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Radium contamination of the Laak river banks as a consequence of
phosphate industry in Belgium
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Abstract. For over half a century, phosphate ores of marine origin, containing 226Ra have been
processed in Belgium, to produce calcium phosphate for use in cattle food. As a result, the
wastewaters contained 226Ra, which was discharged into two little rivers, one of which is the Laak.
The purpose of this study was to chart the radium contamination of the river banks, and of some areas
that are regularly flooded by the river. It was seen that enhanced concentrations of 226Ra do occur
along the river banks, but that the contaminated area is mostly confined to a 10 m strip on both sides
of the river, even in the flooding zones. At present, no dwellings are present on top of the
contamination, and no crops for direct human consumption are grown there, so there is no immediate
threat to the population.

1. INTRODUCTION

The phosphate industry uses the wet acid process [1] as the main production method for
phosphoric acid. There are two main variants: the most widely used is based on acidulation
with sulphuric acid, the other one makes use of hydrochloric acid, hi the first case,
CaSO4xH2O is produced as a by-product, which can be transformed into gypsum if so desired,
hi the plant under consideration however, for over half a century, HC1 is used, to process ore
of Moroccan origin, containing about 1500 Bq/kg of 226Ra. Here the reaction products are
quite different. The main by-products are CaF2 and CaCl2. The first is insoluble in water and
precipitates hi the sludge, the second remains hi solution in the effluents. This means that
22 RaF2 precipitates hi the sludge whereas 226RaCl2 remains in solution and is discharged into
the surface waters, unless special decontamination measures are taken at the end of the
process.
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Fig.l. The yearly emissions of226Rafrom 1988 until 1996. In 1991 the decontamination stage was put
in operation.
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Only since 1991, a decontamination stage, based on dissolved barium salts, was put in
operation, decreasing the 226Ra contents of the effluents from a previous 20 Bq/1 down to
about 3 Bq/1. In Fig.l, the yearly 226Ra emission is shown for the period 1988-1996. This
radium is diluted in the surface waters and can be transported over large distances. Besides
radium, the effluents also contain other heavy metals, originating from the raw ore, and high
concentrations of salts. There are two plant discharges of waste waters, into the Laak,
separated about 3 km between them, with the most upstream one about 20 km from the river
mouth.

2. GEOGRAPHIC CONSIDERATIONS

The Laak (more precisely Grote Laak) is a small river, situated in the Belgian plane, in
an area characterised by a sandy soil. The fall between the sources of the pollution and the
river mouth is only about 15 m for a total length of 20 km. Hence, the water flows very
slowly, and follows a very meandering path, where it is left to its natural trajectory. However,
for a large part of its course, it has been artificially straightened. The average flow rate is
1.2 m's'1 with seasonal variations between 0.8 and 2.3 m3s"1. Between 1989 and 1998, the
average total waste flow rate diminished gradually from 0.28 to 0.14 m3s"1. At about ten year
intervals, the river was dredged, and the sludge was simply deposited on the river banks.
Along the banks of the river, in the vicinity of the river mouth, a few flooding zones occur,
typically stretching out between a few tens up to several hundreds of meters perpendicular to
the river, covering a total area of about 1.4 km2. These zones are flooded in case of persistent
heavy rainfall, which on average can happen a few times a year. Although Belgium is one of
Europe's most densely populated countries, and the Laak flows through a densely populated
area, hardly any dwellings occur within a distance of about 50 m of the river. Fig.2 shows an
image of the Laak and the flooding zones, on a section of a map of the Belgian national
geographic institute.
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Fig.2. The fat black line represents the Laak. Dl and D2 are the two plant discharges, Mis the river
mouth, all flooding zones are situated within the rectangle and are indicated in thinner black lines.

3. SCOPE AND METHODS

The main idea was to chart the 226Ra contamination of the river banks as a result of plant
discharges and dredging works. Therefore measurements were done from about one km
upstream of the highest discharge, down to the river mouth. Every 50 m, on both river banks,
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sections perpendicular to the river were measured, taking one value at a distance of 1 m of the
water, and subsequently a series of values every to 2 m moving away from the river until
background levels were reached or until obstacles prohibited further progression. The flooding
zones were measured, moving away from the river, until only background was measured,
taking as much values as needed to effectively chart the contamination of the whole zone.
Measurements were done at about 10 to 20 cm above the ground, close to the vegetation. The
measured quantities were surface dose rates, taken with portable plastic scintillators, type
Automess 6150 AD6, with a measuring range between 50 and 99000 nSv.h"1. It was also the
intention to test for correlation between contamination with 226Ra and with other heavy
metals. Therefore 150 soil samples were taken unevenly distributed over both river banks,
where emphasis was put on finding samples that were as radioactive as possible, but
collecting at least 2 samples on each river bank per km. The samples were taken at the
surface. Half of these samples were analysed for 226Ra contents through gamma spectroscopy,
all of them will be chemically analysed for other contaminants, to see if useful correlations
can be found, linking the now available 226Ra data to other contaminants. Due to the nature of
the terrain, and the sometimes very dense vegetation, the measuring campaign was carried out
on foot, and it took 10 workdays with teams of three persons on each side of the river.

4. RESULTS

Fig 3. shows 2.5 km of the Laak, from the river mouth upwards. It can be taken as
representative for the whole river. We can see that the contamination is largely confined to a
narrow zone of about 10 m on both sides of the river indicating that it is primarily due to
dredging of the river, and deposition of the sludge on the river banks. Generally speaking, the
right river banks are more contaminated than the left river banks. The contaminated area is
larger and higher dose rates are found. This is due to the nature of the terrain, making
deposition of sludge much easier on the right bank. Between 0.5 km and 1.0 km very little
contamination on the right bank occurs, and this coincides with slightly higher contamination
levels on the left bank, reconfirming the dredging as main cause of contamination. Fig. 4.
shows a typical example of a flooding zone, consisting of pastures that quite regularly are
flooded to the extent indicated by thin curved line. Here also it can be seen that contamination
stays confined to a narrow zone of about 25 m perpendicular to the Laak. Overall, the
maximum dose rates are of the order of 20 to 40 times the background level. Fig 5. shows the
maximum dose rates, found for both left and right banks of the Laak, along all of its length.
The most contaminated zones can be found at distances between 12 and 17 km downstream
from the plant discharges. This might be due to the fact that the river here follows a very
meandering path, whereas more upstream it is more artificially straightened. The analysis of
the soil samples yielded average values of 2800 Bq/kg and 3800 Bq/kg 226Ra activity with a
standard deviation of 1800 Bq/kg for both values. This is several orders of magnitude more
than the 13 Bq/kg we would normally expect in this region [2]. Of course, they are not the
average 226Ra activities for the Laak river banks, since the samples were all taken in local
maxima. For each soil sample, the dose rates at the sampling spot increased after retrieving
the sample. This is not surprising since the contamination has been building up for over half a
century, and the top layer is not necessarily the most contaminated one. Taking depth profiles
might be useful to get a better estimate of the total amount of contaminated soil present.
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2261Fig. 3. Representation of a 2.5 km long section of the Laak, with the dose rates due to Ra
contamination. The Laak is represented as a straight dashed vertical line, for clarity. Background
levels in this region, are typically between 50 and 100 nSv h'1.
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Fig.4. Bubble plot of the contamination of a typical flooding zone, which consists of pastures,
regularly flooded up to the marked boundary. The contamination stays confined within about 25 m of
the river banks. Further only near background levels are found.
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ig. 5. Maximum dose rates measured along the Laak, on both banks, from the contamination source
to the river mouth. The background in this area varies between 50 and 100 nSv h'1.

5. DISCUSSION

About 12 hectares (12xlO4 m2) of terrain is contaminated with 226Ra yielding dose rates
above 150 nSv/h, 3 hectares on the left and 9 hectares on the right river bank. These areas are
all freely accessible to the public. However, there are no dwellings built directly on these
terrains, so nobody actually lives on top of the contaminated land. No long residence times of
persons occur in these areas, so that only insignificant doses through external gamma radiation
are to be expected. Enhanced 22Tia concentrations can lead to an increase in radon
concentrations. But, in open air, and with a geometry of a long small stroke of land, the radon
enhancement will be negligible. No food crops for direct human consumption are grown on
the contaminated land. Where the land is used, we find mostly pastures or corn for animal
consumption. This extra step in the food chain greatly reduces the possible human intake of
the radionuclides. All these factors, make that in the current situation all realistic scenarios
lead to doses of only fractions of 1 mSv/y. However caution must be taken in the future. The
area must not be used for construction, since a radon buildup inside a dwelling of several
hundred Bq/m3 is easily attainable with the present 226Ra concentrations. This combined with
external gamma radiation, could easily lead to doses of 5 to 10 mSv/y or more. Also
cultivation of crops for direct human consumption should be avoided.

6. CONCLUSION

The contamination with 226Ra is confined to a narrow stroke along the river, even where
regular flooding occurs. The main cause of the contamination is periodic dredging and
deposition of the sludge on the river banks. In the current situation there is no immediate risk
for the health of the population. Conversion of the contaminated zone into a residential area
however should be avoided, since this would drastically change this picture.
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