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 Abstract: 

Indoor radon concentration measurement survey has been 
carried out in workplace of kafori campus of Alzaiem Alazhari 
university using solid state nuclear track detectors (SSNTD)type 
Radonalpha-C. The radon concentration determined and estimate 
an annual effective dose and working level month. The radon con-
centration levels varied from 260 ± 23 to 593 ± 36 Bq/m3 and 
average value around between 393.50 for first floor to 471.60 for 
second floor. An annual effective dose found in varies value from 
6.559 to 14.961 mSv.y-1 with mean value 10.637±1.097 mSv.y-1. 
The radon concentration values and annual effective dose values 
in some samples are higher than the values of the reference value 
range, higher values may find nearest permissible range, where 
radon levels were varied in the building floors in order high level 
second floor, ground floor and first floor.  
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المستخلص:
ــري  ــم الأزه ــة الزعي ــوري جامع ــع كاف ــل بمجم ــكان العم ــل م ــرادون داخ ــز ال ــاس تركي ــم قي ت

باســتخدام كواشــف الأثــر النــووي الصلــب مــن نوعــرادون ألفــا Radonalpha-C. تــم تحديــد تركيــز غــاز 

ــاز  ــز غ ــل الشــهري. تراوحــت مســتويات تركي ــرة ومســتوى العم ــر الجرعةالســنوية المؤث ــرادون وتقدي ال

الــرادون مــن 260 ± 23 إلى 593 ± 36 بيكريــل / م3ومتوســط القيمــة يــراوح بــن 393.50 للطابــق الأول 
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ــن 6.559 إلى 14.961  ــرة الموجودةبقيمتهام ــنوية المؤث ــة الس ــف الجرع ــاني. تختل ــق الث إلى 471.60 للطاب

ــم  ــرادون وقي ــز غــاز ال ــم تركي مليسيفرت/ســنة بمتوســط قيمــة 10.637 ± 1.097 مــي سيفرت/ســنة. قي

الجرعةالســنوية المؤثــرة في بعــض العينــات أعــى مــن مــدى القيمــة المرجعيــة, و القيــم الأعــى قــد توجــد 

بالقــرب مــن المــدي المســموح به،حيــث أختلفــت مســتويات الــرادون العاليــةفي طوابــق المبنــى برتيــب 

ــاني، الأرضي والأول . ــق الث الطاب
Introduction: 

Radon  is a naturally occurring noble gas, radioactive gas, 
colorless, odorless, soluble in water, and chemically inert radioac-
tive element. Radon was discovered in 1899 by the two scientists 
R. B. Ownes and E. Rutherford [1]. It produced from uranium 
decay series. There are three naturally produced isotopes of radon, 
the 222Rn isotope produced from 238U series where is starting from 
238U and ending with stable 206Pb element, thoron or thorium em-
anation 220Rn isotope produced from 232Th series where is starting 
from 232Th and ending with stable 208Pb element, and action or ac-
tinium emanation 219Rn isotope produced from 235U series where 
is starting from 235U and ending with stable 207Pb element, are all 
disintegrated by producing alpha particles [2,3].

The naturally radioactive radon gas (222Rn) which has a 
half-life of 3.8 days, emanates from rocks and soils and tends to 
concentrate in enclosed spaces like underground mines or hous-
es. It is present in the air outdoors and in all buildings, including 
workplaces. It is thus an inescapable source of radiation exposure 
both at home and at work. High radon levels in air can occur in 
buildings, including workplaces, in some geographical locations 
[4]. The higher concentration of these gases in indoors is due to 
the low pressure inside house than outside which tends to suck 
in these radioactive isotopes from the building material, soil and 
floor through cracks or gaps in the walls and floor [5]. Ionizing 
radiation represents electromagnetic waves and particles that can 
ionize, that is, remove an electron from an atom or molecule of 
the medium through which they propagate. Ionizing radiation may 
be emitted in the process of natural decay of some unstable nuclei 
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or following excitation of atoms and their nuclei in nuclear reac-
tors, cyclotrons, x-ray machines or other instruments. For histor-
ical reasons, the photon (electromagnetic) component of ionizing 
radiation emitted by the excited nucleus is termed gamma rays and 
that emitted from machines is termed x rays. The charged particles 
emitted from the nucleus are referred to as alpha particles (helium 
nuclei) and beta particles (electrons) [6].

The SI units of radioactivity is Becquerel (Bq), it indicates 
disintegration of radioactive atom per second.

1 Becquerel (Bq) = 1 disintegration of radioactive atom per second

Radon concentrations in the air are measured as the amount 
of radioactivity (Bq) in a cubic metre of air (Bq/m3). The average 
radon level outdoors is 5 Bq/m3 and in the homes of the United 
Kingdom, for instance, is 20 Bq/m3 of air.

The radioactive materials constructions are very important 
for the assessment of radiation exposure to human being since 
building materials as a source of radiation and also shield against 
outdoor radiation.

The effects of exposure to radon (and thoron) in homes and 
workplaces concluded that inhalation of radon and its decay products 
was carcinogenic mainly for the lungs [7]. Where decided to develop 
an up -to-date picture of the current knowledge on biological mecha-
nisms of radiation actions relevant to disease development, particular-
ly at low incremental doses and dose rates, their implications for the 
dose -response relationship for health effects at low doses, and thus 
their relevance for estimation of associated risks to health [8].

The purpose of this study to survey of Radon Concentrations 
in workplace project was to gather long-term (three months or 
longer) indoor radon test results, to identify previously unknown 
areas where radon gas exposure may constitute a health risk and 
build, over time, a map of indoor radon gas exposure levels.
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Material and methods:
Time-integrated, continuous recording or instantaneous mea-

surements of radon, usually the activity of radon gas, can be made. 
Owing to the large variability of indoor radon concentrations, mea-
surements integrated over at least three months are required when 
the aim is to determine the annual average. As a rule, such systems 
are based on solid-state nuclear track detectors [9]. Radonalpha-C 
type nuclear trace detectors use a small piece of special plastic or 
film inside a container with a small defined opening. Air being 
tested diffuses through a filter covering a hole in the container. 
When alpha particles from radon and its decay products strike the 
detector, they cause damage tracks; the number of tracks is pro-
portional to the radon concentration. At the end of the test period, 
the container is sealed and returned to a laboratory for reading. 
The radon exposure duration of an alpha track detector is usually 
1 to 12 months. Study area: for workplace measurement of radon 
gas concentration, the building of alziaemalazhri university, kafori 
campus were study areas selected.
Procedures for the measurement of radon:

The radon gas concentration shall be measured using a de-
tector capable of integrating the radon exposure continuously over 
a period of not less than three months. Suitable devices radonal-
pha-C detectors. These measurements must be carried out by a 
measurement service registered with the EPA [10].

30 dosimeter of Radonalpha-C detectors devices placed in 
building floors where study place includes the offices, computer 
laboratories and small halls. The dosimeter had been positioned 
away from doors, windows, heat sources and ventilation systems 
at about 1 meter from the floor and walls, at an optimal height of 1 
to 1.5 meters. The exposure point of the dosimeter represents the 
vertex of an inverted conehaving an angle of 140 degrees. After 
the exposure period the films contained in the Radonalpha-C de-
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tectors analyzed in Geoexsrls – Radon lab.
The calculation of Radon concentration:

The activity radon concentration (CRn) Bqm-3 can calculated 
by the following equation [11].
Where ρ the track density (track cm-2) which produce in CR-39 
surface, K is the diffusion constant and depends on geometry of 
the cup (α-track cm-2 d-1 [Bq m-3]) and T is the exposure time (day).

The working levels (WL):
 The working levels (WL) was calculated from the following equa-
tion [12].

where (CRn) is the radon concentration, (F) is equilibrium equiva-
lent concentration factor 0.4.

Annual effective dose:
The annual effective dose (HE) mSv.y-1 calculate by the following 
mathematical expression for indoor radon and its progeny:
where (CRn) is the radon concentration, (D) is the dose conversion 
factor equals 9 × 10-6 mSvh-1 [Bqm-3]-1, (F) is equilibrium equiva-
lent concentration (EEC) factor, equal 0.4 taken for indoor inhab-
itants, (O) is the occupancy factor which is equal to 0.8 and (T) is 
the indoor occupancy time is 24 h ×365 = 8760 h.

The working levels month (WLM):
The working level month (WLM) was calculated by the following 
relation 

Where; WL is the number of working level, t is the exposure time 
(hour) which assumed that the exposure of 1 WL for 170 h pro-
duce 1 WLM [13].
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Results and discussion:
The radon concentration (CRn), annual effective dose (H), the 

working level (WL) and the working level month (WLM) for detect-
ed samples of ground floor are shown in table 1 and figure 1, where 
the exposure period 144 – 147 days. The radon concentration in Bq/
m3 varies found in range from 302 ± 24 to 552 ± 33 with total CRn in 
kBq*h/m3 at range from 1042 to 1906, the average radon concentra-
tion in ground floor was 399.67 ± 86.73. The radon reference levels 
for houses and buildings range 200 to 400 Bq/m3[14], where the vari-
ation level sets were above 200 Bq/m3. An annual effective dose (H) 
calculated, the varies between 7.619 and 13.926 mSv.y-1 the value of 
annual effective dose was high of reference value 4 mSv.y-1,when ex-
posure of radon at the upper value of the national reference level of 
300 Bq m-3 an annual effective dose of 4 mSv at work which recom-
mended in ICRP [15] and more values located in ICRP recommend-
ed 3 – 10 mSv.y-1 [16]. The working levels (WL) and working level 
month (WLM) were variation range 0.033 – 0.060 and 0.002 – 0.003 
respectively, the recommended nominal fatality and detriment coeffi-
cient at home and at work 3×10-4 per WLM [16].
 Table 1: The concentration of radon gas in the ground floor 

Code  Number
of days

 Total CRn.
kBq*h/m3

 C Rn ±
SD  Bq/

m3

H

mSv.y-1
WL WLM

G15 147 1257 25 ± 356 8.981 0.038 0.002
G16 147 1554 31 ± 440 11.101 0.048 0.002
G17 147 1329 26 ± 377 9.511 0.041 0.002
G18 144 1042 24 ± 302 7.619 0.033 0.002
G19 144 1906 33 ± 552 13.926 0.060 0.003
G20 144 1282 26 ± 371 9.360 0.040 0.002
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Fig (1);The radon gas concentration in the ground floor samples.

The radon concentration (CRn), annual effective dose (H), 
the working level (WL) and the working level month (WLM) for 
detected samples of first floor are shown in table 2 and figure 2, 
where the exposure period 144 days. The radon concentration de-
tected in varies levels where found in range 260 ± 23 to 527 ± 32 
Bq/m3 for mean of overall floor samples were 393.50 ± 78.09 Bq/
m3, 50% of samples the radon concentration at high level from ra-
don reference level range [14]. An annual effective dose found in 
varies value at range 6.559 to 13.296 mSv.y-1, the overall average 
is 9.93 ± 1.97 it is in reference range, but 50% of samples high 
of ICRP recommended [16]. The working level (WL) range from 
0.028 to 0.057 and working level month (WLM) range is 0.001 to 
0.057 the values were higher to reference value of detriment coef-
ficient at home and at work.

Table 2: The concentration of radon gas in the first floor
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Code
Num-

 ber of
days

 Total
 CRn.

kBq*h/
m3

 C Rn ±
SD  Bq/

m3

H

mSv.y-1
WL WLM

E9 144 897 23 ± 260 6.559 0.028 0.001
E4 144 957 25 ± 277 6.988 0.030 0.001
E5 144 1263 26 ± 365 9.209 0.039 0.002
E8 144 1509 31 ± 437 11.025 0.047 0.002
E6 144 1451 29 ± 420 10.596 0.045 0.002
E3 144 1504 30 ± 435 10.975 0.047 0.002
E2 144 1678 29 ± 486 12.261 0.053 0.002
E1 144 1293 26 ± 373 9.410 0.040 0.002
E10 144 1662 29 481± 12.135 0.052 0.002
E7 144 1821 32 ± 527 13.296 0.057 0.003
E12 147 1444 29 ± 409 10.319 0.044 0.002
E14 144 1213 28 ± 351 8.855 0.038 0.002
E13 144 1100 25 ± 318 8.023 0.034 0.002
E11 144 1277 26 ± 370 9.335 0.040 0.002

Fig (2);The radon gas concentration in the first floor samples.

The second floor samples results were shown in table 3 and 
figure 3, where the radon concentration (CRn), annual effective 
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dose (H), the working level (WL) and the working level month 
(WLM) detected at the exposure period 130 days. The radon con-
centration detected in varies levels between 334 ± 27 - 593 ± 36 
Bq/m3 and mean of (CRn) is 471.60 ± 79.62 Bq/m3 these valueup-
per the WHO reference value, therefor 80% of sample had higher 
value for recommended range. An annual effective dose (H) range 
8.426 – 14.961 mSv.y-1 also more of it upper of recommended 
range 3 – 10 mSv.y-1 [16].The working levels (WL) and working 
level month (WLM) were variation range 0.036 – 0.064and 0.002 
– 0.003 respectively.
Table 3: The concentration of radon gas in the second floor

 Code
Num-

 ber of
days

 Total
 conc.
kBq*h/

m3

 Rn conc
± SD  Bq/

m3

H

mSv.y-1
WL WLM

S24 130 1553 35 ± 498 12.564 0.054 0.003
S22 130 1519 34 ± 487 12.286 0.053 0.002
S27 130 1167 30 ± 374 9.436 0.040 0.002
S29 130 1430 32 ± 458 11.555 0.050 0.002
S25 130 1657 32 ± 531 13.396 0.057 0.003
S30 130 1041 27 ± 334 8.426 0.036 0.002
S23 130 1258 28 ± 403 10.167 0.044 0.002
S26 130 1627 31 ± 521 13.144 0.056 0.003
S21 130 1613 36 ± 517 13.043 0.056 0.003
S28 130 1849 36 ± 593 14.961 0.064 0.003
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Fig (3); The radon gas concentration in the second floor samples.
The relationship between radon concentration and annual ef-

fective dose obtainedinplotting shown in figure 4, there was strong 
positive correlation when radon concentration increases the annu-
al effective dose increasing. From the figure 5, the strong positive 
correlation 1 has been obtained between annual effective dose and 
working level for the samples. When annual effective dose increas-
es the working level increase too, so annual effective dose annual 
effective dose and working level depending on radon concentration. 

Fig (4); The correlation between Rn concentration and annual ef-
fective dose for the samples.
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Fig (5); The correlation between annual effective dose and work-
ing level for the samples.
Conclusions: 

The results of samples of area study the level of radon con-
centration varied from 260 to 593 Bq/m3 and average value around 
between 393.50 for first floor to 471.60 for second floor more sam-
ple are clear but some samples had risk radon concentration that 
may refluxes to building materials of new buildings. The radon 
concentration in first floor was less than in ground floor but high 
ratio reported in second floor samples. We found strong correla-
tions between Rn concentration and annual effective dose and 
between annual effective dose and working level.  Recommen-
dation:Although the high radon level measured in some samples 
there not dangers in the workers’ health, we recommend to use 
filters as well as ventilation.
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