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Introduction

Radon is a heavy radioactive noble gas being formed 
in nature due to radioactive decay of long-lived iso-
topes of uranium and thorium. Thirty-nine isotopes 
of radon are known [1] and there are no stable ones 
among them. Thirty-six radon isotopes are artifi cial 
isotopes and only three (219Rn, 220Rn and 222Rn) are 
natural. Natural radon isotopes have their own 
trivial names like 222Rn is radon (Rn), 220Rn is thoron 
(Tn) and 219Rn is actinon (An). Table 1 shows the 
physical characteristics and sources of naturally 
occurring isotopes of radon. 

As can be seen in the table, 222Rn is the most 
dangerous radon isotope due to its relatively long 
half-life and higher quantity of radioactive decay 
products. It provides a signifi cant irradiation dose 
due to additional irradiation by alpha and beta 
radiation of its short-lived decay products, which are 
forming and decaying in a human body. Moreover, 
222Rn has long-lived decay products 210Pb (22.3 y) 
and 210Po (138.4 d) possessing long elimination 
periods in the human body. Being a heavy inert gas, 
radon is concentrated mostly in soil, near-ground air 
and lower fl oors of buildings [2, 3]. 

In addition to air, radon is also present in under-
ground water. Typical radon activity in groundwater 
ranges from 3.7 Bq/L to 370 Bq/L and is heavily 
dependent on the area’s geology [4]. In areas where 
uranium content in rocks is low, radon content 
in groundwater is also low (no more than several 
dozen Bq/L) [5–7]. However, it is not uncommon 
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to fi nd thousands and tens of thousands of Bq/L in 
water in some countries in Northern Europe, as well 
as in Czechia and Russia (Ural) [8–10]. According 
to the United Nations Scientifi c Committee on the 
Effects of Atomic Radiation (UNSCEAR), as many 
as 10% of water sources used worldwide have radon 
concentrations exceeding 100 Bq/L [11]. 

Regulations limiting radon content in drinking 
water vary from country to country. According to 
the recommendations by the U.S. Environmen-
tal Protection Agency [12], the level of radon in 
drinking water should not be higher than 150 Bq/L 
(4000 pCi/L). Under the Council Directive 
2013/51/Euratom [13], a level of 100 Bq/L is rec-
ommended for the member states of the European 
Union. In Russia, the Radiation Safety Standards 
NRB-99/2009 state that the intervention limit for 
222Rn in drinking water is 60 Bq/L and the determi-
nation of the specifi c activity of 222Rn in drinking 
water from underground sources is mandatory. 

Experimental

Natural underground water with radon concentra-
tions of nearly 1300 Bq/L was sampled from a spring 
in the Sverdlovsk region (Ural Mountains, Russia). 
The salt content of the water samples did not exceed 
150 mg/L, pH value ranged from 6.5 to 7.5. Water was 
sampled into leak-proof bottles and stored overnight 
to achieve radioactive equilibrium between radon 
and its short-lived decay products (218Po, 218At, 214Pb, 
214Bi and 214Po). The activity of radon was measured 
using a scintillation gamma spectrometer Atomteh 
MKS-1315 AT (Atomteh, Belarus) using the gamma 
peak of 214Bi (E = 609 keV) in the standard Marinelli 
beaker (1 L) without sample pretreatment. 

In the experiments on radon sorption by activated 
carbons, 20 mL of activated carbon was loaded in a 
sorption column with an inner diameter of 18 mm. 
The column was washed by tap water to eliminate 
a fi ne fraction of the coal. Radon-containing water 
was loaded through the sorption column using a 
peristaltic pump. Water sample after sorption was 
stored in a closed bottle for three to four hours to 
achieve radioactive equilibrium and the radon activity 
concentration was measured. Dimensionless values 
of sorption degree S were calculated in accordance 
with Eq. (1): 

(1)

where A0 and A are initial and fi nal activity concen-
trations of radon in water respectively [Bq/L]. 

In the experiments on sorption of radon decay 
products by various sorbents, 1 g of a sorbent was 

added to 500 mL of radon-containing water (A0 = 
1000–1300 Bq/L), shaken for 17 min and then stored 
for 3 min to allow the sorbent settling. After that, 
the water was fi ltered through a article fi lter under 
vacuum (5 min) and then measured by a gamma 
spectrometer for 5 min in a standard 0.5 L plastic 
container. Radon was totally eliminated during 
sorption and fi ltering; radioactive decay of radon 
daughters was taken into account. The values of the 
gross gamma count rate of the samples were used 
for the calculation of sorption degrees. The calcula-
tion of the sorption degree of radon daughters was 
performed in accordance with Eq. (1). The lower 
limit of detection (LLD) under these conditions 
was 20 Bq/L. 

Results and discussion 

Choosing the sorption materials for the elimination 
of radon and its decay products from water

In most cases, radon and radon daughters are elimi-
nated from water by aeration or fi ltration through 
various sorbents, in particular, activated carbon. 

The aeration method is simple and effi cient and 
does not require any chemicals. However, when this 
method is used, radon is released into the ambient air 
and the system requires power for pump operation. 

When water is fi ltered through activated carbon, 
radon and radon daughters are accumulated in it. 
As a result, the fi lter becomes a gamma radiation 
source. To ensure safe operation, such fi lters have 
to be shut down from time to time for natural radon 
decay. When a fi lter is used on a continuous basis, 
the dose rate depends on radon concentrations in 
untreated water, total water consumption and fi lter 
capacity, and may reach dangerous levels of several 
hundred microsieverts per hour, which makes the 
treatment process further radiation hazardous. 

Four types of activated carbons were tested in 
the work: 
 – activated carbon from coconut shell Carbotech 

(Germany) after being washed using inorganic 
salts; 

 – activated carbon from coconut shell Carbotech 
(Germany) impregnated by Ag+; 

 – activated carbon from coconut shell NWC (Ma-
laysia); 

 – birch activated carbon BAU (Russia). 
The results of sorption tests are presented at the 

diagram (Fig. 1). 
The results have shown that the Carbotech ac-

tivated carbon provided the best radon elimination 
among the carbons being studied. The presence of 
silver does not affect the sorption degree of radon 

Table 1. Sources and physical characteristics of naturally occurring isotopes of radon [1] 

Isotope  Half-life Decay mode Energy of alpha 
particles [MeV]

Mother 
radionuclide

Number of short-lived 
decay products

222Rn 3.825 d alpha 5.489 238U 2, 2
220Rn 55.6 s alpha 6.819 and 6.553 232Th 1, 2
219Rn 3.96 s alpha 7.133 235U 2, 2

0

0
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S
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by the Carbotech activated carbon. However, the 
degrees of sorption of radon decay products were 
signifi cantly lower and did not exceed 30% to 50%. 
Therefore, the installation for water treatment 
should contain both carbon layer for radon elimina-
tion and an inorganic sorbent for sorption of radon 
decay products. We have tested 23 types of sorbents 
being produced by EKSORB Ltd. for the elimination 
of radon decay products in batch conditions. The 
results are presented in Table 2. 

Among the sorbents tested, RATZIR sorbent was 
chosen for the elimination of radon decay products 
from water. 

Technology for removal of radon and radon 
daughters from water 

The article presents the results of tests of a system 
for the removal of radon and radon daughters from 
water patented by EKSORB. This is achieved by 
fi ltering water through RATZIR sorbent, followed 
by periodic load regeneration. 

The key element of the proposed system is 
RATZIR, a zirconium hydroxide-based inorganic 
sorbent developed by Scientifi c Production Enter-
prise EKSORB Ltd. for transition metal ion sorption, 
which is used in the system as fi ltering material, in 
addition to activated carbon. 

For three years, the system has been treating water 
with the initial radon level exceeding 1500 Bq/L to 
standard levels. The amount of activated carbon to 
be loaded into the system is 70 L and the amount of 
RATZIR is 15 L. The layer of the sorbent is located 
in the middle of the column, between the layers of 
activated carbon. The estimated water consumption 
is 1000 liters per day. The column is backwashed once 
every month. When backwashing a column with a 
sorbent, three to fi ve volumes of a sorption column of 
hot water without circulation are used, and then this 
water is collected in an underground storage tank. 

Before backwashing, the level of exposure rate 
on the surface of the column near the layer of acti-
vated carbon reached 0.6 Sv/h; in the central part 
of the column near the layer of RATZIR, 20 Sv/h, 
which is 100 times higher than background levels. 
After backwashing, the level of background gamma 

radiation was down to background levels. Water 
used for backwashing is drained to an underground 
storage tank with a capacity of 3 m3, where it is left 
for about one month; and then it is dumped to the 
sewerage system. 

RATZIR makes it possible to extract radon 
daughters from water, which are a greater radiation 
hazard for the gastrointestinal tract as alpha emitters 
than radon itself. 

Another feature of the new system is the possibil-
ity to reduce the radiation hazard from the fi ltration 
column where radionuclides are accumulated. To 
reduce the dose rate from the column, the column 
is regularly backwashed with water heated to a 
temperature of 50°C to 85°C. After that, the water is 
collected in a sump tank and kept there for at least 
two weeks until radon and radon daughters decay. 

The amount of water used for backwashing is 
one to fi ve times the amount of sorbent materials. 
Compared to similar products, our system offers the 
following advantages: 
1. The system reliably captures radon and radon 

daughters such as lead and bismuth and guar-
antees the best possible removal of natural ra-
dionuclides from water (up to 99%). 

2. Since the system does not release radon into the 
indoor and outdoor air, it ensures the safety of 
people around and is not a cause of concern for 
neighbours. 

3. The engineering solutions used in the system help 
to avoid excessive accumulation of radionuclides 
in the system and prevent overexposure near the 
system. 

Fig. 1. Degrees of sorption of 222Rn (1) and its decay 
products (214Bi  214Pb) (2) by various activated carbons 
in column tests. 

Table 2. The results of testing various types of sorbents 
for the elimination of 222Rn decay products from drinking 
water 

No. Type 
of a sorbent

Degree of sorption 
of gamma-emitting radon decay 

products (214Bi + 214Pb) [%]

  1 R-Ac V.15       53.7
  2 Mg-Ac, 23X       79.9
  3 SH2       95.2
  4 MnO2-Ac 100
  5 CuS-Ac, 3:1       80.7
  6 CuS-Ac, 3:0.2       76.6
  7 SPP       81.9
  8 Ac      77.2
  9 CuS-Ac       90.7
10 BAU       80.5
11 NWC       60.6
12 CuS-Ac, 6:6 100
13 CuS-Ac       78.4
14 RATZIR 100
15 Mix15       96.4
16 Mix16      91.8
17 Mix17      93.8
18 Mix18      55.0
19 Mix19      83.7
20 Mix20      85.7
21 Mix21      54.1
22 Mix22      88.7
23 Mix23      81.9

1 1

1 1

2
2

2

2
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4. The system is simple, reliable and quiet during 
operation. It does not require additional power. 
Moreover, it can be easily integrated into the 
existing water treatment system. 
In the future, a homogenized mixture of acti-

vated carbon and RATZIR sorbent may be loaded 
into the fi ltration column to reduce the level of 
background gamma radiation from the column. 
Alternatively, a double-column patented by 
EKSORB may also be used, where the more active 
sorbent RATZIR is located inside the column with 
less active carbon. 

Conclusions 

The article presents the results of the operation of a 
system that removes radon from water. In reality, such 
a system has already been in operation for three years 
in a private household in Sverdlovsk Oblast (Ural 
region, Russia). The pretreatment level of radon in 
water from a private well is about 1500 Bq/L whereas 
the post-treatment level is lower than 60 Bq/L. 

In addition, the patented backwash system helps 
to avoid excessive accumulation of radionuclides 
in the system and prevent overexposure near the 
system. 
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Fig. 2. Scheme (left) and photo (right) of the existing 
radon removal system, showing background gamma rad ia-
tion on the surface during the system’s operation. 


