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SUMMARY. Bees are excellent random samplers of relatively defined areas. A bee
typically flies up to 1.5 km from the hive, covering an area of approximately 7 km2. Within
this area the bee forages from many plants and collects water from various sources. Bee
products, such as pollen and honey, therefore reflect the conditions of the immediate
environment. In this study we were interested in the transfer of the anthropogenically
produced isotope 137Cs from environmental sinks into the bee products. 137Cs originates
principally from the atmospheric thermonuclear bomb tests conducted in the late 1950s and
early 1960s. Minute quantities could also originate from nuclear establishments (such as
ANSTO in Australia) where it is used in scientific research. Once released into the
environment l37Cs is known to bind tightly with the clay component and organic fractions in
soil and its distribution largely reflects the physical transport of soil. In this work we
compared the 137Cs levels from the Sydney region and other parts of NSW against Ireland
(which were high as a result of the Chernobyl reactor accident).

1. INTRODUCTION

The use of honey bees for the monitoring
of environmental contaminants is an
interesting and novel approach. It has
been applied previously to a variety of
studies including monitoring of trace
metals, low-level radioactivity and
pesticides [1]. In their search for nectar
and pollen, bees forage over a relatively
wide area which has been estimated to
extend up to 7 km2 [1].

Environmental contaminants dispersed
through the atmosphere enter the food
chain primarily through direct fallout over
vegetation, soil and water or indirectly
through uptake by plants from
contaminated soil and water. Direct
inhalation is also a route. However, it is
the concentrating effect of certain plants
and animals which often poses the greatest
risk of harmful levels of contaminants to
humans.

Honey bees provide a low cost and
efficient method of random sampling
relatively large areas in a sustainable way.
There are several advantages in using

honey bees to collect samples over
conventional collection methods [2].

These include:
• pollen and honey can be used to

check the presence and mobility of a
wide range of substances which have
the capacity to enter the food chain.

• pollen and honey are produced over a
single season, unlike most vegetation,
they are therefore useful in isolating
short time frame effects from long
term accumulation rates.

• collection of bee products involves no
removal of living organisms from the
ecosystem. This presents a distinct
advantage over the use of slow
growing and fragile lichens and
avoids the ethical issues associated
with the use of animals.

• the use of honey bees may allow
collection of samples in areas or
under conditions in which it would
not be practical for manual collection
of alternate samples (eg. inaccessible
areas).

In this study we were interested in
investigating the distribution and uptake
of the radionuclide l37Cs (half-life = 30.23
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years) in honey and pollen from areas in
regional New South Wales and comparing
this with sites located adjacent to
ANSTO's nuclear reactor at Lucas
Heights in Sydney. To put this data into
an international context we then compared
it with previous work conducted by one of
the authors on locations in Ireland.

2. 137Cs DST THE ENVIRONMENT

There are 22 isotopes of caesium of which
137Cs is the most important. 137Cs which is
an artificial radionuclide, was produced in
large quantities during the 1950s and
1960s as a result of atmospheric
thermonuclear weapons testing. Apart
from this major route, I37Cs has also been
released into the environment via nuclear
accidents (eg Chernobyl) and the re-
processing of nuclear waste. 137Cs is not,
however a release product of nuclear
reactors under normal operating
conditions owing to the enclosed nature of
fuel rods.

137Cs is a major source of long lived
external gamma radiation to the biosphere.
The ability of 137Cs to be readily
assimilated into body tissues makes it
potentially one of the most hazardous
radionuclides to mankind [3]. The
chemical properties of caesium are such
that it is highly soluble in water which
predisposes it to accumulation in the
hydrosphere [4]. The routes by which
caesium can enter into bee products are
shown in Figure 1.

Caesium released into environment
{nuclear bomb testing, accidents etc.)

direct deposition I
rainfall deposition

Honey |

Figure 1 - Diagram indicating means by which
caesium (including l37Cs) can enter into bee
products.

3. THE STUDY AREA

The sites chosen for investigation of l37Cs
in honey and pollen were largely confined
to southeastern NSW (Figure 2) with the
exception that one honey sample was
obtained from Tasmania for comparison.

Location of Pollen and Honey Collection sites
In New South Wales, Australia.

Figure 2 - Map showing location of sampling
sites for the collection of pollen and honey in
New South Wales. Location names are:

1 - Coonabaraban
2 - Gosford
3 - Bathurst
4 - Blue Mountains
5 - Lucas Heights
6 - Kirrawee
7 - Royal National Park
8 - Abercrombie

9 - Tar alga
10- Robertson
11 - Goulburn
12 - Nangus
13-BurraCk
14- Tumbarumba
15 - Nimmitabel
16 - Bombala

The selection of sampling sites in
regional New South Wales was to a large
extent determined by the availability of
suitable materials and the ease of
collection.

4. SAMPLE COLLECTION,
PROCESSING & ANALYSIS

Pollen samples were collected from
commercial bee hives via the use of a
'pollen trap'. The pollen trap, attached at
the base of the hive, acts as a substitute
entrance point. The trap consists of two
parallel horizontal mesh layers and a
collection draw. The size of the mesh is
such that the bee is forced to squeeze
through the mesh to access the hive and in



the process has the pollen pellets
dislodged from the 'pollen basket' located
on her legs. The mesh at the base of the
pollen trap has a smaller diameter that is
sufficient to allow the dislodged pollen
pellets to fall through into the collection
draw but is not large enough for the bees
to gain access to recover the pollen. The
trap was rotated amongst neighbouring
hives in order to avoid depriving any one
colony for too long a period. In this way
the collection of pollen is conducted on an
environmentally sustainable basis. All
pollen samples were manually separated
into monospecific samples based on
colour differences and microscope
analyses to determine plant species.

Honey samples were either collected from
hives in the study areas or obtained from
retail outlets when it could be ascertained
that the honey was derived from a specific
plant species (ie. not blended honey).

Pollen samples were analysed for 137Cs
activity on a Canberra Packard 'Compton
Suppression' gamma system which
consists of an inert shield, an active Nal
(Tl) suppression annulus, a Nal (Tl) plug
detector and a REGc detector. The REGc
detector is a reverse electrode germanium
detector of which the principle
characteristics are that it has a thin
window and is neutron damage resistant.
This system is particularly suited for the
measurement of small sample sizes (< 30
g). In addition the 'Compton Suppression'
capabilities ensure that optimal resolution
is obtained for the low activity levels
generally observed in environmental
samples.

Honey (and soil) samples which were
available in larger sizes (typically 350 to
450 g) were analysed in Marinelli beakers
on a standard gamma-X high purity
germanium detector. Honey samples were
compared with a sample of honey that had
been 'spiked' with a known quantity of
137Cs to ensure a uniform matrix and
sample geometry. Pollen and soil samples
were compared against the IAEA certified
reference material Soil-6.

The activity of Cs-137 was determined by
measuring the gamma peak at 662 keV
arising from the decay of the daughter
product 137mBa. The branching ratio of
137Cs to 137mBa of 0.946 when combined
with the intensity of the 662 keV gamma
emission of 0.8998 gives an overall
probability of decay via this route of
85.1%

5. RESULTS

5.1137Cs in Australian soil

The following table gives the I37Cs
activities determined for soils analysed as
part of this study. Levels are seen to be
highest in the Royal National Park and
lowest at Lucas Heights.

Table 1 - 137Cs activities in Australian Soil.
Soil Type
Sandy
Peaty Clay

Peat

Location
Lucas Heights
Royal
National Park
Robertson

U7Cs(Bq/kg)
-0.27 +/- 0.6
48.12+/-0.14

10.73+/-0.04

137,5.2 Cs in Australian Honey & Pollen

Figures 3 presents the I37Cs activities
determined for the pollen samples
collected. The highest activity of I37Cs in
pollen was recorded for the Lucas Heights
samples.

Activity of Cs-137 In Pollen
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Figure 3 - Chart showing activities of137Cs in
pollen for locations around New South Wales.
Sample type / Site locations together with the
measurement uncertainties (in Bq/kg) are
given below:



/ - Mustard; Goulburn (+/- 0.2)
2- Palm; Kirrawee (+/- 0.1)
3 — Casuarina; Kirrawee (+/- 0.4)
4 - Salvation Jane; Nangus (+/- 0.2)
5 - Salvation Jane; Bathurst (+/- 0.1)
6 - Nodding thistle; Taralga (+/- 0.2)
7 - Flatweed; Tumbarumba (+/- 0.2)
8 - Ribbon gum; Nimmitabel (+/- 0.2)
9-Apple box; Bombala (+/- 0.2)
10-Apple box; Burra Creek (+/- 0.2)
11 - Stringybark; Abercrombie (+/- 0.2)
12 — Eucalyptus; Lucas Heights (+/- 0.15)
13 - Banksia; Lucas Heights (+/- 0.19)

In Figure 4 the 137Cs activities of the
various honey samples collected are
compared. The sample from Tasmania
exhibits the highest activity with
negligible activity recorded for the sample
sourced from the Blue Mountains. Note
however that the Lucas Heights sample
has a 100 percent uncertainty.
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Figure 4 - Chart showing activities of'37Cs in
honey for locations around New South Wales
and Tasmania. Sample type / Site locations
together with measurement uncertainties (in
Bq/kg) are given below:

1 - Eucalyptus / Banksia: Lucas Heights
(+/-0.12)

2- Rainforest; Gosford(+/- 0.01)
3-Leatherwood; Tasmania (+/- 0.01)
4 - Peppermint gum; Blue Mountains

(+/- 0.01)
5 - Coolabah; Pilliga (+/- 0.01)

5.2 Comparison of 137Cs data with
Ireland

Results from this study and from the Irish
work were plotted in a simple histogram
(Figure 5). It is clear from mis graph that
the 137Cs activities were significantly
higher in the samples sourced from
Ireland. The Australian samples were
negligible in comparison.
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Figure 5 — Chart comparing activities of'37Cs
in honey and pollen between Australia and
Ireland
Sample type and site locations are:

1 - Eucalyptus pollen: Lucas Heights
2 — Banksia pollen; Lucas Heights
3 - Eucalyptus & Banksia honey; Lucas

Heights
4 — Heather honey; Ireland
5 - Heather pollen; Ireland
6 - Ivy pollen; Ireland
7 — Lotus & Clover pollen; Ireland
8 - Blackberry pollen; Ireland

6. DISCUSSION

Of the 13 pollen samples analysed from
New South Wales only 2 recorded 137Cs
activities which were significantly
different from background 137Cs levels.
These samples were both from Lucas
Heights (Eucalyptus pollen & Banksia
pollen). Two other samples registered
slight activities namely palm at Kirrawee
(0.4 +/- 0.1 Bq/kg) and Casuarina at



Kirrawee (0.5 +/- 0.4 Bq/kg). However
the latter may be spurious owing to the
high uncertainty.

It is interesting to focus on the distribution
of I37Cs (in Bq/kg) recorded in samples
taken from the site at Lucas Heights
namely: soil (negligible); honey (0.12 +/-
0.12); Eucalyptus pollen (0.88 +/- 0.15)
and Banksia pollen (3.23 +/- 0.19). In
spite of the limitations of having only a
very small data set the results of this study
provide a number of interesting outcomes
regarding I37Cs in the environment.
Firstly, there appears to be a significant
difference in the accumulation rate of
caesium between Eucalyptus and Banksia
pollen. Secondly, caesium appears to be
preferentially stored in pollen over nectar
(and thus honey). Thirdly, the negligible
137Cs activity in the sandy soil from Lucas
Heights when compared to much higher
levels in the peat sample taken from the
Royal National Park (16 km away)
strongly suggests that soil type has a
significant influence on the retention of
137Cs. Caesium is known to leach rapidly
from a sandy matrix whereas clay soils on
the other hand have the capacity to store
caesium in a fixed form due to their
comparatively higher cation exchange
capacity. Clay particles are also able to
trap ions within the mineral lattice due to
'edge closure'. Thus the presence of a
clay soil can in effect reduce the risk of
bioaccumulation and groundwater
contamination by radionuclides.
The variation of l37Cs in the five
Australian honey samples studied (Figure
4) is more difficult to interpret in view of
the greater number of variables, in
particular that the honey is derived from
different plant species growing on
different soil types. Overall, however, the
activities are very low and considered to
be at or near background levels.

Comparison of the Australian honey and
pollen samples with material sourced from
Ireland is striking and reflects the fact that
Ireland has been subjected to radioactive
fallout from the Chernobyl nuclear reactor
accident which occurred in the Ukraine in

1986. Also impacting on the comparison
of the data between Australia and Ireland
is that peat type soils (which are sinks for
radiocaesium) are much more prevalent in
Ireland compared with the poorer quality
sandy soils which typify the study region
in Australia.

The acceptable levels for radiocaesium in
foodstuffs in Europe has been set by the
European Commission at 600 Bq/kg [5].
However, there has been some suggestion
that this level is too high [6]. In view of
this limit, it is apparent that the I37Cs
activities observed in honey and pollen
sourced from Australia are well below (at
least two orders of magnitude) that which
is considered to be a health threat by
European regulators.

7. CONCLUSION

The study of bee products as a proxy for
large scale intensive manual sampling of
flora (and to a lesser extent water) can be
a cost effective and efficient means by
which to conduct an environmental
monitoring program. The study of pollen
in particular is well suited to this task
because it affords the ability to sample
specific plant species. This feature arises
because of the tendency of bees to forage
only on one plant species at a time (mixed
pollen pellets occur in less than 0.1% of
cases [7] ) and the relative ease by which
pellets can be divided into mono-specific
groups based on colour difference and
microscope analysis [2].

The variations in l37Cs activities in bee
products for a given location can be
explained on the basis of a preferential
uptake of caesium in pollen over nectar
and differences in the accumulation rates
of different plant species.

Soil type (sand, peat, clay etc.) plays a
major role in determining the level of
l37Cs present and ultimately effects the
likelihood of I37Cs entering the food chain.



Significant differences between the 137Cs
levels observed in Australia and those
present in Ireland can be explained on the
basis of the contamination of Ireland with
radioactive fallout from the Chernobyl
nuclear reactor accident

The I37Cs activities observed in
Australian pollen and honey samples is
extremely low and does not pose any
significant health effects.
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