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ABSTRACT

Objective: This study aims to characterize airborne radon and thoron levels (Bq/m?®) generated from working
environments in three subway stations in Seoul.

Method: A radon and thoron detector (EQF3220) was used to monitor real-time airborne radon and thoron
levels (Bg/m®) and their daughters (Ba/m®) every two hours. They were monitored not only in the driver's cabin
of seven circulation lines, but also three offices, platforms, and water pump reservoirs in the three stations.
Results: The average levels of radon and thoron were 67.9 Bg/m?® (range; 7.2-619.4 Bq/m®) and 44.4 Bg/m®
(range; 4.3-819.2 Bg/m®), respectively. Notably, higher than legal airborne radon levels (600 Bg/m?) were
frequently monitored in the driver's cabin of seven circulation lines. Airborne radon levels monitored in the
platforms and administrative offices were found to be over 100 Bg/m?. The average equilibrium factors (F) were
0.12 and 0.06, respectively. The percentages detected were found to be 84.9 for radon and 72.4 for thoron,
respectively.

Conclusions: Significant airborne radon and thoron levels were frequently found to be generated in subway

facilities including water reservoirs, platforms and driver’s cabins. Further study is necessary to thoroughly
investigate airborne radon and thoron in all subway stations and to devise proper measures.
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Table 1. Summary of airborne radon and thoron levels by subway environment or location
Radon (Bg/m°) Thoron (Bg/m°)
Location Number of Number of
measurements  AM SD Range p measurements AM  SD Range p
detected detected
Platform 32 394 366 7.2-151.1 30 209 19.8 4.6-745
Driver cabin 71 82.0 96.1 10.2-619.4 40 115.1 141.8 30.0-819.2
. 0.0263 <0.0001
Office 37 398 29.1 59-1345 35 16.0 13.1 4.3-66.7
Pump station* 51 86.5 1422 6.1-543.6 58 250 126 8.3-60.2
Total 191 679 97.7 5.9-6194 163 444 815 4.3-819.2
Abbreviations. AM, arithmetic mean; SD, standard deviation; P, significance of ANOVA result.,
* underground water reservoir for maintain subway facility including tunnel
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Figure 1. Radon and thoron levels measured at the personal zone in driver room. Two lines were excluded due to either low

level or short time monitored
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Figure 2. Temporal variations of radon and thoron at the office. platform and pump station in each station. All results monitored

at slow mode.
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Figure 3. Differences of radon(a) and thoron(b) levels between the monitoring locations. All results monitored at slow mode.
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Table 2. Proportion of radon, thoron and their daughter detected(%)

Location  Total measurements Radon % Radon-EEC % Thoron %  Thoron-EEC %
Platform 33 32 97.0 33 100.0 30 90.9 8 24.2
Driver cabin 94 71 75.5 90 95.7 40 42.6 24 255
Office 38 37 97.4 38 100.0 35 92.1 9 23.7
Pump station * 60 51 85.0 60 100.0 538 96.7 12 20.0
Total 225 191 84.9 221 98.2 163 72.4 53 23.6

Abbreviations: EEC, equilibrium equivalent concentration.
* underground water reservoir for maintain subway facility including tunnel

Table 3. Equivalent equilibrium factor for radon and thoron by subway environment or area

Radon (F) Thoron (F)
Location Number of Number of
measurement  AM SD Range p measurement  AM SD Range p

detected detected
Platform 32 0.102 0.056 0.029-0.232 30 0.032 0.033 0.004-0.094
Driver cabin* 71 0.108 0.117 0.004-0.642 40 0.093 0.084 0.009-0.226

. 0.0070 0.0893

Office 37 0.128 0.147 0.011-0.904 35 0.038 0.027 0.009-0.096
Pump station* 51 0.176 0.118 0.063-0.585 58 0.045 0.0563 0.011-0.195
Total 191 0.129 0.119 0.004-0.904 163 0.056 0.062 0.004-0.226

Abbreviations: AM, arithmetic mean; SD, standard deviation; p, significance of ANOVA result.
* underground water reservoir for maintain subway facility including tunnel

Table 4. Ratios of radon and thoron, and their daughter levels by subway environment or area

Ratio of radon and thoron level Ratio of radon and thoron’s daughter level
(Rn/Tn) (Rn—-EEC/Tn-EEC)
Location Number of Number of
measusrement AM SD Range P measurements  AM SD Range p
detected detected
Platform 29 294 296 0.36-14.13 8 6.15 2.68 3.15-9.93
Driver cabin * 35 140 1.23 0.31-6.59 22 068 064 0.02-2.52
. 0.1391 <0.0001
Office 34 329 201 0.38-848 9 10.58 6.67 4.18-22.36
Pump station* 50 3.75 7.37 0.25-43.95 12 90.35 99.98 0.70-254.62
Total 148 293 467 0.25-43.95 51 24.39 59.89 0.02-254.62

Abbreviations: Rn, radon; Tn, thoron; EEC, equilibrium equivalent concentration; AM, arithmetic mean:;
SD, standard deviation; p, significance of ANOVA result
* underground water reservoir for maintain subway facility including tunnel
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