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Radium-226-Contaminated Drinking Water:
Hypothesis on an Exposure Pathway in a
Population with Elevated Childhood Leukemia

by Wolfgang Hoffmann,’ A. Kranefeld, and

Inge Schmitz-Feuerhake'

A recent epidemiological survey on childhood malignant disease in the region of Eltweiler, Rheinland-Pfalz,
(termany, revealed a significantly increased incidence of childhood leukemia, but observed Incidences of
lymphoma and solid tumors were normal. Gatablished risk factors such as individual exposure to chemicals as
well as hereditary genetic disorders were ruled out in interviews with the patients or their familics, The gencral
population in the region, however, is subjected to considerable doses of fonizing radiation due to high levels of
external v radiation and high activities of indoor radon. Radiation-specific chromoaome aberrations were
found in one of two healthy siblings and one father of lenkemia patients as well as in any of three probands
living in houses with high indoor radon activities. Iladon and natural y radlation, however, cannol explain the
geographical pattern of the cages. Four out of seven cases were ohserved in two particular villages near a
uranium processing plant. The drinking water of these villages partly came from a small river thal was
contaminated with radium-226 washed out from the dumps of the uranium plant. Only sparse mensoremenis
of ***ta are availahie, but derived red bone marrow doses for children in the two villages vbluined from a
simple radio-ecological model show the significance of the drinking water pathway. Prenatal “*Ra exposure of
fetuses due to placental transfer and aceumulation may have led to signifieant doses and muy explain the

excess cases of childhood feukemia in the region even in gquantitative terms,

Introduction

In the late 19808, the population of Elweiler in the
southwestern part of Germany suspected an elevation of
childhaod ecancer cases in their region. Eliweiler is a small
village in the Federal state of Rheinland-Pfalz near its
horder with the Federal state Saarland.

Ellweiler first appeared in the literature atter high
indoor Radon levels had heen measured (/) The radon is
cranating from the snbsoil, which contains high eon-
cenirations of natural uranium ore. Uranium has heen
mined in the region since the early 1950s. A uranium
processing plant was built in 1961 about L5 km from the
village. In the plant, uranium is extracted frem the ote by
physical and chemical means. The resulting uranium con-
centrate {(“yellow ¢ake”) is used in the produetion of
nuclear fuel. The residue is pumped outside in pipes and
deposited in the open air on an area of about 140,000 m?,
forming big dumps. The remnants still carry nearly ail the
radium originally present in the natural ore.
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The total activity of the dumps of the plant has been
estimated at 55 TBq (1500 Ci), with an average of 24 By/g
(2). A small birook named Steinaubach enters the com-
pound coming from the north and flows between the
dumps and empties into the river Nahe.

Epidemiology

We compiled all cases of childhood malignant. diseascs
in the region for a peried of 20 years, from 1970 to 1989,
The investigation area was defined by a circle of 20-km
radius around the uranium processing plant. For yeo-
graphical analysis, the region was later subdivided in
circular areas with radii of 5, 10, 15, and 20 km. A signifi-
canl inereasc in ehildhood leukemia incidence was found in
the inner circle of 5 lun around the plant, whereas the
incidences of solid turnors did not differ from the German
average [(3) Table 1).

Kxcess cases were not randomly distributed in theinner
zone. [Four out of seven cases {b7%) in the inner zone
(0-5 km) were observed in two particular villages,
Toppstidten-Weiersbach and Gimbweiler. About 3000
people are living in the two villages, thus representing only
23% of the papulation in the inner zone,
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Table 1, Observed versus rxpected leukemia cases,”

< 16 years B - =220 yeurs . ~
Area, km  Observed Fxpeated _pUH) Observed Expectad Pl
5 5 1.77 3.42%* 7 227 01.88%*
H1n 4 St 40.11% [ 4.61 A1.60%
10 15 ] .92 38945 ’ {(Data incomplate) .
15 ) 4 15.15 65.13% . {Data incomplete)

“Control values are [rum eanver registry data of the Federal state of Suarland,

*Statistically sipnifiennt.

Exposure Pathways

Klevated external vy irradiation did nat show any signifi-
eant, ditfercnees within the inner zone or botweoen the four
zones (4). Radon activities, however, showed marked geo-
graphical differences. The highest indoor radon-222
aclivities were measured in Ellweiler, with an indoor
averagre of 185 Bg/m® and an outdoor average of 35 Bg/m*
(G. Keller, personal communication). In Ellweiler, however,
no childhood lenkemia was obgerved in all the years of the
investigation.

Radon activities in Hoppstidten-Weiersbach and Gimb-
weiler were found (o be within the range of the German
average of ahout 50 Bg/m* indoor and 14 Bg/n® vutdoor
activity (5.6), Hence, there was evidence for an additional
cxposure pathway. Radiation-speeific chromosome aberra-
tivns observed in two ont of three healthy relatives of
leukemia patients in the two villages were in the same
runge as in three healthy persony from Ellweiler exposed
to high indoor raden activities. A 12-year-ald girl from
Hoppstidten-Weiersbach showed two eentrie ring chro-
moanmes in one cell (7). These results support another
radioactive exposure pathway.

Drinking Water Pathway

Elevated Jeukemia rates could possibly reflect the 225R g,
contamination the drinking water. Up to 1987, the drink-
ing water for Hoppstiidten-Weiershach and, to a lesser
extent, for Gimbweciler {where drinking water was supple-
mented to some 80% by loeal spring water), was muinly
purchased {rom the US. Army. The army runs u water-
works near the small village of Altmaicrsmiihle to supply
several mililary facilities and harracks in the region. The
waterworks takes raw water from the river Nuhe, About
2.5 ki upstream from the waterworks, Lhe Steinaubach
empties into the Nahe.

Radium-226 from the Steinaubuch on its way throngh
the dumps would consequently resch the waterworks and
could appear in the local drinking water supply of the
villages studied, wherc most of the leukemia cases were
observed. Unfortunately, there are no data on 2Ry
aetivity in the raw water of the American waterworks,
Monitoring the Steinaubach, however, revesled von-
tamination with a-emilting nuelides. Tota) w activity in the
brack was always higher downstream from the uranium
proecssing plant than upstream from the plant (5). Using
thesc measurements, 4 simple radio-ecologicul model was
caleulated to estimate the resulting doses to the red

_’[‘ul_)-le 2. Ag_'_e-specific daily fluid intala in mtllil_iters per day (i),

~_Age group, years o
U-1 2 5 610 1-15 15
_ﬁ(][_) 100 TAD 1500 . 1500

~ Table 3. Age-specilic nnnual ingegtion of ““Ra in Bq per year.
Apr group, years

Village: -1 25 640 1115 15 20
Hoppstadten- 79 131 (71 197 1965 2950
Weiersbach

Gimbweiler 627 36 41 405 &)

marrow and hone surface for Lhe exposed people due to
ingestion of “**Ra. conlaminated drinking water.

Radio-ecological Model: Data and
Assumptions

The contribution of the Steinaubach Lo the raw water of
the US, Army waterworks is ubout 12% (the remaining
water is from the Nahe). The highest activity was reported
on September 9, 1983. The total activity in the Steinauhach
downstream from the plant was .01 Bo/L. The eonserva
tive assumption would be that this refers to pure 225Ra.
This activity would lhen appear in the raw water of the
waterworks afler being diluted by 88% water from the
Nahe. Furthermore, the Nahe is considered to eontluin the
(German average drinking water activity of about 4 mBy/L
Z6Ra aclivity (9), The raw water would then contain about
360 mBy/L of 226Ra. This water is used to supply
Hoppstidten-Weiersbach and, after being diluted by 80%
spring water, it supplies Gimbweilcr, Contamination of the
spring with 4 mBg/L ®*%Ra is assumed. This would mean a
contamination of some 75 mBy/L ?Ra in the drinking
water for Gimbweiler.

Assumptions on age-specific daily fluid intake are
shown in Table 2. Tuble 3 shows the resulting annual
ingeation of ““Ra of the respective age groups. Using
age-specific doses for the ingestion of 22°Ra (Table 4),
the resulting doses to red marrow and hone surface can be
derived (Tubley 5, 6),

Discussion

This simple and preliminary radio-ecnlngical model is
outlined to cheouruye discussion of the hypothesis on an
environmental exposure pathway that has not been consid-
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Table 4. Age-specific doses for red marrow and bone surlface
for ingestion of "*Ra,

o Dose-8v/Bg » 10 ©
Red marrow

Age, years Bone surface
1 h8 460
5 44 25.0
14 1.4 14.0
15 1L82 T
20 [IX] 68

Table §. Age-specific annual individoal exposure doses und
accumulated doses (red bone marrow, pSv).

Age group, years

Village 0-1 26 610 11-15 15 20

Hoppstidten- 412 312 2134 16 A812 4403
Weiersbach

Gimlyweiler Y2 71 i) 34 e U7

Table 6. Age-apecific annual individual exposure doses and
~accumulated doses (hone surface, u3v).,
Ape group, years )
11 15 1h 20

Village -1 25 6-10

Hoppstidten- 3627 3285 2361 1518 26312 43014
Weiersbach :

Gimbweiler N Tab oAl 404 _ 314 TaGh HAGL

ererd in the Ellweiler survey up to now. Many paramcters
are still unknown, ineluding such important information us
the actual radium-226 contamination of the waterworks in
the pust years. This work doues show, however, that the
drinking water pathway could be relevant for the popula-
tion and gives un initial idea about what might have been
the order of magnitude of population exposure due to
chronic ingestion of 2%Ra-contaminated drinking water.
The signiticance of this pathway is emphasized hy the
following considerations: a) The pathway is selectively
expoging the two villages with the highest observed leuke-
mia rates in the survey. # In two healthy rclatives of
leukemia patients living in Hoppstiidten-Weicrsbach,
radiation specific chromosome aberrations were ohserved,
In one case we found two eentrie ring chromosomes in one
ccll, indieating high-LET radiationlike o rays (7). ¢)
Radium-226 may be very ellective in inducing leukemia
due Lu ibs physivlogical similiarity to caleium. It is accumu-
lated in the shkeletul system and thus stored in elose
vicinity to the target cells, During prenatal life, when
susceptibility to radiation is highest, the fetus aeceurm-
lates radium from the mother’s diet. Featal eontent has
been measured to be some 6.7 times higher than that of the
mother's food ({1). Additional exposure would result from
postnatal breastfeeding. Radium is mobilized from the
mother's skeletal system and excreted with the milk.

Tn 1987, a German study on radium 226 and radon-222
contamination of drinking watcr wus published (9). Mea-
surements of Hoppstidten-Weiersbach have been per-
formed only in 1979 and 1980, Results of 13 samples for
radium-226 range [rom 2.96 to 22.2, with an averape of

11.9 mBe/T.. This value is much lower than the value used
in the model. The resulls, huwever, du nut disprove the
theory, The few meuasurements show the high range of the
contamination, which may have differed by orders of mag-
nitude due tn operating condifions of the plant, rains,
winds and other factors. On the other hand, the results dy
show that significant contamination is likely: the %Ry
activity of the drinking water of Hoppstidien-Weiershach
was far above the German average of 4.13 mBo/L (9).

Forlunately, the population is now not at risk: since 1987
Hoppstidten-Weiersbach and GGimbweiler have been con-
nected to the repional drinking water network, which does
not econtain any water from the Steinaubach, However,
another population at risk has been neglected: the US.
Army personnel and their families who are gtill supplied
with drinking watcr from the waterworks. No assessment
of the impact of *“Ra ingestion on their health has been
made to dule. We believe this situation in the region of
Ellweiler requires urgent and thorough physical and
radio- ecological evaluation.
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