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Development of feasible program of exchange period for chemical cartridgein the workplace (11)
- Method of using odor threshold

DontHeeHan™ - Min-SunKang - Gwang Yong Yit

Department of Occupational Health and Safety Engineering, Inje University,
‘Occupational Safety & Health Research Indtitute, KOSHA

The greatest concern of vapor/gas respirators is when to
exchange chemicd cartridges, but it is very difficult to esimate
the bregkthrough time of them in the workplace spot due to 0
many factorsinfluencing on bregkthrough. There needsto sudy
on edimating cartridge exchange period avalladle practicaly in
the spot, even if it is not precise. In the previous study, authors
suggested the method on estimating service-life of chemica
cartridges using cartridges discarded after use. This followed
Sudy was to esimate exchange period for chemica cartridges
using comparison of concentrations between Korean
Occupationa Exposure Limits (KOELS) and odor thresholds of
chemicas. Chemicds were divided into four groups, I, II, 111
and IV groups. Group | chemicals are relatively safe if
catridges are just or dightly delayed exchanged when smdling
snce odor thresholds were less than 0.5 times KOELs. Odor
threshold of Group Il chemicds are 0.5~2.0 times KOELs and
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potentially hazardous if cartridges are exchanged when
smdling. Those chemicas should be conducted program on
esimaing servicelife of cartridges, which was just previoudy
published (JKor Soc Occup Environ Hyg 2008;18(3) 204-215).
Group 111 chemicds (odor thresholds are more than 2.0 times
KOELSs) and Group IV chemicals (odorless or no data for
smdling) must be performed the above mentioned program
before cartridges. Even if this method on cartridge exchange
using odor threshold is practicaly widdy used in the workplace
spot in the present, program on estimating service-life of
cartridges is recommended for al chemicals to reduce
potentialy hezards.

KeyWords:  Odor threshold, service-life of cartridge,
breskthrough, vapor/ges respirator
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Table 1. Substances that are odor threshold < 0.5xKOEL(Korean Occupational Exposure Limit), indicating
that absence of odor suggests safe concentration (Group 1)(Only main substances described)

Nameof chemicds KOEL TV Odor
Fommiia (200)  (07) ey DL
WA  TWA (19%)
Korean English o) (om) (opm)
13-5Elt el 1,3-Butadiene CH.CHCHCH: 2 2 045  2000(LEL)
2-5-E}=(MEK) 2-Butanone CHCOCHs 200 - 16 3000
nieolgdyolE n-Butyl aorylate CH:O; 10 2 0.003
nFedaS n-Butyl acohol (1-Butanol) CH:CH.CH.CHOH C50 20 12 1400
nzA5E n-Butyl aoetate CH,COO(CH:):CHs 150 150 031 1700
nxzd oz n+ propyl alcohol CH:CH:CHOH 200 100 53 800
naAk nHexane CHy(CHz).CH 50 50 219  1100(LEL)
ot =2 ZulAl o-Dichlorobenzene CH.Ce 25 25 0.70 200
R RETI o-Chlorotoluene GH.CHCI 50 50 0219
ptZ= 24l p-Dichlorobenzene GH.Co 10 10 012 150
= Gaxdline - 300 300 03 -
Lpaz ek Naphthalene CuoHs 10 10 0038 250
YEZ A Nitrobenzene CHsNO, 1 1 037 200
tjrEobnl Dimethylamine (CHs)NH 5 5 0081 500
tjoje A= Diethyl ketone CHsCOCHs 200 200 93 -
tjojeo}nl Diethylamine (CeHs)lNH 5 5 0053 200
tZzzodog = Dichloroethylether (CICHLCHy):0 5 5 0.049 100
tad (v]5d) Diphenyl (biphenyl) CiHuo 02 02 00093 476
e o}g g0 E Methyl acrylate CH:.CHCOOCH: 2 2 0.263 250
me detadygo|E Methyl methecrylate CHC(CHy)COOCH; 50 50 0049 1000
HEolAH| o] E Methyl acetate CH.COOCH: 200 200 617  3100(LEL)
Lzt Actic anhydride (CHLCO)YO C5 5 <014 200
Het Butane CH4(CH)-CHs 800 1000 204
HEYT8(A2) sec-Butyl alcohol (2-Butanol) CH:CHOHCH:CH; 100 100 32 2000
E3rAa Hydrogen fluoride, asF HF C3 05 0036 0
A|OFa} A Hydrogen cyanide HCN C47 Cca7 0603 50
A EZ A= Cydohexanone GHuO 2 20 35 700
NEA-IN Cydohexanal CeHuOH 50 50 016 400
obH = Acetone CH,COCHs 500 500 62  2500(LEL)
o EL|E]| = Acetddehyde CH,CHO 50 (07:3 0067 2000
oekE Ethanol CoH:OH 1000 1000 180
e e E Ethyl butyl ketone CHsCOCiHs 50 50 01~10 1000
el o}m o) E Ethyl acrylate CH.CHCOOC:Hs 5 5 000024 300
ol e wilzl Ethyl benzene CeHsCeHs 100 100 23 800O(LEL)
oeobAHo| E Ethyl acetate CH,COOCHs 400 400 18 2000(LEL)



ol Chlorine

o] Ata}A A Nitrogen dioxide
JES CEEE Isobutyl dlooho
o] 2R -elo}HElo] E Isobutyl acetete
o] ool E|o] E |soamyl acetete
o] 23X 23 opalElo]E |sopropyl acetete
olazzgeT |sopropyl dcohol
0] 3}5}ek A Cabondisulfide
A Nitricacid
A Aceticadd
EE E Creso
ELL Xylene
(92 Hlek stz o4 A) (omyprisomers)
2 g Chlorobenzene
E=gq) Toluene
Egjvg wixl Trimethy! berzene
o= Phenol
23 Phogphine
b= Pyridine

3 (MIBK) Hexone

AR Hydrogen suifide

Cl:
NO/N:Ox
(CH2):CHCH:OH
CH/COOCH.CH(CHs):
CHCOOCH.CH.CH(CHy):
CH:COOCH(CHs):
CH:CHOHCH:
cs
HNO;
CH:COOH
CHGH.OH
CH(CHy):

CHeCl
CH:CHs
(CH)CoHs
CiH:OH
PH:

CHN
CH:COCH.CH(CHs):
H:S

05

130

100

10

10

100

05 0.080 10
3 0.186 20

- 36 1600
150 11 1300(LEL)
. 02 1000
100 41 1800

= 43 2000(LEL)
00% 500
0.267 %
10 0074 50
5 00060000 250
100 20 900
10 13 1000
20 16
25 24 -
5 0060 250
03 014 50
1 066 1000
- 088 500

10 0.00%4 100

"Odor thresholds are primarily geometric means in air by AIHA in 1997. If data was not in AIHA, data of 3M Respirator Section Guide (2004) was
secondarily cited. If data was not in both, odor threshold was considered no data.

IDLH data were revised by NIOSH in 1995.
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Table 2. Substances that are odor threshold 0.5~ 2 XKOEL, indicating possible hazard if smelling (Group II)
(Only main substances described)

Nemed! chemics KZ&EL ;)_(;/ Odor IDLH?
Forula G et 509
Karen Ergish oor) o) O
124 E8ZZ 2 A 1,2 4-Trichloro benzene GiHsCls C5 C5 291 -
2-0o| A o] EL-2- 2-Ethoxyethanol CHsOCH-CH:OH 5 5 27 500
| E}-2- Methenol CH:OH 200 200 160 -
€ oul Methyl amine CH:NH: 5 5 47 100
B Huorine F 01 1 013 25
HEOEE Bromoform CHBr 05 05 0.447 850
H=Z Bromine Be 01 01 0.066 3
HE23 44 Hydrogen bromide HBr C2 C2 19 0
HE3l g Ethyl bromide CH:Br 5 5 309 2000
old Ay} ol d @ T2 Aniline& homologues CeHsNH: 2 2 24 100
olgd g UEZ Acrylonitrile CH.CHCN 2 2 16 8
ol o} Ammonia NH: 25 25 17 300
olgd Ze)2(F7) 4 n|AE)  Ethyleneglyco(vapor and misl) CH:OHCH:OH C5 C100mg/m' 60.3mg/m’ -
g Hydrogen chloride HCI 1 C2 50
Heavy
work
(009)
Moderate
work
o= Ozon O 008 (009 0051 5
Light work
(010
HM,orL
workloads
(<2h)
020
o]Akglsl(o}s a7t A) Sulfur dioxide . 2 2 27 100
ZZFoIAE ety = Chloroacetd dehyde CICH.CHO C1 C1 0917 45
EgZE g Trichloroethylene CCl.CHCI 50 10 82 1000
HEz2ve w7tek Perchloromethyl mercaptan CCl:.Cl 01 01 0.097 10
HEz o Perchloroethylene CCl:CCl. 25 47 -
zEokgs| & Formaldehyde HCHO 05 Co3 087 20
ek Heptane CH3(CH2):CH: 400 400 230 70
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Table 3. Substances that are odor threshold > 2 XKOEL, indicating significant hazard if smelling (Group IlI)
(Only main substances described)

Nemedf chemcls KZ&EL ;l)_(;/ O iy
Fomua G et 509
Koren Ergih o) ) O
11-t g3 =gk 1,1-Dimethyl hydrazine (CH):NNH: 001 001 9.2 15
11t 22 2o]e 1,1-Dichloroethane CH:CHCl: 100 100 255 3000
120122 Zo]E 1,2-Dichloro ethane CICHCHCI 10 26
E=oly) m-Toluidine CHsCsH:NH: 2 2 046~59
noe opdal n-Methyl aniline CaHsNHCH: 05 05 174
0Eo|g o-Toluidine CHsCoHNH: 2 0025~66 50
7] Ak Formic adid HCOOH 5 282 30
UA 72wy Nickd carbonyl, asNi Ni(COy) 0001 005 05~30 2
t]vEop Eojr = Dimethyl acetamide CHsCON(CHz)2 10 10 479 300
B SRR BRI Dimethylformamide HCON(CHs). 10 10 100 500
tE2 2k Dichloromethene CHLCl. 0 %0 160 -
U] 239 222 E o] g = Dipropyleneglycol methyl ether - CHCH(OCH)CH:OCHCHOH)CH: 100 1000 600
e o] 2~ AJol|o] E Methyl isocyanate CH:NCO 002 002 21 3
el sfo| =2l Methyl hydrazine CHsNHNH; 001 001 171 20
=R RS Methyl cydiohexanal CH.O 50 50 490 500
Tz ko) Maeic anhydride (CHCO)XO 01 01 0318  10mg/m’
ikl Benzene CiHs 1 05 61 500
HE T 2(A)3) tert-Butyl dcohol (CHs):COH 100 100 960 1600
AFed shek 2 Carbon tetrachloride CCl 252 200
Abstold Ethyleneoxide (CH).0 420 800
Aol Cyanogen (CN). 10 10 231
RESEN! Cydohexane CHe 200 100 780 1300(LEL)
ol2A(FAs N 4)  Ardne AsHs 005 0005 <10 3
oA Z ¢l Acrdlein CH.CHCHO 01 01 18 2
olg) ok Allyl doohol CH.CHCH-OH 05 05 17 20
A} Ao} Cyanogen chloride CON C03  CO03 -
o~z 2 FEAdole| 2  Isopropyl glycidyl ether (IGE) CHO, 50 0 297 400
ArkshekA Carbon monoxide 0] 30 25 100000 1200
22X E Chloroform CHCls 10 10 192 500
E20]04T]0| 2Aoh|o] E  Toluene-24-diisocyanate(TDI) CH:sC:Hs(NCO). 0005 0005 214 25
Tz A7 Phosgene COCl 01 01 055 2
stoj=aba Hydrazine (NHz). 005 001 37 50
S| alit]o] A ohd|o] E HexamethyleneDiisocyanate CisHzNO» 0005 0005 001 -
ArZEEAZEE]el  Hexachlorocydo pentediene CCls 001 001 003 -
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Table 4. Substances that are odorless or not yet data (Group IV)(Only main substances described)

Nameof chemicas w2/lE TV o=y IDLHE
Formula (2007) (2007 Eij}—s) (199“; 2)
TWA TWA =
112-Eg)EZ 2 ojet 1,1,2-Trichloroethane CHCI.CH.Cl 10 10 100
11t E22qgd 1,1-Dichloroethylene CH:CClz 5 - -
1-HE g a ) 1-Bromoapropane CHiCH-.CH.Br 25 10 -
22HZ I 2} 2-Bromopropane (CHs).CHBr 1 - -
2-E 7 2 of|Eke 2-Chloroethanal CH.CICH-OH C1 - -

2-slo|EE A T2 olg  2-Hydroxypropyl ecrylde CH:CHCOOCH.CHOHCH: 05 05 -
2 gﬂ o] E

bis(Z =2 HE)ole = bis-(Chloromethyl)ether O(CHCl). 0001 0001 -
oM E A 2 Z AP o-Methylcydohexanone CH:=0 50 50 600
FRE(2) o-sec-Butylphenol CaHs(CHs)CHCGH.OH 5 5 -
oZEEAEY o-Chlorodtyrene GH:Cl 50 50 -
pUEZZZ2dA p-Nitrochlorobenzene CICH:NO: 01 01 100mg/m’
R R e S Hydrogen peroxide H.0: 1 1 75
UE=Z ZAd Nitroglycerin(NG) CHNO:CHNO:CH2NO: 005 005 75
JEZZHZ Nitroglycol (CH:ONO)s 02 02 -
Y EZHA(2E o)A 4]) Dinitrobenzene(dl isomers) CsHi(NO): 015 015 50mg/m'’
tug dee] E Dimethy1 suifate (CH3:SO 01 01 7
o] el A Dimethylbenzeng(o,m,p-- CsHs(CHs)e 100 - -
(9.2 %, Mg}, she}-o0] A ) somers)
t]oE o g = Diethyl ether CHsOC:Hs 400 - -
TEEERA Dichlorvos (CH:O}POOCHCCICHCOP 001  0.1Imgm’ 100
g obA el 2l Methyl acetylene CH: 1000 1000 1700(LEL)
HEo|AZ 2 AE Methy! isopropyl ketone (CH:).CHCOCH 200 200 -
el A g7 o] E Methy! slicate (CHO).S 1 1 -
HEREZ e Bromochloromethane CHBrcl 200 - -
BEstvd Methyl bromide CH:Br 1 1 250
HE3u)d Vinyl bromide C:HsBr 5 05
APE 23] el Carbon tetrabromide CBrs 01 01 -
AR5 Chlorinetrifluoride AR col col 20
ARS8 A A Nitrogen trifluoride NF 10 10 1000
Aol Slane SH: 5 - -
e SeErdefe 2 Ethyleneglycol CHCOOCHCHOCHs S - -

B methyl ether aoetate



[ lodine l2 Co1 Cco1
o] A E T]o| AAJold|o] E Isophorone diisocyanete CiHisN:O» 0005 0.005
ol ztolA e 2l Acetylenedichloride CHCICHCI 200 200
Q) Ak3}A & Nitric monoxide NO 2 -
FEZ2ogd Chloroethylene CH:CHCl 1 -
SR ZAEZF Q0 FoE Chlorapentafluoro ethene CICRCR 1,000 1000
EHd Terphenyls CisHu C05 C5
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Selection of workers at homogeneous exposure groups (HEGS)

Body condition

Working type and
intensity

Working condition

Sex, Height, Weight, Age Curation, Spray painting, Chemicals

etc.

Touch painting, mixing

ate. Humidity,

and concentrations,
Temperature, etc.

Selection of subjects

More than three workers at HEGs if
possible

* Workers and a
manager for
respirators are
together
participated.

Collection of chemical cartridges discarded after use

First step: Before

smelling

Second step: Just smelling | Third step: After smelling

Experiment for breakthrough time

The same method of Korean regulation for
raspirators/Others

Laboratories of manufacturers(ex, 3M,
Samgong etc.)

Determination of breakthrough time

Existing use time + Experimental breakthrough
time

Application to HEG workers

Evaluation and feed back

Fig. 1. Program on estimating service-life of chemical cartridges (PESLC) for Group | and Group Il

substances.
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Recognition of chemicals by using
work environmental measurement

Comparison of OELs with odor
threshold

Group | substances

Group |l substances

Group Il and IV
substances

Odor threshold < 0.5x0ELs

Cdor threshold = 0.5~2.0%
OELs

*Odor threshold > 2.0xQELs
*Odorless or no data

v

v

Primarily exchange

Primarily exchange cartridges

cartridges if smelling if smelling
. Estimate service-life of
_____[f__n_t_ap_qgjs_a_r_y____’ Perform PESLC chemical cartridges at the
controlled laboratory
Determination of final
N exchange period of

chemical cartridges i

Fig. 2. Feasible program on exchange period for chemical cartridge in the workplace
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