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ABSTRACT

Objectives: An objective of this study was to perform a risk assessment and social cost-benefit analysis for revising permissible
exposure limits for seven substances: Nickel(Insoluble inorganic compounds), benzene, carbon disulfide, formaldehyde, cadmium(as
compounds), trichloroethylene, touluene-2,4-diisocyanate.

Materials and Methods: The research methods were divided into risk and hazard assessment and cost-benefit analysis. The risk and hazard
assessment for the seven substances consists of four steps: An overview of GHS + MSDS(1st), review of document of ACGIH's TLVs
(2nd), comparison between international occupational exposure limits and domestic permissible exposure limits(3rd), and analysis of
excess workplace and excess rate for occupational exposure limits based on previous work environment measurement data(4th). Total
cost was estimated using cost of local exhaust ventilation, number of excess workplace and penalties for exceeding a permissible exposure
limit. On the other hand, total benefit was calculated using the reduction rate of occupational disease, number of workplaces treating
each substance and industrial accident compensation. Finally, the net benefit was calculated by subtracting total cost from total benefit.
Results: All the substances investigated in this study were classified by CMR(Carcinogens, Mutagens or Reproductive toxicants) and
their international occupational exposure limits were stricter than the domestic permissible exposure limits. As a result of excess rate
analysis, trichloroethylene was the highest at 11%, whereas nickel was the lowest at 0.5%. The excess rates of all substances except
for trichloroethylene were observed at less than 10%. Among the seven substances, the total cost was highest for trichloroethylene and
lowest for carbon disulfide. The benefits for the seven substances were higher than costs estimated based on strengthening current
permissible exposure limits. Thus, revising the permissible exposure limits of the seven substances was determined to be acceptable
from a social perspective.

Conclusions: The final revised permissible exposure limits suggested for the seven substances are as follows: 0.2 mg/m’ for nickel, 0.5
ppm(TWA) and 2.5 ppm(STEL) for benzene, 1 ppm(TWA) for carbon disulfide, 0.01 mg/m'(TWA) for cadmium, 10 ppm(TWA) and
25 ppm(STEL) for trichloroethylene, 0.3 ppm(TWA) for formaldehyde, and 0.005 ppm(TWA) and 0.02 ppm(STEL) for toluene
diisocynate(isomers).
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Table 1. Current permissible exposure limits for 7 substances
investigated in this study

Permissible Exposure Limit

Chemical Name

(CAS No.) TWA STEL
(ppm, mg/m’)  (ppm, mg/m’)
Nickel
(Insoluble inorganic
0.5 -
compounds)
(7440-02-0)
Benzene 1 R
(71-43-2)
Carbon disulfide 10 )
(75-15-0)
Cadmium
(as compounds) 0.03 -
(7440-43-9)
Trichloroethylene
(79-01-6) 50 200
Formaldehyde
(50-00-0) 0.5 !
Toluene diisocyanate
(554-54-9) 0.005 0.02
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Table 2. Chemical classification of 7 substances based on

GHS/MSDS

Result of GHS - MSDS chemical
classification

GHS - MSDS

Chemical name
(CAS No.)

Cadmium as compounds
(7440-43-9)

Acute toxicity(oral) : 4
Acute toxicity(inhalation) : 1
Carcinogenic : 1A
Mutagenicity : 2
Reproductive toxicity : 2
STOT(Smgle exposure) :
STOT(Srngle exposure)
HAE(Acute toxicity) :
HAE(Chromc t0x1c1ty)

Carbon disulfide
(75-15-0)

Flammable liquids :
Acute toxicity(inhalation) 02
Skin corrosion/irritation : 2
Serious eye damage irritation :
Mutagenicity : 2
Reproductlve toxicity :
STOT(Smgle exposure)
STOT(Smgle exposure) :
STOT(Srngle exposure) :
STOT(Smgle exposure) :
STOT(Repeated exposure)
Asplratron hazard : 2
HAE(Chromc toxicity) :

2

Trichloroethylene Skin corrosion/irritation : 2

(79-01-6) Serious eye damage irritation : 2
Carcinogenic : 1B
Mutagenicity : 1B

Reproductlve toxicity : 2
STOT(Srngle exposure) :
STOT(Slngle exposure) :
*STOT(Repeated exposure) 01
Asplratron hazard : 2
HAE(Chromc toxicity) :

: STOT : Specific target organ toxicity
GUP : Gases under pressure

¥ HAE : Hazardous to the aquatic environment

e ool Utk Sl = 2L EE 0.5
ppm O 2 A|ZF715 o 2| (Time Weight Average, TWA)
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Table 3. Chemical classification of 7 substances based on
GHS/MSDS(Continued)

Result of GHS - MSDS chemical

Chemical name classification
(CAS No.)
GHS - MSDS
Nickel Respiratory sensitization : 1

(Insoluble inorganic
compounds)
(7440-02-0)

Skin sensitization : 1
Carc1n0gen1c1ty 2
STOT(Smgle exposure) :
STOT(Repeated exposure)

Benzene

Flammable liquids : 2
(71-43-2)

Acute toxicity(oral) : 4

Skin corrosion/irritation : 2
Serious eye damage irritation : 2
Carcinogenic : 1A
Mutagenicity : 1B
Reproductive toxicity : 2
STOT(Smgle exposure) :
‘STOT(Single exposure) :
*STOT(Repeated exposure) 01
Asplratlon hazard : 1

YHAE : 3

Formaldehyde "GUP : 1
(50-00-0) Acute toxicity(oral) : 3

Acute toxicity(skin) : 3

Acute toxicity(inhalation) : 1
Skin corrosion/irritation : 2
Serious eye damage irritation : 2
Respiratory sensitization : 1

Skin sensitization : 1
Carcinogenic : 1A

Mutagenicity : 2

STOT(Single exposure) : 1
STOT(Single exposure) : 1

Toluene-2,4-diisocyanate

Acute toxicity(oral) : 2
(584-84-9)

Skin corrosion/irritation : 2
Serious eye damage irritation : 2
Respiratory sensitization : 1

Skin sensitization : 1
Carcinogenic 12

STOT(Slngle exposure) :
STOT(Smgle exposure) :
HAE(Chromc toxicity) :

: STOT : Specific target organ toxicity
GUP : Gases under pressure

' HAE : Hazardous to the aquatic environment
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Table 4. Comparison between foreign occupational exposure limits and domestic permissible exposure limits for 7 substances

Country name

Chemical name Korea  ACGIH Canada  Ireland Japan Sweden UK NIOSH  OSHA
(CAS No.) TWA TWA TWA TWA TWA TWA TWA TWA  TWA
STEL STEL STEL STEL STEL STEL STEL STEL STEL
" Nickel
(Insoluble inorganic compounds) 0.5 0.2 0.05 0.5 0.1 0.5 0.015 1
(7440-02-0)
"Benzene | 0.5 0.5 | | 0.5 | 0.1 1
(71-43-2) 2.5 2.5 3 1 5
“Formaldehyde 0.5 0.3 03 2 05 ois 2 06015 0.75
(50-00-0) 1 (Ceiling) 2 (Ceiling) 2 (Ceiling) 2
Toluene-2,4- 0005 0005 2005 0.02 0.0050.002 0.02 0.02
diisocyanate 0.02 0.02 0.01 007 0.02 0.005 007 (Ceiling)
(584-84-9) ’ : (Ceiling) : (Ceiling) (Ceiling) ' g
+
Cadmium as compounds
(7440-43-9) 0.03 0.01 0.01 0.025 0.05 0.025 0.005
“Carbon disulfide 4 5 1 20
(75-15-0) 10 ! 12 10 10 8 10 10 30
*Trichloroethylene 50 10 10 50 25 10 100 25 100
(79-01-6) 200 25 25 100 25 150 200
Unit : ppm, ' mg/m'

Table 5. The number and rate of excess workplace for permissible exposure limit

Chemical Name

Number of total

Number of excess workplace

Ratio of excess workplace(%)

(CAS NO.) workplace cp *RP CP R.P
Nickel
(Insoluble inorganic compounds) 1,245 0 6 0 0.5
(7440-02-0)
Benzene
(71-43-2) 576 0 9 0 1.6
Carbon disulfide
(75-15.0) 44 0 4 0 9.1
Cadmium
(as compounds) 258 1 8 0.4 3.1
(7440-43-9)
Trichloroethylene
(79-01-6) 2,453 2 270 0.1 11
Formaldehyde
(50.00.0) 1,745 2 37 0.1 2.1
Toluene diisocyanate
(554-54.9) 692 3 11 0.4 1.6

T
¥
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C.P : Current permissible exposure limit
R.P : Revised permissible exposure limit
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Figure 2. Trend of yearly workplace exceeding revised permissible exposure limit for 7 substances
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uiE e Agkel] AREEH, A A= o857 =
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W Fastshr] 918 A=l BEIO|A = &%
U] S-phenylmercapturic acid 25 ug/g creatinine, 2~
Ul t,t-muconic acid 500 pg/g creatinine®. =2 Hils}3l
Aom, g ko] WE FA WEW HaIE
QI Agkstar ek ojgstetae F2 HIAIA
o]l A %ot MEROA FA Ho|E APAA| HHSE
2 AREE T L s 2 B oA AA
HiSF AROlA 28,076,102 &2 tf7] wiEF
B 3kT QtHEPA, 2002). 19461 20 ppm &
A Edoen, 1978W A U 3]87]Eel

ppmoll A 20059 1 ppmo 2 X% AYE At Y
FTAE AFAE ZAT e AA Ao diE
3] HAEQcE AW U 2-Thioxothiazolidine-4-
carboxylic acid(TTCA)E tJARFER 0.5 ugg creatinine
S8 TLVE 53 o= A= ot 7tEw
o Ae HE % A¥ T Tu A4l ol&H,
Hlolg, ZetAE HA|, wHEAoF 22 AlE Az
off AH&H Tk 19701 0.1 mgym'(C) o2 2x A= 3L
6, 1990¢ 0.01 mgm'(ZEF), 0.002 mgm'(EZA
ez AYE T AY7A FYL peom T
gEa ok Sl 7tEs F87IEY B FA
0.03 mgme g2 TejE glon, =%7]%8 ACGIH
oF FYsHA 0.01 mym o2 AAEo] qlct o|HH
ol T3 EdYE sk, FAI7IEA
7hge ARE A7t o EAEH, 37 HEE
ol B4 7IEA FYeol dasirar wehEoh
ACGIH TLVOA= 7tE® =715 0.01 ng/m'(F+3
ZD), 0.002 mym(ZFJEN o2 7t Hejstal
UL, o= A UA keFo| mE A 7]s ol
st 9 Hof 8 7 AE A8 AAEA
t}. AESHA =% X HE(Biological Exposure Limit,
BEIl) oA= & %= 7}=& 5 ug/g creatinine, & % 7}

= Bole ot
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B 5 pgLE Hsha glon, A 9w #{ 7]
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19461 200 ppmo.2 A A= on], 1980 &7 =
W EgZz=ogd 587]%<l 50 ppme= 7|4
=911, 2006 FA| w=Z7]Z<2l 10 ppm(TWA), 25
ppm(STEL)2. &2 7§73 o] ¥e|=ar ik sid 44
= A=Y 2 AR, SFABAY g R A
98l 4=k BEIA = & § EfERR
2 15 mg/L, & ¥ ETZZZ29EH2 0.5 mg/LZE
Pl lew, TLV-TWA 10 ppm¥} A3 =
Hogth 259Hs|Es v e SeEd
A Aol §71E F 10MAE AR5
44l wFoloo|= FguAx U vejn
g Az 5 Gt AS5A A= wo| =3
i, o]2 <13} SBS(Sick Building Syndrome) 5 4!
7] o= ol "A¥E I ik ACGIHOA &=
dHs| =9 TLVe| dhalf @ 7iAH o] o]Fox
, 1948 5 ppm(TWA)= A= AAITE @2 A
FA=9 dAFAdate] wet 0.3 ppm(C) 22 XF i
HEigon], 1 wd ¥ oz} ohe 84 24 =
ol OE A= FA ALE 98 daLEtH(Kane
& Alarie, 1977, Gough, 1984). TDI&] 7§ =
ZA Az AHEEY, BHEF & 7L 24, 4
A T ool §&E o] AREE Xt 1o w
o ed ARE chobsie, Av AARelA A8
= TDI= 2,4-TDI 80%, 2,6-TDI 20%= o]F0] A 3]
o SIAE F 240] A BHgoE o BE Sl
HHY A Flek 19599 ACGIHOA &= 5 Ujof 5 s}
A 24-TDI 9 0.1 ppmo.2 AAsto] Belsielo
w, 0|3 1998 Diem et al.(1982)2 TDI AJAF L2
Ag diem sazel $9 ATAnE oAz
TDI E3HE24 0.005 ppm(TWA) 0.02 ppm(STEL)
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W WY L HNE 5 g1 A o 98 ol b BeE oluleiat ulg A At
A= ek A ) 2AEg B2 ol axlohlol 2t
H\Eow v AEA ThE BAu g ST
2 AbE| - AN B} o] qkon, the 4-su) Y= F7HsHe Aapol Lt
DERERIE L wth B2 tolalollol o] 9 AHAE
Table 6 4174 77b4 BAS hOR 42 0§ AEA ERA24-tolsAohio]E o ERal
89 AT otk ulge] A9 BAW WAL 26TolaiohllolE SHZS Wokel 85I
Mg BUste, 4UTASA AT BE 23 A wie] vg Frhol et A AEE Aoz A
Q4 ol wet ul g ATl Fol7h vhehith ThE  zElth U 9 AL o|gsieks AT 5 @A)
Ao us) Ao zubelgel ko 22 5871% A4l Hlgo] AHEHA gt RO B
Sz uo] A9 ug AEAT g B AE H9ow Fige 12614 UehbRol @8 7oA
oItk ol Figure 194 BHel 3 4 Qo] Zapat  Z¥ Algol & ALE BAEA oot ulgo] 4
Qo] wol ek Avtet mebeich oul AR EEA g R0 Bt

(ACGH =2&712)&= te =4 Bls) g 43t

FEo R AAE] Hgo] w7 AEHU tdEL ) F U AE 2%

2 EZFUYIE, EFA yolhaohyolE, HiA, Table 62 A7 77H4] 285 dldo2 Hofe 4t
7tew, U2 o2 w7 yehgon, 23F ARPE ST dolr}. "W AE2 A EAdES 2dER

Table 6. Estimation of net benefit in seven substances regulated with permissible exposure limit

. ) Benefit Cost Net benefit
Classification
1 year 10 years 1 year 10 years
, 1 10 ‘cp *RP C.P R.P c.P R.P CP R.P
Chemical Name year  years ; :
(CAS NO,) EW AL EW AL EW AL EW AL EW ‘AL EW AL EW AL EW AL
Nickel
(Insoluble

inorganic 53 536 0 1 9 13 0 11 29 53 53 51 44 40 536 524 506 482
compounds)
(7440-02-0)

g‘f{‘:;f‘ze) 242 2427 0 5 14 44 0 35 44 241 242 237 228 198 2427 2391 2,382 2,382
CS:
(75-15-0)

Cadmium
(as compounds) 52 522 1 5 12 14 4 28 39 51 50 47 39 37 517 493 482 471
(7440-43-9)

28 281 0 0 6 6 0 0 19 19 28 28 21 21 281 281 261 261

(7;“-((513-6) 2,183 21,831 3 43 458 572 9 274 1,419 2,173 2,179 2,139 1,724 1,610 21,821 21,556 20,411 19,657
HCHO

(50-00-0) 766 7,662 3 30 59 146 9 187 183 759 763 736 619 707 7,652 7,475 7,479 6,903
TDI

(554-54-9) 204 2,045 4 10 17 40 14 50 54 204 199 194 186 164 2,030 1,994 1,990 1,840

gunit : ten million won)

C.P : Current permissible exposure limit
¥ RP : Revised permissible exposure limit
" E.W : Excess workplace
" AL : Excess workplace(action level)
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Table 9. Suggestion of final revised permissible exposure limit for seven substances

Classification

Current permissible exposure limit

Revised permissible exposure limit

Chemical Name TWA STEL TWA STEL
(CAS NO.) (ppm, mg/m’) (ppm, mg/m) (ppm, mg/m’) (ppm, mg/m’)
Nickel
(Insoluble inorganic 05 } 02 )
compounds)
(7440-02-0)
Benzene
(71-43.2) 1 - 0.5 2.5
Carbon disulfide
(75-15-0) 10 ) ! )
Cadmium
(as compounds) 0.03 - 0.01 -
(7440-43-9)
Trichloroethylene
(79-01-6) 50 200 10 25
Formaldehyde
(50-00-0) 0.5 1 0.3 -
Toluene diisocyanate 0.005 0.02 0.005 0.02
(554-54-9) (2,4-TDI) (2,4-TDI) (Isomers) (Isomers)
o] A A3 84 SHA tE 2850l Bl BN FEHR 20084 3]87|F AEEY o]
AH7ZN o2& Gtk AL Tpe A F 2 Adge] Fashs FFS vehc
= A= 10 ppme= sl Q= FA] =4, =9 =&7]%3 val % ACGIH HE A3,
o, #g oEAe] 4714 A% o Fdeld 3 BE BAY wEv]e] I 71Ee] us He %
A ¢ 10 ppme 2 fAs= Ao Hddsinta  ShE eFoR A WHEA gl AYA kE
gotEnh 25LH 8| =9 AuZfA7]E oAM= 03 of W AR dFF A Sl =E2wEe d
ppm(C) 0% FWBT QA el AP oby E wakw qigiek
Sgdsl=o et Az Sl daEl dtE Bt A, v-gHl e thE Ad, H-E-2 1\ 21,736,899,000
glom Ceiling #7]°] disis= F7H4% A7) ozA EFERREde] M wden, |\
ey Efofof il wohEnh webA 2 At A 2,813,542,200 0.2 o|&}slehar} 71 whetth. el o
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749-\ 218,310,777,9900.2 ET|ZFZ 2o do] 714
A AREEQIA, N\ 2,813,542,2000. 2 o]|3slEkAa T}
7V WA EAEAT SR AEAT nE 249
A <welo] 7 Eerol, AR et A2
ZloA] F83] 48 F15E Ao WekHr,

A, 414 774 Bl dhel & ApRlelAle 2
NS YA 0.2 mgm', WA 0.5 ppm(TWA) 2.5 ppm
(STEL), ol&ateta: 1 ppm, 7F=w X 1 33h&
001 mgm, EgjZZzodd 10 ppm(TWA), 25
(STEL), ZFYH3|= 0.3 ppm, 7 t]o]ai|o}
Ulo] E(Z3E) 0.005 ppm(TWA) 0.02 ppm(STEL)2.
2 Aokt

]
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