cvaporated to 2 ml. and mixed wilk liquid
scintillation cocktail Wallac HiSafe3. The samples were
then left for 2 wk to achieve secular cquilibrium between
*°Sr and its progeny, ™Y. *Sr activity was measured in a
Wallac 1414-003 Guardian liquid scintillation spectrom-
eter using only the high energy part of the beta spectrum
lo reducc the interfering infiuence of traces of 2'"Pb in the
spectra. The yield of the radiochemical procedure was
calculated from the stable stronlium concentration, which
was estimated after mineralization of the sample and
before mixing the final solution with scintillation cock-
tail. These measurcments were done using flame enis-
sion spectrometry (Perkin-Elmer 5100 ZL spectrometer,
PerkinElmer Life Sciences Inc., 549 Albuny Street,
Boston, MA 02118-2512, USA). For each of these
measurements 10% of the appropriale solution was taken
out.
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RESULTS

The results of the attic dust measurements are shown
in Table 2, except for *'Cm. All results for this nuclide
lay below the detection limits in the range of 0.01-0.2
Bg kg ' of ash.

Thc mean concentrations for all measured nuclides,
except ““Cm, were higher in the Elbmarsch houscs than in
the controls {Table 2, last line). “Sr and plutonium nuclidcs
were 2-3 times higher than controls. An extremne difference
resiled for the nuclide *'Am, which showed a 19-fold
higher concentration. This is duve to the findings in (he
Marschachl 3, Marschacht 4, and Tespe 3 samples. (The
sample for “Grossefehn™ in the *Sr sedes was lost.) The
attic dust concentrations for the alpha-emitting transura-
nium nuclides are shown in Fig. 2. The *Sr concentration
was correlated Lo that of “’Am for all measuting points,
which was not the case for *Sr against %Py (Fig, 3).

DISCUSSION AND CONCLUSION

In Gerrnany, the contents of (runsuranic mmuclides in the
normal background contamination are dorninated by the
fallout of the atomic bomb tests until 1965. The Chernobyl
accident contributed only a marginal elevation. Measure-
ments in the region of Munich in soil and grass resulted in
the following contributions to the former deposition: %Py
by 1%, “***Pu by 0.1%, and *'Pu by 04% (Bunzl and
Kracke 1990; SSK 1989). The transuranic contamination in
northern Germany is cven lower.

Therelore, whether the Elbmarsch samples show
significant devialions from normal hackground can be

Table 2. Results of the nieusurements in attic dust, values in Bg/kg of ash.
The valucs are given with the | S.D. statistical counting error.

Samp]e ')US[ ?Ripu 2!9,140]')“ '.!ﬂpu IdlAm
ELBMARSCII (E) '
Marschacht 2 72=04 04072 £ 0013 134 =01 45+0.1 0R% =010
Marschacht 3 53.6 = 2.0 (189 = 3015 5.86 = 0.31 15302 Mn7+12
Marschacht 4 L5205 (0.046 = 0.004 0.93 = 0.05 250 21 =08
Tespe 2 8000 0047 = 0007 0,73 =+ 0.06 EX =N 134 - 010
Tespe 3 2532405 0.065 ~ 0.007 132 =007 25+01 IR+0S5
Mean . 11 0.0B3 2.05 5.7 16
I 5.0 range 11.4-3N.8 0053-0.113 098-3.12 384 1.5-57
CONTRULS (C)
Adendor] 57+05 .41 = 0.007 U7 L s 28+01 Q.10 + 0.06
Bretnen 131 +12 0.076 = 0.010 1.42 1 Q.09 26+ 01 Q.65 £ 0,12
Giosselehn —_ 0.038 = 0.005 1.US L 0.06 2.3+01 0.16 = 0.13
Liineburg 6307 0.003 = (.003 014 4 (4N <01 <[.03
Sehamebeck 3800 0.023 = 0,006 .28 1 0.0 317+0] <0.0]
Mean* 7.2 Q030 0.73 22 019
1 8.I3. range 4.9-9.5 0.023-0.049 Ord-1.00 1L6-2.8 0.06—.32
Rutio (E/C) 29 2.3 2.8 26 19

" The valoes below the detection lunil were considered by taking half of the dstection linit.
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Fig. 2. Alpha-emitting transuranium nuclides in aitic dust; left side; Elbmarsch; right side: controls.

determined by comparison with the isotopic ratios in
atomic bomb fallout (‘Table 3).

The activity rato “*Pu/~"**Pu for weapons fallout is
repuried o be 3.5% (Eiscnbud 1987). According to Hardy
et al. (1973), the SNAP accident in 1964 {a satcllitc was
equipped with a System for Nuclear Auxiliary Power
containing 1 kg of **Pu) with a release of “*Pu led to a ratio
of 3.0% in the northern hemisphere (Munich 3.1%; Rusk-
ilde/Norway 3.6%). Measurements in German souls resulted
in ratios of about 3% (Bunzl and Kracke 1987) and 3.7 &
0.33% (Bunzl and Kracke 1988). Compared to these mea-
surements, the corresponding ratios in Elbmarseh (Table 3,
second column) and control samples do not show any
significant deviation.

The activity ratio *'Pu/***°Py (Table 3, third col-
umn) also does not indicate a deviation from normal
background. At the time of the atomic tests it was about
15:1 (Hakanen et al. 1984) and is expected to be ahout
2:1 for weapons fallout in 1999,

Considerable alterations, however, are shown in the
relations including *'Am. ' Am, as the progeny of **'Pu
(14.4 y), increased until 1999 up to an activity of (.3-0.4 in
relation to “**Pu (Krey et al. 1976; Bunzl and Kracke
1987, Ryan ct al. 1993). As a consequence of the elevated
“!Am activity (Table 2) the Elbmarsch samples (Mar-
schacht 3, Marschacht 4, and Tespe 3) show a complerely
deviant increase of the ratio ' Am/”**“'IPu. This is true also
for the ratio ** Am/**' Pu, which is far above expected values
in these samples (abowt 0.15-0.2 for weapons fallout in
19993, It seems ruthier unlikely that any decay mechanism
might have ullected the Pu/Aum ratio since the attic dust was
nol exposed Lo any direct weathening processes.,

The Elbmarsch contamination by transuranic no-
clides therefore cannat be accounted for by the back-
ground levels resulting from weapons or Chernobyl
fulloul. It is, however, not similar W the inventory of 4
normal operating light water reactor. This can be infemred
from the measured proportion of *Pu, which lies in a
range of 0.03-0.08 related to **2*Pu. Such low ratios
only exist in the initial operating phase of the reactor,
where the build-up of **'Pu and **'Am is low (Wilson et
al. 1988). The peculiarity of the Elbmarsch results must
be secn, however, in the high amount of *'Am and the
relatively high ratios > Am/'Pu and *'Am/2* Py,
which are not compatible with normal fuel burn-up.

There was only a slight deposition of *'Sr in Gennany
from the Chemuobyl accident. For northern Germany, a
contrbution of 5% to the former fallout was reported (SSK
1987). Fig. 3 shows that the *Sr concentrations in attic dust
samples of Rihmarsch do not correspond to those of ****%Py
but to those of **' Am. The ***°Pu deposition in Elbmarsch
must be interpreted afler our measurements us a combina-
tion of radionuclides from weapons fallout and from some
additional source, while the “'Am concentration seems ta
be mainly generated by the additional release. The corre-
sponding appearance of the fission product "Sr might
indicate hat it wus released together with *'Am. The
undcrlying scenario, however, cannot be derived by these
data.

The leukemia incidence in Elbmarsch peaked in the
vears [990-1991. According (o the findings in Hiro-
shime and Nugusaki where the incidence in young
children peaked about 5 vy after the exposure (Shimizu et
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Tuble 3. Ratio of transuranic nuclides in attic dust in comparison to expected values by nuclear weapans Fallowut in 1999

(values in parentheses: 2 S.1). conlidence interval).

Samp]c ’33pw239,3¢0pu 'lillplhrl]?.fnlﬂpu QIAWJJD.HOPU l"H.AranAlPu
Expected for 0.03-0.04 ~2 0.3-04 0.15-0.2
weapons fallout

ELBMARSCH (E}

Moarschacht 2 D054 34 0.66 024
[0.032-00.075) (2.8-39) {0.47-0.84) {0.15-0.24)

Murschache 3 1.032 2.6 1.8 0.70
(0.026-0.038) [2.3=2.9) (1.4-2.3) ((1.54-0.86)

Muarschacht 4 1.049 2.7 2.3 .54
0.039-0.060) {2.3-3.0) {0.9-3.0) (0.36-1.42)

Tespe 2 0.053 4.6 0.43 oy
{0.034—0.073) {3.8-5.3) (0. 17-0.69 (0.04-0.15)

Tespe 3 0.049 1.9 2.9 1.5
{0.037-0.061) {1.6=2.1) {(2.1-3.7) (1.1-1.9)

Mean E 0.040 2.8 1.4 0.67

CONTROLS (C}

Adendorf 0.053 3.0 {113 0.04
{0.020-0.073) (3,0-4,3) (n.N3-0.20) ((.01-0.08)

Bremen 0.054 1.8 .46 N.25
(0.038=-0.06Y) (1.6-2.1}) {0.28--0.64) (0.16-0.34)

Grossefehn 0,036 22 013 0.067
({0.026-0.047) (1.9-2.5) {0 -N.40) (0.04-0.18)

Liineburg 0,021 <007 0.2 nc?
(0=0.1K3)

Schamebeck G082 11.4 <004 <0003
({,096-0.128) {#.9-14)

Mean C 1.049 10 0.26 e,

“n.c. — nnt enlenlable (meang that a quoticnt was not calculable), see Table 2,

exposurc as would be expected from incorparated radio-
nuclides with long cifective halt-lives. Quantitative dose
estimalions according to the yield of dicentric chromo-
somes are nul possible under such conditions. A further
impaortant result of the study was given by the distribu-
tion of the dicentric chromosomes among the cells,
which did not follow a Poisson pattern but showed a
significant overdispersion. In the low dose region, this is
an indicator for high linear energy transfer radiation.
Therefore, the study warranted the seurch for alpha
emitters.

12 September 1986, appears as a possible dule of an
underlying event. As was reported by local newspapers,
persons in protective clothing were observed on the
grounds of the nuclear power plant working with radia-
tion monitors. The emission monitoring of the plant
registered a 2- tn 4-fold elevation of gamma-emitting
aerosols in the downwind pathway between 7.30 h and
11.30 h, but no source for elevated releases was detected
in the plant.

The avthorities for reactor safety explained the event
as an unusual accumulation of natural radon because of
caim and inversion weather conditions and reported an
outdoor aerosol concentration of about 500 Bq m™. They
stated that the nuclear power plant had drawn in radio-
activity via the inlet air fan. The inlet is, however, 44 m

above ground level, which corresponds o al least 14
diffusion lengths for radon {Perstenddrier 1993). Hence,
the interpretation of the authorities cannot be accepled.
lFurthermore, the envirommental monitoring systems of
the nuclear establishments indicated contaminations on
that day that excluded any relation to the natural enuitters.
A routine monitoring of soil in Marschacht (a village of
Elbmarsch, Fig. 1) showed an increase of the beta-
surtace activity of about 2,400 Bq m™ (KKK 1986).
Measurements by gamma spectroscopy of sediments of
the Elbe at locations upriver (relative to the plants)
showed a varicty of long and short-lived fission products
in samplcs drawn on 15 September 1986 (GKSS 1983—
1991). The cxistence of these fission products cannot he
explained on the basis of the Chernobyl accident, since
the corresponding measurcments taken before 12 Sep-
lember (986 and aftcr the date of the Chernobyl accident
showed no clevation in the concentration of fission
products in sediment,

It is unkrown, however, if thesc fission products
were accompanied by (ransuranic nuclides. The profile of
these nuclides in attic dusl support the assumption that
experiments with special nuclear fucls were carried out at
the GKSS site, MOX f{uel, [or instance, would clevate
' Am, because it contains **'Pu from reprocessing. A
delivery of nuciear fuel—possibly becuuse of 4 criticul
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Fig. 3. u) Dependency between 5t and * Am in Elbmarsch samples; b} Dependency between *'Sr and 2940y jn

Libmarsch samples.

al. 1990), a putative causal radiation evemt in Elbmursch
could be assumead o have occurred about 1936.

An investigation on chromosome aberrations in
inhabitants of Elbmarsch—among them 7 parents of
leukemia children—had been done during the years

1991-1993. It showed a near to 4-fold significant eleva-
lion of dicentric chromosomes in peripheral blood lym-
phucyles (Schmitz-Feuerhake et al. 1997). As the aber-
rations ure unslable, these findings several years after the
purpuried radiution cvent indicate a kind of continmous
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cvent—is conlirmed by the fact that enriched uranium
wis found in 3 of the Elbmarsch samples of the attic dust.
A review ol the measurements of soil radioactivity by
several inslitulions perlaining to the Elbmarsch problem
resulted in repeated (indings of enriched uranium
(Schmitz-Fenerhake?). The SCTCCHINE MeAsurcments in
attic dust also showed elevuled concentrations of the
fission product "'Cs, which coummespond to the reported
findings for *Sr. Furthermore, activalion preducts like
2Na, YCo, and ®Co were detected in (he Elbmarsch
houses.

Further studies on the enviropmental conluninations
must be undertaken in order to identify the svurce of
contamination and its relation to leukemia-induction
among children of Elbmarsch between 1990-1996. A
case-control study of the whole population living in that
part of Germany was sponsored by the corresponding
Federal States in order to identify the possible canses for
the leukemias.
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