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Development of MSDS Map for Visual Safety

Management of Hazardous and Chemical Materials

Myungwoo Shin

Department of Safety Engineering, Graduate School,
Pukyong National University

Abstract

For preventing the accidents generated from the chemical materials,
thus far, MSDS (Material Safety Data Sheet) data have been made to
notify how to use and manage the hazardous and chemical materials in
safety, However, it is difficult for users who handle these materials to
understand the MSDS data because they are only listed based on the
alphabetical order, not based on the specific factors such as similarity
of characteristics. It is limited in representing the types of chemical
materials with respect to their characteristics. Thus, in this study, a
lots of MSDS data are visualized based on relationships of the

characteristics among the chemical materials for supporting safety



managers. For this, we used the textmining algorithm which extracts
text keywords contained in documents and the Self-Organizing
Map(SOM) algorithm which visually addresses textual data information.
In the case of Occupational Safety and Health Administration (OSHA)
in the United States, the guide texts contained in MSDS documents,
which include use information such as reactivity and and potential risks
of materials, are gathered as the target data. First, using the textmining
algorithm, the information of chemicals is extracted from these guide
texts. Next, the MSDS map is developed using SOM in terms of
similarity of text information of chemical materials. The MSDS map is
helpful for effextively -classifying chemical materials by mapping
prohibited and hazardous substances on the developed the SOM map.
As a result, suing the MSDS map, it is easy for safety managers to
detect prohibited and hazardous substances with respect to the

Industrial Safety and Health Act standards.
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Table 1. Chemical substance representative case

Hydrofluoric acid | 5 deaths
Gumi
leakage e 398 slight injury
Hydrofluoric acid | 1 deaths
Hwaseong
leakage * 4 serious Injury
Polyethylene
* 6 deaths
Yeosu storage tank
e 11 slight injury
explosion
Oil tank o1l vapour | * 1 deaths
Pohang
explosion e 4 slight injury




Table 2. Chemical control low Act.33

Article 33 (Safety education of hazardous chemicals)

D The technical personnel of hazardous chemical processing
facilities pursuant to article 28 paragraph 2 of Harmful Chemicals,
the managers of hazardous chemicals under Article 32 and other
personnel in charge of handling hazardous chemicals pursuant to the
Presidential Decree shall receive safety education of hazardous
chemicals conducted by educational institutions (hereinafter referred
to as "Safety education of hazardous chemicals.”)

@ When a person who is required to receive safety training for
hazardous chemicals is hired, the operator of hazardous chemicals
shall receive safety training for harmful chemicals from the person
concerned. In this case, the operator of the hazardous chemicals shall
bear the costs of training.

@ The operator of hazardous chemicals shall provide regular
safety training for all employees of the business establishment as

provided under the Environment Ministry Ordinance.
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3.1 474

B Ao AxE Fig 13 #2o] Ay} dHolg o] Y8t A%
7} o, gkt Aol A E vls OSHAL MSDS HolHE 433
t}h tSoz 519 doleo A Guide text BlolE ] tdlo] Bl AEwlo]y

S E5le] 7193 F=3 & MSDS AEE ZAsth MSDS A L=

e

SOM= &stel s, SOM2 vl A= ol o Fejxe e gyow,

¢

STEP 1 Collecting chemical material data base

STEP 2 Preprocessing data & Extracting Keywords from Guide Text [«—— Text mining

STEP 3 MSDS mapping [« SOM

STEP 4 Analyzing MSDS map

Fig. 1. Research procedure
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Collecting data

Preprocessing
data

Analyzing
Information

Information
Extraction

.

Clustering [+—{ Summarization

Knowledge

Fig. 2. Text mining method
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4.1 STEP 1 : do]g +3X

ststEd  deoly F£HE  $sted  OSHA  Chemical database
(https://www.osha.gov/chemicaldata/, 20183 6972 HZ)o| A #| &8t
80071¢] sstEA HolHE T8t OSHA A #l&3l= HolHE Fig.

33 Zo] 5H¥F VlERle]l =de 55 FHE Aol AEsta o,

MSDS #A el = Chemical name, Formula, Synonyms, Physical desciption,
Reactivity, Firsy aid, Guide text7} ®l €} Hlo]EH & £ &5 o] it} B oo
M BY3eHd EASARTE MSDSe 934, A5HH, S
W 5S AR B4357] 98 guide textE AME3ho], 38 EA ] AL
Qe b AR B} o)= OSHAONA AAH o2 AZsh= bl
=, guide textoll = MSDS9| 7|23+ 16714 & 5 £9317] Bih=
AN, SEEALHE, TUA = AL A AT, A 2 AR
W b A 2 g AT didst AR E xsksla itk vloly A HA
= BE B thate] guide text7} Ad-F o] YA Zol, guide text’}
e st At ms A ske] 80078 F 53970 €] A 7F FEH AT HF A
o=, 53978 EAel thate] ol F- A tHE labelings A8k A& AAH
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F- N L R T T o Ty T T B N T O e e o o i R
N-8\000‘dmmbwm—owmﬂmmhwm-ﬁcwm‘dmm.x:-wm-o

Chemical name Formula Synonyms Physical description Reactivity  First aid

1.1.1.2-TETRACHLORQ-2.2 CCI3CCIF2 2 2-Difluoro-1,1,1,2-te Colorless solid with a sligh Chemically- Eyes: Irrigat
1,1,1,2-TETRACHLOROETHA C2H2Cl4 Yellowish-red liquid. STABILITY: "EYES: First ¢
1,1,1-TRICHLOROETHANE C2H3CI3 Chlorothene; 1,1,1-Trick Colorless liquid with a miSTABILITY: "EYES: First ¢
1,1,2,2-TETRACHLORO-1,2-[ CCI2FCCIZF  1,2-Difluoro-1,1,2,2-tetr Colorless solid or liquid {Chemically- Eyes: Irrigats
1,1,2-TRICHLORO-1,2,2-TRIF C2CI3F3 Chlorofluorocarbon-11: Colorless to water-white REACTIVITY EVES: First c
1,1,2-TRICHLOROETHAME  C2H3CI3 Ethane trichloride; beta Colorless liquid with a swSTABILITY: "EVES: First ¢
1,1-DICHLORO-1-NITROETF C2H3CI2NO2 Dichloronitroethane  Colorless liquid with an LSTABILITY: "EYES: First ¢
1,1-DICHLOROETHANE C2H4CI2 Asymmetrical dichloroe Colorless, oily liquid with STABILITY: TEYES: First ¢

1,1-DIFLUOROETHYLEME ~ C2H2F2 Difluoro-1,1-ethylene; 1Colorless gas with a faint STABILITY: TEVES: First ¢
1,1-DIMETHYLHYDRAZINE C2H8MN2 Cimazine; DMH; UDMH Colorless liquid with an 2 AIR AND W Warning: Ef
1,1-DIMETHYLPROPYLACET: CTH1402 tert-Amyl acetate; Pentylacetate Call a physic

1,1-METHYLEME BIS(4-CYCLC15H22N202 Dicyclohexylmethane 4, Clear, colorless to light-ye STABILITY: "EVES: First cl
1,2, 3-TRICHLOROPROPAME C3HSCI3 Allyl trichloride; Glycerc Colorless liguid with a ch STABILITY: TEYES: First ¢
1,2,4-TRICHLOROBENZEME C6H3CI3 unsym-Trichlorobenzer Colarless liquid or crystal STABILITY: "EYES: First ¢
1,2-DIBROMO-3-CHLOR C3H5Br2Cl  1-Chloro-2,3-dibromop Dense yellow or amber li STABILITY: TEYES: First ¢
1,2-DICHLORO-1,1,2,2-TETR, C2CI2F4 1,2-Dichlorotetrafluocroe Colorless gas with a faint Chemically-: INHALATIC
1,2-DICHLOROETHYLEME, A C2H2CI2 Acetylene dichloride; ci Colorless liquid (usually # STABILITY: {EYES: First ¢
1,2-DICHLOROPROPAME  (C3HBCI2 Dichloro-1,2-propane; “ Colorless liquid with a ch STABILITY: "EYES: First ¢
1,2-EPOXYETHYLBENZEME - CBHBO

1,2-PHEMYLENEDIAMINE  CEHENZ STABILITY: TEVES: First ¢
1,3 BUTADIEME C4H6 Biethylene; Bivinyl, Butz Colorless gas with a mild AIR AMD WEYES: First ¢
1,3-DICHLORO-5,5-DIMETH C5HBCI2ZN20: Dactin; DDH; Halane  White powder with a chlc STABILITY: TEYES: First
1,3-DICHLOROPROPEME |C3H4CI2 3-Chloroallyl chloride; [Colorless to straw-colorer STABILITY: “EYES: First ¢

1,3-DIOXOLANE C3HB02 Move victim
1,3-PHENYLEMNEDIAMIME  CEHBMN2 STABILITY: TEYES: First ¢
1,4-DICHLORO-2-BUTENE  C4HBCI2 AJR AND W INHALATIO
1,5-MAPHTHEME DIISOCYAIC10HB(MCO)E 1,5-Diisocyanatonaphth White to light-yellow, cry:This compo Eye: If this ¢
1,6-HEXAME DIAMINE CEH16M2 STABILITY: "EYES: First ¢
1-CHLORO-1-NITROPROPAIC3HBCINO?2 | Korax, Lanstan Colorless liquid with an LSTABILITY: TEVES: First ¢l

1-CHLORO-2,3-EPOXYPROP. C3H5CIO 2-Chloropropylene oxic Colorless liquid with a sli CHEMICAL Warning: Ef
1-CHLORO-2-PROPANOL  C3H7CIO sec-Propylene chlorohy Clear colorless or light ar REACTIVITY EYES: First ¢
1-HEXADECAMETHIOL CH3[CH2113S Cetyl mercaptan; Hexac Colorless liquid or solid (Oxidizers, s Eyes: Irrigat
1-HEXEMNE C6H12 SKIN OR EY
1-HYDROXYANTHRA-QUIMNICT4H303

1-METHOXY-2-PROPAMOL | C4H1002 Dowtherm20%; 1-Methc Clear, colorless liquid witl CHEMICAL EYES: First ¢

1-MAPHTHYLAMIME CT0HIM 1-Aminonaphthalene; 1Colorless crystals with an STABILITY: "EYES: First ¢
1-NITROMAPHTHALENE C10HTMO2

1-MITROPROPAMNE CH3CH2CHZNMNitropropane; 1-MP Colorless liquid with a saAmines; strEyes: Irrigat
1-PROPYME C3H4 Allylene; Propine; PropyColorless gas with a sweiCHEMICAL Eyes: Frostbi
1-UNDECAMETHIOL CH3{CH2)105 Undecyl mercaptan Liquid. Oxidizers, nEyes: Irrigat
2,2-BIS-(BROMOMETHYL)-1 C5H10Br202 Dibromoneopentyl glyc Off-white powder REACTIVITY EVES: First cl

Fig. 4. Data collection : MSDS data list publisged by OSHA
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42 STEP 2 : AAY H JIA=E F=

719= FE52 REZ29 S o] 839 Fig. 59 #°] tm package® NLP

packageS Fdho] AT AAE HAANM HEARAAN T =&

%
Evtoldg Fdtdnt. =8 S F7F 3712709 Yurt FHREHE dols
e FEoo], HAFH R £ 719=9 DTME +538F3ith Fig. 69
F(raw)S FAHITE |3t caseEolH, H(column)S F&4 7]

stu9] recordE Al Atk dlF Ao A= EA O JIHETE AE
A5 2Pk o] DTM2 SOME #53817] 919 712 input> 2 AH-§-5 1

ol

gt

library(rJava)
library (NLP)
library (tm)
dtm <- DocumentTermMatrix(doc,
control=list (tokenize=words,
removeNumbers=T,
removePunctuation=T,

wordLengths=c(3,12),

Fig. 5. Pakcage code
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call

basement:breathing burn calcium

back

available aware  away

artificial

aluminum answer  apparatus appropriaiarea areas
1
1
1
0
0
0
0
0

administeragent

10
n

12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
Ell

32
33
34
35

11

12
13
14
15
16
17
18
19
20
21

22
23

24
25

26
27
28
29
30
31

32
33

34
35

36

Fig. 6. Result of document-term matrix
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4.3 STEP 3 : MSDSA = &4

MSDS A& 2442 SOMS &83te] 719 =9 vk ue} Al Z}slst 3
t}. SOM<2 MATLAB®] Kohenen SOM toolbox® &3¢ o™, 10x15 v
Eg 2z AAETAE A= wep vix et EZ 2~ A7) AAH S

1058 T 2R e Agetel, M ow 278

BN

432 24 Quantization
error?} Topographic error’} 714 &2 QF&E Zte= wlEg~ a7]5 AA
SFAtE o= Sample sizett Adoll whebA FASHA =4 7hHs stttk Fig. 7
o FAE A WHoe Zh A(cel)o] HEEA(vote)E YEFWH, o= 22
A el W gt g5 bR gkl g Adkgke] HE & EAE dE
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Fig. 7. MSDS map clustering results
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44 STEP 4 : MSDS A& §&

MSDS Aol stetad HFiolA mas AAderdwndw 7 et
=A% A (prohibited substances), 37} 3= 2 (permitted hazardous
FAIEFo] el shekm o] A Aol

substances) S 15l 2o ~EHE2 A

o
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U-matrix

Disulfoton, Monocrotophos,

Fig. 8. Prohibited substances
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U-matrix

Fig. 9. Permitted hazardous substances
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A5 EY

MSDS A =& Alztststar, Ao stetsd AWE &% 23, Table 39]
g Aol A F 5= gl%o], MSDSHA LAl “FA&EZ"3 2 Ao &
o= MSDS &etEdEA = 95H ] A9 56714, 151 ] 4% 43714,
64H 2] % 3171A, 19499 A $- 417}, 2899 9] 79 447}, 36WH <] 7
G 37HA, AW A 217HA 7F EFEE o] Ak o] FollA 959, 1519, 64
W, 4He] A9 S EAE o] ¥dste AR ey

=, guide textZ} §l= XS AF - 539714 spet= Ao thste] F¢
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Table 3. Hazardous and chemical materials in MSDS map

Total # - Hazardous
: Prohibited substances General
Properties | Vote of .
. substances subject to substances
materials ..
permission
e Antu(110) éﬁ?}?ﬂ;ﬁ%}igh Cresols(117)
95 56 Iilc];:; &\g;hthyla Coal tar pitch Efcnmdme(lll)
volatiles(116)
»  Disulfoton(168)
¢ Monocrotophos
(180)
. . Ethylene(520)
¢ Bis(2-chloroethyl Arsenic&norg . .
151 43 Jether(151) anic(160) 16)tlcoxath10r1(167)
¢ Parathion-methyl
a77
e Parathion(185)
Barium
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Fig. 10. Prohibited and Permitted substances
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Table 4. Guide text identical to prohibited material

Acetylene Substances (irritating) potential
36
terabromide hazards health
Carbon Toxic(hon-combustible) potential
194
terabromide hazards health
Flammable liquids—-Toxic
289 Methanol
potential hazards health
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Fig. 12. Management method for new substances
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