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Abstract. Nowadays, radioactive materials are widely used in medicine, agriculture, industry and scientiﬁc
research. This implies a growing accessibility and their potential use for criminal or terrorist purposes, i.e. as
Radioactive Dispersion Device (RDD) or as Radiation Emission Device (RED). In light of these new threats,
currently there are no countermeasures available that can respond quickly and automatically to mitigate
their possible consequences. Therefore, the need arises to design and to implement new countermeasure
systems that will act in the face of a CBRNE (Chemical, Biological, Radiological, Nuclear and Explosives)
incident, even in the presence of ﬁre. This is the main goal of the COUNTERFOG project, which proposed
a countermeasure system based on the generation of a fog that interact with the dispersed aerosols. The
objectives of the project range from the design and manufacture of nozzles able to generate the required fog,
to planning and execution of the experimental procedure to evaluate its eﬀectiveness. This work presents
the results of the application of the COUNTERFOG system to the cleaning of RN surrogates, dispersed
in the environment simulating the detonation of a RDD device.

1 Introduction
The social phenomenon of communication, known as globalization, has facilitated access to all kinds of information
in a simple and anonymous way. This knowledge can be used improperly by groups with violent interests that try to
spread the panic among the people [1,2]. In order to evaluate the possible threat of an attack by this kind of groups
or an industrial accident [3], it must be considered that the use of radioactive sources [4] and other types of chemical
or biological compounds in research [5], agriculture [6], medical [7], industrial applications [8], etc., is becoming more
popular and that could be used to spread the terror and the panic our society [9].
In light of these new threats, there are no countermeasures available that can respond quickly and automatically
to mitigate the possible consequences. Therefore, the need arises to design and to implement new countermeasure
systems that will act in the face of a CBRN (Chemical, Biological, Radiological and Nuclear) emergency, even in the
presence of ﬁre. The proposed countermeasure system consists of a fog-generating nozzle with a micrometre droplet
size dispersion that interacts with the dispersed aerosols, producing their precipitation [10].
The objectives of the present research pursue the cleaning of atmospheres contaminated with solid aerosols of RN
surrogate agents. To carry out these tests it is necessary to select surrogates to be used and to establish an adequate
and reproducible experimental process.

2 Experimental procedure
2.1 Surrogates selection
For the selection of the studied RN and their simulators, several premises were taken into account such as the use,
the ease of access to it and the physical-chemical properties [11]. Their dispersion may be in the form of liquid, dust,
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Fig. 1. Scheme of experimental procedure used.
Table 1. Sequence of the countering trials for each surrogates considered.
Surrogate

tdispersion /min

tN shot /s

ttest /min

Additive to water

Talcum

3

30

45

Isopropanol + Bio-Sel

NaHCO3

2

30

30

Urea

1

30

30

KH2 PO4

2

30

30

CsCl

1

30

30

aerosol or solid fragments [12]. This study has focused on which RNs that can be dispersed as micrometric sized solids
in the RDD or RED [13,14] devices in order to have a relevant time suspension.
Thus, the selected simulators have been KH2 PO4 , Urea CO (NH2 )2 and CsCl. In addition, other common compounds, like NaHCO3 and Mg3 Si4 O10 (OH)2 (i.e., talc), with diﬀerent polarity have been studied, which have allowed
to establish optimization conditions and to evaluate the eﬀectiveness of the COUNTERFOG nozzle system versus an
aerosol of diverse solubility using various additives.
Radionuclides dispersion. For the simulation of the dispersion of pollutants by detonation of RDD or RED, several
methods were tested. Finally, it was obtaining a very eﬃcient dispersion maintained in the time by the explosion of a
small device loaded with the contaminant.
Radionuclides detection. Various optical techniques were tested to record the evolution of the pollutant aerosol and
the fog. The technique that produced the best results was a CCTV (closed circuit television) system coupled with a
particle counter (Particle Plus 8306 Handheld Particle Counter).
This detector has enabled to establish a graph of evolution of suspended particles as a function of time.
Additives selection. In order to favor the interaction of hydrophobic aerosol with the fog generated by the COUNTERFOG countermeasure system, it is necessary to add a surfactant to the fog that helps the sorption of the water
by the solid particle and producing its entrainment and deposition in the room.
c (J.P. Selecta, S.A.) and isopropyl alcohol [15] as the best
Diﬀerent surfactants were tested, taking Bio-Sel
solutions.

2.2 Test carried out
After establishing the operational conditions for carrying out the tests, including the selection of the appropriate
detection method, the experiments were carried out with NaHCO3 and Mg3 Si4 O10 (OH)2 and the selected radionuclide
simulators: urea, KH2 PO4 and CsCl.
In addition, in talc trials, due to the fact of being a non-polar material, tests with selected surfactants (1% v/v
isopropanol and 0.5% v/v Bio-Sel) were performed in order to increase its entrainment force in water.
The experimental procedure followed in the decontamination tests was as shown in ﬁg. 1.
The stabilization time (tdisp. ) of the surrogates depends of the TOF (Time-of-Flight), parameter determined in
previous test. After the explosion and this stabilization time a fog shot of 30 s was doing with the nozzle designs on the
COUNTERFOG project. A time between 30 and 45 minutes, depending on the tested surrogate, was then expected
for the precipitation of the fog and the test was ﬁnished.
Between rehearsals, cleaning ﬁlters were activated to ensure cleanliness of the room; after that, it was veriﬁed that
the number of particles in the air was at the level of the blanks before the trial.
Table 1 summarises the sequence followed in each countering test as a function of the surrogates considered. In
this table the diﬀerent considered times are referenced, i.e., “tdispersion ” is the time of delay for achieving the airborne
homogenisation in the laboratory atmosphere after balloon burst; “tN shot ” corresponds to the period during which
the nozzle is shooting fog; “ttest ” is the period for on-line monitoring the eﬃciency of the fog cleaning the atmosphere
and “additive to water” indicates the presence of an added compound in water used to produce the fog.
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Fig. 2. Size distribution of surrogates selected (diameter 50%, 10% and 90%).

Fig. 3. Graphical representation of the relationships between the TOF and Sgeo .

3 Results and discussion
3.1 Characterization of the pollutant
Prior to the performance of the relevant decontamination tests, the selected NR surrogates were characterized. The
results of the particle sizes measured for each of them as well as their time of ﬂight are shown in ﬁg. 2 and ﬁg. 3,
respectively.
Those airborne, which have a lower particle size and a bigger speciﬁc surface area, show a higher measured TOF
value. Furthermore, in the case of added talcum particles, their hydrophobic behaviour increases the TOF value.
Airborne ones with shorter measured TOF are those with higher particle size distribution (i.e., CO(NH2 )2 ), higher
density values and hygroscopic properties (i.e., CsCl and KH2 PO4 ).
The remaining selected chemical compounds show a TOF measured value in the same range. It is important to
point out that the behaviour of the selected surrogates is that the radionuclide materials should have.
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Fig. 4. Evolution of the dispersed NaHCO3 particles in air Lab without countermeasure.

Fig. 5. Evolution of the dispersed CO(NH2 )2 particles in air Lab, without countermeasure.

3.2 Eﬀectiveness of the countermeasure system
In order to check the operation of the cleaning system proposed in the COUNTERFOG project, several tests were
carried out with diﬀerent compounds, selected according to their polarity. On the one hand, hydrophilic compounds
such as NaHCO3 , NaCl, CsCl, CO(NH2 )2 and KH2 PO4 were tested and, on the other hand, the hydrophobic compound
of Mg3 Si4 O12 (OH)2 was tested too.
Some representative examples of the TOF of hydrophilic surrogates are shown below: NaHCO3 (ﬁg. 4), CO(NH2 )2
(ﬁg. 5), KH2 PO4 (ﬁg. 6) and CsCl (ﬁg. 7). In addition, next to the TOF graph of each compound, the result of the
corresponding atmospheric cleaning test is shown: NaHCO3 (ﬁg. 8), CO(NH2 )2 (ﬁg. 9), KH2 PO4 (ﬁg. 10) and CsCl
(ﬁg. 11). The evolution of the aerosols is being measured by the particle counter.
On the other hand, ﬁg. 12 shows the evolution in time of the aerosol of talc. Applying water mist with behaviour
similar to the previous one and under the same conditions in the presence of a hydrophobic solid, an eﬀective air
cleaning is not achieved as shown in ﬁg. 13.
For this reason, the eﬀect of diﬀerent additives was studied. These additives reduce the surface tension of the water
drop in order to facilitate its sorption to the particle of contaminant. As can be seen in ﬁg. 14, with the addition of
Bio-Sel, cleaning is not improved but, with the addition of 1% of isopropanol to the water fog, an optimal cleaning of
the contaminated room is achieved according to ﬁg. 15.
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Fig. 6. Evolution of the dispersed KH2 PO4 particles in air without countermeasure.

Fig. 7. Evolution of the dispersed CsCl particles in air Lab without countermeasure.

Fig. 8. Evolution of NaHCO3 indecontamination test. NaHCO3 explosion followed by fog dispersion.
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Fig. 9. Evolution of the decontamination test with CO(NH2 )2 . CO(NH2 )2 explosion followed by fog dispersion.

Fig. 10. Evolution of the decontamination test with KH2 PO4 . KH2 PO4 explosion, followed by fog dispersion.

Fig. 11. Evolution of the decontamination test of CsCl. CsCl explosion fog dispersion.
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Fig. 12. Evolution of the dispersed talc particles without countermeasure.

Fig. 13. Evolution of talc particles in decontamination test with water fog. Ineﬀective cleaning of Mg3 Si4 O10 (OH)2 .

Fig. 14. Evolution of talc particles in decontamination test with water fog containing Bio-Sel (0.5% v/v).
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Fig. 15. Evolution of talc particles in decontamination test with water fog containing isopropanol (1%).

4 Discussions
The decontamination trials performed in the presence of hydrophilic airborne particles, regardless of the size of them,
shown the initial suspension of the pollutant, the fog dispersion of the countermeasure system and how after 17–20 min
from the start of the fog release has been completely collapse and precipitate on ﬂoor. Compared to the previous trials
of characterization of the TOF of the pollutant, it can be seen as without the application of a countermeasure,
dispersed particles were still detected after 30–40 min. However, in the decontamination tests following the application
and precipitation of the fog, after 20 min the airborne particles are not measured in the atmosphere. As was measured,
the COUNTERFOG system reduces at least 50% of the airborne particles with a short shoot. This fact demonstrates
the eﬃciency on air decontamination of the system propounded.
In the case of decontamination experiments performed with hydrophobic airborne particles, following the same
procedure mentioned above, the presence of fog has no interaction with the particles due to its physical properties,
and no eﬀect in the TOF value is measured. However, when a dissolution of 1% of isopropanol is used for generating
the fog, a strong eﬀect on the TOF value of this airborne particle has been measured.
Based on the tests carried out, it has been demonstrated that the COUNTERFOG nozzle system is able to generate
mists that dissolve and/or deposit solids dispersed in the environment, irrespective of their hydrophobic or hydrophilic
properties.
COUNTERFOG system decontaminate atmosphere in presence of RN’s airborne and reduces their possible dispersion and risk for human contamination.

5 Conclusions
The main conclusions are as follows:
– An operational procedure for countering tests with selected RN surrogates has been performed.
– The behaviour of the airborne agent against fog is proportional to the chemical species solubility in water. This
phenomenon was tested using compounds with diﬀerent solubility values.
– The eﬀectiveness of the fog for RN hydrophilic surrogate decontamination has been demonstrated. The COUNTERFOG system reduces the TOF of diﬀerent hydrophilic airborne particles and decontaminates the atmosphere.
– In the case of airborne particles with hydrophobic properties it is necessary to apply surfactants for achieving
an eﬀective decontamination of a polluted atmosphere. This airborne precipitation eﬀect has been achieved in a
shorter time than in tests performed with hydrophilic airborne particles.
This research has been funded by the Project COUNTERFOG, n◦ 312804 7th Framework Program of the European Commission.
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