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Abstract. The childhood leukemia cluster in the proximity of
the German nuclear establishments of Geesthacht is wnique in
its spatial and temporal concentration. After a steep increase in
cases in 1990, the cluster continues 10 show a significant in-
crease up to the present, Early investigations of blood samples
from a casual samplc ot local residents showed an increase in
dicentric chromosomes in lymphocytes, indicating exposure
exceeding dose limits. Analyses ol the inunission data re-
vealed several unexpected deliveries of fission and activation
products in the environment but provided no explanation of the
source. Because of the observed overdispersion of dicentric
chromosomes in cells, the idea of a contribution by densely
ionizing emitters was compelling. The routine programs,
however, do not include alpha emitters. These were measured
in specific studies that proved contamination by transuranic
nuclides. As shown in the present investigation, Touting envi-
ronmental survelllunce programs suppord e oceurrence of a
accidental evenl near Treesthacht i Septemhber 1986, Unhil
now, neither the cause nor the complete scenario of the activity
release could be established. The ongoing discussion high-
lights limitations in the immission-control concept, which is
predominantly based on gamma-radiation monitoring.

The increased incidence of leukemia in young children living
in proximity to the Geesthacht nuclear cstablishments south-
cast of Hamburg is a continuous phenomenon. 1t began in 1990
with u steep increase in cases observed in the rural community
ol the Elbmarsch, then gradually decreased in subsequent
years bt remained significantly increased {(approximaltely
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threefoid) from 1995 to 2003 (Kaatsch 2003). Figure | shows
the course of reported cases in the 5-km surroundings. The
expected occurtence in this region with approximately 4800
children <15 years old is 0.21 cases/y based on German
Childhood Cancer Registry incidence data (Hoffmann et al.
1997, Schmitz-Feuerhake er af. 1997),

The Elbmursch is situaled opposile the former nuclear e-
sarch center Gesellschali [Or  Keroenergieverwerlung  in
Schiffbau und Schiffahrt (GKSS) at the river Elbe (Fig. 2).
The GKSS was established in 1958, and its original objective
was research and development on the use of nuclear power for
commercial ships. In the 1980s, the center was engaged in
several research programs on nuclear reactor safety and the
development of components for nuclear power plants. It is
equipped with two nuclear research reactors, one with 5- and
ihe other 15-MW cupacily. A commercizl nuclear power plant,
Kemkraflwerk Krinnmel (KKK), is located west of the GKSS
approximately 1.5 km downstream the river Elbe, Tt has a 1300
MW, boiling-water reactor that began full operation in 1984,

The authorities have carefully studied the living conditions
of the leukemia patients and their families, No other common
risk factor for Jeukemia, other than proximity to the potential
sources of radioactivity, could be identificd. The supervising
minisiry (German federal siate of Schleswig-Holstein, where
the fucilities nre situnted) has excluded a rdiologic caysation
i+ ihee leukemia. The ministry atlesled lo the regalar operation
of the nueclear power plant and the GKSS hased on emission
surveillance of the facilities and referring to the results of
routine environmental radiologic surveillance. In addition to
depending on their own experts, the federal state government
established an independent experi commitiee, which came to a
diverging assessment of the situation (Expert Committec
1998). The experts based their statement on several findings of
tritium gnd other fission and wctvation products in the envi-
ronment (Schmitz-Feuerhuke o ¢f. 1996; Schmidt ef af. 1998)
that were not compatible with the emission data provided by
the plants. The committee also considered early results by
biological dosimetry in Elbmarsch residents carried out in
1992 and 1993. In vitro chromosome studies in peripheral
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Fig. 1. Number ol children with leukemia living in prozimily e the

KKK and GK8S (from 1980 10 2003 12 cases of acute lympharic len-

kemia and | case of acute myeloid leukemia), Drawn line — expected
value (L4112 y.

lymphocytes from 21 adults (7 of them parents of leukemia
children) and 5 brothers or sisters of thosc children showed an
approximately  [ourlold  (signilicant) increase in  dicentric
chromosomes  (Schumtz-Feverhake o @f. 1997, Daanheim
1996). A noleworlhy result of the cylogenetic investigation
was a significant Poisson overdispersion of dicentric chro-
mosomes in the cells, similar to a clustering of aberrations,
which indicates an exposure to densely ionising radiation.

These findings motivated further sudies about environ-
mental radioactivity because routine surveillance measure-
ments do not measure alpha emitters. In addition to other
manmade radionuclides, plutonium isotopes and Am-241 were
detected i atlic dusi of Elbmarsch bouses (Schimitz-Feuerhuke
ef f. 2003). The composition of the transuranic nuclides
showed that neither normal background {fallout from atmo-
spheric atomic tests and Chernobyl) nor the inventory of a
normal operating light water reactor such as the Kriimmel
plant could account for these findings.

In 2001, the German expert group Arbeitsgemeinschaft
Physikalische Analytik und Messtechnik (ARGE PhAM),
chaired by Arthur Schurmann (Giessen), found contamination
Irom enriched uranivin and Th-232 derivales in the environ-
ment. ARGE PhAM detected mieraspheres allegedly consist-
ing of nuclear fuel, which they attributed to experiments with
hybrid nuclear systems (fusion plus fission). However, up until
now the actual causes of the observed contamination have
been unclear.

A second source of information is scen in identifying the
time of a relevam radioactive relcase. If the majority of the
leukemia cases were radistion induced, the sudden onset in
199 and 1991 weuld not be compatible with permanent
chronie emisston bt rather would indicate an aecidental event
or the sudden onset of a process with a higher rate of emis-
sions. A radicactive incidence, other than Chernobyl (Apnil 28,
19866), has in fact been identified.

L Sctunite-Fewerlike el al,

On September 12, 1986, radioactive contamination of the
immediate KKK area occurred. The plant emits by way of a
150-m stack. On that day, a twolold 10 fourtold increase in
shorl-livedl gamnee-emilling aerosols was released into the air
al 7:30 am and decreased o normal vafues a1 approximaiely
11:30 am. Mo source for the increased release was delected in
the plant (KKK GmbH., documentation TKU Wess, March 31,
1993). The shift leader therefore assumed contamination by
way of omdoor radioactivity and onrdered a check. As a resull,
the contamination was registered on the grounds of the plant
and was thought to be drawn irto the building by way of the air
inter. ‘The incresse was explained as an increase in natural
radivactivity.

The supervising minisiry repuried thit ke metereologic
mstrumentation had shown calm weather on the marming of
that day. As a result, the accumulated natural outdoor
radioactivity, radon, would have been drawn into the power
plant (personal communications from Waolter, Ministry of
Finance and Energy of the Federal Siate of Schleswig-Hol-
stein, to Schmitz-Feucrhake, October 14, 1952 and February
14, 10U3). The observed outdcor concentration had ingcreased
1o it wtad of “approximately 500 By/m™ ' (gumma nerosuls)
according to the ministry, and the following measuring
values were given in 1993: Bi-214 (19.7 m; descendant of
Rn-222) 73 Bg/m®: Ph-212 (10.6 h; descendant of Rn-220)
63 Bg/m> Pb-214 (26.8 m; descendant of Rn-222) 40 By/
m’; Ra-224 (3.64 d; descendant of Th-232) 30 Bgjm®; and
TI-208 (3.1 m; descendant of Rn-220) 80 Bg/m’. These
values, however, do not represent radon daughters in their
naturil composition. Ra-224 is the mother of the isotope
Rn-220, und normally as a solid substance s nol
measurable in air. Ri-214 and Ph-214 are solid descen-
dants of Rn-222 and therefore do not exceed the Rn-222
concentration in air (Porstenddrfer 1993}

The Geesthacht region belongs to those with the lowest
underground concemrations of cadon in Germany, and normal
outdoor levels are <10 Bg/m® (Bundesamt 2003), In cases of
very calm weather, a 10-fold increase in Rn-222 and its
descendunts could be expected; (herefore, the given vulues
for Bi-214 wnd Ph-214 do nol contradict the mumistry's
inlerpretalion. The isoiope Rn-220, however, cannol accu-
mulate to a similar level because of its short half-life of 55
seconds, and therefore the reported concentration of its
daughters Pb-212 and TI-208 appears to be much too high,
being | to 2 orders of magnitude higher than average levels
(Porstendtrfer 1993). Another point is that the sum of the
cited activities is 286 Bg/m*, and the question arises as to
whal additional nuclides may have led to o jotal dispersion ol
approximately U0 Bg/m®.

The fact that the inlel Tan of the KKK plant is located 44 m
above ground (Banz 1984} casts further doubt on the operatar's
and ministry's scenario. With regard to the relation between
decrease in radon concentration and height, Porstendorfer
published diffusion lengths between 0.1 and 3 m for isotope
222 (1993). This means that at least 14 diffusion lengths had to
be overcome before radon reached the inlet, This could not
have led to measurable activity inside the power plant. For
rudon-2211, the descendunt of 'FTh-232, 1his would be even less
plavsible. Hence, il appears highly walikely that the accumo-
lation of natural radon generatad the increase in radioactivity
measured inside the power plant and later released by the
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Fig. 2. Lacation of the nuclear establishments near Geesthacht.

reactor, Because I'b-212, Ra-224, and TI-208 are descendants
of Th-232, the reported results of the ministry support the
previously mentioned hypothesis of the ARGE PhAM experts,
ie., u release ol nuclear Tuel.

An acvidental release in 1986 woukl] be congruent with
the known latencies for radiation-induced leukemias in
childhood, which show up & maximum of 4 to 6 years after
exposure. Compared with other regions in Germany, the
local contamination by the fallout from the Chernobyl
accident in 1986 was rather low, and its contribution to the
leukemia induction, if any, was very small. Therefore, the
documents of the immission-monitoring program of the
nuckenr leeilities were examined lor further indications ol a
lucit) event.

Methods and Monltoring Program

Rowtine Emissions Control

In Germuany, an @missions-monitaring program ensues, com-
pliance with the dose limits for the population living near
nuclear facilities. The operators of the plant are obliged to
keep accounts of the quantities of radioactive nuclides released
front the plant, Tf the emitied activity for each specific group of
nuclides remains less than the permitted limit. then exposure to

the population is assumed to be less than the legal limits. The
maximum cxposure dosc in the vicinity of the facility gener-
ating the emissions is predicted by employing the atmospheric
trunsport model and trunsfer Tuctors provided o the Gemman
Radistion  Protection  Legislulive  Allgemeing  Ver-
waltungsvorschrift {AVV 1990).

Routing Immissions Control

A program ol immission measurements consiitules 8 secand
control mechanism. 1t is specified: *The immission moni-
toring complements the emission monitoring. Tt enables an
additional control of activity releases and the compliance
with environmental exposure limits” (REI 1993). The
stipulated annual immission measurements for the KKK
and GKSS for 1986 are listed in Table 1. The results are
alse published in annual reports (KKK 1986; GKS5 1983
to 1991). According to REl, these recordings arc to be
carried oul by the plant operators themselves and addi-
tonally by un external independent mstitule In the case
of the KKK, the GKS8S serves as the independent insti-
tute; for the GKSS, the Agricuitural Institute for Fxami-
nation and Research in the city of Kiel (LUFA) is the
independent institute. The immission-control program for
the facilities requires additional measurements according
to the “routing monitoring for cases of malfunction™
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Table 1. Rouline program during regnlar operntion®

L. Sclinilz-Feverhuke ol al.

KKK inymission control GKSS immission control Status
Alr
Local pamma dose rate Local gamma dose rate No
Three measuring stations near KKK: 8 1 Grilnhal, Four measwring stations: 8 1 through S 111
Schieswig-Holstein, in main wind direction, cast: § 1l identical 10 KKK § IV at the GKSS sitc
pumped storage works, Schleswig-Holstein, west; S Tl Continuons registration
Tespe, Niedersachsen, south Only owner
Continuous registration {circular recorder)
Only owner
Local gnmma dose lLocal gnmmn dose Yes Fig. 3
Seventeen solid-state dosimeters including 10 a1 the 21 + 10 solid state dosimeters at
KKK-lence, accumulating dose, annual reading e GKSS-lence acoumulating dose;
annual reading
Owner and independent institute Cwner and independent institute
Aeresols in air Acrosols in qir
Tulal long-lived bela aclivily Total long-lived beta activity Mo
Measuring stations S [- through S 111, Measuring station 5 [V
samples taken continucusly during (4 d by filters; reading after samples taken continuously during
=5 ol sterage 14 d, reading afler & Jd ol slorage
Only owner Only owner
Gamma-emitting single nuclides and Sr 90 Gamma-emitting single nuclides No
Measuring stations § 1 through 8 11; contlinuous saenpling by {illers, Yalues of the owner for 8 1 through S FLL are
reading after 14 d identical those of indcpendent institute for
KKK
Owner and independent instilute, Sr-% anly by owner Quarlerly combined smople al § IV
Owner and independent institre
Total alpha activity Sr-90 and total alpha activity Yes
only wl S 1V
Measuring stalions S | through S [11, Measuring methods similar to KKK
continuous sampling by filter, quarterly reading Only owner
Cmly owner
Gaseous jodine Gaseous iodine No
I-131 activity concenlraiion I-131 activity concentration
Mcuasuring stations S T through-S 111, S I throngh 8 11 identical o mensurements KKK
continuous sampling by 5 IV measuring method similar to KKK
churcoul, reading afler 14 d Ounly owner
Only owner
Rain water
Gamma-cmitting single nuclides
Measuering stalivns 8 1 through 8 15 guarierly combined samples
Only owner
Soil and vegetation
Soil in depth (o 5 and 5 io 10 em Soil i depth 0 10 5 and 5 to 1 e No
Gamma-cmitting single nuclides and Sr-90 Gamma-cmitting single avelides and Sr-90
Four measuring stations: S T and 3 Il and reference location Five measuring stations: S 1, § 1L, § 1V, and
Dassendor 10 km north (owner ond imdependent instilote) okl relerence loculions Dassendor] and Wittorl
reference location Wittorf, 10 km south {independent institate) Two samplesfy at S 1, § 11, 8 [V and | sample
T'wo samples/y at S Land 5 111 (1. and 2. hay harvest); samplefy at reference locations by owner, Sr-90 only
m reference locations, Sr-90 anly hy awner wl 8 and § 1V
Two samplesfy at S IV and in Dassendorf by
independent institute {only gamma)
Grass (irnss
Gamma emitting single nuclides and Sr-90 Gamma emitting single nuclides and 5r-90 Yes Fig. 4

Two samplesfy at s 1 and al relerence locations
Owner and independent institate, Sr-00 only S I

Owner: locations and time as for soil, 3r-90
only at 8 HI /independent institute:
locations and time as for soil (only gamma)
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Rurul nutritionul chain

Vegetables
Ganung emilting single nuclides and Sr-90 at 5 |

Two samplesfy (1. and 2, hay harvest) by owner

Three samplesfy by independdent wstilule

Cow milk

Gamma-emitting single nuclides 1131, 5r-%0 al four locations,
six samplesfy each (vegetalion pernod)

Independent institute only

Vegetables Mo

Gamma emitting single nuclides and Sr-90

at measuring statinn Tesperhude

one samplefy

Independent institute only

Cow milk

Gamroa-emitting single nuclides and 5c-90
fromm e dairy producer, i duiny two Lnesy
Iodine monthly during green feeding period
Independent institute only

Yeu

Surfuve water

Surface water (Elbe)

Ganupa-eiitling single nuclides aml Lritium

one sampling location each ar inflow and ontflow building
above and below KKK and near Lavenburg (10 km upstream)
anmd Altenganune (10 km duwnstream), conlinueus

sampling, monthly analyis

Owner

Gamma enmitting single nuclides, tritium, Sr-90

one sampling location ol milow and outllaw buihling abuve
and below KKK, continuous sampling, monthly analysis
(H-3 only guarterly)

Independent institute

Sediment (Llbe)

Gamma emitting single nuclides and Sr-90

Three locations nt the Elbe river and inlel of branch canal
near Rdnne and Drage

Quarterly sampling by owner

Gamma-omitting single nuclides

Two localions at the Clbe river, quarterly sampling by
Independent mstitule

Surtacc water (Elbe) No
Gamma emitting single nuclides, tritium,

remnining Bera

one sampling location each above and

below GKSS effluent discharge location

Quarterly combined samples from weekly

samples

Uwner

Gamma-emitting single nuclides and tritiom

one sarmpling locslion euch above and

below GKSS cffluent discharge location
Quarterly combined samples from weekly samples
Independent. institule

Sediment {Elbe)

Gamma-emitting single nuclides

one sampling location each above, al, and below
GKSS effluent discharge location

Quarterly sampling by owner

Half-yearly sampling by independent instilute

Yes, Fig, § and
Table 3

Aqueous food chain

Fish

Gamma-emiiling single nuclides

Samples half-yearly between river km 560 to 588
Ouly (ndependent inslitale

Ground water

Gamrna-ermilling single puclides

Well west and east (works premises): quarterly
combined samples

Only owner

Drinking water

Gamma-emiting single nuclides and Sr-90
Watarworks Geasthucht

Quarterly analysis

Unly independent instiie

Fish Yo
Guina-emitting single nuclides and Sr-$%%)

onc sanpling location cach above, w1, and below

GKSS discharge, half-yearly

Only independent institule

Ground water No
Gamma-emitting single nuclides

Reuglor draining

Quarterly sampling

Only owner

Drinking water

Gamma-emitting single nuclides and 5r-90
Waterwuorks Creesthachl, identical with KKK
MCASOrCment

Only owner

Waler-sampling region Corslack (14 km wesl)
Ralf-yearly analysis

Only independent institute

Yes, Fig 6

“Last column is statlus in Scptember 12, 1986 (yes or na).

(KKK 1986, GKSS 1983 to 1991, see Table 2). These are
intended by the RE] to serve as quality-control measures
in casc of malfunction. The last columns in Tables t and 2
indicate whether monitoring showed inereased radiouc-
tivity during Seplember 1986,

Independent Government Monitoring

The supervising ministry, based in the city of Kicl, supplics a
system of radiation detectors that is not controlled by the
owners of the nuclear plants. 1t monitors the gamma dose rate
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Table 2. Routine test program for cases of malfunction of KKK or GKSS"

4. Air and soil
4.1 Gamnta radiation #4 solid-state dosimeters ('L} in the Common program GKSS/KKK No
Y local dose environment, reading yearly {conlml mensurement by LIIFA)
4.2 Gamma radiation Annuat short-term measurement at Periodical measuring drives, No
¥ local dose rale narrvw and {ar locations in surreandings monthly changing locations
4.3 Acrosols, 1o1al Annual sample, reading in the laberatary, Periodical mensuring drives, No
beta concentration Iocations as for parnma dose rate monthly changing locations
4.4 Guseons wdine, Annual sarmple, reading e he labuoratory, Periodical measuring drives, Nu
J-131 concentration locations as for pamma dose rale monthly changing locations
4.5 Sail surface, total Annual short-term measurement locations Periodical measuring drives. Yes Fig. 7

bely uetivity (By/m?) us [or gamma dose rule

menihly chunging locations

“Last column is status on Seplember 12, 1986 (ves or no).

at several locations in the vicinity, four on the grounds of the
KKK and one on the grounds of the GKSS, and the results are
delivered continuously to a laboratory in Kiel.

Data Analysis and Results

Routine Emissions Control

The procedure w calcelate maximum exposure of menthers
ol the public (o emissions of o nuclear Tacility  applies
parameters thal are given withowt confidence limits and leads
to results without confidence limits. The authorities claim
that the results are conservative, which would mean that the
majority of the real metereologic constellations are included.
The question of conservatism was investigated in a Radio-
biologic Evaluatory Report that had been ordered by the
supervising ministry because ol the leukemin problem (Ste-
venson 2001). General proof of the reliabililty of the AVV
nwsdelling canned be derived [rom the literature (Hinrichsen
2001; Schmitz-Feuerhake 2001). Special arographic situa-
tons—as in case of the Geesthacht plants, which lie between
a peographic elevation on one side and a river and flat plain
on the other—are not considered in the transport model and
can lead to underestimation of aerial activity concentrations
up to two orders of magnitude greater than predicted
(Schumacher 2001).

The concept of emission conlrol lor the KKK und GKSS
wits eviluated by an independend (erman expert group ap-
pointed by the supervising ministey {Oko-Tnstitut 1994, 1996).
They attested that there was sufficiently sensitive emission
monitoring for the KKK, but for the GKSS they judged that
not all technically possible emissions would have been rec-
ognized by the emission- and immission-monitoring devices.
Therelore, the possibility of relevant unregistered deliverics
had existed during the tnvestigated period from 1982 to 1993,

Koutine Immission Control

Air monitoring.  The gamma dose-rale ineasurement in air is
the only continuous and directly evident measurement required
by German law that can detect short-lerm alterations in envi-
ronmental radioactivity. The results, including mean and
maximum measuremenis, are documented in the annual re-
ports of thc KKK and GKSS in monthly descriptive statistics.

For September 1986, these values were unsuspicious at the
four locations measured (Table ). The other aerial measuring
parameters showed also no incrcase during the period of
interest. The solid-state detectors, however, yielded interesting
information sithough they registered only an accumulmied
annual dose.

The KKK and GKSS use ditferent types ot dosimeters,
thermoluminescence and phosphate, respeclively.  Several
pairs of both Lypes are positioned o the ronl of the KKK
lwrhine hall, which stands 50 m high. One of the locations
(no. 12} showed a continuous high increase in dose values
during 1986 (Figure 3). The phosphate dosimeters of the
GKSS yielded a definitely higher increase, up to a factor of
3. This is only c¢xplainable by z sirong componcnt of beta
irradiation (a higher responsc is generaied by the greater
ubsorption volume of the RPL detector), indicating thut the
beta emiltters must have contaminuied the plant rom oudside.
The depasiled radionuclides then lead to continuous expo-
sure.

Soil and vegetation.  5oil and vegetation were monitored at
four sumpling stations uround the planis, The measurements
were carmied out only 2 ttmes/y during the vegetuton period,
Al the KXK, they were conducted before September 12 (June
5 and August 15) and hence cannot provide information about
the pericd of interest. The latter sampling showed a significant
decrease of Chernobyl-released nuclides in grass compared
with the June 5 sampling,

Al the fourth location at the GKSS site (site no. 4), sampling
was done by the owner on June 5 and Seplember 12, 1986, and
the latter sampling showed an increase in Cs-137 and Cs-134
in grass (Figure 4). This contamination indicated a recent
depusition becuuse the concentration in soil had also decrensed
there after Chernobyl. This finding is suppurted by (he Tact (hi
the grass concenlration @ the reference locahon {Dassendorf)
had not increased on September 12, [986. The increased
concentration of Cs in 1987 at the GKSS site (Figure 4) can be
interpreted as being left over from the conlamination that oc-
curred in September 1986,

Rural muritional chain. In the KKK immission control,
vegetables were measured only 2 times/y before Sepiem-
ber 1986. The single prescribed measurement of the GKSS
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Fig. 4. Cs isotopes in grass at station IV on the GKSS site (2 samplesfy).

program was curried oul in Ocluber und did not allow
comparisons  with values afler the Chernobyl conlamina-
tion. The cow milk samples taken for gamma and Sr-9)
monitoring according to the KKK program were procured
before September 1986, I-137 measurements were also
done September 6 and October 1 and showed no increase
in October. The GKSS program included measurements
for gamma cmitters {except 1-137) and Sr-90 until Secp-
tember. The Cs-137 concentration in milk was increased
threefold on September 23 cumpared with the value
measured on August 21,

Inshore waters above ground.  Fission products appeared in
sediments of the river Elbe outside of the Chernoby! period.
Measurements in the GKSS program were carried out at three
locations: above, at, and below the GKSS effluent discharges

inte the nver Elbe at km 578.6, 579.1, und 579.6, respectively.
Table 3 and Figure 5 show Cs-137 and ather fission or activa-
tion products in Elbe sediment according to the measurements of
the independent institute. In 1986, a measnrement was carried
out on May 15, shortly after the Chemobyl release in the last
days of April, and one more measurement was taken on Sep-
tember 15, e, shonly afier the period of interest around Sep-
tember 12, The latter sampling showed & multifold increase of
manmade gamma emitiers, except for Ru-103, compared with
the residual activity afier the Chernoby! accident.

Table 4 lists sediment measurements from the GKSS taken
at the same location but on different dates, In 1986, there was
one measurement also on May 15 and then another on August
8, which showed only a marginal increase during the post-
Chemobyl period. A further measurement on November 13
indicated a severe increasc in fission products. Relevant with
respect to the possible cause were the values upstream the
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Table 3. Fission and activation products in sediment: Resulls of the GKSS immission monitoring (GKSS 1986)

Location Date Cs-137 Cs-134° Sh-125 Ru-106 Ru-103 Nb-95 Ce-144
Elbe above GKSS effiuent discharge 1083
(ut river km 578.6) 5-1 57
11-1 10.3
1984
5-9 6.6
1115 38
1985
6-20 29
141-31 6.3
1986
5-15 234 10,1 <29 7.4 259 <22 <b6.4
9-1% 111.6 50.1 36 48.9 231 4.2 7.6
1987
4-8 8.6 32
8-20 84 2.8
1988
4-11 . 5.7 1.5
10-21 62.8 13.5
1989
3-16 13.3 22
9-7 14.5 22
19%0
3-23 3.1 34
10-25 %4 47
1991
3-14 w2 43
B-15 0.7 03
1992
49 0.8 .2
11-5 24 0.3

Measurement by independent institute, Two samples per year (expressed ax By/kg). Empty fieids in the nuclide columns indicate results lower

than detection limil. Buld numbers mean conclusive data,

(IKSS outlet because the sediments at the level of the outlet
and below may have been contaminated by the permitled
discharges to the river Elbe from the GKSS; therefore, only the
upstream values are shown in the {ubles. The ohserved activity
increase on September 15 upsireum the GKSS outlet was oo
high to be expluined by usual fluctuations in radionuclide
activity values. It is also unlikely to be explained by different
storape capacities of the sediment because the annual report of
the GKSS (1986) showed that it was repeated systematically at
the lower (downstream) locations (Figure 5). These measure-
ments are therefore compatible with the fresh deposition of
airborne fission products between August 21 und September
I5 (see Table 4),

Agueous nutritional chain. The concentration of Cs-137
and -134 in fish from the Elbe river was much higher after
September 12, 1986, than in May after the Chemobyl accident,
This parameler, however, is not useful in this context because
the habitat of the fish is not known. A sample taken on Sep-
tember 30, 1986, from the reservoir of the waterworks at
Geesthacht showed increased Cs-137 contamination (Fig-
ure 6). An earlier sampling on Junc 30 reveuled levels below
the detection limit. The contamination cun therefore not be
explained in terms of the effects of Chernobyl. Drinking water
was sampled from several wells located 0.5 to approximately 5

km [rom the KKK {personal communication from Wolter,
Ministry of Finance and Energy of the Federal Stwate of
Schleswig-Holstein, to Schmitz-Feuerhake, October 14, 1992).
At that time, it was enriched with oxygen by flowing through
outside air. Mixtures with surface waters are unfavorable for
both hygicnic and water quulily reasons and are regarded as
unlikely to have vecurred. Therefore, a likely cause for the
observed contuminalion was again airborne radioactivity
depusited between June 30 and September 30. The measuring
samples are taken 4 timesfy. None of the samples showed
contamination from September 1986 since 1983, the beginning
of the measurement, As shown in Figure 6, another uwnex-
plained contamination occcurred in 1984,

Malfunction program. The mallunction program (Table 2)
includes annual messurements at approximately 50 locations
for beta surface activily on soil. They are performed as a short
{ime-direct registration using a surface monitor. On September
12, 1986, five such measurements were carried out (GKSS
1986): (1) location Obermarschacht 3 km west of the GKSS at
9:00 AM; result = 3000 Bq!mz; (2} location Eichholz 5.5 km
soulhwest of the GKSS at 9:30 am; result = 600 Bq/m’;
(3) location Oldershausen 7.5 km soulhwesl of the GKSS
al 9:45 am; result = 300 Bg/m?; (4) location Handorf 8.5
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Table 4. Fission and activation products in sediment; Resulis of the GKSS immission monitoring (GKSS 1986)
Location Datc Cs-137 Cs-134 Sh-125 Ru-106 Ru-103 Nb-95 Ce-144

Elbe ahove GKSS elfluent discharge 1984
(at river km 578.6) 13t quarter 42
2nd gquaner 86
Ird yuarter 4.3
4th quarter 10

1985
3-2% 35
6-20 1.0
8-29 7.2
1131 1.5
1986
3-26 0.3 <0.2 0.7 <2 <0.3 <0.3 <2
5-15 0 15 <l 15 54 (148 <3
321 58 27 <2 29 19 13 g4
11-13 410 180 13 170 33 13 20
1987
4-2 31 1.1 <2 <5 <0.6 <0.6 <3
6-11 27 0.93
8-20 9.5 25
[1-12 11 34
1985
3-24 22 0.55
6-15 98 2.3
10-24 a5 k2
14989
2-9 8.6 1.7

Measurement by GKSS. Four samples per year (expressed as Bg/kg), Empty ficlds in the nuclide columns indicate results lower than detection
limit. Buid mumbers meanr conclusive data.
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Fig. 5. Fission produet Cs-137 in sediment of the Elbe river abnve {upstrenm) and below (downstream) the GKSS outlet in mBg/kg. Meu-
surement performed by independent institute.

km soulhwest of the GKSS at 10.15 am; result = 300 B/ location to the KKK and GKSS (Figure 2), was a singular
m?; and (5) location Rottorf 11 km southwest of GKSS at  peak not tegistered anywhere else in bare soil during the
10.45 am; result = 600 Bg/m®. considered period of 1983 to 1991. Generally, the values at

The rcsult at Obermarschacht, which is the nearest the selected locutions ure approximately 600 Bq:‘mz.
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Fig. 6. Fission product Cs-137 measured in the waterworks Geest-
hacht, Two values were above the detection limit (line),

Therefore, in Obermarschacht an approximate fivefold in-

crease in beta surface activity was documented on Sep-
tember 12, 1986 (Figure 7). Figure 7 shows the course of
lhe measurement values for the Nive localions previcusly
listed during 1985 to 1991 (there is no documentation for
1988 in the GKSS annual report). According to the quality-
control program (4.1 through 4.4 in Table 2}, the other
measurements showed no increases at the five locations on
September 12, 1986,

Independent Government Monitoring

September 12, 1986, was the Friday of the 37th week of the
year. Members of the expert committee investigated the
weekly regisirations of the dat. The GKSES messuring stution
showed a loss of registrations between the 37th and the 50th
week of 198A, which was explained hy a fire, which in turn
resulted in the measuring station being reinstalled at ancther
location.

Discussion

Environmental radioactivity being the cause of increased cases
of leukemia in individuals living near nuclear facilities is often
excluded because exposure to the population appears much too
low to explain the effect (Shleien er al. 1991: Lauricr et al.
2002). If, however, as in the present case, the information
about the reat contamination is as incomplete as shown, the
question arises il Lhe present concept [or envirenmental sur-
veillance is sufficient (o evaluate any unusual contamination.
This concept is based on the assumption that any unusual event
of radiologic relevance would cause a measurable increase in
monitored beta and gamma radiation. This was in fact the case
in the discussed example, but the increases were evidently too
subtle to cause a reaction by the operators of the facilities or
the supervising authoritics. Unfortunately, the Chernobyl
accident had occurred in the sume year, und its rudiouctive
fullout added even more complexity lo the inlerpretation of the
plant's monitoring data.

Non-Chernobyl-induced radioactive deposition was re-
corded on September 12, 1986, from measurements of beta

1. Schimitz-Fewerhake et al,

surface activity at Obermarschacht. The beta contamination
was increased approximately fivefold compared with the
normal background. This information, however, was obtained
from u single mesyuring cumpuign in Seplember, The only
other four locations at which this kind of investigation was
carried ot at that date refer to distances up to 11 km away
from the potential source of activity.

According to the AVV model (1990}, the observed beta
surface activity at such a distance, approximately 3.3 km from
the GKSS and 2 km from the KKK, is not compatible with the
permitted emissions by way of the provided pathways. It fol-
lows that the dose limit to the surrounding population was not
guaranteed, Assuming that the uetivity st Obermarschucht of
appraximately 2400 Bg/m? was generated by dry deposition of
asrosols in 1.5 hours (from the beginning of the aerosol ele-
vation in KKK at 7.30 aM until the measurement at 9.00 am),
and using the sinking velocity for aerosols (vy = 1.5 X 107 m/
s} given by the AVV, a concentration of beta aerosols of
approximately 300 Bg/m® in air is derived (normal background
about 1 m Bg/m®). This would have been approximately 400
times higher than the maximum concentration in that region
aller the Chernobyl event (GKSS 1986; Bundesminisier 1986).
According 1o nuclide-specific analyses, routine monitoring
showed also emission of fission products at that time or shortly
thereafter at some lacations.

Measurements of activity from sediment are not suitable for
dose estimations according to the AVY because it must be
assumed in the case of an accident that the exposure of the
population is dominated by inhalation of the radioactivity. The
concentration in sir cannot be reconstructed by the contami-
nation ol (his medium. An air concentration can be denved
from the Cs-137 contamination of drinking water in September
1986 (8.3 Bg/m") because it had been oxygenated by 30 L air
in 1000 L water {communication from Wolter, Ministry of
Finance and Enecrgy of the Federal State of Schleswig-Hol-
stein, to Schmitz-Feuerhake, October 14, 1992), This yields
277 Be/m’ of Cs-137 in air, which is approximately 300-fold
the maximum Cs-137 concentration measured in that region
after Chemobyl accident (Bundesminister 1986).

A [urther rough estimate of the radioaclivily concentration
in air can be abtained hased on nuclides deposited on the roof
of the KKK turbine hall (Figure 3). For protection purposes in
the case of a nuclear accident, the German Commission on
Radiological Protection has suggested an approximate depen-
dency between surface beta activity and dose rate: 40,000 Bq/
m? delivered at 1 Sv/d above the surface (Bundesminister
1989). If onc assumcs that the dose on the roof (180 mSv) was
generated in 1986 by dry deposition of nuclides that were
refessed in 4 houry on Seplember 12 (see above), o concen-
tration of beta emitiers in the radioactive cloud of 9.000 Bg/m?
must have existed.

The derived values for the air concentration are indices for
a rather high contamination. However, neither the GKSS
immission-control program nor that of the nearby nuclear
power plant provided information about the spatial extension
and the temporal coutse of the release and the complete
composition of the involved mdicactive nuclides. Therefore,
no further dewils of the underlying scenurio can be recon-
structed from the immission investigations. Nuclide-specific
air monitoring is performed at only four stalions near the
plants (Table 1). Aerosols are collected in filters continuously
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Fig. 7. Beta surfree activity measured by the GKSS at differene locations,

during 14 days and then messured four times a year in
quarterly combined samples {ie., each collected during 3
months} by pamma spectroscopy after at least 5 days of
storage. This lechnigue is not optimized (or the registration
of sudden alterations and the detection of short-lived radio-
activity. Us-137 and Cs-134 aerosols appeared during the
period of interest in 1986 but were not distinguishable from
Chernobyl contaminations,

A considerable information gap concerning immission
control is that the measurements do not discriminate between
different alpha emitters. The only estimation of alpha radiation
is a cumulative one in air {Tuble 1), It measures high fuciu-
alions possibly caused by natural radiation and is therefore
rather meaningless (this measurement was therefore eliminated
in the revised regulation of 1993, but it was not replaced by a
more specific alpha registration). Finally, it cannot be derived
from the immission-control programs whether any of the
establishments caused the contamination and, if so, which one.

Regarding the Geesthacht leukemia cluster, the best infor-
mation umtil now about the kind and degree of exposure that
coild lead 10 such an incrense in leukemin cases has been
obtwined [rom bivlogical and medical paramelers. The occur-
rence in childhood and the gender distribution of the leukemia
cases support a radiation origin. In 1990, leukemia was pre-
dominantly increased in boys (male-to-female ratio 33:1),
whereas the normal gender diswribution in children is 1.3:1
(Kaletsch ez al. 1996). This corresponds to the findings in the
Japanese A-bomb survivers who showed a 2:1 ratio for leu-
kemia (Finch and Finch 1988).

The observed increase in dicentric chromosomes indicules
an exposure above the permitted limit (Schmitz-Feuerhake
et al, 1997; Dannheim 1996). In case of an accidental release
of transuranic nuclides, wranium, and fission products, the
main exposure would likely have originated from inhalation.
Some of the ill children, including all children diagnosed in
1995, were born after September 1986, Therefore, the conti-
nuity of the epidemiclogic ¢luster effect (Figure 1) cannot be
explained in terms of different latency times after a single

exposure, Rather, we would have to hypothesize an ongoing
exposure, e.g., by remaining contumination andfor precon-
ceptional exposure, of the purents at time of the assumed
contamination,

Qur investigations have revealed a variety of radioactivity
increases in the environment of the KKK and GKSS that do
not coincide with an evem occurring in September 1986
(Schmitz-Feuerhake et af. 1996, 1997; Schmidt ez al. 1998).
The second contamination. observed in the watcrworks of
Geesthacht in 1989 (Figure 6), may have been a consequence
of extensive dyke-building measures that toock pluce in the
Geesthucht region in 1988 and 1989, These may have led to
renewed inhalation exposure of the population.

To clarify the cause, nature, and magnitude of the exposure
in the affected region, further environmental studies are nec-
essary. One key question would be whether the recently ob-
served contamination with nuclear fucl coincides with the
documented appearance of fission products in the environment
in September 1986. In the face of the lasting leukemia risk in
that region, especially in young children, these efforts must be
demanded nol only for scientific reasons but also 1o praveni
further harm 1o the population.

Acknowledgments. We are indebted to Reinhardt Brandt, Arthur
Scharmann, Dicter Schalch, and, in particular, to Heinz-Wemer
Gubriel (ARGE PhAM) whose investipations and expertive conirib-
uted significantly to our state of knowledge of the contamination of
the Elbmarsch region and refining of the present hypotheses on its
possibio causes,

References

Allgemeine Verwalwngsvorschrift zu § 45 SirlSchV (1990) Ermit-
lung der Swmahlenexposition durch dic Ableitung radioaktiver
Stoffe auy kerntechnischen Anlugen oder Fimrichlungen, Bun-
desanzeiger Nr.6da vom March 31, 1990



600

Banz P, Lange K, Zimmermann A (1984) Das Kemkraftwerk
Kriimme] geht in Betrieh, AMomwirischall XX1V:19 28

Bundesamt filr Swahlenschwz (2003) Der Radonatlas Deurschland,
Available at: http:/fwww bfs.defion/radon/radonatlas.hitml, Ac-
cessed: May 19, 2005

Bundesminister filr Umwelt, Naturschutz und Reaktorsicherheit
(1930) Umwelipolitik. Umweltradioaktivitit und Strahlenbelas-
tung, Jahresbericht

Bundesminister fir Umwelt, Naturschutz und Reaktorsicherheit
(1989) Leitfaden fiir den Fachberater Strahlenschutz der Katas-
trophenschuizleitung bei kemtechnischen Notfiillen. Publ. Com-
mission on Radiological Protection, Volume 12

Dannheim B (1996} Retrospektive Dusisermittlung bei Kindern. In:
Heinemann G, Pfob H (eds,) Strohienbiologie und Strmhlenschutz.
Fachverband fiir Strahlenschutz. Hannover, Germany, pp {72-
176

Expert Committee on Leukemia of the Federal State of Schleswig-
Holstein, Kiel (1998) Communication of December 3, 1997 about
the present state and resuits of the Commiliee's work. Slrahlen-
telex 5:264-265

Finch SC, Finch CA (1988) Summary of the studies at ABCC-RERF
concemning the late hematologicol effects of atlomic bomb expo-
surg in Hiroshima and Nagasaki. Radiation Effects Rescarch
Foundativn, Hiroshima, ‘Technical Report RERF TR 23-88

GKSS-Forschungszentrum  Geesthecht.  Umgebungrilherwachung,
Jahresberichte 1983-1991

Higrichsen K (2001) Critical evaluation of the metereclogical base in
connection with AYV (in German). App. D) in {Stevenson 2001}

Hoffmann W, Schmitz-Feuerhake 1, Dieckmann Ha, Dieckmann He
{1997} A cluster of childhood leukemia near @ nuclear reactor in
Northern Germany. Arch Environ Health 52:275-280

Kaatsch P, German Registry for Childhood Malignancies at the
Lniversity of Mainz (October 10, 20013) Communicution 1o the
Minisuy for Gender, Employment, and Social Affairs in Han-
nover

Kaletsch U, Hant G, Michaetis 1 {1996) Juhresbericht 1995 dex
Deutschen Kinderkrebsregisters, Institut fiir Medizinische Siatis-
tik und Dokumentation der Johannes Cutenberg Universitiit
Mainz, Mainz.

Kernkraftwerk Krimmel GmbH. (1986) Jahresbericht zur Um-
gebungstberwachung, Geesthacht

Lavrier I}, Grosche B, Hall P (2002) Risk of childhond lenkaemia in
the vicinity of nuclear installations—Findings and recent con-
troversies. Acla Oncol 41:14-24

Oko-Institat e.V., Darmstadt (1994) Analysis of the Emission and
Immission Data of the Nuclear Power Plant Kriimmel in Con-
neclion with the Elbrmamch Leukenia Cases. Expert Repont or-
dered by the Ministry of Pinance and Energy of the Federnl State
of Schleswig-Holstein, Germany

Oko-Institut €.V., Dannstadt (1996) Analysis of the Emission and
Immission Data of thc GKSS Rescarch Center Geesthacht in
Connection with the Elbmarsch Levkemia Cases. Expert Report

1. Schmitz-Feucrhake et al.

ordered by the Ministry of Finance and Energy of the Pederal
State of Schleswig-Holstein, Germany

Porstenddrfer J (1993) Properties and behaviour of radon and thoron
and their decay products in the air, In: Commission of the
European Comnunities (ed) Radiation protection. Fifth Lloterna-
tional Symposinm on the Natural Radiation Environment. Tuto-
rial Sessions. Final Report, Luxembourg, EUR 14411 EN 1993,
pr 69 150

REI, Bundesminister filr Umwelt, Nawsrschutz und Reaktorsicherhett
(19933 BMU - R3S T 5 - 15603/5: Richtlinie zur Emissions- und
Immissionsitherwachung kerntechnischer Anlagen. Rundschrei-
ben vom v. 30.6.93, REI 3.23, Stand Juni 1993

Schimidt M, Schmitz-Feverhake I, Ziggel H {(1998) Evaluation of
nuclenr reactor releaves by environmentul radionctivilty in a
Germarn region of elevated leukaemia in children and adults. In:
Schimitz-Feverhake 1 {ed) Proceedings of an International
Workshop on Radietion Exposures by Nuclear Pacilities in
Portsmouth 1996. Gesellschaft filr Strahlenschutz, Berlin, Ger-
many, pp 343-349

Schmitz-Feuerhake 1, Schumacher O, Ziggel H (1996) Radioactivity
in the environment indicating releases by the nuclear reactor
Kruemmel. In: Heinemann (3, Plob H {eds) Strahlenbivlogie und
Strahlenschutz. Fechverband filr Strahlenschutz, Kéln, Germany,
pp 353-357

Schmitz-Feverhake 1, Dannheim B, Heimers A, Oberheitmann B,
Schrsder H, Ziggel H (1997) Leukemia in the proximity of a
German boiling water nuclear reactor; Evidence of population
exposure by chromosome studies snd environmenlal rachoucliv-
ity. Environ Health Perspect 105(Suppl. 6}:1499-1504

Schmitz-Feverhake 1 (2001) Critical discussion of the radiation pro-
tection rules including a1 special view to the upteke and effects of
radioactive substances in the body (in German), App. B 1 in
(Stevenson 2001). Available ai: htip://www.oh-strahlen.org/docs/
index. htmlitatrhgab1

Schmitz-Feverhake I, Mietelski JW, Gaca P (2003} Transuranic iso-
topes and 81 in alic dust of the vicinity of two nuclear estab-

lishments in northem Germany. Health Physidk 84:599-607 Phyéics

Schumacher O (2001) Reliability of the AVY with regard to the
calkewlation uof emissivos tansport und dose estimation. (in
German). App. C 1 in {Stevenson 2001)

Shleien B, Ruttenber AJ, Sage M (1991} Epidemiologic studies of
cuncer in populations near nuclear (weililies, Health Physiol
61:699-713

Stevenson, AFG (2001) Institute of Toxicology, Christian Albrechts
Univerity Kiel: Rudiobinlogical Evalualory Reporl o Appraise
the Seatus and Reliability of Regulations on Radioprotcetion in
Kesping Pace with Progress in Knowledge With Special Refer-
ence to the Radinctive Burden in the Vicinity of Nuclear Power
Plants and the Question on Radiation Induction of Childhood
Leukaemia (with appended international contributions from ex-
perts). Prepared on Contract tor the Ministry of Finance and
Cnergy of the Federal State of Schleswig-Holstein, Kiel, Germany



