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Abstract © This study was conducted to provide basic data for establishing safety
management measures, which facilitate accident prevention, in the institutions that
were subject to the regulations that pertain to the maintenance of a safe laboratory
environment. The data was collected between 2018 and 2020, and it was analyzed to
establish the effectiveness of the laboratory safety management measures that focus
on universities, research institutes, and business-affiliated research institutes.
Consequently, the level of compliance with the regulations and the size of the
institution influenced the accident rate. More specifically, the accident rate increased
when an institution was subject to risk factors, or when the institution failed to conduct
routine and regular inspections. Furthermore, it was observed that institutions where
accidents occurred exhibited a lower level of completion in regard to safety education
for laboratory directors and research workers than those in which no accidents
occurred. Finally, it was observed that the number of researchers, laboratories,
in-depth safety inspection laboratories, and the level of safety management expenses
were higher in the institutions where accidents occurred than in the institutions in
which no accidents occurred.

Key Words : laboratory accident, university, research institute, a business-affiliated
research institute
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Table 1. Iltem of laboratory safety management survey
Category Survery items
Basic information
. Generql Current state of researchers
information
Current state of laboratory
Current state of laboratory director
Current state of implementation of preliminary risk
analysis of hazard factors
Current state of laboratory safety management
committee
Current state of preparation of safety management
regulations
Implementation — -
of the law Current state of subscription to insurance
Current state of education and training
Current state of health examination
Current state of safety inspections and in-depth safety
inspections
Current state of safety-related budget
Current state of laboratory accident
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Table 2, Analysis target

Number of survey response

Division

2019 2020 2021

University 338 338 338

Research institute 176 176 184
a Business-affiliated

rescarch institute 3,561 3,521 3.730

Sum 4,075 4,0.5 4,252
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Table 3. Dependent variables

Division Dependent variables

Hazard factors treatment

Daily inspection

Implementation Periodic inspection

of the law

Laboratory director education completion rate

Research worker education completion rate

All research worker education completion rate

Number of research workers

Number of laboratory

Insititute size - - )
Number of laboratory in-depth safety inspection

Amount of safety management expenses
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Table 4, Number of laboratory accidents in 2018—2020

Institution classfication 2018 2019 2020
University 87 68 66
Research institute 25 17 18

a Business-affiliated
research institute

Sum 140 108 115

28 23 31
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Table 5. Implementation of the law in university
2018 2019 2020

Category (=338) (=338) (n=338)

Hazard factors handling rate 571%  562%  54.4%

Daily inspection rate 935%  92.0%  93.8%

o Implementation rate ~ 48.8%  459%  33.7%
Periodic

Inspection rate  In-depth safety g5 600 53000 6549

Inspection replace rate

Laboratory dlrc_actor education 506%  643%  63.1%
completion rate

Research worker education B38%  T754%  70.0%
completion rate

All research wquer education A%  T51%  69.7%
completion rate
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Table 6, Implementation of the law in research institute
2018 2019 2020

Category @=176) ([@=176) (n=182)
Hazard factors handling rate 89.8%  858%  84.8%
Daily inspection rate 90.3%  96.0%  94.6%

Implementation rate  33.1%  44.9%  32.6%

In-depth safety
Inspection replace rate

Periodic

Inspection Rate 619%  S511%  62.0%

Laboratory director education

; 94.0%  952%  96.7%
completion rate

Research worker education 96.1%  969%  98.4%
completion rate

All research WQrker education 96.0% 96.8% 98.3%
completion rate
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Table 7. Implementation of the law in a business—affiliated
research institute

2018 2019 2020

Category (0=3,561) (1=3,521) (n=3,730)
Hazard factors handling rate 41.0%  39.0%  40.0%
Daily inspection rate 829%  857%  86.4%
Implementation rate  33.4%  342%  26.7%

Periodic
inspection rate  In-depth safety

- 294%  30.6%  35.7%
inspection replace rate

Laboratory dlr(?ctor education 08.1%  988%  98.5%
completion rate

Research wor!(er education 085%  98.6%  98.6%
completion rate

All research wc_)rker education 98.4% 98.6% 98.6%
completion rate
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Table 8, Insititute size in university

Catego 2018 2019 2020
oy (n=338) (n=338) (n=338)
Number of research workers  3063.1 3085.4 2993.2
Number of laboratory 142.9 146.0 147.9
Number of laboratory
In-depth safety inspection 9.6 72 762
Amount of safety 1.1 1.5 1.4
management expenses shillion shillion shillion
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Table 9. Insititute size in research institute
Catego 2018 2019 2020
gory (n=338) (n=338) (n=338)
Number of research workers 2589 249.2 262.1
Number of laboratory 70.4 72.8 734
Number of laboratory
In-depth safety inspection 396 60.7 618
Amount of safety 2.3 2.5 2.4
management expenses shillion shillion shillion
7B ATREEARRE oF 250, AT S
L oF 707, AULAATE AT = oF 6074, Shal
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FATEHIE AR Ayt 201812 oF 890,000,
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Table 10. Insititute size in a business—affiliated research
institute
Catego 2018 2019 2020
gory (n=338) (n=338) (n=338)
Number of research workers 65.8 67.2 67.6
Number of laboratory 5.2 54 54
Number of laboratory
In-depth safety inspection 36 37 38
Amount of safety 0.7 0.9 0.8
management expenses shillion shillion shillion
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Table 11. Differences in the percentage of hazard factors
handled by institutions by year

Institution é)cc(gicgs :azard factor; x?
0 71368)  16(11.0)
018 X 12632)  129890) 5728
Total  193(100.0)  145(100.0)
0 56295 128.1)
University 2019 X 134705 136019) 28631
Total  190(100.0)  148(100.0)
0 55209) 1171
200 X 12070.)  143929) 27609
Total  184(100.0)  154(100.0)
0 25158)  0(0.0)
2018 X 133842)  181000) 3320
Total  158(100.0)  18(100.0)
0 16(10.6) 14.0)
Rescach 2019 X 13589.4)  2496.0)  1.069
Total  151(100.0)  25(100.0)
0 17(109) 13.6)
200 X 13989.1)  27(964) 1444
Total  156(100.0)  28(100.0)
0 24(1.6) 402)
018 X 1436984) 2,097(99.8) 3326
Total  1,460(100.0) 2,101(100.0)
a Business- o 22(1.6) 100) 31183
affiated 2019 X 13400984) 2126(100.0) L[S
research Total  1,362(100.0) 2,127(100.0)
0 28(1.9) 30.1)
2020 X 146508.1) 2234999) oM
Total  1,493(100.0) 2,237(100.0)
4.2.2 LA AlA|

=2ooO =2
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Table 12, Differences in the percentage of institutions conducting
daily inspections by year

: Daily inspecti
Institution Accidents Ly mspection 2
occured 0 X
0 B 14636)
17.681
018 X 2143769)  8364) &
Total  316(100.0)  22(100.0)
0 51164)  17(63.0)
University 2019 X 260836)  10370) o018
Total  311(100.0)  27(100.0)
0 60(189)  6286)
200 X 257811 15(714) 1166
Total  317(100.0)  21(100.0)
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Table 12, Continued

L Accidents Daily inspection ,
Institution ocoured o X ¥
(0] 21(13.2) 4(23.5)
2018 X 138(86.8) 13(76.5) 1.343

Total  159(100.0)  17(100.0)
0 16(9.5) 1(14.3)
Research 2019 X 15390.5)  6(85.7)  0.179
Total  169(100.0)  7(100.0)
0 1709.8) 1(10.0)

20:0 X 157902)  990) 0001
Total  174(100.0)  10(100.0)
0 25(0.8) 3(05)
2018 X 2928992) 60599.5) 0806
Total  2,953(1000) 608(100.0)
» Business. 0 22(07) 102)
affiated 2019 X 2969%9.3) 497(99.8) 1864
rescarch Total  2,991(1000) 498(100.0)
0 31(1.0) 0(0.0)
2020 X 31929900 507100.0) 7

Total  3223(100.0) 507(100.0)
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Table 13. Differences in the percentage of institutions conducting
periodic inspections by year

Aq
(=]

Hr

: Periodic inspection
Institution Accidents P 2
occured jmplement  replacement
0 8(0.7) 18(1.7)
2018 X LI8I993) 1.028983) 16

Total 1,189(100.0) 1,046(100.0)

, 0 40.3) 18(1.7)
a Business- 10672
affiliated 2019 X 1L,191(99.7)  1,051(99.0) oo
rescarch Total  1,195(100.0) 1,069(100.0)
0 8(0.8) 2(1.7)
2020 X 989(99.2)  1,309(98.3)  3.241

Total  997(100.0) 1,331(100.0)

2% replacement : replacement of in-depth safety inspection

2
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Table 14. Differences of laboratory director education completion
rate

Accidents

Institution n m s.d t
; . - occured
L Accidents Periodic inspection
Institution - 22
occured  jmplement  replacement 2018 0 87 4623 3687 3749
) $3(G21)  34(19.9) X 251 6444 3881 ™
018 X 12679) 137801y OO . 0 68 4852 3501 4036
University 2019 A
Total  165(100.0)  171(100.0) X 270 6833 3646
0 37239 31(17.3) 0 6 5754 3170
. 2020 -1.461
University 2019 X 118(76.1) 148(82.7) 2.200 X 272 64.68 36.01
Total 155(100.0) 179(100.0) 2018 0 25 05.88 8.67 0,580
0 ey xsasy X 51 osee 1058
2020 X 83(72.8)  186(84.2) " 0 7o tew
esearci -U.
Total  114(100.0)  221(100.0) X 0 9553 1500
0 5(8.6) 20(18.3)
0 18 926 1371
2018 X 53914)  89(8L7) 2814 200 o o 1300
Total  58(100.0)  109(100.0) : :
0 28 10000 0.00
o 9(11.4) 7(1.8) 2018 0.814
Research 2019 X 7088.6)  83(922)  0.641 - X 3538 9808 1203
a Business- 0 23 10000  0.00
Total  79(100.0)  50(100.0) affiliated 2019 0.545
0 7(11.7) 119.6) research X 3466 9882 9.l
202 X 53883)  103(90.4 1 0 31 10000 0.00
020 (88.3) (04) 0173 2020 0.448
Total  60(100.0)  114(100.0) X 369 9856 1035
SHOLAIB15|R], H|37H H|53, 2022 95
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Table 15, Differences of research worker education completion
rate
Institution Accidents m s.d t
occured
(0] 87 66.11 2447
2018 3552
X 251 76.52 2327
(0] 68 64.94 26.83
University 2019 4084
X 270 78.08 22.71
(0] 66 66.67 26.46
2020 -1.249
X 272 70.96 3434
(0] 25 94.38 12.57
2018 -1.207
X 151 96.45 8.63
(0] 17 92.89 14.25
Research 2019 -1.729
X 159 9734 957
(0] 18 94.29 8.90
2020 -1.939
X 164 98.87 395
(0] 28 99.83 0.87
2018 0.401
X 3,533 98.45 8.47
a Business- 0 23 9979 099
affiliated 2019 0.517
research X 3466 9857  9.04
(0] 31 100.00 0.00
2020 0.349
X 3,699 98.61 8.28

Table 16, Differences of all research worker education completion

rate
Institution Accidents m s.d t
occured
o 87 6553 2433  _
2018 3651
X 251 7622 23.16
e} 68 6431 2667
University 2019 4268
X 2710 77.82 2239
e} 66 6621 2627
2020 -1.301
X 272 7062 2423
¢} 25 9.61 1062
2018 -0.851
X 151 9628 878
0 17 9299  14.05
Research 2019 -1.702
X 159 9716 9.0l
e} 18 9411  9.09
2020 -1.102
X 164 9878  3.80
e} 28 9985  0.77
2018 0.914
X 3,533 9838 852
a Business- o] 23 9979 099
affiliated 2019 0.500
research X 3466 9854 892
e} 31 100.00  0.00
2020 0.338
X 3,699 9860  8.12
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Table 17. Differences in the number of research workers

ol AL b A1) @R 28l

482 AJT U] 713l H]s) e Ao ekt
oh ATlERe Afm WA ofRel WAgle] ATHE
FAR} mEol4=g0] 90% Ol ZIARA()E 95%
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4.2.6 ™| HAFHSEAK} ZKO0|$E

ARG H9RAY 713t ARG el Ze) AwE A
AFLEFTAHAL w50l Apolof Tt A= Table
163} 2t

tglol| Al AbaL whA 7] 3] A @?ﬁﬂ*}x} i
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BT A7) A}z LAy oftel BAgle] HA
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Institution Accidents m s.d t
occured
0 87 573807 492584 9606
2018 60
X 251 213586 1965.67
0 68 689555 5350.06
University 2019 12079
X 270 212587 185733
(¢} 66 644321 551170 10227
2020 022
X 272 21508 207036
0 25 63496 65566 4545
2018 54
X 151 19666 40329
0 17 83147 72073
Research 2019 7299
X 150 18694 28158
0 18 66261 66261
2020 4025
X 164 21812 21812
0 28 87489 93708 14,033
2018 +03
X 3533 5936 25663
a Business- 0 23 76813 169078 10,983
affiliated 2019 Sk
J— X 3466 6261  277.00
0 31 73990 1519.08
2020 10.347
X 369 6192 33812

J. Korean Soc. Saf., Vol. 37, No. 5, 2022



T ST AL B 7|2 £
dfsh ATl ZIdRAe) BE AL B e
of AbaL by 7|2k H]s) ATLEEEAA 47} B

© Ao e

432 HAAA £
AbaL 2Ry 7|k ARDL wRRAY 7]ke] A Aot
Al 4= zpolof gt Avlk= Table 183} At

Table 18. Differences in the number of laboratory

Accidents

Institution occured m s.d t
e} 87 32510 34492
2018 9;?37
X 251 7986  107.88
e} 68  411.19 39113
University 2019 liff !
X 270 79.18 97.59
e} 66 40322  393.79
2020 li'lfg
X 272 86.00 12734
e} 25 178.88  141.10
2018 64122
X 151 5243 80.92
e} 17 24717 162.08
Research 2019 8%111
X 159 5411 77.20
e} 18 19844  160.10
2020 5;?39
X 164 59.81 91.96
e} 28 5260  100.94
2018 12'2*86
X 3,533 482 12.20
aBusjness— (e} 23 70.82 142.51 18.412
affiliated 2019 s
rescarch X 3466 5.00 12.84
e} 31 5845 98.70
2020 11.530
X 3,699 499 14.32
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Table 19. Differences in the number of laboratory in—depth safety
inspection

Accidents

Institution occured m s.d t
87 17234 206.73
2018 o441
251 34.02 62.74
0 68 2276 2242 1611
University 2019 Sk
X 270 34.88 65.64
(0] 66 237.19 277.79
2020 10522
X 272 37.13 72.79
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Institution n m s.d t
occured
(¢} 25 148.76 139.08
2018 3,345
X 151 44.85 75.11
(¢} 17 21547 169.80
Research 2019 8,;219
X 159 44.17 68.99
(¢} 18 179.72 152.47
2020 S.679
X 164 49.05 84.18
(¢} 28 47.00 100.56
s o
X 3,533 321 11.05
a Business- 0 23 6678 14319 18715
affiliated 2019 ok
rescarch X 3466 334 1157
(¢} 31 54.35 98.89
2020 léiff 7
X 3,699 335 12.44
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Table 20, Differences of amount of safety management expenses

. Accidents
Institution occured m(In) s.d(In) t
0 87 1824 214
2018 6.673
X 251 16.82 1.52
(¢} 68 18.98 1.59 11.264
University 2019 '
vy X 270 16.88 1.30 ok
0 66 18.93 1.63
2020 10974
X 212 1677 1.38
0 25 19.41 1.08
2018 4267
X 151 18.06 1.50
0 17 19.88 0.84
Research 2019 2628
X 159 1762 352
0 18 19.48 137
2020 3546
X 164 18.09 1.59
0 28 18.42 1.90
2018 6227
X 3533 16.12 1.76
a Business- 0 23 1885 191 6519
affiliated 2019 s
research X 3466 1617 1.87
0 31 18.76 232
2020 7317
X 3,69 1617 1.92
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