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Abstract This study is suggest the importance of a safety management system against radiation exposure by measuring
the surface pollution level of toilets in the radiation management area of hospitals using open seafarers and evaluating
the spread. The experiment measured 10 times in front of the toilet and the entrance before and after the start of work
in 3 toilets in the radiation management area of a hospital in the metropolitan area. The measuring instruments and sam-
ples were measured using an indirect measuring smear paper and a surface contamination radiation meter, As a result of
the measurement the front of the left toilet in the iodine treatment room bathroom before decontamination exceeded the
legally permitted surface contamination dose. All other areas were measured below the legally permitted surface con-
tamination dose, However even if radioactive contamination is below the allowable dose pollutants and contamination
conditions must be properly identified and managed with constant attention and attention. Therefore the use of toilets in
the radiation control zone must be regulated so that only patients can use them and efforts must be made to minimize
the spread of surface contamination outside the toilet by allowing the use of the exclusive use of toilets,
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Fig. 1. () Measurement area at restroom of y-camera room
(Urinal), (b) Measurement area at restroom of PET room-lodine
treatment room(Toilet), (c) Measurement area at entrance of
restroom
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Fig. 2. (a) Smear paper (Hyundai micro, Korea), (b) Surface
Contamination Monitor (EBERLINE, Erlangen)
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Table 1, Chi-squared test for surface contamination dose measurements (y-camera room)

. X2 X2 Degees of
Measurement time Measurement area Mean CPS (chi-squared) (95%) freedom
Before the Front of urinal 14.1 0.060
start of work Front of entrance (Mean) 13,5 0.022 169 9
After the Front of urinal 18.9 0.823
end of work Front of entrance (Mean) 16,1 0.521
Table 2, Chi-squared test for surface contamination dose measurements (PET room)
. X2 X2 Degees of
Measurement time Measurement area Mean CPS (chi-squared) (95%) freedom
Before the Front of toilet 13.8 0.075
start of work Front of entrance (Mean) 13.7 0.017 16.9 9
After the Front of toilet 17.9 0.540
end of work Front of entrance (Mean) 15.4 0.087
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Table 3, Chi-squared test for surface contamination dose measurements (lodine treatment room)

X X Degees of
Measurement time Measurement area Mean CPS ,

(chi-squared) (95%) freedom

Front of toilet 24 .4 5.072

Before decontamination
Front of entrance (Mean) 18.5 0.157 6
16.9 9
After Front of toilet 16.8 0.672
decontamination Front of entrance (Mean) 14.7 0.024

2. WARM RIS L BEA EEHQY Mz SNz}

D G5 7HA A/F Aubaard sPgAle] #Hey AR
kel
JT 7HA] A/ AR sgAle] Bat EHQ S ARk
2:H7] 9F 0,726+0,237 Bo/art, 3,689+0,908 Bo/art, £
9 a 39 0.396+0.199 Bo/ar, 2.020+0.899 By/ar, =

Table 4, Measurement results of restroom of y-camera room(Before the start of work)

oF b T+ 0.356+0,280 Ba/ert, 1.709+0,769Bg/cr, <
oF ¢ 4 0.323+0.182 Bg/ar?, 1.868+0.641 Bg/cr’=
ZA %9t Table 4, 5).

=
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223}

S

A 7WA) A/ PET HAR sPgale] gat e Alef

(Units: Ba/cm)

Number of Front of urinal Front of entrance Front of entrance Front of entrance Front of entrance
measurements A © D) (=) (Mean)
1 0.396 0.198 0.198 0.198 0.198
2 0.792 0.726 0.066 0.660 0.462
3 0.660 0.066 0.132 0.528 0.264
4 0,462 0.396 0.858 0.198 0.264
5 0.990 0.462 0.066 0.198 0.264
6 0.462 0.264 0.264 0.330 0.264
7 0.726 0.264 0.396 0.132 0.264
8 0.990 0.528 0.792 0.264 0.528
9 0.726 0.462 0.330 0.198 0.330
10 1,056 0.594 0.462 0.528 0.528
Mean®SD 0.726£0.237 0.396:0.199 0.3560,280 0.323+0.182 0.337+0.122

Table 5, Measurement results of restroom of y-camera room(After the end of work)

(Units: Ba/cir)

Number of Front of urinal Front of entrance Front of entrance Front of entrance Front of entrance
measurements A © D) (=] (Mean)
1 3,894 2,244 1,914 2.376 2.178
2 4.290 3.036 2,310 2,442 2,574
3 2.376 0.660 0.198 0.660 0.528
4 3.300 1.254 1.584 1,452 1,452
5 4,224 3,168 2,904 2,178 2,772
6 3.498 1.386 0.924 1,452 1.254
7 5.676 3.234 2.442 2.772 2.838
8 3,564 1.320 1.650 1.386 1.452
9 3.036 2,112 1.584 2.244 1,980
10 3.036 1,782 1.584 1.716 1.716
Mean+SD 3.6891+0,908 2.020£0.899 1,709%0.769 1.868+0.641 1.874%0.738
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Table 6, Measurement results of Restroom of PET room(Before the start of work)

) ™
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(Units: Ba/cnf)

Number of Front of toilet Front of entrance Front of entrance Front of entrance Front of entrance
measurements B) © D) (=) (Mean)
1 0.396 0.066 0.264 0.066 0.132
2 0.264 0.396 0.132 0.330 0.264
3 0.330 0.132 0.000 0.132 0.066
4 0.330 0.198 0.264 0.198 0.198
5 0.462 0.396 0.198 0.396 0.330
6 0.264 0.198 0.066 0.462 0,264
7 0.528 0.396 0.396 0.528 0.462
8 0.000 0.594 0.066 0.132 0.264
9 0.396 0.000 0.330 0.264 0.198
10 0.132 0.132 0.000 0.792 0.330
Mean®SD 0.310+0,156 0.251+0,186 0.172%0,140 0.33010,222 0.25140.111

Table 7, Measurement results of Restroom of PET room(After the end of work)

(Units: Ba/ci)

Number of Front of toilet Front of entrance Front of entrance Front of entrance Front of entrance
measurements B) © D) (=] (Mean)
1 2,508 1.386 1,188 1.716 1.452
2 2,178 0.660 0.726 1.386 0.924
3 1.848 0.198 0.660 0.660 0.528
4 2.310 1.122 0.528 0.726 0.792
5 3.0360 0.858 1.056 0.990 0.990
6 1.584 0.990 1.452 0.726 1.056
7 2,310 1.320 0.726 1.584 1.188
8 3.300 0.528 1.320 1.056 0.990
9 2.970 1.452 1.518 0.792 1.254
10 3.630 0.59%4 0.396 0.59%4 0.528
Mean®SD 2.574%0.660 0.911+0,416 0.957%0.401 1,02310,405 0.970%0.297
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Table 8, Measurement results of Restroom of lodine treatment room (Before decontamination)

(Units: Bg/cm)

Number of Front of toilet Front of entrance Front of entrance Front of entrance Front of entrance
measurements B) © D) (=] (Mean)
1 8.910 2.178 4,224 3.762 3.360
2 7.524 1,914 3,894 3,828 3,234
3 5.016 2.838 4.488 4.026 3.762
4 5.214 2.574 4,086 2.970 3.432
5 6.204 2.046 3.894 2.904 2,970
6 11.286 3.036 4.290 3.432 3.564
7 8.448 1.914 4.356 3.762 3,360
8 4.620 1.452 4.818 3.89%4 3,360
9 9.966 1.386 2.838 2.838 2.376
10 5.280 1,188 4.950 5.016 3.696
Mean®SD 7.247+2.332 2.05310.620 4,24470,607 3.043%0,654 3.313£0.399

Table 9, Measurement results of Restroom of lodine treatment room (After decontamination)

(Units: Ba/crd)

Number of Front of toilet Front of entrance Front of entrance Front of entrance Front of entrance
measurements ®) © D) (=) (Mean)
1 2,442 0.528 0.198 0.462 0.396
2 2.046 0.396 0.924 0.198 0.528
3 2.706 0.660 1.584 0.660 0.990
4 1.122 0.528 0.792 0.792 0.726
5 1.914 1.188 1.650 1.056 1.320
6 3.828 0.726 0.792 0.924 0.792
7 1,848 0.990 0.858 1,122 0.990
8 1,914 1,452 0.660 0.858 0.990
9 2.046 1,188 0.660 0.264 0.726
10 1.980 1,188 0.528 0.594 0.792
Mean+SD 2.185%0.708 0.884+0,362 0.865%0, 446 0.69310.316 0.825+0,263

Table 10, Surface contamination dose for restroom of y-camera room)

(Units: Ba/c)

Before the start of work

After the end of work

Front of urinal

Front of entrance (Mean)

Front of urinal

Front of entrance (Mean)

N N S

o X 4 O W

10

MeantSD

pvalu

c

0.396
0.792
0.660
0.462
0.990
0.462
0.726
0.990
0.726
1.056
0.726+0,237
0.000

3.894
4.290
2,376
3.300
4.224
3.498
5.676
3,504
3.036
3.036
3.68910,908
0.000

0.198
0. 462
0.264
0.264
0.2064
0.2064
0.2064
0.528
0.330
0.528
0.337£0.122
0.000

2,178
2,574
0.528
1.452
2,772
1.254
2,838
1.452
1,980
1.716
1.874%+0.738
0.000
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Table 11, Surface contamination dose for restroom of PET room

(Units: Bg/c)

Before the start of work

Front of toilet

Front of entrance (Mean)

1 0.396 2.508
2 0.264 2,178
3 0.330 1.848
4 0.330 2,310
5 0.462 3.036
6 0.264 1.584
7 0.528 2,310
8 0.000 3.360
9 0.396 2,970
10 0.132 3.630
MeantSD 0.310£0,156 2.574%0,660
pvalue 0.000 0.000

After the end of work

Front of toilet Front of entrance (Mean)
0.132 1.452
0.264 0.924
0.066 0.528
0.198 0.792
0.330 0.990
0.264 1.056
0.462 1,188
0.264 0.990
0.198 1.254
0.330 0.528

0.251%0,111 0.970%0.297
0.000 0.000

Table 12, Surface contamination dose for restroom of lodine treatment room

(Units: Ba/cm)

Before decontamination After decontamination
Front of toilet Front of entrance (Mean) Front of toilet Front of entrance (Mean)

1 8.910 2.442 3.306 0.396

2 7.524 2.046 3.234 0.528

3 5.016 2.706 3,762 0.990

4 5.214 1.122 3.432 0.726

5 6.204 1.914 2.970 1.320

6 11.286 3.828 3.564 0.792

7 8.448 1.848 3.360 0.990

8 4,620 1.914 3.366 0.990

9 9.966 2.046 2.376 0.726

10 5.280 1.980 3.696 0.792
MeantSD 7.247%2.332 2.185+0.708 3.31340.399 0.825%0.263
pvalue 0.000 0.000 0.000 0.000
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