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Abstract 

 

Radon monitoring in more than 60 selected points were part of surveillance 

radiation activities in the nuclear center of Mexico; three major facilities were 

inspected, the Triga Mark III research reactor, the Tandem Van de Graaff 

Accelerator and the Pelletron electron Accelerator. During a major maintenance 

activities in the research reactor, the air extraction system was not functioning for 

more than a month causing of a radon build up exhaled from the massive concrete 

of the building, reaching concentrations in some places up to 2.1 kB m
-3

. The 

irradiation room at the Tandem Accelerator presented high radon concentrations 

up to nearly 5 kB m
-3

, manly in the trenches were pipes and electric wires are 

located, the radon source was identified as originated from small caves under the 

floor. Low radon concentrations were found inside a similar building where a 

Pelletron accelerator is located. The reasons for the abnormal radon 

concentrations and the mitigation actions to remove any risk for the worker are 

discussed in detail in this paper. 
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1.- INTRODUCTION 

Man has been always exposed to natural ionizing radiation generated by radioactive 

minerals naturally present in the various geological formations and from radiation coming 

outer space. Unlike solar non-ionizing radiation, which is registered by and whose effects 

are visible on the skin; the ionizing radiation manifests its effects at the cellular level. 

Ionizing radiation presence is only determined by means of either passive detectors (films, 

nuclear track detectors, thermoluminescent detectors, among others) or active detectors 

(ionization chambers, surface barrier detectors, etc.).  

 

Among the first signs of natural ionizing radiation damages to human being was the 

incidence of lung cancer observed in miners in the middle of the last century from the 

various underground mines, analyzed and summarized primarily by three international 

organizations: the Biological Effects of Ionizing Radiation, of the National Research 

Council, in its various reports BEIR; the International Commission of Radiological 

Protection (ICRP); and the United Nation of Scientific Committee on the Effects of Atomic 

Radiation (UNSCEAR).  

 

The observation periods and corresponding analysis of lung cancer, mainly in uranium 

miners by various international organizations span several decades. Some started from 1948 

(Radium Hill, Australia), although also reported other types of mines such as iron 

(Malmberget, Sweden, 1951-1991), Tin (Yunnan, China, 1976-1987) Fluorite (Terravova, 

Canada, 1950-1984) that had uranium as an associated mineral as summarized by 

UNSCEAR [UNSCEAR, 2006].  

 

The then scarce ventilation in these underground mines with high concentrations of 

uranium resulted in an abnormal concentration of the gas Radon-222, alpha emitter and its 

metallic solid decay products, also alpha emitters (Polonium-218 and Polonium-214, 

Bismuth-214 Lead-214) that attached to aerosols meant a high risk of lung cancer by 

inhalation.  
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In non-mining sites, uranium ore is found naturally in the Earth’s crust in an average of (1-

4) ppm, however particular geological features of each site influence a possible greater 

presence of this mineral, such as abnormal content in rock phosphate with 120 ppm, or the 

exquisite bituminous with 50 ppm to 80 ppm; among others. Because Rn-222 has a half-life 

of 3.8 days, in a closed environment a 98% concentration of the maximum will be reached 

in 20 days (a little more than 5 half-lives), not so in open environments where there is rapid 

dilution of this gas in the atmosphere.  

 

The Environmental Protection Agency (US EPA) and the U.S. Geological Survey in the 

United States classified the country into three zones [EPA, 2013], according to 

measurements of radon concentration indoors. It was established a maximum level of 148 

Bq m
-3

 (4 pCi l
-1

), above which an intervention (mitigation) is recommended. Zone 1 

(mainly in the north central region) corresponds to sites with more than 4 pCi l
-1

, zone 2 

(mainly in the West) less than 4 pCi l
-1

 but more than 2 pCi l
-1

 and zone 3 with less than 

pCi l
-1

 values. The EPA recommendations do not require builders of new homes to perform 

radon measurements in the ground before building the house but it does recommend 

carrying on mitigation if radon concentration in the house already constructed exceeds 4 

pCi l
-1

. That is why some builders companies have obtained a registration in the EPA to 

include passive adjustments devises that allow more subsequent activation, to prevent the 

possible presence of abnormal indoors radon concentration. 

 

In the case of Sweden, the Swedish Radiation Protection Institute [Akerblom, 1999] states 

to be the first of Member States of the Union European, that not only followed the 

recommendations of the ICRP and the Council of the European Union, but it established 

the levels of action for indoor and workplaces in 200 Bq m
-3

 and 1000 Bq m
-3

 respectively.  

 

Great Britain made an extensive campaign of indoor Rn measurements, 393,000 in England 

and 9,400 in Wales, the geometric mean was 50 Bq m
-3

 [Green, et al., 2002], and 

approximately 10% of the measurements resulted in values above the value recommended 

for intervention by the National Radiation Protection Board (200 Bq m
-3

). The highest 

percentage of intervention was in the southwest region of England, in the County of 
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Cornwell, with 20% of measurements. Based on this statistic, the Radiation Protection 

Division of the Health Protection Agency (legally established as a British Government 

Advisor) was determined, that for each 100 Bq m
-3

 one should expect an increase in cancer 

risk of 16%, which is independent of sex, age or smoking or not. It concluded that whereas 

a 21 Bq m
-3

 radon concentration, the cumulative risk of death by cancer of the lung at the 

age of 75 is 0.4% for a non-smoker and 14% for a lifetime smoker; 200 Bq m
-3

 the risk 

increases to 0.5% and 19% respectively.  

 

The IAEA Safety Report Series 33 [IAEA, 2003], defines the workplace as abandoned 

mines open to the public, tunnels, tourist caves, springs, factories, warehouses, and “a 

proportion” of schools and offices and set for concentrations of radon action level above 

1000 Bq m
-3

, to an occupation of 2000 h a
-1

 and an equilibrium factor of 0.4.  

 

It is described in this paper how two abnormal radiation cases in a nuclear facility found the 

explanation of high radon concentrations, the radon source determination and the 

remediation actions that significantly reduced the natural presence of radon.   

 

 

2.- BASES FOR EFFECTIVE DOSE DETERMINATION 

 

Evaluation of effective dose requires two fundamental aspects: evaluation of radon 

exposure to and from this estimation of cancer risk. For the following sections useful 

references are Robley D. Evans [Robley, 1969] and ICRP-65 [ICRP, 1993]. 

 

Being radon (
222

Rn) a noble gas, it does not form chemical compounds, consequently once 

exhaled from a mineralogical matrix, radon mobility in the atmosphere is governed only by 

diffusion and transport. The exposure of man to this -emitting-particle gas is mainly to 

lung by inhalation. Table I (column one) indicates the radioactive chain of this gas, and the 

subsequent decay products. Metals 
218

Po, 
214

Pb, 
214

Bi, and 
214

Po have short half-life and are 

of importance for radon exposure, since adhering to aerosols suspended in the atmosphere, 

with dimensions smaller than 10.5 m, can be inhaled joining by the Airways. 
222

Rn is 
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excluded for the purpose of lung exposure because it is exhaled; all decay products from 

210
Pb are excluded because the high half-life of 22 years (column two) is unlikely to remain 

in the lung. 

 

 

 

Table 1.- Potential Alpha energy of radon decay products 

Nuclei Half life 

Particle 

Energy 

MeV 

Potential Alpha Energy p,i 
Percentage % p,i 

(p,i/i)/[p,i/i] 
Per atom p,i Per activity unit p,i/i  

MeV 10
-12 

J MeV Bq
-1

 10
-10 

J Bq
-1

 
222

Rn 3.82 d 5.49 Excluded 
218

Po 3.05 min 6.00 13.69 2.19 3615 5.79 10.4 
214

Pb 26.8 min - 7.69 1.23 17840 28.6 51.5 
214

Bi 19.7 min - 7.69 1.23 13250 21.2 38.1 
214

Po 164 s 7.69 7.69 1.23 2 x 10
-3

 3 x 10
-6

 6 x 10
-6

 

  55.59  
210

Pb
 

22 a 3.72 Excluded 
210

Bi
 

5 d 4.06 Excluded 
210

Po
 

138 d 5.30 Excluded 
206

Pb
 

Stable  Excluded 

 

 

The potential alpha energyp,i (columns 4 and 5) is defined as the sum of alpha energies 

(column three) in the decay process of a given radionuclide; if a breathing aerosol contains 

218
Po, its potential alpha energy is 5.49 + 7.69 = 13.69 MeV/atom. The corresponding 

potential alpha energy per unit of activity p,i/i are shown in columns six and seven. This 

last definition is particularly useful because it reveals that although the 
214

Pb is not an alpha 

emitter, once it is attached to an aerosol its decay chain contains alpha emitter 
214

Po and 

because 
214

Pb the greatest half-live with respect to others, it contributes with a 51.5% to 

potential alpha energy (column 8). 
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If each of the products of decay i has a concentration (specific activity) in a unit volume Ci 

[Bq m
-3

], the concentration of the potential alpha energy of all decay products Cp [J m
-3

] is 

given by 

 

 

(1) 

 

Then, the total potential-alpha-energy concentration (sum, column 7) of the decay products 

in equilibrium
 218

Po, 
214

Pb, 
214

Bi, and 
214

Po, in a unit of volume with a radon specific 

activity of 1 Bq m
-3

 is: 

 

 

(2) 

 

Thus, the exposure to this potential-alpha-energy concentration per unit of specific activity 

Pp takes into account the time (in hours) that an individual remains in that specific activity, 

explicitly: 

 

 

(3) 

 

Historically the working level WL was introduced as the unit exposure to miners and it was 

defined as the exposure to decay products in equilibrium with 100 pCi l
-1

 of radon, i.e. 3700 

Bq m
-3

. Multiplied this number by equation 2, it gives a value of 2.07 x 10
-5

 J m
-3

, because 

this value depends on the approximations of the disintegration energies of decay products, 

it was decided to adopt the WL unit as 1.3 X 10
8
 MeV m

-3
, obtaining 1 WL = 2.08 x 10

-5
 J 

m
-3

. 
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It is considered that a miner spend 40 hours a week in the mine, this is 173.3 h month
-1

; 

however, it was decided to also adopt this time as 170 h and define the Working Level 

Month, as 1 WLM = 1 WL J m
-3

 x 170 h = 3.54 mJ h m
-3

, whose inverse is 1 mJ h m
-3

 = 

0.282 WLM. 

 

With regard to radon exposure time T, two groups are distinguished: indoor (houses) and 

outdoor (or places of work). Of the total of 8760 h y
-1

, it was defined the span time of 7000 

h y
-1

 for indoor and 2000 h
-1 

for work places. 

Radon is not usually in equilibrium with its decay products, then one additional definition 

is the equilibrium equivalent concentration. The equilibrium equivalent concentration 

corresponding to a non-equilibrium mixture of radon progeny in air, is the activity 

concentration of radon in radioactive equilibrium with its short-lived progeny that has the 

same potential alpha energy concentration Cp as the actual non-equilibrium mixture.  This 

disequilibrium is mainly the effect of the environmental conditions, since the concentration 

of aerosols and moisture maintains the decay products in a given volume; decreasing 

aerosols and moisture causes that decay products are quickly plate out on the surfaces of 

the environment, increasing the disequilibrium. The concept of equilibrium Factor F, is 

introduced as the ratio of the equilibrium equivalent Rn concentration with their DP to the 

actual activity concentration; internationally a value of F = 0.4 has been accepted. 

 

The last two paragraphs and equation (3) allow now determining exposure P for indoor Pi 

and outdoor Po in terms of F and T. 

 

 

(4) 

 

The result is indicated in Table 2 for these exposures to a specific radon concentration of 1 

Bq m
-3

 on both units: concentration of potential alpha energy in hours and that given for the 

historical WLM unit. 
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Table 2.- Annual exposure for indoors and outdoors by specific radon concentration 

 Annual Exposure / radon concentration unit 

(mJ h m
-3

)/(1 Bq m
-3

) (WLM)/(1 Bq m
-3

) 

Indoors Pi 

Occupancy T= 7000 h, F = 0.4 
15.56 x 10

-3
 4.40  x 10

-3
 

Outdoors Po   

Occupancy T = 2000 h, F = 0.4 
4.48 x 10

-3
 1.26 x 10

-3
 

 

 

2.1.-  Epidemiological Criteria 

To determine the risk of lung cancer due to inhalation of radon, cohort studies, commonly 

referred to as epidemiological studies, is to make a comparative analysis between the 

frequency of cancer between two populations, one of which is exposed to the exposure 

factor and one that is not. 

 

The statistical approximation of these studies is determined by either a well-chosen 

difference between both the exposed and the unexposed populations, or by the size of the 

sample. The studies of miners of uranium mines, fulfill with a proper difference between 

populations, with sample sizes of tens thousands. Radon indoors studies in cities lack this 

contrasting difference; other factors as inhalants and habits of smoking plays a significant 

consideration requiring sample sizes of hundreds of thousands, as those carried out by the 

European Community and the United States mainly. 

 

Analyses of epidemiological studies, summarized by three international agencies (ICRP 

and UNSCEAR, BEIR of the US National Research Council), in its various publications, 

establish coefficients of mortality by Radon exposure; this is the risk of death from lung 

cancer. 
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The first epidemiological studies to miners of uranium (and other mines type with high 

radon concentrations), established the correlation of lung cancer to radon exposure in 

historical WLM units. Original data sources have been, in various committees, re analyzed 

under several statistical criteria in terms mJ h m
-3

 units, postulating a death risk coefficient, 

which the ICRP 60 adopted [ICRP, 1990] of 8.0 x 10
-5

 (or 2.83 x 10-4 WLM
-1

) by every mJ 

h m
-3

 of radon exposure. 

 

Exposure of miners to radon is lung, leading to an equivalent dose, however since radon 

gastrointestinal ingestion and consequently incorporation into stream blood is considered to 

be negligible, the dose considered is as effective dose. 

 

ICRP 65 [ICRP, 1993] reports that the incidence of cancer survivors of the events in 

Hiroshima and Nagasaki (H & N) has a value of 5.6 x 10
-5

 for workers and 7.3 x 10
-5

 for 

public in general, for each unit of effective dose (mSv). 

 

Then from the ratio of these two frequencies of cancer (miners and H & N) it is possible to 

compute the effective dose (mSv) which delivers a unit of concentration of potential alpha 

energy (mJ h m
-3

 or WLM), to workers fw and public fp those are given by: 

  

 

(5

) 

 

For outdoor or workers (occupation factor of 2000 h) 

 

 

(6

) 

 

For outdoors or workers (occupation factor of 2000 h) 

 

Table 3.- Annual effective dose, workplaces and homes for various concentrations of radon.  

 1
Annual exposure 

2
Effective Dose 

3
 Conversion Factor 

4
Annual 

4
Annual 
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[mJ h m
-3 

/ Bq m
-3

] /exposure 

[mSv / mJ h m
-3

] 

to annual effective 

dose 

[mSv / Bqm
-3

] 

effective 

dose
 

mSv 

effective 

dose
 

mSv
 

Work 4.45 x 10
-3

 1.43 6.23 x 10
-3

 3./500   

Bq m
-3

 

10./1500 

Bq m
-3 

Indoors 15.6 x 10
-3

 1.1 17.16 x 10
-3

 3./200   

Bq m
-3

 

10./600 

Bq m
-3 

Notes: 1 Determined from epidemiologic studies  

           2 Determined from equations (5) y (6) 

           3 Product of column two and three 

           4 Product of column 4 times (200, 500, 600 y 1500) Bq m
-3

 

 

Then the ICRP-65 recommended Intervention Level for effective dose of: Indoors (200-

600) Bq m
-3

, (3-10) mSv. Work or outdoors (60-1500) Bq m
-3

, (3-10) mSv. 

 

 

3.- RADON MEASUREMENTS 

 

Two abnormal radiation events were detected in the Nuclear Centre of Mexico. The first 

one was the sound alarm of a radiation detector placed inside the building of the research 

reactor TRIGA MARK III. This anomalous radiation was present during a major 

maintenance, when the air extraction system, which maintains the reactor building under 

negative pressure, was not working for more than one month. It was identify that radon 

build up in reactor was the reason of this sound alarm [Balcazar et al., 1997]. The second 

event was unusual radiation detected by a whole body counter on several researchers 

associated to the Tandem Van de Graff Accelerator; the whole body counter identified 

[Balcazar, et al, 1999] the presence of gamma emitters corresponding to decay radon 

products 
214

Bi (0.609 MeV, 1.120 MeV, 1.764 MeV) and 
214

Pb (0.295 MeV, 0.352 MeV) 

attached to the working coats used by the researchers.  

 

3.1.- Radon at the Tandem accelerator 
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A diagram (not to scale) of the building housing the accelerator Tandem Van de Graaff, is 

shown in Figure 1, which is a massive concrete room of (19 x 35) m
2
 and 8 m high. It was 

believed that the main radon source at the Tandem Accelerator is originated from some 

small caves beneath the floor of the irradiation room. The existence of those small solid 

rock-strewn caves was known at the early time of the building construction without 

representing any stability risk for the structure. 

 

The radon-source hypothesis was confirmed by a series of measurements in the trenches 

where radon accumulation takes place. Several cans, each containing two LR115-type 

plastic detectors, were located along the trenches at the irradiation room for exposure 

periods of 30 days. One of the detectors was positioned on the inner bottom of the 

cylindrical can 12.5 cm in length and 10 cm in diameter; the opened extreme of the can was 

covered with a thin polyethylene film 5m in thickness, which stops the entrance of 

aerosols, permits a diffusion of radon inside and maintains a radon equilibrium atmosphere 

in the detection volume. 

 

 

Figure 1.- Points of radon measurement in the Tandem-Accelerator irradiation-room.  

 

Control room Irradiation room 
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The second detector was placed on the external part of the can to expose it directly to the 

environment without any aerosol protection, with the aim of calculating the F factor 

[Planinic J., 1990] for determining the effective dose equivalent [Planinic J., 1991]. Twenty 

more detectors placed in the total area determined possible radon distribution in the 

Accelerator building [Chavez A., Balcazar M., and Camacho M.E., 2003]. Radon 

measurements were performed during spring, summer and winter seasons. 

 

Figure 2 shows the radon results of two of the 9 meters long trenches for spring, summer 

and winter season. In all cases the trenches remain opened at the extreme left (origin of the 

graph) and closed all along the rest of it. Systematically trench 4 build up significantly 

more radon than trench 2 both by a diffusion process from the caves through existing 

fissures in the trenches. A general trend of higher radon concentration accumulation at the 

closed end is observed with a slight influence of the season. Subsequently radon passes to 

the interior of the irradiation room, manly governed by local temperature and pressure 

conditions.  

 

The lack of an air extraction system at the irradiation room further enhanced radon 

concentration. Every Monday morning, researches at the Tandem open a motor-powered 

big heavy door located at the right in Figure 1 to significantly reduce radon concentration. 

 

 

Figure 2.- Radon concentration inside two trenches at two different seasons.  
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A recent new radon survey was conducted in the same trenches by means of a portable 

ionization chamber (AlfaGUARD) during weekends to achieve the measurements in a 

faster manner and to search if the radon increase tendency displayed in the electronic 

detector would represent the results previously obtained with the LR-115 detectors. 

 

Radon determination was made with an portable ionization chamber (AlfaGUARD), which 

stores radon concentrations, temperature and humidity as a function of time; according to 

the manufacturer the corresponding operation intervals are (2 to 2,000,000) Bq m
-3

, (-10 to 

50) °C, (0-99) % relative humidity. The time interval for data storage was set to 10 minute 

in all cases. The equipment requires at least 2 hours for the environmental radon to diffuse 

inside the ionization chamber. Radon measurements were carried out at four points in the 

irradiation room; each measurement was carried out during weekends in trenches, just 

below the level of floor, which locate electrical wiring for the operation of the accelerator. 

The trenches remained closed after a rapid introduction of the AlphaGUARD, to minimize 

disturbance of its radon atmosphere.  

 

A typical graph of radon variation concentration is shown in Figure 3 (upper graph). A rapid 

increase of radon concentration curve in 12 hours is observed, due to the closure of the 

trench cover, followed by a less pronounced radon curve; in a time span less than a half-life 

a radon plateau near the 6720 Bq m
-3

 is already observed. Some other curves (Figure 3, 

bottom curve) showed slightly different pattern, but basically with the same increase and 

plateau tendency.  
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Figure 3.- Radon concentration, temperature and relative humidity, irradiation room. Upper 

curve: Trench 4, lower curve: Trench 2.  

Both effects on radon, fast slopes at the beginning of detection and saturation in a short 

time, indicate that the radon atmosphere in the trenches were already near to their 

maximum saturation concentration. The temperature remained constant around 14 °C 

throughout the period with high relative humidity (RH) variation from 68% to 84%.  No 

significant differences were observed for radon curve tendencies at different seasons 

because usually the irradiation room is kept at a constant temperature by local heating. 

Table 4 shows the average and maximum radon values obtained for the four trenches during 

the three days of the sampling period. The averages radon values for the trenches lack 

meaning because it takes into account the loss of radon gas at the moment that the detector 
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is introduced in the trench; the average value for trench 4 (4682 ± 1768) Bq m
-3

 is smaller 

than the corresponding saturation shown in column three. 

 

Table 4.- Radon concentration in the irradiation room at the Tandem accelerator.   

Trench 
[Rn] Bq m

-3
 

T ºC RH % 
Average Maximum 

1 1607 ± 711 2485 15 69 

2 562 ± 217 900 15 72 

3 724 ± 278 952 16 68 

4 4682 ± 1768 6720 14 84 

 

 

3.2.- Radon at the Pelletron accelerator 

 

A Pelletron electron accelerator, displayed in Figure 4, is located inside another building 

with also thick concrete walls. Here the research activities involve irradiation of different 

materials using an electron beam of 40 A in air, up to a maximum energy of 0.8 MeV; 

therefore, the licensing by the National Nuclear Regulatory Body required an air extraction 

system, to evacuate the ozone produced by the interaction of this intense ionizing beam 

with the atmosphere in the irradiation room. 

The 10 monitoring points were selected into two areas at 1 m high from the floor: the 

irradiation room (1, 2, 3, 4, 5 and 6) and control room (7, 8, 9 and 10). Radon concentration 

evaluation was carried out using two AlphaGUARD detectors. An example of the obtained 

measurements is shown in Figure 5, where no increasing radon concentration tendency was 

observed.  
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Figure 4.- Radon monitoring points, Pelletron accelerator. 

 

Figure 5.- No radon-concentration increase-tendency is observed at the Pelletron 

accelerator. 

 

All average radon values for the ten measuring points displayed in Table 5 are far below of 

concern; the corresponding deviation of each measurement, not shown in Table 5, is 

associated to big radon fluctuations as appreciated in Figure 5. The presence of an air 

extraction system plays a mayor rule in the low radon concentration with negligible 

difference and contribution of the slightly higher temperature and lower humidity than the 

one of the Tandem accelerator.  

Table 5.- Radon concentration, Pelletron Accelerator 

Accelerator Control Room 
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Point Rn [Bq m
-3

] Point Rn [Bq m
-3

] 

1 72  6 52 

2 45 7 
72 

3 47 8 
69 

4 50 9 
51 

5 53 10 
67 

Average 56   
65 

 

 

3.3.- Radon at the research reactor 

 

The TRIGA Mark III research reactor has the uranium core inside a concrete-made open-

pool; four areas are identified as displayed in Figure 6. 

 

 

Figure 6.- Diagram of Research Reactor (left). Location of points of measurements (right). 

 

A total of 42 LR-1115 detectors in the can geometry, previously described, were exposed 

for 30 days when the air extraction system was not working due to a major maintenance in 
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the reactor area; the results for the four areas are shown in Table 6. Although there are four 

values greater than 400 Bq m
-3

 in the basement area, they are no considered to do any harm 

because that area, outside the reactor building, is mainly use as a big storage with a short 

time spend by the workers. The points 1-9 in the ground floor, 1-2 in the second floor and 

1, 2, 3, 5, 7 and 9 in the ceiling are inside the area that houses the research reactor; from 

those, five points had at least 400 Bq m
-3

 in average.  

 

Radon measurements with the can method do not distinguish high radon peaks that occurs 

in short time as the AlphaGUARD does; therefore the three mean values higher than 800 

Bq m
-3

 probably reach radon peaks much greater in a short time.  

 

Table 6.- Radon concentration at the Research Reactor 

Point Basement Ground floor 2º Floor Ceiling 

 [Rn]  Bq/m
3
  

1 850 275 400 300 

2 225 1100 300 350 

3 125 150  325 

4 425 150  250 

5 175 125  425 

6 425 300  325 

7 625 325  300 

8 100 75  250 

9 325 2100  820 

10 175 ----   

11 250 250   

12 100 250   

13 275    

14 100    

15 325    

16 75    

17 50    

18 150    

19 75    

20 75    
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Those radon peaks activated the sound alarm of the proportional alpha-beta detector which 

continuously monitoring the reactor environment. The negative pressure under normal 

reactor operation, removes any radon problem. 

 

 

4.- DISCUSSION AND CONCLUSIONS 

The annual effective dose evaluation using the conversion factor displayed in Table 3 

(column four) for both Tandem and Pelletron accelerators is shown in Table 7. For the 

Tandem case, the ratio of the irradiation-room volume to that of the trenches volume is of 

the order of 200 times; therefore the radon that diffuses from the trenches to the irradiation 

room is diluted; this contribution was only significant and noticed when the ropes usually 

hanged near the trenches were subject to this radon-products attachment as result of the 

high radon gradient.  

 

 

Table 7.- Annual effective dose from radon concentration. 

Tandem (trenches, irradiation room) Pelletron (open atmosphere) 

 

Maximum [Rn] 

Bq m
-3

 

Annual effective 

dose mSv y
-1

 

Average [Rn] 

Bq m
-3

 

Annual effective 

dose mSv y
-1

 

1 900 5.6 56 (Irradiation room) 0.3 

2 6720 41.8 65 (Control room) 0.4 

3 952 5.9   

4 2485 15.5   

 

 

A simple non expensive and successful mitigation action is to open the mentioned big 

heavy door of the irradiation room, keeping the mean radon concentration at the whole 

irradiation room in a value less than 200 Bq m
-3

. Two more precautions are taken, no ropes 
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are hanged any more close to the trenches, and any necessary repair or modification of the 

services in the trenches require to leave the trench open one day before any action. 

 

 Definitely the best and easy radon mitigation is an air extraction system as the ones 

installed in the Pelletron accelerator with mean radon values less than 70 Bq m
-3

 and the 

one in the reactor area where the average radon level is well below 50 Bq/m
-3

. 

 

Abnormal radon levels were the reason of the two unusual radiation situations at the 

nuclear Centre of Mexico. Passive LR115 detectors in the can geometry were particular 

useful allowing to place a large number of them for defining the radon distribution, for 

testing the hypothesis of the origin of radon source and consequently for adopting remedial 

actions. Once the main the radon source was located, and its origin well determined short 

time measurements with the AlphaGUARD detector is of a particular use to monitor the 

radon presence. 

 

Radon is not a mayor health problem as appreciated by the low incidence of cancer 

determined by Britain, mentioned in the introduction; however, following the 

recommendations of the ICRP-115 [ICRP, 2010], it is suitable to focus radon studies to 

those sites where concentrations are abnormal [Balcázar M., et al., 2013], in order to 

calculate the dose constraint [Grant C. N., Lalor G. C., Balcázar M., 2012] and perform 

actions to reduce the health risk. 
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