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Objectives:

There is a large and scatiered literature on the chemistry of
odorous substances and the physiology of the sense of smell. This
review is designed for maximum relevance o industrial hygiene.
The presentation will be in three sections:

1. Fundamentals of Odor Science: Discusses the physical
chemistry of odoranty,measurement of odor detection threshold,
odor intensity and odor quality. Describes the phenomenon
of specific smell-blindness, and its value in suggesting a fun-
damenta)l classification of primary odors.

2. Odor as an Aid to Chemical Safety: Develops a quantitative
evaluation of the wamning thresholds for 214 industnial odors,
in relation to their TLVs. Analyzes the potential for worker
education on hazard recognition by odor, and for odorization
of hazardous products that lack adequate waming properties.

3, Effects of Chemnical Exposure on the Sense of Smell: Con-
siders the normal, and abnormal, ranges of human olfactory
sensitivity. Surveys the literature on temporary and permanent
Joss of the sense of smell caused by chemical exposure, usually
chronic, but sometimes acute. Over 100 chemicals can have
these effects, belonging 1o six major divisions of the chemical

Dlustrative materials will be provided, and a hands-on demonstra-

tion of olfactory threshold testing will be available.

American Academy of Occupational Medicine
American Academy of Industrial Hygiene
Joint Conference on Occupational Health
Orlando, Florida, October 21=25, 1965
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Key References (review articles):

Fundamentals of Odor Science:

Odor theory and odor classification, J. E, Amoore. In "Fragrance

Chemistry," 1982, 27-76. E. T. Theimer, Editor. Academic Press,
New York.

Olfactory Threshold Teasting:

The pyridine scale for clinical measurement of olfactory threshold:
a quantitative reevaluation. A, H, Sherman, J., E. Amoore and V. Weigel.
Otolaryngology and Head and Neck Surgery, 1979, 87, 717-733.

Odor as an Aid to Chemical Safety:

Odor as an aid to chemical safety: odor thresholds compared with
threshold 1imit values and volatilities for 214 industrial chemicals

in air and water dilution. J. E, Amoore and E. Hautala, Journal of
Applied Toxicology, 1983, 3, 272-290.

Effects of Chemical Exposure on the Sense of Smell:
Effects of chemical exposure on olfaction in humans, J. E. Amoore,
In "Toxicology of the Namal Pampages," 1985, 155-190. C. S. Barrow,
Editor. Hemisphere Publishing Corp., New York., (in Press)
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Useful Formulaet

At 25°Cs  ppm x mol, wt. ;
« mg/m’ (European practice).

24.4

Air/water partition coefficient at 25° (w/v) =
vapor press, (mm Hg)

eoly. (g/1)

x mol. wts X 5.38 x 1070

To prepare water or air djlutions from the pure odorant (m01id or liquid):
1ppm (w/v) « 1mg (or 1/D pl) per liter of water

M.W, M.V,
mg. (or
24.4 24.4 x D

1 ppm (v/v) = pl) per cubic meter of air

Avogadro's Number: Mol. wt. in gm of a pure compound contains:
6,02 x 1023 molecules

Effect of pH on ionization of weak acids and bases:

concn, of acid
acid: = antilog,, (pX_ = pH)
a
conen, of anion

concn, of base
base: = antilog; (pH - px.b) ~
10
concn, of cation

vhere Ka and Kb are the acid and basic dissociation conastants, respectively.

Quantity of odorant adsorbed =
mass of adsorbant x k x concn, of odorantb

wvhere k is a constant, and exponent b is less than unity.




Formulae (continued):

Stevens' (1960) Power Law for odor intensity:
intensity = k x concn. of odorantn
where k is a constant, and exponent n is in the vicinity of 0.6

or: log intensity = n x log concn., + 1logk

Hence, perceived intensity of odor increases about 1.5 times for each doubling

of the odorant concentration,

Conversions in the binary step (1052) concentration scale for odorants:
concentration ratio = ant110g10 (binary steps x 0,301)

1°510 concn. ratio

binary steps =
0.301

actual concn. of odorant

Odor Units (U) =
threshold conen, of odorant
Guadagni'e (1966) Rule of Additivity:

Odor Units of a mixture is the sum of the odor units of

all its componenta:

Um-U1+U2+U3+...




Volatilities of Odorows Compounds ;1 2% C

Concentranon in arr
Vapor pressure Molecular

Odorant (mmMg) weight (g Iner) {mg m?) (ppm. v v)
Trmethylamine 1700 59 54 x )O" 54 x 10" 2.200.000
Pyndine X 79 §5 =107  BS5 = 10* 26.000
Isobuty] isobutyrate 4?2 144 33z x000 A3 x 10 5500
I-Carvone 012 150 $7x10°% 9.7 x 10! 160
Pheny! ether 0022 1706 20 x 10°* 20 x 10° 2

- 3-Chlotoacelophenone 0.0075 155 63 x 107" 63 x 10 99

or~Pentadecalactone . 000045 240 S8 x 10°% 58 x 10" 0%
Musk betone 0 0000021 294 33x 100" 33x 02 0 002%

Calculated sir/water partition coefficients of norma! S<arbon compounds at 25*.

Compound VYapor pressure Solubility Molecular Partition
{mm Hg) in water (3/1) weight (g) coefficient
(calculated)
Pentane 520 0.038 2.1 82
Propyl ethylene 640 0.11 0.1 2
Propy! acetylene 440 1.0 ' 68.1 1.6
Penry! chloride Kk} 0.20 106.6 0.93
Penryl mercapian 13 0.16 104.2 0.55
Methy! butyl ether 170" 89 $8.1 0.051
Methy! butyrate 32 15 1021 0.011
Nitre penane 1.7 1.3 1. 0.0085
Penry] aldehyde 16* 12 6.1 0.0063
Bury! cyanide 1.6 1t 1.1 0.0026
Methyi propy! ketone 16 54 8.1 0.0013
Penty} amine 28 = 0.2 0:0013¢
Penty) alcoho) 2.5 3 881 0.000%2
Penwuanoic acid 0.29 50 2.1 0.000031




Odor Detection Thresholds of Selected Compounds '

Odor threshold conen in air

Compound (mg m}) (ppm. v'v)
Ethane 1.5 x 10° 120,000
Methano! 66 x 10? 500
- Chloroform 312 x 107 65
J/ Benzene 1.7 x 10! 5.2
Camphor 1.1 x 10° 0.17
' Furfural 23 x 107! 0059
\ lsoamy! acetate 38 x 1072 0 007)
$2-Androst-]6-en-3-one 21 x 107? 0.00019

0.00000054

[- 2-Methoxy-3-isobutylpyrazine 6 x 107 :

> 100
£ ]
$

£

N b
£

o v

Butano! ppm, by volume

The butano! reference scale for odor intensity, plotted 1 bog log coordimates (Re-
printed from Moskowitz er al.. 1974,




Concentration in air (ppm)
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NUMBER OF SUBJECTS

ISOBUTYRALDEHYDE

ANOSMKS' DEFECY
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SPECHK ‘-—A e { oassavins

ANOSMICS

GENERAL
ANQSMIC

ISOBUTYL ALCOHOL

) 20 ... 28
DILUTION STEP

Thresholds of a panel of specific anosmics
(stippled) compared with a panel of normal
observers (outlined).’
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Mapping the range of the specific
nn;)smia to aliphatic aldehydes,

DO A 039753

M’b g ” CONFTDENTTAL.




€My CHy

CHy ——CHy ] CHy (]
. P 4
CH—CHy —C | N CH—CH
o \ CHa cH & New cu/
] S , g
ISOVALERIC 1-PYRROLINE TRIMETHYL- . ISOBUTYR.-
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Structural formulas of eight of the
primary odorants.
Olfactometric properties of eight of the
primary odorants.
Norma) threshold
Anosmics’  Anosmics’
Primary Primary In air In water  occurrence defect
odorant odor (ppm.v/v) (ppm.wiv) (%) (factor)
lsovaleric acid Sweaty 00010 012 ° 3 @ 039754
1-Pyrroline Spermous 00018  0.020 16 » Do FNTIA
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Isobutyraldehyde Malty 0.0050 0.0018 ¥ M0
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PYRIDINE DILUTION BERIES

— —

DILUERT = WATER MINERAL OIL AIR CLINICAL SIGNIFICANCE
Binary Concentration | Concentration | Concentration OF THRESHOLD
step ¥ (percent) (percent) (ppm, v/v)

e %QQM}L&M!M .

0 100 100 27,000 ne I, VvV, X or X

nerve function)

1 50 _

2 25 Henry's Law not obeyed in

3 12 this concentration range

4 6 osmie type I.

5 3 %no Ist nerv function
6 1.5 3 2,700 but Vth nerve is

7 0.8 1.5 1,400 functional)

8 0.4 0.8 y{ele]

9 0.2 0.4 340

10 0.1 0.2 170

11 0.05 0.1 8o osmia type II.
12 0.025 0.05 40 %nbnormally weax
13 0.012 0.025 20 Ist nerve function)
14 0.006 0.012 10

15 0.003 0.006 5"

16 0.0015 0.003 2.6

17 0.0008 0.0015 1.3 ormal rance.

18 0.0004 0.0008 0.66 EAverage = 16.0 st p
19 0.0002 0.0004 0.33 8.D. £ 2.0)
20 0.0001 0.0002 0.16
2l 0.00005 0.0001 0.08
22 0.000025 0.00005 0.04
23 0.000012 0.000025 0.02
24 0.000006 0.000012 0.01

25 0.000003 0.000006 0.005 erosmla.

26 0.0000015 0.000003 0.0025 iabnormally sensitive
27 0.0000008 0.0000015 0.0012 Ist nerve function)
28 0.0000004 0.0000008 0.0006

29 0.0000002 0.0000004 0.0003

12
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TEST PROCEDURE

Select the pair of bottles for step #l4. Flip open the spouts,
and swirl the contents to hasten eguilibration. 1Instruct the patient
__to direct the spout closely towarde the nostril, then to squeez the
“"bottle while inhaling through the nose. Ask the patient to plck out
the odorous, or most odorous, bottle. Extra eniffs are permitted,
before making the choice. Detection only is required, not recognition
of the odor. Ralise bottle above eye level to see the label on bottom
of bottle. If the petlent's choice is correct (PYR-14) enter "C" in
lst. test column for etep #14. Swirl the bottles agein, and randomize
thelr positions until neither the tester nor the patlent remex® rs
which is the odorous bottle. Ask the patient to rereat the test a 2nd.
and a 3rd. time at step #14. A wrong selection (BlA-14) ie indicated
by "X" in the appropriate column. In order for the patient to pass a
given sencitivity step, the correct selection must be made all three
times. Flip the air-spouts closed, and replace the bottles in the carton.
Proceed to the next higher, or lower, sensitivity step, as regquir 4 to
establisn the patient's threshold olfactory eensitivity to pyridine on
this occasion. At least two consecutive concentration steps should be
passed, in order to establish a valid threshold, which is defined as
the highest sensitivity step ylelding all-correct responses.

DO & 039757
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S8CORE-SHEET

OLFACTORY SENSITIVITY TEST (PYRIDINE SCALE)

BENSI-
TIVITY

Questionnaire

Fatient's name:

STEP #

TESTS

1st!2nd|3rd

29

Referring M.D.: Date:

In order to avold permanently contaminating
the bottles with foreign odors, and to obtain a

reliable test result, 1t 18 essential that:~
Patient has not smoked in last 1% min.?

No food, beverage or candy in last 15 min.?

No perfume or hand lotion used today?

Not suffering from & c¢old or influenza?

Not experiencing a nasal allergy (hay fever
At least one nostril is clear right now?

esaut [}

The bottles are one-quarter filled with mineral ell,
and pust not be knocked over, shakxen or inverted, because
0il may enter the air apout. If this accidentally occurs,
the dispenser cap should be unscreved, any oil inslde the
oap and air delivery tube rescved with tvists of elean
tissue, and the sap tightly replaced. EKach test odor
bottle should always be compared with its own matehed
blank bBottle. Pyridine in the strongest concentrations
(step #6 contains 3 in the o0i1l) may be saustic or
irriteting. ZXach successive higher sensitivity step
oontains pyridine at one-half the concentration of the
preceding step. This olinical olfactory test kit must
be used only by trained pearscnnel, and kept out of the
reach of ehildren.

Clinical backaround

DO & 03975,

lfactory evaluation
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Pyridin <threshold is Step #
T st 4 by:
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NUMBERS OF PATIENTS

20

15

10

[ <]

CLINICAL OLFACTORY THRESHOLDS

Hyposmia Normal

Hy:poroumil

Normal

subjects

|

- e on ar s on os  cosfusaene

Pituitary

tumor

-

- tw wn we o e e s e
oy

trauma

RIS Epp  —

—
} §-1

PYRIDINE SENSITIVITY STEP
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20

T
25
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CLINICAL INDICATIONS

Hyposmia type I (pyridine sensitivity step #9 or lower)

Mechanicel blockage of airway by intranasal polyps, ethmold
Binusitis, allergic rhinitis, or carcinoma of paranasal
elnuses or nasopharynx.

Damage to olfactory epithelium by acute or chroniec infection,
atrophic rhinitis, or certain industrial fumes and vapors.

Damage to olfactory nerves or bulbs by head trauma causing
fracture, shearing, hemorrhage or concussion.

Abnormelities in the region of the floor of the anterior f sesa,
including meningioma, frontal lobe tumor, meningitis at base
of frontal lobe, abscess of frontal or ethmoid bone, vascular
tumor, or arteriosclerosis of the anterior cerebral artery.

Congenital defects such as deviated septum, absence of olfactory
bulbs, familial dysautonomia, or hypogonadotrophic hypogonadism.

Miscellaneous problems, including nasal medication, surglcal
interference, radiation therapy to the head, idlopathic
hypoguesia with hyposmia; also hysteria &and malingering.

Hyposmia type II (pyridine threshold steps #10 through #13)

Milder incidence of the above conditions.

Upper turblnate congestion due to allergy or head cold.

Acute viral hepatitis, poliomyelitls, advanced syphills,
diphtheria, leprosy.

Heavy smoking, chronic alcohollsm, esniffing cocalne.

Diabetes mellitus, hypothyroidism, some forms of hypopituitarilsnm,
hyperactive adrenal cortex.

Some systemic medications and antibiotics.

Miscellaneous conditions, including vitamin A deficlency,
Perniclious anemis, uremis, zinc deficlency.

Hyperoemia (pyridine sensitivity step #22 or higher)

Glucocorticosteroid insufficiency (Addison's disease).
Some drugs, such &8 caffeine and strychnine.

Soze cases of pitultary tumor.

Epllepsy, schizophrenia, specific allergy.

16 cONF TDENTTAL




Literature odor thresholds for n-butyl alcohol

Water-ditution threshold

Orgina! dats g!!

0.005% (v/v) 4.03%x10°?
1 mg/ 1.00 x107°
1.00 ppm {w/v) 1.00x10°°
2.5 ppm (viv) 2.01x10°?
0.50 ppm (v/v) 4.02x10""
2.0 mg/kg 2.00x10°°
36x107 M/ 2.67 x10°?
2.77 ppm (w/v) 2.77x10°°
6.5x10 g/ 6.50 x10°*

Geomatric mean, sit-dilution threshoid = 2.64 X107 g 1*' (N = 29)
=25%4mpm”? e

= 0.835 ppm {viv)

Air-ditution threshold

Orginal dats

1 ug/t

0.5€5 %10 " mot ™!
0.000223 mg/t
Act,, = EX10"*
Act,, = 7.0x10°*

15 ppm (v/iv)

Act,, = 5x10"*
33 mg/m*

1.90 X 10" mol/ec
1.2 mp/m’

0.013 mg/
—log,, M/i=7M
030 ppm (v/V)
3.16 pom (v/v)
€2 ppm (v/v)

0.0231 mmHg
0.390 ppm (v/v)
2.8X107 ppm (viv)

35 ppmiviv)
g, ppb = 10 42

Srendard devduion = x/= 7,14, Swendard error = x/+ 1 44

1.00 x10°"
418 x10°"°
2.23x10°°
1.61 %10
4.09x10°*
1.45x10°*
4.5 x107*
360x107°
360x10°°
7.24 x10°7
1.40X107¢
330x10°?
145 %107
134 x10°*
1. 20 X10°*
1.30%x10"*
9.12x10°"
CARR S
9.60x10"*
1 B8 x10°*
7.20%10°°
9.61x10°*
997 x10°"7
9.23x10°*
1.98x10°*
8.50 x10°"
2.34 %10
1.06 107!
4.15%10°*

Fust reference

Passy, 1892
Backman, 1917
Jung, 1936
Gavaudan, 1948
Mylling, 1955
Moncrietf, 1957
Scharberger, 1958
Nazarenko, 1962
Rosen, 1962
Baker, 1963
Gavsuden, 1966

T May, 1966

Fimh, 1967
Dravnieks, 1968
Khachsturyan, 1969
Corbitt, 1971
Laftort, 1973
Hellman, 1974
Moskowitz, 1974
Moskowitz, 1974
de Grunt, 1975
Hertz, 1975
Lillard, 1975
Piggott, 1975
Dravnieks, 1976
Witlismg, 1977
Amoore, 1978
Laing, Y978
Punter, 1980

W.WM;&

" Mw=7410 D,0806gm"; VP, =699 mmHg, $,= 73091 sv-water paruition coetficient
25°C =36 %10 (expt), 3.61 X107* (caic. ).

US wees p-a.;z1~nh‘+fbe

17
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Explanation of column headings in Tables 2(a) and 2(b)

Column
1. TLV's listed by ACGIH, 1982,
2. Volatility = vapor press, (mm Hg at 25°C) x 1,316

3, Air odor threshold is geometric mean of all literature data (including
converted water threshold data),

4., Standard error of mean odor threshold value,

5, Safe dilution factor (for saturated vapor) = volatility divided by TLV,
6. Odor safety factor « TLV divided by odor threshold,

7. Odor safety class: see Table on page 28 for interpretation.

8, VWater TLV equivalent: the aqueous odorant concn. that is in equilibrium
vith air TLV conen.

9., Solubility = literature soly. (g/1) x 1,000

10, Vater odor threshold: the agueous odorant conen, that is in equilibrium
with the air threshold concn.

11 & 12. Molecular weight and dengity are needed when measuring out odorants
to prepare water or air dilutions (see Useful Formulae).

1%, Water-air distridution ratio = reciprocal of the air-water partition
coefficient (both concentrations in g/1).

14. The number(m) of literature reference values that were averaged to
obtain the mean odor threshold in column 3,

18 DO A 039767
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Table 2(n) Ardilution odor threshold data on 214 industrial chemicals. The numerical dsta are mostly rounded off o two
significant figures. Note that ppm on this half { Table 2 are in v/v units (1 17') for the gaseous chemical in air
dilution. See Methods for further explanation of each column. TLVs are reproduced from Ref. 1 (1982} with
permission from ACGIH

Sutwmtance

Acetaldehyde
Acetic acid
Acernic anhydride
Acetone
Acetonitriie

Acetylene
Acrojein
Acryhc scid
Acrylonnrile
Ally! sicohol

Ally! chioride
Armmonia
n-Armyl acetate
sec-Amy| acetate
Anihne

Arsine

Benzene

Benzy! chiotde
Bipheny!
Bromine

Bromoform
1,3-Butadiene
Butane
2-Butoxyethano!
n-Buty! acetate

n-Buty! sctyiste
n-Buty! sicoho!
sc-Buty! sicohol
wrr-Buty! sicoho!
n-Butylamine

n-Buty! lectme
nbutyl mercaptan
ptert-Butyttolusne
Camphor

Carbon dioxide

Carbon disulfide
Carbon monoxide
Carbon tetrachiorde
Chiorine

Chiorine dioxide

a-Chioroscetophenone
Chiorobenzene
Chiorobromomuethane
Chioroform
Chioropicrin

B-Chioroprene
o-Chiorotolusne
m-Cresol
trans-Crotonaldehyde
Cumene
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1

Threshold
limit value
{ppm; viv)

100
10
5
750
40

140 000'
0.1
10
2
2

1
25
100
128
2

0.05
10

1

0.2

0.1

05
1000
800
25
150

2
Volatility
n25°c
(pom; viv)

9

20 000
6700

290 000

120 000

9

360 000
5800

140 000

33 000

480 000
]
5200
9200
630

)
120 000
1600
"
270 000

8000

1300
16 000

7100
9200
23 000
55 000
93 000

~ 49 000
850
450

470 000

140 000

89
15 000
190 000
250 000
34 000

290 000
4700
180

~41 000
5900

3

Air odor
threshold
(ppm; viv)

0.050
0.48
0.13
13
170

620
0.16
0.094

17
11

1.2
5.2
0.054
0.0020
11

0.50

12
0.044
0.00083
0.051

1.3
16
2700
0.10
0.39

0.035
0.B3

47
18

7.0
0.00097

0.27
74 000

0.11
100000 ¥

0.31
9.4

0.035
068

85
0.78

15
032
0.00028
0.12
0.088

20
K [ ovamae ot (108, snelbn 1% e ,w-.-.......-_-/ot Ve B B 00, 000 pp

4
Stenderd
error
/+)

1.7
1.5
1.1
16
28

28
15
24
1.3

25
20
21

16

23
25
14

25

53
14
20
26
25

14

19
1.5

19
10
18
1.8
16

1
16

1y

14

79
1.5
24
1.1
28

Sate

dilution

factor
10 000

1300

3 600 000

72 000
16 000

480 000 _

52
74
310

20 000 000
12 000
1600

2 700 000

16 000
1000
1300

110

720
180
230
§50
19 000

120

97 000
85

230

47 000
20 000
29 000
1 000 000
10 000 000

25 000
340 000

29 000

© 20000
120

Odor
safety
factor

21

ag

57
0.23

230
0.61

10
0.12
18

0.84
48
1800
61000
19

0.10
0.85
23

20
0.38
0.29

350

38
2.1
27

0N
510

20

7.3

0.067

92
0.00050
0.052
3.2
0.011

14
10

0.12
0.13

0.68
150
17 00O
17
570
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ODOR AS AN AID TO CHEMICAL SAFETY

Table 2(b) Waterdilution odor threshold data n the mme 214 chemicals. Note that ppm on this half of Table 2 are in wiv
units (mg1"') f r the chemical in aqueous solution. The numerical values in Table 2 are almost invariably com-

piled. averaged, re<calculated or extrapolated from the literature, and are nor new experimental determinations

Substance

Acetaldehyde
Acetic acid (A/47)

Acetic anhydride -

Acetone
Acetonitrile

Acetylene

Acrolein

Acrylic acid (A/4.3)
Aczrylonitrile

Allyl alcohol

Allyl chioride
Ammonia (B/9.2)
n-Amyl acetate
sec-Amyl acetate
Anihne (B/4.6)

Arsine

Benzene
Benzy! chiorde
Bipheny!
Bromine

Bromoform
1,3-Butadiene
Butane
2-Butoxyethano!
n-Buty! acetate

n-Buty! scrylate
n-Buty! sicoho!
sec-Buty! alcoho!
rert-Buty! slcoho!

n-Butylam.ne (B/10 6!

n-Butyl lactme

n-Buty! mercaptan (A/10 B)

p-tert-Butyhioluene
Camphor

Carbon dioxide (A/6 Q)

Carbon disuHide
Carbon monoxide
Carbon tetrachionde
Chiorine

Chiorine dioxide (A}

a-Chioroscerophenone

Chiorobenzene

Chiorobromomethane

Chioroform
Chioropicrin

#-Chioroprene
o-Chilorotoluene
m-Creso! (A/10.1)
trans-Crotonaldenyde
Cumene

;] 9
Water TLV Solubility
squivalent " 25°C
(ppm, w/v) (ppm; wiv)
67 -
2000 -
d d
1100 -
70 } -
(150) 1000
0.066 200 00C
11 73 000
26 -
{0 0078 3600,,
71 280 000
68 1800,
10 1700
120 37 000
(0.000035) 670
{015) 1800
0.28 460,
0.12 6.7
0.012 33 000
02 3100
{0.88' 850
{0.051) 61
-t
65 €800
22 1600,,
420 73 000
730 200 000
620 -
17 -
370 42 000
{0 0061) 600,,
(0.064} ~55
15 1700,,
{(7.5) 1400
{0 036) 1700
{0.0013) 26
o272 7?70
(0.0065) 6300
0.0071 87 000,,
d d
" 55 1100
17 =16 000
10.28) 7100
(0.0048) 1600
0.016) 480,
RY) 00,
640 23 000
7.2 150 000,,
(0 45! 63

21

10

Water odor
threshold
{ppm. wiv)

0034
87

20
300

067
011

9.1
14

(0.0089)
15
0.037
0.0017

&5

10.00035)

017}
0.012
0.00050
0.0063

0.51
00014)
(0.17)

0.17

00078
71
19
290
6.2

520
(0 00001 2)
0032}
1.0

(110)

(0.00039)
2.7
10.52
10.0020)
067

0.050
34
(2.4}
10.037)

0.024)

(0.0069)
0.037
042

(0.00080}

"

Molecutar
weight
{g)

A4
60
102
58
41

%
56
72
83
&8

7%
.17
130
130

93

78
78
127
154
160

253
54
58

118

16

128
74
74
74
73

146

148
152

154
7
&7

%5
13
129
1ms
164

127
108

70
120

12

Dansity
" 20-25°C
gmi=')

Y 79.0
1.0%
1.08
0.79
0.78

[ .
084
105
0.80
0.8%

-0.94
9
o.gse
0.87
1.02

088
1.10

]
312

096
1.08
103
0B8S
0.86

13

Water-air
distribution
mto (w/iv)

370

82 000
d

620

1000

10
20

240
8600

24
400
130
160
16 000

0.22
46
55
95
19

38
040
0.027

)

43
2800
2400
2000
1100

12 000
33
11

0.83

1.2
0023

0.45
41
2 000
1200
1.8

DO A 039765
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14
Number of
thresholds
performed
v witer
6 3
14 L
2 -—
Fal 8
3 -
2 -
7 1
1 -
2 2
4 —
2 -—
" 2
5 ]
- 1
9 1
1 -
19 4
2 -
- 1
4 -
4 1
6 -
4 -
1 -
9 3
2 1
20 9
5 1
4 1
3 2
1 -
[ —
1 -
9 3
2 -
[ -
2 -
10 1
7 -
) ]
2 -
6 2
1 -
14 1
1 1
2 1
1 )
3 3
1 1
6 1




Tabie 2(a)=Continued

Sutwtance

Cyciohexane
Cyclohexano!
Cyciohexanone
Cyclohexene
Cyclohexylamine

Cyclopentadiene
Decaborane
Ducetone alcohol
Diborane
o-Dichiorobenzene

p-Dichiorobenzene
trans-1,2-Dichloroethylene
8.8 -Dehioroethy! ether
Dicyciopentadiene
Diethanolamine

Dethylamine

. Diethylaminoethanol

Diethy! ketone
Dusoboty! ketone
Dusopropy lamine

N-Dimethy lscetamde
Dimethylamine
N-Dimethylaniline
N-Dimethylformamwde
1, 3:-Dimethyinydrazine

1,4-Doxane
Epichlorhydrin
Ethane
Ethanoiamine
2.Ethoxyethanol

2-Ethoxyethyl scetate
Ethy! acetare

Ethy! mcrylate

Ethy! aicohol
Ethylamine

Ethy! naamy! ketone
Ethy! benzene

Ethy! bromde
Ethy! chioride
Ethylene

Ethylened:amine
Ethylene dichlorde
Ethylene oxide
Ethylenimine
Ethy! ether

Ethy! formate
Ethyhdere norbornene
Ethy! mercaptan
N-Ethylmorpholine
Ethyl siicate

Fluorine
Formaldenhyde
Formsc acd
Furfurat
Furturyl alcohol

]

Theeshold
Himit value
(ppm; viv)

10
10

10
0.5

25

400
5
1000
10

25

100

200
1000
140 000

10
10

2

Volatilny

n25°C

{pom; viV)

130 000
2000
6000

99 000
15 000

=~ 560 000
~10
1600

9
1800

1200
420 000
1500
3500

8

310 000
2900
22 000
3300
110 000

2600
]

1000

3100
210 000

52 000
21 000

780
7100

2700
120 000
%0 000
75 000

13 000
10000

16 000
110 000

3 4
Air odor Stendard
threshotd srror
{(ppom; viv) W)
25 28
0.15 2.1
0.88 2.2
0.18 -
26 -
19 -
0060 -
0.28 -
25 -
0.30 4.2
018 4.1
1?7 16
0.049 -
0.0057 19
0.27 -
0.13 29
0.011 -
20 21
0.11 -
1.8 39
47 -
0.34 3.1
0.013 38
2.2 46
17 55
24 24
0.93 12
120 000 59
26 -
2.7 9.0
0.056 -
36 1.8
0.0012 40
B4 1.8
0.85 26
80 -
23 2.7
n -
4.2 -
90 26
1.0 -
88 21
430 16
15 1.3
89 33
n 16
0014 14
0.00076 20
14 1]
17 49
0.14 -
0.83 23
49 19
0,078 1.7
80 -
22

5

Sole
dilution
tactor

2100

7120

31000

"
130
21 000

100 00O

310
410 000

1000
11 000

260
1400

530

10 000
75
00 000

140
130
300
1000

1600

11 000

1 000 000
520 000
1800

3200

¥ 400 000
2100

1 000 000
1 000 000
11 000
1000

n

DO

Odor
safety
factor

12

28
1600
3.8

40
0.83

0.040
160

420
12
100
870
11

4,2

64
240
490

10
0.11
0.0023
0.32
45

3.3

650
35
057

7.3
1.2
0.10
25
1.2
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Tabie 2(b}l—Continued

Substance

Cyclohexane
Cyclohexanol
Cyclohexanone
Cyclohexene
Cyciohexylamme (B/10.6)

Cyclopentadiene
Decaborane
Discetone aicoho!
Diborane
o-Dichiorobenzene

p-Dichiorpbenzent
trans-1,2-Dichioroethylene
£.5 Dichioroethyl ether
*Eicvclopenudwne
“ Diethanolarmire (8/8.9)

Diethiytamine {8 '11.0}

Diwethylsminceihano! {B/8.B)

Diethy! ketone
Dusobutyl ketone
Dusopropy lamyne (B/11.0)

N-Dimethy lacetamide
Dimethylarune (B,10.7)
N-Dimethytaniine (B'5 2)
N-DimethyHormamide

1,1-Dimethylhydrazine (B8 7.2)

1,4.-Dioxpne
Epichlorhydrin
Ethare

Ethano!larmine (B9 5)
2-Ethoxyethanol

2-Ethoxyethy! acetate
Ethy! scetate

Ethy! acryimne

Ethy) aicoho!
Ethylamme (B10 7)

Ethy! n-amy! ketone
Ethy! benzene

Ethy! bromoe

Ethy! chionioe
Erhylene

Ethylenediamine (B/100)
Ethylene dichionde
Ethylene oxute
Ethylermmine IB/B Q)
Ethy! ether

Ethy! formare

Ethylidene norbornene
Ethy! mercaptan (A/10 5]
N-Ethyimorphohne (B/ )
Ethy! silicate

Fluotine
Formalgehyde
Formic acwd (A/3 7]
Furfurs!

Furfuryl sicohol

Waer TLV
quivatent
{opm; wiv)

013}
940
240

1065

94

0.24)

39

47
(3.0}

240 000
36

450
33
35

86
9.9

240
64
(B 8

23 0Q0

450
270
1.6
9000
45

10
(A}
129)

(4.7)
“uo

0 B0
033

34

35

(0.0049)

0.73
170

Sotubility
n25°C
{ppm; wiv)

(1)

36 000
~ 54 000
210

(14

~ 1800

140

79
6300
11 000

~ 1500

4700
130

270 000,,
-
56 000

100 000

7000

650 000

86 DOO
-

10

Watet 0dO?
thraahoid
{ppm. wiv)

{00V}

64
0.024

0.011
0.26)
0.36

22000
047

4.7
0014
3

0.29
0.02%
50

230
30
(7.5)

20 000

180

50

26

0.00038
760

4.3

25
(0.029)
(0.046)
0.019)
(0.039)

16 00Q
7.0
140
170d
0.75

1"

{0.0000075}

0.60
1700
35

23

"

Molecuisr
wigh
{9

100

82

122
116

28
147

147

67
143
132
105

73
"

142
10

B7
A5
12
13
60

88
92
30
61
90

132
-2
100
L)
45

128
106
109
64
28

&0
99
A4
43
74

4
120
62
116
208

28888

°?

Density
n 20.25°C
fomi”')

0.78
095
0.95
o8
087

0.80

s
0.94

[
1.30

1.26
2
[

1.10

0.7
0.88
0.8
0.81
0.72

0%4

0.96
0.94
0.79

1.03
118

1.02
092

097
0.90
092
0.79
069,

0.83
0.87
143

0.90
1.26

0.83
on

13 14
Number of
threshoids

Water«pit periormed

dhistribution

mio lw/v) [ 14 water

012 6 -
4600 3 2
2400 B 2

064 1 -
2300 - 1

1.2 1 -

] -

1 2

d 1 -~
13 3 2

10 2 3

38 2 -

1200 - 1
2 -~

19 000 000 1 -
1200 6 1

1 -

640 3 -~
23 1 -
-170 2 1
1 -

4GB0 6 2
400 3 -

2 k]

2 -

2700 7 1
840 2 -
0.051 2 -~
3100 000 1 -
2 1

16 000 1 -
180 8 )

74 2 1
4800 13 5
2400 3 3
B8O 1 -

29 2 3

33 1 -

1.8 1 ~

0.12 4 1

1 1

20 8 2

180 2 -

d 2 1
28 7 -

120 1 1
2 -

39 12 1
2 -

] 2 ~
d 1 -
590 92 4

18 00C 4 5

11 000 2 3

d v -

DO A 039767
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Tabie 2(a) =Continved

Substance

Halothane
Heptane

Hexachlorocyclopentadiene

Hexachloroethane
Hexane

HMexylene Qlycol
Hydrazine
Hydrogen bromde
Hydrogen chiorde
Hydrogen cysnide

Hydrogen tivoride
Hydrogen selende
Hydrogen sulfide
indene

odoform

Isoamy) acerate
{soamy! atcohol
Isobuty! acetate
isobuty! sicoho!
Isophorone

1sopropy! acetate
Iscpropy! alcoho!
fsopropy lsmine
Isopropyl ether
Maleic anhydride

Mesity) oaxide
2-Methoxyethano!
Methyl scetate
Methy! acryiate
Methyl acrylonitrile

Methyl alcoho!
Methylarmine

Methy! namy! ketone
N-Meithylandine
Methy! nbuty! ketone

Methyl ehioroform
Methyi 2-cyanoacrylate
Methylcyclohexane
¢i5-3-Methykkyciohexano!
Methyiene chiornde

Methyt ethy! ketone
Methy) tormate

Mrethy) hydrazine
Methy) isoamy! ketone
Methy! sobutyt carbinol

Methy! isobuty! ketone
Merhy! socyanate
Methy! 130propy! ketone
Methyl mercaptan
Methy! methacryiste

Methy! n-propyl ketone
a-Methy! styrene
Morpholine
Naphthsiene

Nickei carbony!

1

Threshold
fimit vaflue
{pom; viv)

wﬂ
400
0.0t
10
50

25
0.1

0.02

05
00

10
0.05%

2
Volstility
st 25°C
(ppm:viv)

2200
~a9

7100
4300
26 000
16 000
450

79 000
%7 000
740 0OO
210000

~170

13 000
16 000
270 000
110 000
88 000

160 000

640

160 000
~530
61000
710
550 000

130 D00
760 D00
65 000

7800

9500
630 000
39 000

52 000

21000

3800

13 000

120

520 000

3

Air oot
threshold
{ppm, viv)

33
150
0.030
0.8
130

S0
37
20
0.77
0.58

0.042
0.30
0.0081
0.015
0.0050

0.02%
0.042
0.64
16
0.20

2.7
22

1.2

0.017

0.32

0.45
23

46
0.0048
7.0

100

035
19
0.076

120
2.2
630

250
b4

1.7
0.012
0070

0.68
21

1.9
0.0016
0.083

"
0.26
0.01
0.084
0.30

24

Swndard
arfor
/<)

1.7
5.1

20

11

2.2
1.9

1.2

1.5
38
18

16
13
1.8
20

29
1.8
28

%
26
35

20
46
21

23

23
20
1.9

2.2
4.0

19
3.3

Sate
Gihutdn
facror

850
670

850
3200
1400

11 000

88 000

100 000

1300
1000

470
180

14
5500

7500
330 000
no

190
32 000 000

2 000 000
620

10

670

12

10 D00 OOD

Do

e 0.
ONET DFN?T? ;o8

Odot
winy
factor

1.5
2.7
0.34

0.37

0.5%0
0.027
1.5
6%
17

n
0.17
1200
690
120

3600
2300
230

25

93
18
41
15 000
0.77

33
2.1

2100
0.14

20

31
140

0.28

28

0.9
0.63
0.70
0.40

37
0.147
0.12

4200

73
0.0094

100

1200

18
170

120
0.17

A
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Tabk 2{bl~=Continued 9 10 " 12 12 14
’ Number of
thraahdith
Water TLV Sohubelity Water odor Moleculsr  Density Warer-gir parformed
equivelent "n25°C threshoid weight ® 20-25°C  distribution
Sutntance {(ppm, wiv) {opm. wiv) (ppm, wiv) {9 tom™'} ™o (wiv) [ 3 witet
Halothane (0.44) 3400 (0.29) 197 1.87 1.1 1 -
Heptane 10.020) 29 {0.0073} 100 ¢ 068 0.012 4 -
Hexachloracyclopentadiene 0.0026 20 0.0C77 273 V.70 23 1 1
Hexschioroethane (0.65! 50 (0.010) 23 ' 8.7 - 1
Hessne {0.0024) 5 (0.0064) 86 066 0014 2 -
Hexylene glycol - 18 092 1 -
Hydrazine {B/8.9) - 160 32 1.0 2 1
Hydrogen bromide (A} 1 200 000 d 81 ] d ) -
Hydrogen chionide (A) 500 000 d 36 [} d 6 -
HMydrogen cysmde (A/9.2) 30 - 0.7 7 0.7 270 2 3
Hydrogen fiuonide (A/3.2) - d 20 0.96 d 2 -
HMydrogen selenide (A/3.9) {0 00035} 6800 {0.0021) 4] [ 21 1 -
- Mydrogen suthide (A/7.0) (0.036) 3500 (0.000029) 34 '] 26 25 1
Indene {0.18! ~40 10.00026! 116 .0 37 1 1
todoiorm 13 10 0.011 394 s 130 3 -
Isoamy) acetate - 66 1400 0.017 130 0.87 C120 8 32
Ioamy! sicoho! 630 26 000 027 ag 0.80 1700 5 3
tsobuty! acetate 34 5900 015 116 0.87 4B 3 1
isobuty! slcohol 310 000 10 74 0.80 200 7 ]
{sophorone 140 12 000 54 138 092 4800 1 -
isopropy! acetate a7 30 000 1.0 102 0.87 92 4 -
fsopropy | sicohol 3000 - 160 &0 0.8 3000 12 4
Isopropylarmine (B/10.5) 20 - 49 59 0.69 ~1700 2 1
tsopropy| ether 12 10 000 0.00080 102 0.73 " 1 -
Maieic anhydride d d 98 1 d 1 —
Mesityl oxide 35 29 000 10 1] 085 670 2 -
2-Mettoxyeihano! - 76 097 2 -
Methyl sceate 130 220 000 3.0 74 093 20 & -
Methy! acryiste 4.5 49 000 0.0021 86 0.95 130 1 -
Methyl s rytonirile 0.29 25000 21 67 0.80 10 1 -
Methy! slcoho! 1500 - 740 b V] 079 5600 13 4
WMethylamine (B/10 6) 74 550 000 24 3 ] 580 2 3
Methy! n.amy! ketone 40 4300 0.28 14 0.81 170 2 2
N-Methylanitine (B.4 B) 53 6700, 18 107 099 2400 1 -
Methyl n-buty! kerone 17 16 000 0.25 100 0.8 800 1 -
Merhy) eftkeeaform (2.8 1300 (0.97) 133 .34 1.4 3 -
Meihyl 2¢yanoacryiate m 1 1 -
Methyicyclohexane 10.092) 14 0.15) o8 0.77 0.057 1 -
c15-3-Methyicyciohexano! 860 9300 8600 114 09 2800 1 -
Methyiene chionde 36 19 000 R} s 1.34 10 4 1
Methy! ethyl ketone 310 210 000 84 72 0.80 630 8 i}
Methy! formate 25 170 000 180 80 097 100 3 -
Methy! hydraz ine (B/7.9) - L] 0.87 | -
Mrihy! isoamy! ketone &6 5400 0.013 114 0.81 240 1 -
Methy! isobuty! carbino! 83 1€ 000 0.5 102 08 510 1 -
Methy! mobuty! ketone [-¥ 18 DOO 13 100 0.80 460 5 -
Methyl socyanete d d 87 096 d 1 -
Mrthy! sopropy! ketone 320 60 000 n ‘8% - 0.80 460 1 ]
Methy! mercaptan (A/10.7) (0.007%) ~14000 {0.000024) 48 [ 76 8 2
Methyl methacryise 30 15000 0025 100 0.94 73 4 1
Methyl n-propy! ketone 270 54 000 1% ) 0.81 380 2 1
a-Methy! tyrene 74 $60 0.043 1e 091 n 3 1
Morpholine (B/8.7) - 87 1.00 1 -
Naphthslene 25 30 0.021 128 s 47 6 4
Nicke! catbony! {0 000012} 130 (0.0000721 N 132 0.035 3 -
25 DO A 039769
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Tobie 218)-Continued

] 2 3 4 8 7
Thveshold Volatility Ajr odot Swandarg Sote Odor Odor
limit value n25°C threshold error dilution ety wfety

Substance (ppm: viv) (pom, viv) topm, vAV) /) factor factor class
Nnrobenzens ] 360 0,018 1.7 360 S6 [ ]
Nitroethane 100 27 000 2.1 - 270 46 8
Nitrogen dioxide 3 [] 0.39 26 330 000 78 [
Nitromethane 100 47 000 35 - 470 29 [}
1-Nitropropane 25 13 000 1" 4.2 620 2.3 [
2.Nitropropane 10" 22 000 70 22 2200 0.14 3
m-Nitrotoluene 2 ~ 280 0.045 - 140 45 8
Nongne 00 6000 47 41 30 43 C
Ocrane 300 18 000 48 3.2 81 6.3 c
Osmium tetroxide 0.0002 12 000 0.00189 - 61 000 000 0.10 E
Oxypen difluonde 0.05 [} 0.10 - 20 000 000 0.50 o]
Ozone 0.1 9 0.045 19 10 000 000 2.2 c
Pentaborane 0.005 270000 096 - &4 000 000 00052 &

. Pentane 600 670 000 400 19 1100 15 [

Perchioroethylene 50 25 000 27 1.8 490 1.8 [
Phenol -] 460 0.040 1.5 92 130 B8
Pheny! ether’ | 20 00012 2.7 -29 800 A
Pheny| mercaptan 05 2000 0.00094 44 4100 530 B
Phosgene 0.1 [ 0.90 1.7 10 000 000 on E
Phosphine 03 [} 0.51 25 3 300 000 0.58 D
Phthalic anhydride 1 067 0083 - 0.7 19 c
Propane 140 000' 0 16 000 13 7 88 c
Propionic acd 10 5400 0.16 1.8 540 [} -]
n-Propy! acetate 200 43 000 0.67 47 220 300 B8
n-Propy! sicohol 200 26 000 26 1.7 130 78 B
Propylene 140 000’ 0 7 a0 7 1800 A
Propylene dichlionide 75 69 000 0.2% - 920 300 8
Propylene glycol 1-methyl ether 100 16 000 10 - 160 10 c
Propylene oxide 20 700 000 a4 45 35 000 045 D
n-Propy! nitrate 25 30 000 50 - 1200 0.50 D
Pynidine 5 27 000 017 1.4 5300 30 B
Quinone 01 130 0084 30 1300 1.2 c
Styrene &0 9600 032 20 190 160 B
Sultur dioxide 2 -] 1A 13 S00 000 1.7 C
1.1,2,2-Tetrachioroethane 5 8400 15 21 1700 34 c
Tetrahydrofuran 200 230 000 20 54 1100 29 B
Toluene 100 37000 29 16 a7 34 B
Toluene-2 4-Cisocyanate 0.008" - 017 29 4200 0.030 E
o-Toluidine 2 330 0.25 4.1 170 8.0 C
1,2 4-Trichiorobenzene 5 570 14 21 110 36 c
Trchioroethylene 50 89 000 28 1.2 2000 1.8 (=
Tnchiorofluoromethane 1000 [} 50 - 1000 200 B
1.1,2-Trichloro-1,2,2- 1000 430 000 45 - 430 22 c
trifiuoroethane
Triethylamine 10" 93 000 0.48 2.1 9300 n ¢
Trimethylamine 10" ® “0.00044 1.4 100 000 23 000 A
1.3.5 Trimethylbenzene 25 3600 0,65 19 150 45 B
Trimethyt phosphite 2 34 000 0.00010 - 17 00O 20 000 A
n-Valeraidehyde 80 2% 000 0028 2% 420 180C A
Vinyi scerste 10 140 000 0.50 16 14 000 x c
Vinyl chioride 5 9 3000 37 200 000 00017 E
Vinylidene chionde g" 790 000 190 32 180 000 0.027 €
Vinyl 1oivene 50 2400 10 - 48 50 c
m-Xylens 100 11 000 11 24 110 92 8
2 & Xyhidine 2 180 0.05% - 1Y 36 B
26
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. Tebie 2(b)—Continusd

Substence

Nhtrobenzene
Nitroethane (A/B 4)
Nitrogen dioxide (A)
Nitromethane (A/10.2)
1-Naropropsne (A/~ B)

2-Nitropropane (Af7.7)
m-Narotoluene

Nonane

Octane

Ormmum tetroxide (A/12.0)

Oxygen difluoride
Ozone
Pentaborane

_suw-fleniane

Perchioroethylene

Prenol (A/10.0}

-Phcnyl ether ’

Pheny! mercaptan (A/6.5)
Phosgene

Phosphine

Phihalic anhydride
Propare

Propwonic acd (A/4.9)
n-Propy! acetate
n-Propy! alcohol

Fropylene
Propykene dichloride

Propywne glycot 1-methy! ether

Propylene oxide
n-Propy! nitrate

Pyridine (B/5.2)

Qumone

Styrene

SuMur dioxde (A1 D)

1.1.2,2 Terrachioroethane

Tetrahydrofuran
Toluers

Toluene-2 4-disocysnate
o-Tolwine (B/4.4)

1.2 4-Trichiorobenzene

Trichloroethylene
Trchiorofluoromethane
1.1.2-Triehloro.1 2 2-
wifiuoroethane
Triethylamine (B/10 8)
Trumethylamine (B/9.7)

1,3 5-Trimethylbenzent
Trmethyl phosphite
n-Valeraldehyde

Viny) scetste

Vinyl chioride

Vinylidene chionide
Viny! toluene
m-Xylene

2, 4.Xyhidine (B/4.9)

-}
Weter TLV Solbility
squivalem n25°C
{ppm, wiv) (ppm; wiv)
6.0 2100
100 27 000
d d
260 110 000
29 15 000
716 16 000
36 500,,
(0.0056) ~0.17
0.011) 0.66
0.0012 69 000
(0.0000054jd  100,.d
(0.00064) 6100
d d
(0.033) 38
031 150
1000 85 000
150 4300
0.15 610
d d
(0.00011} 370,,
d d
(9.0 62
17200 -
92 19 000.,
1800 -
(50} 350
(3.0} 2800
14 370 000
7.4 BB0OO ..
28 -
1 14 000
1.7 320
019 88 000
1.7 2900
-
(1.4) 540
d d
- 2] 15000
(0.23) ~26
{0.55) 1100
a8 71 000
4.5 410 000,,
{0.67) 97
d d
29 12 000
1.8 25000,
{0.0057) 1100
10.041) 6400
(FAY ~ 100
1.6) 170
66 6400

10

Waeter ador
threshold
(ppm, wiv)

0.1
2.2

9
12

63
0.080
(0.0013)
(0.0017)
0.012

(0.000011)d
{0.00028)

10.022)
017

79
0.18
0.00028

{0.00020)

(1.0)
28

0.31
23

(0.028)
(0.010)

N
15

0.9%
9.3
10.011)
0.1
0.50

10.042)

"
{0.064)

031

0.42
0.00020

0.015)

0.01?7
0.088
34)

(1.5)

104

0.0v7)
18

"

Molecutar
weight .
{g)

123
75
a6
[ 3]
89

89
137
128
14
254

54
48
&3
72
166

170
110

148

74
102
60

42
13
90
5B
105

79
108
104

168

72
92
174
107
81

3
13?7
187

101
59

120
124
8
86
62

97
1ne
106
>

12

Density
" 20-25°C
fpmt-")

1.20
1.08
]

KRE!
1.00

0.98
1.6
072
0.70
$

[
[
0.63
062
1.6

107 -
1.08

1.05
0.98
0.90
1.60
089
0.86
1.22
1.00
1.45
146
1.49
156

0.73

n

Water-air
distribution
oo (w/vh

1200
330
d .
1000
310

210

320
0.0054
0.0077

580

0.045d
32

0.018
0.90

52 000
21 000
66
d
0.27

d
0.036
56 000
10
3600

0.21
88

300
69

1700
25000

7.8
37

as

10 000
6.

21

0o
190

5.4
170
0.44
20
8.7

37
6600

14

Number of

thresholds
performed

[ 114

13

.

- R R s .

W=

-t

LR RSN,

witer

- .| - N

P Y Nwo -

w| N

-

- ] W =0

- -y Ny

-

| -w | w




Binory steps (log,)

T
98 - : +2c
95 - |
- 1
: 90 »_-__...:.......... L ‘-
o | DETECT : se
v 80 | . o
c €
= 70 | [ -
o | { 4
v 40} 1 2
- ! ! B
g so . Y w2
¢ 40 E | D : s
& 30} ! : )
s ] °
s ] - .
= ! 1 &
5 1W0f----f - 4
© ! | 1
a S5F ! | '
1 § }
2 1 : ! = -%
1 [ LT | I N D UL R N W LI 1
01 1 2 50 100 1.000 10,000

Odor sotety foctor (multiple of threshoid)

A practical guide to the quantitative interpretation of
odor safety factors. The coordinates are log/probit, so care is
required in interpolating between marked intervals, The sloping lines
indicate the percentages of the population expected to respond to
various fractions or multiples of the mean detection threshold
concentration (1,0 on the x axis). The detection line represents the
performance of fully attentive persons under good laboratory con-
ditions. The warning line shows what may be expected for
distracted persons under factory or field conditions. The warning
line is based on the results of Whisman et a/.'® for the gas odorants
ethyl mercaptan and thiophane.

Odor mfety clasification
Odor satety

Cims tacror interpretation

A > 5§50 More than 0% of distracted persons perceive
warning of TLV concentration in the air

B 26-550- S0-D0% of distracted persons perceive warning
ol TLYV

c 1-26 Lass than 5D% of deracted persons perceive
warning of TLV

D 0.18-1 10-50% of sttentve pereons can detect TLV
CONCENTIAtION in the air

[ 3 <018 Lass then 10% of sttantive persons cen detect
the TLV

oprer 28 Lgl o mudd & oK Rt
M IS~ A N .
?} " .z...p'lowym.al.-,-d-.. Cso% n.?iz;) 6-500)1 /.‘702.'3,.,41.-)

ur.




Irritsnt threshold concentrations of ten industrial chemicals.

1 2 3 4 11
brritation threshoids Ratio of

Odor irritmion frritation

threshold Nose Eye and odor hazard
Substance {ppm; v/v} (ppm.viv) (ppm. viv) thresholds tactor
Acetaldehyde 0 065 2200 11000 33000 22
Acetic scid 0.16 160" 1000 16
Agroien 1.8 " 12 6.1 110
Ally} sicohol 1.4 30 -] n 15
Benzy! chiornde 0.040 35 8.0 200 8.0
a-Chioroacetophenone 0.040 0.034 0.022 0.55 0.44
trans-Crotonaldehyde 0.1 14 9 130 70
Formic said 130 1100° 85 %
Propionic acrd 0.24 370° 1500 37
Pyndine on 700" 990 140
® Detecrion threshold {or & general anosmuc,

go A 039773
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Odorization of Industrial ses

Typical odorization practice

Danger level
in air Threshold Concentration Safety
Gas % Odorant ypo PP ~ factor
Natural (methane) 5 t=Butyl mercaptan 0,00025 3 600
Bottled (propane) 2 Ethyl mercaptan 0.00076 15 400
Inert (azgon) 7 Ethyl mercaptan® 0.00076 (3 5508
Oxidant (oxygen) 2° Dimethyl sulfide  0.0067 6 18

~ & proposed ‘ + & L
b Tn addition to the normal 21% oxyzen in air; 4.e. s total level of 2% e f“

Propertiea of Puel=Cas Odorants

Threshold® Bosleb Preszene Holecuhrd Relative 'I‘LVf

Odorant PPM c c wveight reactivity PP

Rydrogen sulfide 0.0081 (26) =62 =83 34 5,000+ 10
Methyl mercaptan 0.0016 (10) 6 -121 48 1,800 0.%
Ethyl mercaptan 0.00076 (13) 36 =148 62 230 0.5
n-Propyl mercaptan 0,0017 (5) 68 -113 76 98 -
n-Butyl mercaptan 0.00097 (6) 97 -116 , 90 91 0.5
t-Butyl mercaptan  0.00025 (5) 64 1 90 1 -
Dimethyl sulfide 0.0067  (10) 38 =98 62 208
Thiophane 0.00076  (9) 121 -97 8e -
Dimethyl disulfide 0,041 (7 110 -85 94 -

——

% In parentheses is the nunber of litersture references that were averaged.
b Helps to predict volatility and co-distillation.

€ To be considered for liquid or regenerated cryogenic guses,

d For comparing vapor concentrations )

® Relative to tert=-butyl mercaptan, arbitrarily set at 1,

1 Threshold Limit Value, to avoid sdverse health effects (U.S. standards)

€ USSR standard; none quoted in U,S.

30 DO A 03
A 977
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Proposed rating and assessment of individual olfactory threshold

pensitivities, using the pyridine scale for illustrative purposes,

Pyridine Sensitivity Approximate
scale step rating Sensitivity assessment frequency (%)Il
23 & adove $ +5 Ryperosmia 2
22 +4
High normal 14
21 +3 : .- : :
20 +2
Above average
19 +1
18 A Average 68
17 -1
Below average
16 -2 -
15 -3
Low normal 14
14 -4
13 -5
12 -6
Hyposmia 2
1 -7 .
10 -8
9 & dbelow € -9 Anosmia ~ 0,2
&L 0 £ ~1B Complete anosmia ~ 0,02

8 calculated for a normal distribution, sssuming SD 2 binary steps.

b3
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Factors affecting the normal smell sensitivities of
healthy people. Thresholds are for pyridine in water,

Class of peuona‘ Factor Threshold
(ppm)
Average 40 yr. man 1 4.0
Average woman 1 4,0
18 yr. person 0.5 2.0
é2 yr. person 2 8.0
Moderate smoker 1 4.0
Smoking during test 4 16
Cheving during test 4 16
Head cold 4 16
Nasal allergy 4 16
Un-trained 1.4 5.6
Un-directed test 4 16
Mis=directed test 26 100
Odor recognition threshold 3 12

& Understood to be average 40 yr. persons, unless indicated,

1397 7¢
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A classification of chemically induced hyposmias, according to

the extent of the exposure and the duration of the resulting hyposmia,

Exposure Hyposmia Duration Examples
Temporary minutes HZS HCN
ACVUTE ‘
Recuperable weeks ste ZnSO4
(sec/min/nr)
: Fermanent years _?00;5 S0,
CRONIC Recuperadble weeks Acetone
(mo/yr) Permanent years ZnCrO4 c1,

gty > R, Lopiaally im spprse G s . (8 kD

039777

A
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Substances Reported to Cause Acute Oifactory Injury in Man, Resulting in Temporary, Recuperable,
or Permanent Hyposmias,
The table concludes with ones cass of chronic, but recuperable, hyposmis.

tncidence of hy posmia
Exposure
Olfactomatric  Frequency
Substance Conc. Time mathod (percant) Assasment
A. Azute exposure, temporary hyposmia
Formaidehyde min symptom - hyposmis
Hydrogen cyanide (714 symptom anosmia
Hydrogen saienice 0.3 ppm min symptom hypotmia
Hydrogen sulfide 100 ppm  sac symptom . anosmis
B. Acute exposure, recuperable hyposmia
Hydrogen selenige pes 2sech symptom  ° 1 case ancsmis
N-Mathyl{ormimino-methylester . sat.vap.  2sec symptom 1cme snosmia’
Sulfunc acid 5%s0in.* 23 symptom 1 s anoamis
Zinc sutfete 1% soin.t  sec symptom -} anoamia
C. Acute exposure, parmanent hyposmis
Cesspool h symptom 1 case snosmia
Decomp. cadaver h symptom 1 cme anotmu
Pepper h mi
o :0' powder 200 symptom 1 case “ch:mi':~
Phq‘phoml oxyehioride sec symptom 1 case SO0TID
Sulfur dioxice 270ppmi 23 symptom 1 case snosmis
D. Chronic exposure, recuperable hyposmis
Acetone -h )
Tetrahycdeofuran Imo recognition 1 cane vposrmo. o
Cyciohexanone phantosmia

*Panient foll into s disinfactent bath, the anosmia may have been an indirect consequence of the resultant chronic rhunitis.
TNasel spray intended as a prophylactic against pohiomyehtss.

$Concentration seems undersstimated. This wes the headspace of a 6 percent solution of sulfurous acid, which is nesrly satur.
ated with sulfur dioxide,

§ ' Twosec exposure’” indicates a single sniff or inhalation.

IContirmed in tes1s with mice (5). After 0548 #xposure 10 the satucated vapor, 80 anosmia of = 20 binary steps severity
rasulted, which persisted for 3 weeks,

#Tarms for olfsctory perceptual abnormalities (30), cacosmia, obnoxious smell seruation caused by normaily plaasant or
neutrs! odorants; phantosmia, Persistent odor senwstion, even when no odorant is inhaled.
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Meuatlurgical Processes Considered Responsible, on Chronic Exposure,

for Permanent Hyposmia in Man

Incidence of hypoemis

Expoture Otfactometric Frequency Rating
Substance time {years) method (percant) {stepx) Asssmaent
Chromium 15 Elberg 7 {(—=0.7)  below aversge
Chromium plating 4 recognition ¢cohont low normal
Laad 8 Enberg 32 -081t  below average
Lead (severe intox.) Eisborg cohort -12 below average
Lsad (severe intox,) Etsberp cohon -13 Delow aversge
Magnet production® 10 racognition 10 cases hyposmis
Mercury (chronic intox.) 29 Etsberg 85 -35 low normel!
Nickel plating 4 recognition cohort * low norma!
Nickel refining (electrolytic) >5 recognition 33 - ahosmia
Sitver plating : 6 recognition eohon below average
Steel produttion 4 Elsberg [} <=-33 fow normal
Zinc production 5 Eisberg 3 <=27 low normat

%%a-ﬁ

*iron, 'k'luminum, nickel, cobalt, end chromium powders.

taust one worker was affscted, and he had a unilateral hyposmia.

Metallic Compounds Considered Responsible, on Chronic Exposure, for Permanent Hyposmia in Man

Expomurs incidence of Hyposrma

Conc. Time Oifactomerric  Frequency  Rating
Substance {my/m?)  (yean) method (parcent) {stops) Agsagsment
Cadmiur compounds Eisberg 13 anoimis
Cadmium compounds * 13 ? Eisberg 66 hyposmia §
Cadmium oxide 3 recogmition 1 case [T,
Cadmium oxide ot .
Nicke! hydroxide 80 20 symptom " snosmi
Cadmium oxide 053
Nickel hydromde 0.01 15 Proetz 27 <=75 hyposmi
Chromate salts 18 TAT 27 < —18 aNOLTLS
2ine chromate 10 10 Roseburg 30 -7 hyposma'

*Oxide, sulfate, carbonate, oitrate, sulfide, seienice, stearate.

tBefore dust controt.
$ After instaliation of industrisl hygiens squipment.
§ The hyposmis was amehiorated by giving caftene.

BA followup study on 11 of the same workers 4 ysars iater (afrer regucing the chrome.dust exposure in the factory) showed no

recovery of olfactory performance {99).

35
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Dusts Considered Responsibls, on Chronic Exposurs, for Parmanent Hyposmia in Man

Incidence of Hyposmia

Exposure Ottactometric Frequency Rating
Substence time (ysany) mathod {porcant) rops) Aspmsrent
Cament Proetz 2 hyposmia
Chemicals Proeuz 8 <—885 hyposmia
Hardwoods symptom & ANOSTUA
Hardwoods symptom NOEMiR
Lime Proe1z [ ] hyposmiat
Printing Naus 24 -30 fow normal
Sticosis (first stage)® Elsberg cohort —-1.2 below aversge

*First., sacond-, and third4tage silicosis cohorts all showsd atbout the same olfactory deficit,
tDsmage to the olfectory epithelium, sensory cells, and bulbar fibers wes obssrvad in rats expossd 2 months in the

dustiest lacations in the factory (64).

Nonmetallic Inorganic Compounds Considered Responsible, on Chronic Exposure,
for Permanent Hyposmia in Man

Exposure incidence of Hypasmia
Cone, Tims  Olfsctometric  Fraqueney  Rating

Substancs (mgid}  (yeans) method (percant) fetops) Anagsmant
~ Carbon duulfioe 15 Elsberg 22 ~34 ow norral

Carbon disulfide (average intox.) Ehberg eohort -2.,5 tow normal

Carbon disulfios (intox.) g2 20 Elsbergd " hyposmia

Carbon monpxide 13 recognition 1 care anotmis

Carbon monomde (intox.)* > 100 Elsberg anoLmis

Chionine 3 Prostz 20 <—686 hyposmia

Hydrazine Elberg eohort -08. baiow average

Nitrogen dioxide (NOy) } 3 e )

Ammonia 30 I's Ehwberg cohort -0.7 below sverape

Nitrogen dioxide (NO, ) ’

Sutfur doxide (S0,) " } Proeu 60 <-85 hyposmia

Sutltur dioxide 0 4 symptom 14 hyposmia

Sulfur dioxide 155 20 Elsberg cohort -3 low normal

Suttur dioxide } 80 } . ,

Ammonaa?t 132 T&T cohart -4 hyposmia

Sutfur dioxide ($0,1 1 .

Nitrogen dioxide (NO, ) >% Elsberg cohon -12 below sversge

Fiuorides (HF?) ..l

* Includes both acute and chronie intoxications,
tworkers exposed 1o ammonia sione showed no significant olfactory deficit,

$informauon given by Zank (11},

§ The hyposmia could be partially or completely reversed, for 1 or 2 1, by injections of catisine or eserine.
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Organic Compounds Considersd Responsible, on Chronic Exposuu"\'or Permanent Hyposmia in Man

Esposurs Incidencs af hyposmis
Conc. Time Olfactormatric  Frequency _Rating
Substance {ppm)  lysan) mathod (parcant) 'L(_l‘un) Assasrnent
X
Azstone 8 7eognInNon Y case hypormia
Acetophenone [] Eisberg 12 <—-23) low normal
Banzens 10 Elsberg cohort -08 below average
Benzine 400 5 Proetz 37 -6 hyposmua
Banzine
Ethyl acetate } 60 8 Eisberg 30 <=3 low normat
Butyl acriate A
Chioromethanes * Elsberg a4 -27 tow normal
Menthol racognition cohort . hyposmis
Manthol 45 symptom 1 case hyposmia
Pentachlorophenol -~ o symptom: 1 case . shoamiad
Trichioroethylene L T:00] 10 Naus . tohort ~-311  low normal
Trichiorotthylens (intermittent abuse)  sat. vap, 9 symptom 1 case compleie anosmia

*CH, C1, CH, Ct, . CHEY,, CCY, .

YTesiad at beginning of shitt, is., » permanent hyposmia. When tested at the end of the shift, an additional — 2.1 steps of temporary
hyposmia was gemonstrated.

$ May have been due to upper respiratory tract infection, Not occupational exposure,

Manufacturing Processes Considered Responsible, on Chronic Exposure,
fot Permanent Hyposmia in Man

incidenca of Hyposmia

Exposure  Oitactometric Fraquency  Rating

Substance time (yesrs) methed {percant) lsteps) Assasmunt
Acids (organic and inorganic) 7 Proetz 5 <=566 hypormia
Asphalt {oxidized) 8 Eisberg 18 €=23 low northal
Cutting oiis {machining) Elsberg cohort =08  belowsverspe
Fragrances 4 recognition 50 beiow average
Parny (lead) Nous 56 —29 lownormal
Paprika 4 Elsberg 4 hypotmia
“Pavinol” lsewing)® Elsberg" 85 <=23 low normal
Spices . n Novs cohort — 1.0 below sverage
Tobacco 12 Elsverg 1 hyposmis
Varnishes 10 recogmition 78 low norma!
Varnishea 3 Eisberg 1 hypowmnia
Waste-wster (refineryl 7 Eisberg 18 <~23 low normal

* A synthetic isather, The materisl contains & slightly volatile plasticizer, cubuty! phthalate, which may be responaibie for
the hyposmic effeet.

1 Tested a1 the biginning of the shitt, .., » permanent hyposmia. When tested st the end of the shift, an sdditional « 1.6
step of temporary hyposmis was demonstrated.
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Incidents! Reports of Industrie! Substances Suspected of an

Associstion with Hyposmia in Man, but with Insufficiant Detail ,

Substance Type of hyposms
Metaliurgical processes
Aluminum fumes Chromic
Arsenic Chronie
Chromium fumes Chronic
Copper tumes Chronie
Manganese fumes Chronic
Tin fumes Chronic
Vanadium fumes Chronie
2ine furnes Chronic

Metallic compounds
A

Alum
Arsenic compounds

Bis-(d-nhvldithimrbomuo)c_ldrnium

Chiorovinylarsing chlorides
Chromic acid

Copper arsenite
Dichromates

Lve

Osmium tetronide
Potessium sulfide

Silver nitrate

Strontium sulfide

Dusty

Corton

Cyamides

Flax

Flour

Potash

Nonmets!lic inorgeni¢c compounds
Amrmonia

Bromine

Five gus 1CO/S50,7)
Hydrazine

Hyorogen chlonde
Hydrogen fluoride
Nitric acid

Nitrogen dioxide (NOy)
Phosgene

Selernium dioxide

Sewer gn (M, 57)
Sutfuric scid

Acuts, recuperabie
Chronic

Acute, permanent
Chronic, permanent
Chronic, petmanent
Chronic

Chronie

Chronic, parmanent

Acute, recuptrable

Chronic
Chronic, permanent
Chronic
Chronic
Chronic

Chronic, permanent
Azute, temporary
Chronic, permanent
Chronic, permanent
Chronic, prmanent
Chronic, permanent
Chronic, permanent
Chronic, permanent
Acute, temporary
Chronc

Chronic, permanent
Chronic, permanent

38

Organic compounds
Acetsldehyde
Acetic acid
Acetonitrile
Acid chiorices

_Benzaldehyde

" Butylene glycol

Carbon tetrachloride
Chloroform
Dimethyl sulfste
Ethyl ether
Fluorine compounds
Formaldehyde
Furtfurs!
Halogen compouncs
lodoform
Isocyanates (TDI, etc )
Nitro compounds
Phanylens diaming
Selenium compounds (voiatile)
Sulfur compounds
Tetrachioronthane
Trichioroethane
War geses (WW 1)
m-Xylene
Menufacturing processes
Blasting powcier
Cos! wr tume
Perfumms (concentrated)
Rubber wicanization
Tanning

Chronic, permanent
p\ronic, permanem

Acute, temporary
Chronic, permanemt
Acute, permanent
Chronic, permanent

Acute, permanent
Azute, temporary
Chronic, permanem
Chronic, permanent
Chronic

Chronic

Chronic

Chronic

Chrome

Acute, temporary
Chronic

Chronic

Chronic

Azute, permanent

Chronic, permanent
Chronic, permanent
Chronic, permanem
Chranic, parmanent
Chronic, permanem

DO A 03978
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Industrial chemicals reported to reduce the sensitivity of

the trigeminal nerve to irritants.

Subatance Exposure Neuropathy Reference
Carbon monoxide Herberhold (197%)
Chloromethanes” Fokina (1967)
Dichloroethylene Koelsch (1959)
Smoke and aootb Schwadb (1965)
Trichloroethylene 1% hr 2 mo Feldman (1970)
Trichloroethylene 6 wk > 1yT Mitchell (1969)
Ttichloroethylenec 9 yr >1yr James (1963)
Trichloroethylened Barret (1982)%

8 CH,C1, CHC1y, CHCl,, CC1,
b

¢ Intermittent abuse,

d

Locomotive drivers,

e Includes literature review,

Also caused anosmia,

a

Of 188 chronically exposed degreasers, 17% suffered neuropathy.

Com e sl foa ot Mot s Folls s g sl vt ol
b bn 4£5-lz; 4““‘4]5;;;€;-z: oZhm nl iy, psd e *¢.J16>/¢3\‘;‘;£“"1-
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Average chronic exposure concentrations associated with hyposmia,

compared with threshold 1imit values (TLV, 8 hr TwA) recommended by ACGIH (1984).

Concentration Ratio

Substance Units Exposure TLV Exposur /TLV
Anmonia® 7 ppm 30 25 ' 1.2
Benzine 8 ppm 400 300b 1.3
Cadmium compounds 5 mg/m3 1.3 0.05 26
Cadmium oxide 5 mg/m 9 0,05 180
Cadmium oxide 5 mg/m’ 0.5 0.05 10
Carbon disulfide 7 PPM €2 10 6
Carbon monoxide PpPM » 100 50 52
Nitrogen dioxide ppm 3 3 1

(xc.)
Sul fur dioxide 7 ppm 90 2 45
Sulfur dioxide 7 ppm 159 2 -~ 11
Sulfur djioxide 7 PPM 80 2 40
Trichloroethylene 8 ppm 380 50 7
Zinc chromate ng/m3 10 0.05° 200

® Not proven to cause hyposmia at this concentration, See footnoteb of Tadle 7.
b TLV for gasoline.

¢ Suspected carcinogenic potential for man,

DOQ
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Odor pollution and odor amnoyanoe near industrial plants in the Ruhr.
Estimated data,interpolated from Pigures 3, 1 and 2 of Winneke and Kastka (1977).

Distanoe Pollution Odor-induced disturbances Degrees of annoyance by odors
Source from plant Odor units
Headache Nausea Sensory Sooial Somatioc
(meters) 50%  95% (%) (%)
Insulation 100 13 110 92 70 5¢2 4.0 3.5
plant
(phenolics) 400 5 16 58 45 3.4 2.0 1.1
:
plant ‘
{hydrocarbons & 400 40 450 74 64 4.5 2.8 2.4
sulfur opds,)
1400 20 100 T0 56 3.9 2.8 1.9
% Odor concentrations that were not exceeded 50% or 95% of the time, respectively
:#1 ] ’M/A:L 13 A 13x Hlued R cove.
Hp]
20
Z2D
Z
= D
)
mo
Zw
~ 0
=N
>
N




Prediced effects of ambient hydrogen sulfide level on frequency of odor
detection, mneensity of odor sensation, and incidence of annoyance by odor.

Hwydrogen Persons able Perceived odor Odor Persons annoyed
sulfide © dewctodor® inensityd wnitt by odord
{(ppb) (%8) (ratid) S0% (%)

200 99¢ 231 25 88

100 96° 193 12 ™
50 91 1.61 6.2 56
O B8 152 5.0 S0
35 87 1.47 4.4 @

30 83 1.4 37 40
25 80 1.34 3.1 37
20 74 1.27 25 31
15 69 1.18 19 2
10 56 1.06 1.2 1?7
8 50 1.00 1.00 11
6 42 0.93 0.7 6
4 30 0.83 0.50 5
2 14 0.70 0.5 2
1 6 058 0.12 1
0.5 2 0.49 0.06

& Based on adopwd mean dewection threshoM of 8.0 ppd and S.D. £ 2.0 binary seps.
b For those who can dewct the odor. Based on Lindvall's (1974) value for the inwnsity

exporent, p=0.26.

¢ Hydrogen sulfide level divided by mean dewection threshold (8.0 ppd).

4 Based on assumpton that mean annoyance treshol is 5 x mean dewcton threshold, end

S.D. £2.0 binary seps.

¢ Theoretical for a normal distribution. These percentages may be reduced by the

occurrence Bf selectuve smel-blirdness.
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cc: C. Royalty . Midland (2040)
C. Baldwin . Midland (1803)

Eeference: ODOR RS AN AID TO CHEMICAL SAFETY

I recently came across an article in the Journal of Applied Toxicology
which I have attached in full. Additionally I have extracted the major
raw materials that we handle in our 5/B Latex Plants; note the impact
of the probable change in the butadiene TLV.

The concept of an Odor Safety Class is, I felt, an excellent one as it
highlights those chemicals which -

*"YOU CANNOT SMELL BEFORE YOU ARE IN TROUBLE".
These chemicals are the ones which we need to put at the top of our
industrial hygiene monitoring program. We need to pay special atten-
tion to abnormal jobs (i.e., line breaking) and put extra effort into
plant design to minimize all exposures.

I intend to incorporate this idea into an update of our Industrial
Hygiene Manual and future Plant Audit Books. If you have amy data on
raw materials that are not covered, please send it to me and we will
distribute,

Do .

M—

x D
Dave Waite, Technical Manager . 0" E.bt"v E
S/B Latex Technology Center CET Y 19:{{
433 Building - Midland, Michigan ket

039786 -7 «. 70X 1.C.

Enc. (20 pages) Do ?DFNTTA\ PER/TLl.f\DX
CONF .’“Aﬂ"'
dor & ’
- ]
hi

AN OFERATING UNIT OF THE DOW CHEMICAL COMPANY You .
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S/B LATEX RAW MATERIALS

ODOR SAFETY CLASSIFICATIONS

Threshold Air Odor

Limit value Threshold Odor Safety
RAW MATERIAL (ppm; v/v) (ppm: v/v) Classification
Acrylic Acid =——=~—m—cma—ao 10.0 =——===mmmue 0.094 ~==--—mmm=w- B
Acrylonitrile ==—s-=-—=au—-a 2.0 ~—ommomeem 17.000 —=====eem—m= E
Ammonia s—=rem—e e —— e 25,0 wrm—mm————— 5.200 —--==cmmm—— c
Bromoform =—-—-m=--=m=—m=am- 005 wommmmmmmne 1,300 —m—rmmmmm—ee D
Butadiene (Current) ------ 50.0 —===—=—mwo—mm 1.600 =~——===om=——= B
Butadiene (Proposed) =——~-= 10.0 =—vmmrmmm——— 1.600 ==wmemmmmmee c
n-Butyl Acrylate —-----c-- 10.0 wr—=m—em——— 0.035 ==r==cc—m—ua B
Carbon Tetrachlorjide =~---—-- 5.0 cmrmm—nmne 96.000 ~===—m——=——== E --w—
Formaldeﬁyde —————————————— 1.0 ~——rm==mmme 0.830 =—m-—emmm—me c
Styrene —----------e——eao- L 0.320 ==w——m=mmaa— B
Vinylidene Chloride —-=«=~-- 5.0 === 190.000 ~====ureeeea E

ODOR SAFETY CLRSSIFICATIONS

Odor Safety
Class : Factor Interpretation

R More than 550 —---- More than 90% of distracted persons
perceive warning of TLV concentration
in air.

B ~-e—- 26 to 550 —-=w—m-= 50 to 90% of distracted persons pexrceive
warning of TLV.

C =-—-m= 1 to 26 ==-—==—==- Lzss than 50% of distracted persons

- perceive warning of TLV.

D =—--- 0.18 to 1.00 ~~--~ 10 to 50% of attentive persons can
detect TLV concentration in the air.

E -——-- Lzss than 0.18 --- Less than 10% of attentive persons can

detect the TLV.

D. Waite
08-21-84
dgr
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Odor as an Aid to Chemical Safety: Odor
Thresholds Compared with Threshold Limit

Values and Volatilities for 214 Industrial Chemicals
in Air and Water Dilution -

John E. Amooret
Olfacto-Laby, PO Dov 757, El Cerrfio, Callfornia 94530, USA

Earl Hautala

Westesn Regional Research Center, US Depsrument of Agpriculture, Agricultural Rescarch Service, k;hky.
Califern 94710, USA

Key words: odot thieshold; threshol limit value: volatility; solubility ; dlstribution ratio; chemical salety.

The body of information in this paper Is directed to specinlists in Industrial health and safety, and aiz and
wiater pollution, who meed quantitative data on the odor thresholds of potentially hazardous chemical
vzpors and gases. The Brerature, largely unocganized, has been reviewed for 214 compounds and condensed
into tables based on consistent units. Data on the volatility, solubility, fonization snd water-air distribution
tatio at 25°C are included. From the currently recommended threshold Uimit value (TLV), 2 safe dilution
facter and an odor safety factor are calculated for each eompound. The equivalent data sre presented for
both ait and water dilutions of the chemicals, Availzble data are summarized on the variability of edor
sensitivities in the population, and the increased odor concentrations that are requiszed to elicit responses
from persons whose attention is distracted, or who are sleeping. This Information is reduced to calibration
charts that may be used to estimate the relative detectability, warning potentizl and rousing eapscity of the
odorous vapors, Each compound has been sssigned a letter classification, from A to E, to Indicste the
murgin of safety, if any, that may be alforded by the odor of the compound as 3 wamning that s threshold

3

TP LINSQL 9Np
BEL6580 ¥ g

-

limit value ls belng exceeded,

INTRODUCTION

The human sense of smell, although not as acute as that of
some other mammals and certain insects, can be a valuable
source of information about chemicals in the envitonment,
The nose is exceedingly sensitive to certain repulsive-
smelling compounds, produced In trace amounts by patho-
genic or putrifying bacteriz and molds, such as methyl
mercaptan, trimethylamine, I-pyrroline and isovaletic acid.
Althcugh these chemicals themselves ate generally harmless
to man in the concentrations occurring naturally in air,
waler or food, heighitened odot sensitivities to them may
have developed fiom the protection offered against
dangerous or fatal infection or food poisoning.

With the advent of the industrial revolution, persons
have been exposed to diverse chemicals, many of which are
commonly found in workplace seftings at concentrations
much higher than ovcur naturally. Some of these pose an
inherent risk to health at censin concentiations. In
recognition of this potential hazard, the American Con.
ference of Governmental Industrial Hygienists (ACGIID
publishes an annual listing of Threshold Limit Values
(TLV).' (TLV® is a tegistercd tademark of ACCIH, whom
we thank for peimission to use the TLV designation in this
paper.) The TLV used in this paper is the time-weighted
averags value. Based on the best available industrial health
data, it is defined a3 the time.weighted average concentra.
tion for a rormal 8-h work-day and 3 40.h work-week, to

1 Author to whem correspondence should be addiessed.

which neasly all workers may be repeatedly exposed, dzv
after day, without adverse effect,

The actual concentrations of specific chemicals in the
working environment can be wmpled and analyzed ty
various chemical and instrumental means, to determire
whether the TLV is being exceeded, The necessary equip-
ment, however, is often expensive, cumbersome and slow,
and requires professional skills 1o operate and interpre:.
Nevertheless, there is a little.considered slternative, the
human nose, that could serve as a first-line warning system
for hazardous concentrations of many chemical vapors The
nose {s peifectly placed 1o sample the inspired sit, monitery
rapidly and continuously, and may even excesd the yens.
tivity of the best instruments. It is, however, at best only
semi-quantitative, and it requires calibration to determine
its sensitivity to those cheinicals that are of importance i
industiial practice. In this regard, it is necessary to evaluate
the Incieased concentration of 3 compound that may be
tequired to alert the 3verags pecson to the presence of an
odor, while engaged in another activity which requites
attention. The typical variability of the population for odr

sensitivity and responsiveness should also be tlen inta
consideration.

METHODS

Literature search for basic data

A search was conducted for the olfactory and physiochery-
cal characteristics of all volatile tompounds and gases Yisted

CCC-0260-437X/3)'000)-0272309.50
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ODOR AS \N AID TOCIHEMICAL SATETY

im the Threshold Limit Values' for 1982, The first objective
wis 1o find literature values for the odnr-detection
thresholds, measured by dllution In either air or water.,
Dilution of odorants in 3ir can be achleved cither dynami-
eally. by adding 3 calibeated flow of ndorant vapor to an
au-stream, or statically. by dispersing 2 known amount of
odarant In a vessel or chanber. In the water-dilution
procedure, the odorant is prepared a3 3 series of aqueous
dilutions in closed. partially filled vessels from which the
head-space vapors can be sniffed. Previous reviews Include
those of Laffort,! Patte er of.,! van Gemnert and Netten.
breijer,® van Gemiert,! Fazzalarl® and the ACGIH Ducurmen-
tation of Tlveshold Limit Vahies,?

If, for any compound, 3n odor threshold could be
located, then a fusther search was conducted for relevant
physical data. The molecular weights, liquid densities and
lonization constants {of acids snd bases) for these eornmon
compounds ¢an be found In laboratory handbooks. The
vapor pressures at 25 °C were usually interpolated by linear
regression computations from the tables of Stull.* Solu-
bifities In water at 25 °C were often Interpolated graphically
from data collected by Seidell and co-workers,'® " More
current Information Is given in Verschueren's handbook."?
Certain missing data on vapor pressures, solubilities, loniza.
tion constants, and also occasionally data on the air-water
partition coefficient, were found in Beilstein's Handbuch™

" In practically every case, we consulted the original and Wts four supplements. A few solubilities wete estimated
< articles, 30 as to minimize errors of transcription, caleula- by extrapolation of homologous series or by comparison
- tion or duplication. Nearly all of the odor thresholds and with jsomers.
" teferences are available in the recent comprehensive com- The air-water partition coefficient describes the relative
By plations by van Gemert,“® If an author gave only a distribution of 3 chemlcal In this two-phase system. Quanti.
:i tecognition  threshold, this  was  accepted, because tatively, it is the 1atlo of the concentrations of the chemical
o, recognition of an odor requires on average only about three in air and water (both expressed as g 17') at equilibrium.
- times the detection threshold concentration.? For compounds of finite water solubility, the coefficient
¥ Table 1. Literature odor thresholds for n-butyl aleohol®
- Water dilution threshold Alrdilution threshold
_:’, Origiral data gi*! Origina! data gt First eterance
T 1 ugn 1.00%10" Passy, 1892
- 0.565X 10" mot 17! 4a18x10°" Backman, 1917
% 0.000223 mgh 2.23x10°" Jung, 1936
; Act,, =@ X10"* 161x10°7 Gavaudan, 1948
. Act,, = 7.0x10"* 4 u9x10° Mulling, 1955

- 0.005% {v/v} 4.031x107" 1.45x10"" Moancrielt, 1957

15 ppm {viv) 4.5 x10°" Scherbarger, 1958
1 g 1.00x10°? 360%x30°° Nazarenko, 1962
.00 pom Iw/v) $1.00x10"? 3s0x10°"' Roien, 1962
. 25 ppm {v/v} 2,01 x107! 7.24x10"" Bakar, 1963
o Act,, = 5x107" 1.40x10°"* Gavaudan, 1566
3 33 mg/m’ 330x10°* May, 1966
% 0 50 pom lv/v) 4.02x10"" - 1.45x10°° Flgth, 1967
1.10 10" molifec 134 %10 Drawnieky, 1968
1.2 my/m* 120x10°* Khachaturymn, 1969
- 0013mgn 130x10°" Corbite, 1973
= —tog,, M/1 =791 9.12x10°° Latfort, 1973
s 030 gom (viv) 911 x10™" Hellman, 1974
B 3.6 pem {v/v) 9.80x10™"* Morkowitz, 1974
o 82 ppm [v/v) 1.88x10°" Moskawitz, 1974
: - 20mg/xg 2.00x10"° 1.20x10°" de Grunt_ 18758
. 38 X107 MmN 2867x10°! 981x10°* Hartz, 1975
’ 2,77 ppm (wivl 2.77x10°! 997x10"" Lillard, 1975
0.0231 mmHg ) 9.23x10°f Piggory, 1935
0.290 porm (v/v) 1.18x10"* Dravninks, 1976
2.8x%10°" pom (viv) 850x10"’ Williams, 1977
85x10""g/i €50 x10"" 2.34x10°° Amoore, 1978
3L ppmilvrv) 1.06x10" Lasing, 1978
o9, oob = 10.42 4.15x10""* Punter, 196D
Geomatric mean, aur-dilution threshold = 2.54 X107 g 17' (N = 29) ’397?'@
=254mgm™! po A FENT 1Al
= 0835 ppm (v/v) ONF T 0
Standard deviation = 4/+ 7,14; Standard error = 2/+ | 44 ¢
' MW= 7419 0,,08069mi™"; VP, =653 mmMy: 5, = 73091°"; mr-water panition cofficiont al
" 25°C = 3.6 X10°" (ex0c), 3.61X10°° (calc.),
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1 2 3 4 1 [} ?
Threshoid Volatility Air pdor Stundard Safe Odor Oder
Wit value n2%°C threshold error dilunion salety ufery
Substance (ppm: viv) {tppm; viv) {ptsm: viv) (r/+) factor factor elass
Acetaicenyde 100 ] 0.050 1.7 10 000 2000 A
Aceuc atid 10 20 000 0.48 1.5 2000 N <
Aceuc anhydride -] £700 0.13 11 1300 39 s
Aceione 750 290 000 13 16 390 57 8
te Acetonitrily 40 120 000 170 2.8 3000 0.22 -]
Lcetylens 120 000" v 620 28 ? 220 8
Azroiein 0.1 J60 000 0.16 1.5 3 600 000 0.61 [+)
Acrylic acid  ° 10 SB00 0.054 - 580 B 110 |
Acrylonittile ’ o2 140 000 17 24 72 000 0.12 €
Allyl alcshol 2 32000 1.1 13 16 000 1.8 c
Atllyl ehioride 1 480 000 1.2 2.5 48D 000 0.B4 D
Armmona 28 [ 5.2 20 40 000 48 ¢
A-Amyl acetate 100 E200 0.054 2.1 52 1800 A
1ec-Amylacetaie 125 9200 0.000 -~ 74 61000 . A
Arniling 2 630 13 \5 310 19 c
Argine 0.05 [ ] 0.50 - 20 000 000 0.10 E
Benzeng 10 120 OO0 12 1.6 12 000 0.8% v]
Benzyl chioride 1 1600 0.044 1.1 1600 23 [
Bipheny! 0.2 1 0.00083 - 6 240  J
Brmine 0.1 270 000 0.051 2.2 2 700 000 2.0 [
Eromoform 0.5 EQOO 12 2.3 16 000 0.29 D
1.3-Buradiene < r0co (Ue) g 18 25 . 1000 640 (*-3) A (&)
Butane 800 ] 2700 1.4 1300 0.29 D
2 Butexyethanc! 25 1300 0.10 - €2 250 8
n-Butyl acetate 150 16 000 0.39 2.5 110 390 8
n-Buryl acsylate 10 7100 0.025 5.3 720 290 | ]
n-Butyl slcokol 50 9200 0.83 1.4 180 60 B
sec-Buty! alcone! 100 23 000 2.6 20 230 38 B
tvrt-Buty! alcohol 100 £5 000 47 6 550 R [
n-Butylamine H 93 000 1.8 25 19 000 2.7 [
n-Butyl lactate s 690 7.0 - 120 0.71 o]
adutyl mercacian 0.8 ~ 49 000 0.00057 1.4 97 000 510 8
ptert-Butyltoluene 10 850 5.0 - 85 20 c
Camphor 2 450 0.27 1.9 230 73 [
Cartbon dronide %000 '] 74 0O0O 1.5 200 0.067 3
Carbon disulfse 10 470 000 0.11 19 47 000 $2 8
Carbon monoxwe %0 ’ 100 000 10 20 000 0.00050 €
Carbon ietrachizride 5 140 000 96 1.8 29 000 0.052 | S
Chionre 1 9 0.1 1B ) OX0 000 .2 C_
Chiornine dioxit'e 0.1 v 9.4 1.6 10 000 000 0.011 E
2‘ sLhicroace 1op™nong 005 [-X] 002% IR 200 1.4 c
> g Chiorobenzene 75 15 000 0.68 15 200 110 s
T Chigrobramomrihang 200 150 000 400 - 940 0.50 o
I Chiorolorm 10 250 000 85 1.7 2% DOD 0.12 E
r\ﬁ o Orloroeicnin [+ ] 34 000 0.78 1.4 340 00O 0.1] €
Z 0 .
~ & B-Ohiorcprens 10 290 000 15 19 29 000 0.68 o
E \B’ o.-Chiorerelue~e [¥e) 4700 032 1.9 94 150 ]
~ 5 m-Crusod 5 180 000078 2.4 36 17 000 A
t7ans.Conronsizenyde 2 -4 000 0.2 1) 20 000 1?7 c
Curmene %0 £900 ooes 29 120 £70 A

J.E. AMOORE AND L, HAUTALA

Table 2{a) Airdilutlon odor threshold data on 214 industrial chemicals. The numerical data are mostly rounded off o twn
significant figurey, Note that ppm on this half of Table 2 sre In v/v units (u117") for the gaseous chemical in air

dilution. See Methods for further explanation of esch column. TLVs are reproduced from Ref. 1 (1982) with
permission from ACGIH
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ODOHR AS AN AL TOCHEMICAL SALLTY

Table X{b) Water-dilutian odar threshold data on the 1ame 214 chemicals, Note that ppm on this hall of Table 2 are in '« /v
units (mg 1°') for the chemical in aqueous solution, The numerical values In Table 2 are almost invatiably com.
piled, averaged, re.calculated or extrapolated from the literature, and are noat new experimental determinations

Sutatance

Agrtaldahyda
Acttic scid 1A/47)
Acetic anhydride
Acrront
Acetonsrile

Acatylems

Agroian

Acrylic acid (A/4 3)
Actylonsirile

Aty ] alcono!

Albyl chlorde
Armmeris (8/9.2)
A-Armyl aetate
1ec-Amyl acetate
Anihine {B/4 B)

Aryne

Benzens
Bentyl chiorde
Bipreny!
Braminae

8romolarm

1.3 Butadiere
Butare
2-Butoxyetmanol
A-Butyl acerate

n-Butyl acry'ate
n-Butyl slcanal

sec Butyl alcohot

(ert Butyl aicohol
n-Burtylamine [B/10.60

A-Buiy! laciate

A-Butyl mercaotan [A/10 .8}
p-rert-Butyltoluene
Camghor

Carbon dioxwde {A,6.4)

Carton disulfice
Carbon morox-de
Carbon tetrachionds
Chilarine

Chiornne dionde (A)

a-Chlorgacetophengne
Chiorcoenzene
Chlorobromomethane
Chioraform
Chloropicnin

A-Chloropreme
o-Chiorotoiuene
mCiesol (A0 1)
trans.Crotonaidenyde
Curmene

DO
CONF T

[ ] 9
Water TLV Solubility
Quivatent n28°C
{pom; w/v) (ppm; wiv)
87 -
2000 -
d d
1100 -
70 -
(150 1000
0.066 200 00C
1.1 73 000
Fi] -
(0 0075) 1600,
71 280 000
€8 1800,,
110 1700
120 37 000
{0.000025) 670
10,15} 1800
0.28 460,
0.12 6.7
0.012 33 000
0.20 3100
[{aX:2: a5
0.051) 61
65 68C0
2.2 1€00,,
420 730C0
730 200 000
620 -
1? -
370 42 000
1 acst) 600,
{0 064) -55
7.5 1700,,
{7.5) 1400
{0.036) 1700
(0.0013) 26
{0.027) 770
(0.0CE5) 6300
0.007 87 000,
d d
5.5 1100
17 =16 000
(0.28} 7100
(0.0048) 1600
{0.016) 480,
.1 100,
640 23 0CO
7.2 150 000,
10 45) 53

039791
ENT T

10

Water odor
thrawhoid
{pprm: wiv)

001s
97

20
300

osn
0.11

9.1
14

10.0083)
1.5
0.037
0.0017

(-1

{0.00035!)

0.4
0.012
000050
0.0063

0.51
(00014
(oan

0.17

0.0078
1
19
90
8.2

520
{0 0GCOV2DY
{0.012)
1.0

(10}

{0.00039)
t2.n
10.52

{0 0020}
0.67

0.050
34
(2.4
003N

0024
{0 0063)
0.037
0.42

(0 0008C)

1"

Moleculsr
wight
{g)

&4
8o
102
%8
41

2%
%5
72
53
58

76
17
130
130
93

78
78
127
154
160

253

58
118
16

128
74
74
74
73

145
20
148
152
44

76
28
154
7
&7

155
113
129
118
164

88
127
108

70
120

12

Denuty
a 20-25°C
(gmi™')

0.79,,
105
108
0.79
0.18

9

084
1.05
0.30
0.85

094
| ]

0.88
0.87
1.02

]
0.83
1.10
s
312

2.89
]
2
0.0
0.g8

090
0.81
0.81
0.78
0.73

098
0.84
0.86
]

]

9
1.59
|
T

3

1.1
1931
1.42
1.65

0.26
1.08
1.03
08as
0.86

13

VYeatar-ir
d stribution
nuo (wivl)

370
82 000
d

820

1000

1e
290

240
5600

2.4
400
130
160

16000 -

0.22

55
-1
19

a8
0.40
0.027

-2}

43
2800
2400
2000
1100

12 000
33
1.1
600
0.83

1.2

0023

0.85

2.2
26

16

16
8.7
7.1

0.45
4
9 000
1200
18

14
Numbar of
threywidy
performed
[ 114 L. 21114

[ S
14 4

2 -
0 8

3 -

2 -

7

1 -

2 2

a4 -

I -
L L
- e bW

19 4
2 -
- 1
a -
4 1
6 -
4 -
-
92 3
2 1
20 9
5 1
4 1
3 2
1 -
5§ ~
1 -
? 2
2 -
g -
> -
10 1
7 -
1 1
7 -
6 2
] -
[V}
1 ] 1

L BC I - R
- ot 4 e s
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Tabte 212V =Continued
- [ 2 b | 4 - [ ?
Thieshotd Vvolatility Alr odor Standard Safa Odor Cior
tienit vatug nis'c \hreyhold ot ditution wtety " ety
Subatance {opm: viv) lopm; viv) {pom: vivl (a/s) facior . factor i
Cvciohexang 00 130 000 25 2.8 . 430 12 [+
Cyclohexanol S0 2000 0158 2 9 40 ]
Cyciohexanoang 25 6000 0.88 2.2 240 rt L]
Cyclohezeng 300 2 000 0.18 - 230 1600 A
Tyclohexylaming 10 15 000 .8 - 1500 _:.‘ c
Cyclooentadiens % ~ €60 000 19 - 7500 a9 s
Decatorang 0.05 =110 0060 = 2300 0.0 o]
Diucerons a'cohotl 0 18600 0.28 - a3 120 [
Diberane 0.1 ' 2.5 - 10 000 OO0 0.040 E
e-Dichiorobenzene 50 1800 " 0.30 4.2 3.7 160 [ |
p-Dichiorobenzene % 1200 0.18 4 b a0 ?
e trang-1 2.Dighloroethylens 00 420 000 17 18 2100 12 =
g.F-Dichioroethyl ather -] 1500 0.049 - 50 100 B
Jicyelopentadians -] 360Q 0.00587 19 720 870 A
Disthanoleming 3 78 0.27 - ' 26 i1 i
Birttvlaming 10 310 000 : 0.13 2.9 31 000 m B
Dirthylamiscethanagl 10 2900 D.014 - 20 $10 A
. Disthy! ketone 200 22 000 2.0 2.1 110 |-} |}
: Ciszutyl keiora 25 3300 o1 - 130 230 [ ]
Discorepylamime g 110 000 18 39 1 000 2.7 c
N.Dimethy lacetanndy 10 2600 47 - 260 0.31 D
Dimethylarmung 10 9 0.34 39 10Q 000 29 .|
N-Dimethylamiling s 1000 0.013 38 200 400 ]
MN-Oimethyormamnade 10 3100 22 46 310 46 [=
i 1,)-Dimathythydraging 0.8 210 000 17 5% 410 00O 030 o]
- . 14Cicxane 25 £7 000 24 24 1000 1.1 [
- Epichiorhydnin 2 21 000 081 12 11 000 2.9 c
: Ethane 140 poo' 9 120 000 59 7 1.2 ¢
.: Ethanclamine J 780 26 - 260 1.2 c
: 2-Ethozyethanol s" 7100 2.7 9.0 1400 1.8 c
. i Ethoxyethyl scuraty g" 2700 0.056 - 530 B89 E
Ethyl acetare 400 120 000 19 1.8 =~ 200 100 L}
Ethyl acrylate 5 £0 000 0.0012 4. 10 000 4000 A
Ethyl slcohol 1000 75 000 .1 18 75 12 c
i Ethylamune 10 ’ 085 28 100 000 " ¢
Ethyl n-amyl ketony 25 3500 60 - 140 42 c
Exhyl beariere 100 11 000 2.3 2.7 120 a4 ]
i Ethyl bromdae 200 €10 000 LR | - 3100 (.2} 8
Lihyl ehlonide 1000 9 4.2 - 1000 240 [ ]
Eihylens 140 000’ 1 290 +7 2 4%0 ]
Ethylenediamine 10 16 000 1.0 - 1600 10 ¢
- Erhylene dichloride 10 110 000 88 21 11 000 0.11 . /
Ethylens o=ide ' ’ 430 15 1 000 000 00073 &
. Fthylenimine 0.5 260 000 - 1.5 1.3 §20 000 0.22 Y
- Ethy! ether ADQ 700 0OOD 8.9 33 1800 45 L
- Ethyl tormate 100 320 000 a 15 3200 33 c
Ethyhdere narbornene 5 0014 14 aso L]
- Ethyl mercantan 0% 710 000 0.00078 20 1 400 000 €50 A
N-Ethylmorpholing - 11 000 14 18 2900 3s 4
Ethylsilicats 10 3000 1?7 49 J00 0.57 [+]
Fiuorine 1 ] 0.14 - 1 000 D00 1.3 <
. Fu.madehyde v v 08 23 1 000 000 1.2 c
, Formic acid H £7 000 a9 1.9 11 000 0.10 [ 4
. Furlural 2 2100 008 17 1000 2% c
Furduryl aicohotl 10 210 20 - an 12 <
. DO A QORI7E2
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Tatite o) —Cannnued [} 9

Water TLV Sokubitity

tuivalent n28°C
Subitance toom; wivl {pom: wivl
Cyctohaarsne [+ R 1] L 1)
Cycloreranal 940 3Ja 000
Cyclohananone 240 ~ 54 Q00
Cvcloheaene 10 65! M0
Cvclohgzylarming {B/10 6) 94 .
Crclopentadiens {0.24} ~ 1800
Qecaborane
Dincrtone slcoho! -
Oborane d d
0-Dichlorobenzane 39 140
p-Dichiorobenzene 43 19
trant-1 2.0vchloroethylens (3.0 €300
85 -Dichloroathyl ether i 11000
Cleyelopentadiens
Diethanolarmine {8/8.9) 240 000 -
Disthylamine IB/11,0) 6 -
Diethylamincethanol (8/8 8) -
Diethy! ketone 4%0 48 000
Dilsoburyl ketone 13 430
OCiisopropytamine {B8/11.0) 1.5
N-Dimethylacetamide -
Dimethylamine {8/10.7) 86 £50 QOO
N-Dimunihylaniline {B/5 2) 9.9 2000
N-Dimethylformamide -
1, V-Dimethylhydrazine (8/7,2) -
1,4-Oioxane 240 -
Epichiorhydrin 4 65000
Ethanre (8.8 €0
Etranclamine 18/9.9) 23000 -
2.-Ethoxynthangt -
2-Ethoxyethyl acetate 450 200 000,
Ethytl acetats 2170 73000
Ethy) scrylame 1.8 18 000
Ethyl alcohat 9000 -
Erthylamne (B/10.7) a5 -,
Ethyl namyl kytong 10 = 1500
Ethyl Benzene (A} 160
Ethyl bromide 29 900
Ethyl chioride (4.7} 4700
Ethylene ny 130
Ethylenediamine (B/10.0) -
Esthylene dichlonde 0.80 8600
Ethylane oxide 0.3 270000,,
Ethy'emimine (B/B O} d ~d
Ethyl ether 4 58 000
Ethyl formate s 100 0CO
Ethylidene norbarnene
Ethy! mercaotan (A/10 S) (0.0049) 7000
N-Ethylmorphotine {(B/ ) -
Ethyl silicate d d
Fhiorine d d
Formaldehyde 0.73 550 000
Formic acnd (A/D.7) 120 -
Furfural 89 8% 0CQ
Furfury! aicohol d -

DO A 039793

CONFTDENTTAL

10 " 12 1} 14 T
Nymber of
" - thenhroide
Water oddor tAalacular  Denuty Wartsr-nir performed
threrhald waight " 2025°C  dinnbution,
{opm: wivi tel tgmt ) ratie telv) s wmier
ot 2] .3} ] 0.12 ¢ -
28 100 095 4600 3 2
83 9 0.9% 2400 2
10.000151 72 o8 064 ] -
23 99 o 2300 - 1
10.0060) (1] 0.80 1.2 1 -
122 [} ) -
[T} 118 0.94 1 2
d 28 [} d L] -
0.024 147 130 13 3 2
0.011 147 1} 0 F B |
10.2¢) L Y 128 3 2 -
Q.16 143 o 1200 - 1
132 . 2 -
22 000 105 1.10 19 000 00O 1 -
0.47 73 : 0.7 1200 [ ] 1
" oas 3 -
4.7 85 o 840 3 -
0014 142 o 23 ) -
13 10t 0.72 ~170 2 1
87 0.94 oy -
Q.29 4% [ ] 450 ] 2
0.025 " 098 400 3 -
S0 73 024 2 1
&0 0.79 2 -
230 88 1.03 2700 7 1
3.0 92 118 840 2 -~
7.5 0 [] 0.051 2 -
20 000 (1] 1.02 3 100 000 1 -
190 90 092 2 ]
$0 © 132 0.97 16 000 1 -
26 88 090 18O | ] 4
0.00018 100 092 74 2 1
160 a5 0.79 4800 13 -
4] [1] 0.59,, 2400 3 )
25 128 0.83 20 ] -
(0.0291 106 087 29 2 3
{0.046) 109 1.43 33 1 -
(0.019) &4 [} 18 ] -
10.029} 8 [ ] 0.12 4 1
16 000 60 0.90 1 1
1.0 9 1.28 20 ] 2
140 a4 3 180 7 -
170d 43 083 d 2 ]
. 0.75 74 on 28 7 -
n 74 092 120 1 1
120 2 -
{0.000007%) 62 03l 38 12 1
"% 090 2 -
d .08 093 d 2 -
d a8 [ d ' -
060 30 9 $90 9 4
1700 46 1.22 18 000 4 ]
15 96 1.16 11 €00 2 3
d 98 1.13 d ] -
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" 4apve 28V =Conunued
. 1 2 3 4 1} s ?
Threrhotd Volatllity Air odor Standng Sole Odor . Odor
timit vatue 0 2%°C theeshold srror ditution sfary salary
Subitance {oom: wivl {oom; vivl feom: viv) e ie) factor fecror ctons
Halpthane 0" 390 000 T - ‘71900 13 <
Heptane 400 60 000 150 1.7 150 2.1 <
Hezachloroeyclopentadiens 0.01 n 0.030 8. 7800 0.4 o
Herpchioronithane 10 170 [+ R ]-] - 11 £4 B /
Hexane 80 200 DOO 130 2.0 4000 0.3? D
Hexylent glycol 2% 100 50 - 40 0.50 -]
Mydrazing 0.1 18 000 17 1.1 180 000 0.027
Hydrogen bromids 3 ] 2.0 - 330 000 1.5 c
Mydrogen chioride $ 9 027 2.2 200 000 6.5 c _/
Hydiogtn eyande 10 $70 000 0.58 19 97 000 . 7 <
Hydrogen Huoride 3 ’ 0.042 1.2 330 000 LA L
Hydrogen selennde 008 . 0.30 - 20 000 000 0.1? [ 3
Hydrogen sulfude 10 [} 0.008% 1% 100 000 1200 A
tncgtne 10 2200 0015 3s 220 €90 A
. ledeform 0.6 ~ 49 0.0050 1.8 T 2} 120 8
\ lscamy! acetats 100 7100 0.025% 18 n 3900 A
' Isoarmyl slcohpt 100 4200 0.042 13 43 2300 A
! hebuty! sceiate 150 26 000 0.64 1.8 170 230 B
; tiobuty! 3lcohot : 50 1€ 000 16 2.0 330 30 B
: Iophorons [ 450 0.20 - 3 5 c
.
i t1apropy! scetate %0 79 000 2.7 2.9 320 83 B
! litpropy! sicohol 0 £7 000 22 1.8 Ll 1] c
. fiepropyiamine -3 740 000 1.2 2.8 150 000 4.1 c
: hiobropyl avher 250 210 000 0017 - 850 15000 A
i Male.c anhydrics 0.25 -170 0.2 - 670 0.77 =]
R Mesityl oxide 15 13 000 .45 26 50 N B
. 2-Methonyuthanol s" 16 000 2.3 2 3200 2.4 c
. Methyl scotate 200 270 000 4.6 35 1400 44 8 -
: Methy! acrylate 10 110000 0.0048 11 000 2100 A
a Methyl scrylonitrile 1 88 000 70 - . B3 00D 0.14 E
. Methy! siconol 200 160 000 100 20 BOO 20 c
B Methylamine 10 [ 32 46 100 000 kR ] c
. Methy! namyl ketone 50 2000 0.1s 2.1 40 140 8
N -Methylanidina 0.% 640 1.7 - 1300 0.2% D
q Methy! A butyl ketona 5 5000 0.076 - 1000 [.{] 8
Methyt ¢hioroform 150 160 000 120 2.8 420 28 c
B NMathyl 2cyarcerylate 2 ~%830 2.2 - 260 T 08y [+}
. Methyleytiotexane 400 61000 830 - 150 0.63 D
r €i1-3-Methykyelotezanol %0 210 D0 - 14 Q.10 E
ot Methylens ehloride 100 £50 000 2% 12 $500 0.40 0
Methy! aihyt kyr1ony 200 130 000 54 19 650 37 8
Methyl tormane 100 760 000 600 29 7600 017 E
Methy!l hydrazing 02 65 000 1.7 - 330 000 Q.12 E E
Methyl hoamyl ketone %0 4800 0012 ~ - 96 4200 - A
‘ Methyl isobutyl catbinot 25 780D 0070 -- no 50 ]
: Methyl lwobutyl ketong 50 9500 068 23 190 n »
- Mrihyl socyanate 0.02 830 000 2. - 32 000 000 ooMme €
' Methyl isopicpyl kertons 00 3% 00O 1.9 23 200 100 8
' Methyl mercantan 0.5 . 00016 20 2 000 000 300 .
. Methyl methacry lae 100 52000 0.083 19 £20 1200 A
Methyl sapropyt hetonme 200 21 000 1 2.2 10 18 c 7
a-Methy) siyrere 50 3800 029 40 78 170 L] _'J
- Morpholime 20 13 000 .Y} - [}]-] 2000 A .
- Nachinsiens 10 120 DoBA 19 12 120 s
Huchel carbonyl 0.0% 570 00N 0.0 33 10 000 000 0.V L} .
- ) . ("DO A 039794
0
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Table bl =Continued [ | L]

Water TLV Solubithy

sauivelent ns'e
Subtstiance {pom: wh) tpem:whi)
Myiothyne 1044) 3400
Hiptane 10020} 29
Henschiorocye'opentadiene 00026 ry)
Hesachloraethany (063 %0
Hezang (0.0024) 93
Mexylitne glyeonl -
Hydratwne (/8 8) -
Hydrogen bromide (A) d 1 200 000
Mydrogen chiaride (A) d %00 000
Mydrogen cyanide {A/9.2) o -
Hydrogen fluoride 1A/2.2) d -\
Hydrogen selenide 1A/).9) {0.00015) 6800
Hydromen sutlids (A/7.0) (0.0236) 3500
Indene 10.18) ~40
fodolorm 13 110
hoamyl acatate [13 1400
hosmyl aleohol 630 26 000
liobutyl setate 4 §900
lwobutyl sicohol 30 89 000
lopharone 140 12000
Isdpropyl scetate 97 30 000
ltoprapy! slcohol 000 -
hopropylamme (B/10.5) 20 -
lopropy! ether 12 10 000
Male e anhydride d d
Metityl oxids a5 29 Q00
2-Metkoxyethanol -
Methyl acetate 130 220 000
Methyl scrylate 45 49 000
Methyl scrylonitrile 0.29 25000
Methyl atcohol 1500 -
Methylarming {8/10 6) 74 S50 000
Methyl maamyl ketonae 40 4300
N-Muthylandineg (B/4 8} 5.3 8700,
Methyl n buryt ketene 17 18 000
Methyt ctrorolorm 12.8) 1300
Methyl Jcyarowrylate
Methyloycloresane (0.092) 14
€11-J:Methy'lcyclohenarol €50 9300
Motnylene chiende 36 19 000
Methyl ethyl ketone 20 210 000
Methy! formate 25 170 000
Methyl hydrazine (B/7 .9} -
Methyl ispamy! ketons 6 $400
Methyl isobury! carbinol 53 18 000
Methyl isobutyl ketons 94 18 000
Methyl jsocyanace d d
Methyl isopropy! ketone 320 80 000
Metny] mercaptan (A/10.7) {0 0075) - 14 000
Meth ;i mathacrylats Jo 15 000
Methyl npropyl ketone 70 54 000
a-Methy! styrene 7.4 S60
Marphgling (B/8.7) -
Naphihalene 2.5 h 1]
Nickel carbonyl {0.000012) 130

A 03972§
- 00 “DENT 1

CONF

10 1"
Weiyr odar Molecular
thegrhaid weght
fopm: wiv) [

10 291 197

oo™ 100
Qoc?? m
10010) Fe
10.0064} 1

118

160 32

d L))
d n
Q.17 22

d 0
{o.0021}1 L]}
{0000029) )4
t0.00025) 116

o.on 394
0.017 130
0.27 88
0.1% 118
10 74
5.4 138
1m0 102
160 &0
49 %9
0.00080 102

d - 98
1.0 98
16

30 74
0.0021 86
21 87
740 32
2.4 n
0.23 114
18 107
0.25 100
10.97) 131
1"

0.15) 93
6600 114
9.1 1
84 72
150 60
46

0.013 114
0.15 102
13 100

d 57
31 86
10.000024) 48
0.02% 100

15 85
0.043 18
27

oo 128

(0.000072) 171

Density
st 20-25°C
gm")

187
068
1.70
b}

0.6e

092
1.0
)

)
0.70

0.96
]
L}
1.01
5

087
080
0.87
0.80
092

0.97
0.73
0€39
0.73
1

0.85
097
093
09%
0.80

0.79

0.81
0.99
[ R:}}

1.4
.1
0.77
oM
134

0.80
097
0.8?
o8
0.8}

0.80
096
0.80
0.94
0Bt
091
1.00

1.12

3

Water-aw .
distribution
rotlo (wiv)

1.1

0.012
23

6.7

0.0v4

210

29

28

32
130

120
1700
48
2100
4800

92
J000

~1700 -
11

570

Fal)
110
110

$600
SBO
170
2400
BOO

1.4

0.087
800
10

530
100

240
10

460
16
n

180
It

47
0.01%

1a
Numbee of”
Wryshaldy
er ' acemgd
e —arye
] -
4 -
1 |
- §
-z -
1 -
2 1
] -
[ -
7 3
1 -
] -
%5 1
1 1
3 -
8 3
s 2
3 ¥
7 %
| -
4 -
12 &
2 9
1 -
1 -
2?2 -
2 -
g5 -
| -
1 -
13 4
2 3
b I |
| R
-
3 -
1 -
1 -
-
4 1
g
3 -
f -
[ ] -
1 -
[ 1 -
1 -
LI |
8 2
4 1
b S |
3} 1
f -
¢« 4
b § -
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i)

3 4 ) 8 ?
Threshold Volathlity Alr odor Standard Sole Odor , Odar
Nrnit valug s 25°C thrashold error dilution salety wiety
Substance {pom; viv) (poen: viv) lpom: viv) /) facroc facior chn
Nitrobenzens 1 360 0018 1.7 360 %6 - [ ]
Nitroethang 100 27 000 21 - 270 48 ]
Nitrogen dioxide 3 . 0.39 28 330 OO 78 c
Niromethang 100 47 000 15 - 470 ] ]
1.Nitresropane 25 13000 1" 4.2 $20 2. [
2-Nitrepropans 10" 22 000 70 2.2 2200 0.14 E
m-Nitriowoiveny 2 ~ 280 0.045 - 140 45 [ ]
Noasne 200 8000 47 4.1 30 43 [
Octane 00 18 000 48 3.2 61 6.3 c
Cymium tetronide 0.0002 12 000 0.0019 =~ 61 0CO 000 e.10 &
Oxygen diftuoride 0.0% s 0.10 - 20 000 000 0.50 D
nxe Cnoag 0.1 % 0045 19 10 000 000 2.2 ¢
Pentaborane 0.005 270000 096 - 54 000 000 0.0082 E
Fentanme €00 670 000 400 19 1100 1.5 c
Perchlorcethyiens 50 25 000 27 18 490 1.8 [
Pheno! 5 AGD 0.040 1.5 92 130 [ ]
Phenyl erher 1 29 0.0002 1.7 29 80O A
Pheny! mercaptan [ X1 2000 0000R4 a4 4100 530 8
Phosgene 0.1 9 0.90 12 10 000 000 0.1 i 4
Fhasphing 03 [] 0.5 2% 3200 000 0.58 [}
Phihalic smhydride 1 0.8? 0.053 - 0.7 19 c
Propsne 140 000’ v 16 000 13 ? X c
Propionic acid 10 5400 0.16 1.8 €40 81 8
n-Propyl acetate 200 43 000 0.67 41 220 300 | ]
a-Propyl alcohol 200 <6000 26 1.7 130 78 ]
Propylene 140 000' ' 6 ao 7 1800 A -/
Propylene dichioride 15 €9 000 ©.2% = _9520 300 (]
Propylene giycol 1.methyl ether 100 16 000 10 - 160 10 c
FPiopylens oxide 20 700 000 44 4% 35 000 0.45 [+]
m-Propyl nitrate 25 30 000 80 - 1200 0.50 o]
Pyriding 5 27 000 0.17 14 5300 Jo ]
Quinona 0.4 130 0.084 3.0 1300 1.2 [
Styrerw 50 5600 0.32 20 190 160 8
Sutlur dioxide 2 [] 1.1 1.3 S00 000 1.? [
1,1.2.2-Tetrachloroethans 5 BaDQ 15 21 1700 2.4 s /
Tevahydroturan 200 230 000 0 5S4 1100 * ]
Tolvens 100 37 000 2.9 1.8 370 1} B
Toluene-2,4dilocyanate 0.005" -21 0.17 29 4200 0.030 £
o-Toluidine 2 330 0.2% 4 170 80 c
1,2,4.Trichlorobentena g 70 14 2.1 110 35 ¢
_Trichioroathylere %0 93 000 28 1.2 2000 K] c 7
Trichkorofluoromethang 1000 9 50 - 1000 200 B
1,1,2-Trichioro-1,2.2. 1000 430 000 a8 - 430 22 c
trifluoroethane °
Triethylamine 10" 93 000 0.48 B 9200 n c
Trimethylamine 10" o 0.00044 1,4 100 000 23 000 A
1,35 Trmesthytenieng % JE00 0.55% 19 1%0 45 8
Trimethy! prosphite 2 34 000 0.00010 - 17 000 20 000 A
A Vaieraldehydy 50 21 000 0028 25 az0 1800 A
Vinyl acetare 10 140 000 0.50 L 14 000 ) c
Vinyl ehioride H v 3000 3.7 700 000 0.0017 E
Vinyhidene chiorde s" 790000 120 1.7 160 000 0027 £
Vinyl tohiens 0 2400 10 - a8 5.0 c
m.Xyienre 100 11 000 1.1 2.1 10 92 s
2,4 Xytdine 2 190 0058 -~ X % e
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Tavle 2iB)—-Conmtinued [} 9 10 (1] 7 13 14 .
. Humber of .
y theaholds
Water TLV Sohunlity Water odor Moaleculsr Density Water-pir prlormed
soyvalent nis'c th ashoid wweight n20-28"% dnnbution *
Substance lopm: wiv) lpom: wiv) tppm; wivl ) lgmi1®*) ratio twivl s weater
Nitrobengung a0 2100 0.1 723 120 1200 13 2
Nitroethane (A/8. 4! 100 27 000 2.2 73 1.0% 230 - 1
Nittogen diawide (A) d d d a8 [ ] d . -~
Niromethane [A/10 21 260 110 000 21 [ )] 1.13 1000 - ]
1-Nitropropans LA/~ 8) 29 18 000 12 [ ] 1.0 Nno 2 1
2-Nitroprooane 1A/7.7) 16 18 000 53 9 0.98 210 1 1
mHNitrotoluene 18 500, 0.080 137 1.18 320 1 -
flonans {0 0056) =017 0.00'7) 128 0.72 0.0054 2 -
Octane 10.011) 0.66 {0.0017) 114 0.70 0.0077? 2 -
Ormimum tetronide (A712.0} 0.0012 89 000 0.012 254 [ ] $80 1 -
Oxygen dilhuoride 10.0000054}d  100,,d {0.0000111d 54 [] 0.049d 1 -
Orone {0.00064) 8100 {0.00028) L]} [] 3.2 [ ] -
Penisbarsne d d d [ ] 06 d 1 -
Pentane {0,032 8 ooy 72 062 0.019 3 -
Porchloroethylens 031 150 1017} 1866 161 090 3 )
Prenci (A710.0) 1000 85000 719 94 . 52000 ¢ &
Phenyl ather 1%0 - 4300 Q.18 170 107 21 000 2 J
Fhenyl marcaotan (A/6 S} 0.15% 810 0.00028 110 1.08 66 2 2
Prasgens d d d 99 [ d 6 -
*hoiphing {0.00011) 370, 10.00020) 34 [ ] 0.27 8 -
«k
Phihalic anhydride d d d - 148 s d : 1 -
Propane 19.0) 62 (1.0 44 [ ] 0.016 2 -
Propionic acid (A4 O 1700 - 28 74 1.00 $6 000 " 2
APropyl acetane 92 19 000, 0.3 102 089 110 4 -
A-Propyl alcoho! 1800 - 23 60 0.80 3500 12 g
Propylere (50 J=0 10 0281 a [} o 3 1
Propylene dichloride (3.0 2800 10.010) 113 116 4.8 1 -
Piopyiene glycol 1-onathyl ether 20 092 1 -
Propylene oxide 14 370 000 N 58 083 300 2 -
aPropyl aitrate 7.4 8800, 15 105 1.05 &9 1 -
Pyridine (8/5 2} 28 - 0958 79 098 1700 15 10
Quinone 1" 14 0CQ 9.3 108 [} 25000 F{ ]
"Styrere (v.7 320 (0.0t 1) 104 0.90 18 10 3
Sulfurdioxde 1A/1.9) 0.19 88 000 on €4 9 37 3 -
1,1,2,2-Tetrachloraethane 1.7 2900 0.50 168 1.60 0 3 |}
Tetrahydroluran - 72 0.89 3 -
Totuens 11.4) 540 10.042) 92 0.86 R K AL I
Totuene 2 &giisoeysnate d d d 174 1.22 d 4 -
o-Toludine (B/4.4) 91 15 000 " 107 1.00 10 000 3 1}
1,24-Trichlarebenzane 0.2 ~26 {0.064) 18 1,45 8.1 1 1
Teichloroathylens {0 55 1100 (0.31) 1k} 145 2. 7 1
Trichiorafluoromethane 1237 1.49, 1 -
1.1.2-Trichiorn-1,2,2- 187 1.56 ) -
triflluoroethar-e .
Triethylamine (8/10 9) 8.8 71000 0.42 101 0.7] 210 4 1
Trimethylamine 18/9.7} 4.5 410 000, - 0.00020 59 ] 150 3 1
1,3.5.-Trimethyltentene (0.67) L1 (0.0151 120 0.86 54 ¢ 3
Trimethyl phosphite d d d 124 1.0% d ! -
A:-Valtraldehyda 29 12000 0017 86 0N 170 I -
Vinyl acetate 18 25000, 0.088 86 0.93 50 4 1
Vinyl chiaride (0.0057) 1100 {3.4) 62 9 0.44 3 -
Vinylidzme chionde {0041} 6400 1.5 9 1.22 20 2 -
Vinyl toluene (2.1) ~100 10.42) 18 0.20 87 LI
m.Xylene 16 170 f0.017) 105 0.36 37 8 2
2.4-Xylidine 1B/4 9) &6 8400 1.8 21 09?7 6600 t -
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at 25 °C ¢an be calculated* frum the vapor pressute and the
solubility at 25°C. The coelficients for some of the com-
pounds that are infinitely soluble In water at 25°C were
caleulated from tabulated activity data"® or measured
experimentally, ™
The 1esults for n-butyl alcohol, which has provided the
most plentilul odor-threshold data, are given In Table ) asa
demonstration of data reduction, The original threshold
data, In a variety of coneentration units, were converted?
into common units of g 1"*, Any water dilution thresholds
were further converted to the equivalent air dilution
threshold. through multiplication by the ajr-watet partition
coefficient.' The relationship between odor-intensity
sensation and odorant concentration s exponential.*®
Therefore, In order to preserve the normal distributions
of olfactory-threshold measurements, all chemical concen-
 trations of odorants were calculated on a logarithmic seale.
"Hence the geometric mean of all 29 odor thresholds,
expressed in air dilution, was computed (by converting to
the logarithms. finding their arithnictic mean. and taking its
antilogarithm).? The mesn air dilution threshold, in g 1Y,
was finally converted to mg m™?, and to ppm by volume.

Explanation of Table 2 (edor thresholds)

Column 1. Thieshold limit values {TLY) sdopted by
ACGIH, 1982' The supersceipt n indicates that the TLV
used is the value proposed in the 1982 Notice of Intended
Changes. The superscript | indicates an inert gas (simple
asphyxiant) for which no TLV s assigned by ACGIH,
merely a requirement that the oxygen content of the ait
not be reduced belhw 18%. This would be expected to
occut U the asphyxiant reaches 14%, or 140000 ppm,
which iy in effect the TLV for inert gases,

Column 2, The volatility in ppm {v/v) Is given by the
literatute vapor pressure {in mmHg at 25 °C) multiplied by
1316 (1000000 ppm per 760 mmHg), ~ Indicates approxi-
mate value obtained by extrapolating the linear regression
from vapor pressures recorded 3t substantally higher
temperatures. g, gaseous at 25°C.

Column 3, Alrdilution odor thresholds are geometric
averages of all available lirerature data, omitting extreme
points and duplicate quotations, Odor thiesholds originally
measured in water dilution were converted to the equivalent
ajr dilution, a3 [Nustrated in Table | for n-butyl aleohol,

Column 4, When two or more acceptable Hterature
thresholds wete located, the standard error of their mean
was calculated. The standard error Is the standard deviation
divided by the square toot of the number of literatuie
thresholds. This factor is applicable to the data in columns
3.6 and 10. The smaller the standard errot, the greater the
confidence that may be placed in the sccuracy of the mean
thteshold value. (It should be borne In mind, however, that
3 small standard er1or, based on only two thresholds, could
itsell be the result of a faitly probable coincidence.)

Column . Safe dilution lactor, for the saturated vapor at
25°C. Is the volatility divided by the threshold limit value
(column 2 divided by column 1). For subnances that are
fess than infinitely soluble In water, the same safle dilution
factor applits 10 the saturated solution at 25 °C (column 9).
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Column 6. Odor salery facior i the threshold limit value
divided by the odor threshold {column | divided by column
3). This factor may be Interpreted quantitatively by
teference to Fig. 2, in termis of what pe:centage of attentive
persons can delect the TLV concentration, and what
percentage of distracied persons will perceive a warning
of the TLVY concentration.

Column 7. The scale of odor safety elasses is explained in
Table 3, Class A substances provide the strongest odorous
warning of their presence at threshold limit value concen-
tratlons, whereas class E substances are practically odorles
at the TLV concentration,

Table 3. Odor safety elassification

Odor salsty

Qs facror interpretation

A > 550 “ More than 90% of distracisd persony pereeim
wartning of TLV concentration in the #ir

8 26-55D £0-20% of distracisd petsony perceive waming
of TLV

c 1-28 Less than 50% of dintrac1ed persons perceive
warning of TLV

D 0.18-1 10-50% of sttentive perwong can datact TLV
concentration in the air

E <0.18

Lews than 10% of attentive paryons can dewer
the TLV

Column 8. Water TLV equivslent {s the concentration of
the substance in water, which will generate the alr TLV
concentration in the headspace of a stoppered fask o
other closed system. It & calculated from column 1 by
multiplying by the distribution ratio in column 13, then
dividing by 24400 (volume in m! of one gram molecule of
vapor at 25°C) and multiplying by the molecular weight.
Solutions with values in patentheses lack enough per.
sistence for reference purposes, due to an unfavorably low

water-air distribution ratio (< 10) in ¢column 13;d, decom-
poses in water.

Column 9. Solubility in ppm (w/v) s the literatue
solubility (expressed as g 1! of saturated solution at 25°C)
multiplied by 1000, ~Indicates uncertain or extrapolated

values. Temperatures other than 25°C are indicated by
subscripts.

Columns 10, Waterdilution odor threshold js the concen.
ttation of the substance in water which will generate the ait
odotr threshold concentration {n the headspace of 3
stoppered flask, It is calculated from column 3 by multi-
plying by thr distribution iatio in column 13, then dividing
by 24 400 and multiplying by the molecular weight. Values
In parentheses have the same meaning as in column 8.

Column 11, The molecular weight (MW, rounded off to
the nearest whole number expressed in grams) can be used
to convert the air concentrations in ppm (v/v) (columns t,
2 and 3) Into mg m> Multiply by MW and divide by

24 .4 (volume In litess of one gram mclecule f vapor »
25°C).
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Column 12. The density (D, at 20-25"C) is nceded when

measuting vut liquid odorants by voluine to prepare water
vz air dilutiong:

1 ppm (wiv) = 1 mg lor (1/D) ul) per biter of water

| ’ Mw ( Mw l)
miv/jvyy = — m or [ cubic meter
ppm (1Y) 244 ' MUixD g pgr’air

g. gaseous 3t 20 °C: s, solid at 20°C,

Column 13, The water-air distribution ratlo is the reciprocal
ol the ajr-water partitlon coetficient. Where experimental
values are unavailable In the lterature, which is usually the
case, the ratio has been calculated from data in columns 9,
Y and 11, or from other 3pproaches mentioned earlier. An
estimate of the water-air distribution ratio is given by
dividing the solubility (columin 9) by the volatility (colunin
1), then multiplying by 24400 and dividing by the
molecular weight (column [1),

‘Column 14, The numbers indicate how many original

literature odor-thresholds were included in calculating the
average threshold in column 3 and the standard error in
column 4. On the left Is the number of airdilution

thresholds, and on the right the number measured in water
dilution.

lonizable odorants (weak acids and bases) are indicated
in Table 2(b) by appending to the compound name the
symbol A for acid and B for base, followed by the acid
dissociation constant pK,. Data given for such compounds
In columns 8,9, 10 and 13 are accurate only for solutions
In which the odorant Is practically un-ionized and hence
potentially volatde. That is, the pH of the solution should
be less than two pH units lower than the pX, for an acid,
or should be mote than two pH units highet than the pX,
for 3 bage, The odorant volatilities at pH values outside of
these limits can be estimated by calculating the concen.
tration of the un-ionized species using the Henderson-
Hasselbalch equation.' For demonstration purposes, it
il suffice to make solutions of the acids in 0.01 N H,SO,,
and the bases in 0.01 N NaOH.

The dats In Table 2 are incomplete for some physical
properties of 25 compounds, beeause no literature values
could be located, and no justifiable estimates could be
made, The missing data are mostly water solubilities or
water-air  distribution ratios, which In turn preclude
estimates’ of TLV equivalents In water and water-dilution
odor thresholds. If the teader is aware of valuey for the
missing data, or knows of more accurale measurements or
estimates of the recorded data, the authors would be grate.
ful for the information. Odor threshold data on TLV-listed
compounds not included in Table 2 would also be welcome,

Yariance of human responsiveness to odors

When the individual olfactory detection thresholds for a
given compound are determined on a sample of the human
population, the data typically generate a (log)normal or
Caussian distribution.'” For this result, it is necessary Lo use
3 logarithmic scale for the odorant concentratjon, such
35 3 binary or decadic dilution series. The quantitative
interpretation of a Gaussian curve is [acilitated by re-
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plottlng the data un prohability graplt papec. The rewdtin
probit approximates 3 straight line if the disttibution ¢
sensitivitles in the population Is in fact nonmal, Literatur
data on the petcentages of pecsans responding to odoran
when they were attentive,' distracted,' or asleep™ wer
teplotied as probity in Figs 1,2 and 3,
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Figure 1. Tests of responsivenesy of perions 0 fual gas odorar

The daty were taken from the report by Whisman or o/ " Figy

and 13, and Tabla 23, then replotted on log/probit coordinares.

the misdicected testy, the stiention of the mudjects was defibergr

channeled to other mattary. Note that tha cancentration unitg

. thls Frgure are pob [v/v)

Some chemicals, but not all, besides having a true od.
also cause immediate irritation in the nose, eyes ot thio
The sensation of stinging. prickling or burning, conveyed
the trigeminal or Sth cranial nerve, Is quite distinct fre
the smell sensation carried by the olfactory or Ist eran
nerve.? Imitation usually requites 3 higher ¢hemi
concentration than odor, and trained normal subjects ¢
readily report the distinct britation threshold.*® Anort
approach is to use subjects who have sufTered 3 chros
loss of their olfactory nerve function, but still get:
an sctive trigeminal nerve sensitivity.?

Explanation of Table 4 (initant thresholds)

Column 1. In this Table, each odor threshold was derin
from the same source which teported the hritat
threshold; hence the odor threshold In Table 4 may dif
from that given for the same compound in Table 2y

column 3, which may be an average of several literat
values.

Columns 2 and 3. frritation thresholds are the lowest ¢
centrations that cause immediate stinging ox burn
sensations in the nose, or stinging o1 lactimation of the ¢
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Oonr sotery foctor (mytilpin of 1w eanote)
Frguts 2. A practics! guide to the quantitatlve Interpretation of
tdor wfety fsctons, The coordinates are log/probit, so care iy
recuired in interpoiating betwean marked intarvaly, The sloping tines
Indicate the percentages of the population expecied 10 reypond o
vitiour Tractiony o multipins of the mean dmection threshold
concenttation (1.0 on the 1 axis), The detection fine represents the
performance of fully sttentive peripay under good laboratory con.
ditiont. The warning ling showt what may be expecied for
distracied persons under factory or leld conditions, The warning

fint is buyed on the resulty of Whisman et 2" Tor the gas edorants
wthyl rercaptan and thiophane.

In four compounds, designated by superscript 1, they are
the lowest concentrations that could be distinguished from
pure ait by a general anosmic, Le. by 3 person wlho has no

olfactory nerve sensation, but whose uigeminal necve
sensitivity is intact,

Column 4, The lower of the nose and eye thresholds (if

both are available) was used for calculating this ratio of
britation and odor thiesholds.

Column §, The lrritation hazard factor is obtained by
dividing the nose or eye liritation thieshold (whichever is
lower, columns 2 or 3) by the thyeshold Limit value from
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Figure 3. An Illystration of tha efficacy of cartain vaport in
evakening-yitening personas. The dats ware taken from the work af
Fisidner g1 2., Tabiey 8 12 and 14, than plotied on log/probin
coordinates, The lrritants wars ally) alcohs! on the lsh, and croton
aidehyde on the right. Tha oderantg were sthyl mercaptan (e},
phanyl sthar (&) arnd Hoamyl scetate (o), The concentrations in thig

Figaty sre nisted a3 multiples of the odor thresholch reponed by
Fleldnet o1 .

Table 2(a), column 1, This datum indicates by what
multiple the TLV s exceeded, if eye or nose irritation can
be detected.

Column 6. References in italics indicate thar thresholds
were obtained using water dilutions.

RESULTS AND DISCUSSION

Litersture search for odorthiesholds

The ACGIH compilation includey approximately 350
appreciably volatile compounds for which time-weighted
average threshold limit values have been adopted or pro

each eolumn

Table 4, Irritant threshold concentrations of 1en Industrial chemicals. See Methods for further explanation of

] 2 3 4 ’ [ 1 [ |
{eritation thresholdy Ratlo of
. Qdar irritation {eslravion
threshold Noe Evye and odor harard

Substance tpom:viv)  © (ppmivivl Appmivid thresholds tactor Referanc
Acsualdehyds 0 066 2200 11000 33000 22 22
Acelic ackd 0.16 160° 1000 16 23
Agrolein 1.8 " 12 [ ] "o n
ANyl sicohol 14 a0 59 n % n
Benzyichloride 0.040 as a0 200 80 22
a-Chigtosceiophenone 0.040 0.034 0.022 055 0.44 2
Uans-Crotonaidehyde 0.1 14 19 130 10 n
Forme ascid 120 1100’ 8.5 x 2
Propionic acid 04 320’ 1500 L} 2y
Pyriding 0.7 700" 590 140 -}
® Detrcuon thizsherd Tor a gemeral pmosrm,,
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pused.’ Among these, there are 214 compounds fur which
we were able to locate at least nne literature value for the
olfactury detection vr recugnition threshold, measured In
alr or water dilutivn, The Jats are widcely scattered in the
literature, and there Is little confonmity in the choice of
unity for expressing the results. For example, the 29
vepurted thresholds for mbutyl alcohiol (Table 1) were
gathered ftom the works of 26 principal authors, who
used 1B ditlerent systems of concentration units in publish.
ing their data, in 24 journals. Furthenmore, no two of these
29 thresholds were ieasured by precisely the same experi-
mental method,

The lack of standardization, taken In conjunction with
the inconsistent putity of the chemical samples and the
vatiability of human sensitivity, Is tesponsible for the rather
wide range ‘of threshold concentrations usually found in the
literature for a given compound. As indicated at the foot
of Table 1, the mean threshold for n.butyl alcohol is
0.835 ppin, {In this compilation, the data were collected
and calculated to three significant figures, then rounded off
to two significant figures for the Tables.) The theeshold
concentrations having been ealculated as logarithms,
statistical deviations and ertors from the geometric mean
should be stated in the form of [actors (rather than the
differences used with ordinary arithmetic means). The
standard deviation of the logarithms of the observed
thresholds was 20.854 log,o units, for which the antilog
yields a factor of x/+7.14. Taking into account all 29
literature values (l.e. dividing by +/29), this reduces to a
standard etror of *+0.159 log,o units, corresponding to a
factor of x/+1.44. This indicates that there is approxi-
mately a2 68% probability {#1a or SD) that the true
threshold for a-butyl alcohol lies between (0.835/1.44) =
0.58 ppin and {0.835 x1.44)=1.20 ppm. Thete is 3 96%
prebability (£20) that it lies between (0.58/1.44)=0.40
ppm and (1.20x1.44)=1.73 ppm. Olfactory thresholds
could, if necessary, be obtained with greater consistency
and smallzr standard crrors, by determining conversion
factors between different experimental methods. 23 ' or
by redetermining the thresholds by using 2 standardized
procedure with careful minunization of known sources of
ernor,

In the literature, we found for these 214 compounds 3
total of 1054 acceptable thresholds. Same thresholds had
to be rejected on the grounds that they had been measured
without consideraticn of substantial jonization, unfavorable
partition coefficients, Likely impurities or the jnapplic-
ability of Raoult's law, A few remaining extreme points
were discarded because they diverged more than 100-fold
from the nearest of two or more other thiesholds for the
same compound.™ For 152 of the compounds, s e found
two or more acceplable thresholds. We calculated the
mean threshold and its standard deviation for each com-
pound. The average of the individual standard deviations
for all these 152 multiple threshold compuunds was 2
factor of x/+7.0. The remaining 62 c¢ompounds esch
yielded only one usable threshold, so no standard ertor
could be calculated, which sccounts for the dashes In
columin 4 of Table 2(a). The uncertsinty in 3 given
olfactory threshold measurement should be indepeadent
of whether the compound has been reported several times
in the litersture, or only once. As 3 rough guide, we may
assume the sanie average standard error factor of x/+7.0
foe these single-threshold compounds.

DO A 039801
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Safe dilutinn factars fnr saturated vapors

The procedure of expressing threshold Umit  valees,
volatilitics and odor thi2sholdy all in the same units (ppm;
v/v) biings to light certain relationships that are not
appatent when miscellanenus units are used. Neadly alt of
the compounds in Table 2(2) have volatilitles at 25°C
which exceed, somctimes by an enornmnous [actor, thelr
threshold thnit values. Accordingly, a snif(, ftom the head-
space of 3 bottle or drum, or from 2 conlined spacs con-
taining 3 spill, of alimost any of these substances. inevitably
exceeds the TLV. The safe dilution factor in column 5
Indicates the minimuin aumber of volumes of umcon.
taniinated air that would be required to dilute. to the nfe
level, one volume of air that has been saturated by exposure
to the named compuund (assuming perfect mixing). Mant
location, layout, ventilation, chimneys and emergency
procedures should be designed with the realization of the
safe dilution factor in mind, at least for compounds for
which dilution ventilation is an allowable method of
control. Any increase in temnperatute of the chemical sbove

. 25°C increases the requised safe dilution factor, in pro-
portion to the vapaor pressure,

A majority of these compounds are not completely
miscible with water. Nevertheless, a saturated solution of
any volatile compound is theoretically eapable of satusating
the headspace to the sams concentration as the pure com-
pound could achieve, Whether or not it will do 5o in a finite
time depends upon the water-air distribution ratin, the
relative volumes of air and water, and the degree of
agitation, To err on the safe side, It would be prudent to
use the same safe dilution factor in ealculating the ssmber
of volumes ol clean water which would be needed to dilute
one volume of a saturated aqueous solution of the
compound before discharge to a sewer, lagoon or river.
where this is permitted.

Odor safety factors as chemical safeguards

When the threshold limit value is substantially highes than
the odor threshold, the intrinsic odor of the compound
vsually, but not Invariably, provides an indicatioa of its
presence. at 2 concentration level low enough that s harm
is likely to the human observer. Conversely, if the odor
threshold s much higher than the TLV, then aaybody
detecting the odor of the compound has a wirning that 2
safe vapor concentration has alresdy been excesded. The
exposed worker would be well advised to request 2 pro-
fessional evaluation and perhaps instrumental assessment
of the situation, It should be determined whether the
applicable TLV criterion (time-weighted average, shon-
term exposure limit or ceiling value)' Is likely to be
txceeded in the pattivular working regime, and if w, what
the health significance inay be.

The potential warning power of a given chemical is
conveniently expressed by the odot safety factor {column
6 of Table 2(2)), which is simply the TLV divided by the
odot threshold. Any chemical with an odor safety factor
less than 1.0 carries the tisk that hazardous conventrations
will not be detected by odor. Conversely, an odox safety
factar greater than 1.0 bears the promise that a hazardous
concentration could be perceived by smell, Nevertheless,
the question of whether or not a hazardous comcentra-
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thin will actuslly be smelt, is quite compl-x, and depends
upon a varicty of circumstances. (A very few peoplg.
roughly 1 in SO0, have no true semse of smell at all;™
the existence of anoanic persons. while of some practical
traportance. is omitted from our discussion.)

The aversge odor threshold has not been sufficiently
rigorously evalusted for all these compuunds, many of
wlich possess mieasured or himplied standard errors as large
a3 seven-old. This Iy not, tn principle. an insurmountable
problem, because 63 compounds ln Table 2(z), column 4,
already have thresholds evalusted with standard etrocs less
than two-fold, Equal, or better, accuracy could readily be
attained by new experimental measurements on the
deficient compounds.

The ability of inembers of the population to detect a
given odot is strongly influenced by the innate variability

el different persons” olfactory powers, their  prior

experience with that odor. and by the degsee of attention
they accord to the matter. The thresholds Jisted in column
3 of Table 2{a).tepresent the most favorzble conditions
for testing. The subjects were well dware that these were
tests of their sense of smell, they were attentive and they
were trying their best to detect the presence of the odor,
Even 3o, the odordetecting abillty of different people
vities over quite a wide range. The compiation of
individual sensitivities 1o a given compound typically yields
3 Gaussian or bell-shaped cumve,'? provided that 3 logarith:
rmic concentration scale is employed. For this normal
distribution, the standard deviation Is 2 measute of the
spread of odor sensitivity In the population. We have
evaluated this standard deviation with seven odorauts:
Lobutyl isobutytrate, tsovalerle acid, 1-pyroline, trimethyl-
amine, lsobutyraldehyde, androst-16en-3-one and penta-
gecalactone, each tested with 18-443 normal obscrvers.
The aveiage standard deviation was 2197 binary steps,
which may be rounded off at two binary steps.!" The
standard devistion indicates that 68% of people tested, on
the average, will have 3 personal threshold that lies within
the range from one-fourth of the mean, to four tines the
mean, threshold of the population,

The ellect of distracted attention

In connection with testing the efficacy of cerfain odorants
as watning agents for fuel gas, Whisman er al.'® conducted
1 thorough study of the influence of various degiees of
distraction on the tesponsiventsy of people to these well.
known warning odors, Their ‘ditected” test corresponds
with usual laboratory conditions, In which the attention of
the subject is purposely focused on the sole objective of
detecting an odor. In the 'semidirected’ test, the subjects
were asked (0 report on viswa), tactile, aural and nasal
stimull in the test room. In the “undirected’ test, the
subjects were given no indication of the object of the
eaercise. In the ‘misdirected” test, the attention of the
pasticipants was deliberately distracted by asking each to
try to resd some print in 3 dim light and to judge the
temperature of the room, All except the directed tests were
perfermed  with inexperienced subiects recruited by a
mobile laboratory arriving unannounced at shopping
centers, and each volunteer was used for one test only at
one odorant concentration,

Whisman er al. found that the responsiveness of the
subjects 10 3 given conuentration of odorant was sub-
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stantially decreased In the semidirected, unditected and
misdirected tests, compared with their petformance in the
dirccted test mode. The misdirecied 1est was probably the
most difficult set of conditions imposed upun the subjects.
in our opinion, the misdirected test Is the most apptopriate
of the avallable models for evaluating the effects of con-
ditions encountered in industrial practice. A facrory worker
would not be Tamiliar with odor-threshold testing tech.
niques, but would hiopefully be aware that chemical vapors
may be hazardous, and might know that 3 distinct smell
indicates the presence of appreciable vapor In the alr. On
the other hand, the worket is likely to be concentrating on
folowing Instructions, teading charts, contiolling equip-
ment and generally trying to get the work done. Such a
degiee of mental distraction, as Whisman er al. showed, is
ample to divert attention away from any but the most
obvious of vdors.

In Fig. 1, the results of Whisman er al' for their
directed and misdirecied test modes are presented in log,/
ptobit coordinates, which have the advantage of exhibiting
an approximately linear relatlonship between olfactory
stimulus and response, Each data point in the directed tests
was obtained from 22 subjects, and in the misditected tests
from over 100 subjects. The data points were fitted by a
logarithmic transformation linear regression, from which
the slope and 507 response Intercept wete obtalned, The
directed test threshold for ethyl metcaptan, at which 50%
of the subjects would respond, was found by extrapolation
to be 0.17 ppb. In the misdisected test situation, however,
the 50% response threshold was a1 4.8 ppb, or 28 tlmes
highet. Furthermore, the slope of the regression line is
shallower, so that disproportionately higher concentrations
are requited to elicit a response from $0% of the panici-
pants. The results for thiophane (tetrahydrothiophen)
are  virtually superimposable upon those for ethyvl
mercaptan, except that about double the concentration of
odorant iy needed to achieve 3 given level of tesponse, That
is, 035 ppb for detection thueshold and 8.7 ppb for mis-
directed threshold, or 24 tires highet,

The good agreement between the results for ethyl
mercaptan and for thioplane encourages us to generalize
the data, so as to provide a practical guide for interpreting
threshold ratios and odor safety factors (Fig, 2). This graph
Is set in log/probil coordinates, Since neither the Jogarith-
mic not the probit scales go to 2ero, the origin of the graph
Is considered to be the Intersection of threshold multiple
1.0 on the x axis. with 507 persons responding on the y
axis. This, by definition, is the average detectlon threshold.
measured under laboratory conditions, Le. a directed test.
The logarithinic binary step concentration scale and the
standard deviation intervals are also entered In Fig. 2, It
was Ppreviously demonstrated'® that the sensitivities of
people to various odorants exhibit standard deviations
close to 2.0 binary steps. Hence, the detection line In Fig. 2
ks based on this geneualization, and constructed by drawing
a line with 3 sope of 20 binary steps per standard
deviation unit. through the origin of the graph. The detec-
tion line is shuwn as a broken line above 95% Tesponse,
beeavse there are some indications that 3 small peccentaye
of the population has specific anosmias to one or morz of
the sulfurous odoramis.) Such persons, while they may
perceive most other odon normally, are found to have an

innate Jower sensitivity or ‘odor blindness™ 1o the typical
s odorants,
| ] an DO A
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The warnling line In Fig. 2 13 based on the average of the
misditected data fur both ethyl mercaptan and thinphane,
It was consteucted as follows. The results for ethyl mer-
captan and for thivphane (Fig. 1) showed that the ratlus
of the $07cdetection thresholds 1n the misdicected and
directed test protocols were 28,1 and 24.5, respectively,
Their geametric mean i3 26,3, which was rounded off to 26
for the threshuld multiple, In Fig, 2, the warning line is
drawn to intersect the 507 response level at the threshold
multiple value of 26-fold. The slupe of the warning line was
likewise determined by averaging the slopes of the
regression lines for the misdirected tests In Fig. 1. The
averaged warning line has 3 slope of 3.5 binary steps pet
standard deviatlon unit. ,

Therefore, In order to be perceived by 507 of distracted
subjects, the concentration of gas odorant had 10 be raised
to 16 times the concentrativn that could be detected by
507 of attentive subjects in laboratury test conditions. This
flustration lends emphasis to the compelling conclusion of
Whisman er al.'” that there s a substantial difference
between the level of odorant that can be detected, and the
level that will be detected, In 3 given set of clicumsiances.

The aviilable data do not permit extrapolation of the

warning line In Fig. 2 below the 307 response level,

Odor salety classification of chemicals

Figure 2 gepresents 2 provisional synthesis of the best
available data, The slope of the detection line appears quite
soundly established, and to be applicable to many
chemicals. For those uncommon chemicals that exhibit a
pronounced and frequently occurring specific anosmia
among members of the population.™ the eurve Iy expected
to flatten at higher response percentages. The slope and
intercept of the warning line, however, are based on only
two. quite closely related. fuel gas odorants. Intuitively, we
feel that the results for ethyl mercaptan and thiophane
represent a relatively favorable case, because, thanks to the
public awareness developed by the suppliers of household
anJ bottled gas, it Is 2 widely known fact that the “smell of
g3s’ i an indication of danger. In other words, gas odoranty
may have a better chance of penetrating the conscivusness
of a distracted person than many other odors that are not
mentally associated with harmful consequences.

Until more data become available, we propose that the
telationships In Fig. 2 can be used to set up 3 provisional
classification of the 214 chemicals, aceording to the level of
Gfety indicated by their odors. For this purpose, we are
adopting the 107, 50% and 90% respounse levels as practical
guides, According to Fig. 2, the obvious benchmarks are the
detection threshold at which 50% of people can perceive
the odor, and the higher warning threshold at which 507
of people will notice the odor even when they ate dis-
teacted. Secondary criteria ase provided by the concentra.
tions at which 107 of attentive people can detect the odor,
and the other extreine where 90% of distracted people
gt 3 warning of the odor, These lour borderlines are
indicated by vertical lines in Fig. 2.

Qur tentative odor safety classification Iy presented in
Tsble 3, At their threshold limit value concentration,
class A compounds will be perceived by 907% of distracted
persons. To achieve this rating, the odor safety factor musgt
be at least 530; le. the threshold limit value for the
compound is more than $50 times higher than its ador
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threshold. Al the uther extreame, class € coinpounds st theis
TLV concentrathon can be detected by lews than 10% of
attentive persons, In this categury, the odor safety factor
Is below 0,18, The quantitative ranges for tl.e intermediate
8. € and D classifivations are 3s indicated in Table 3, The
zones of ovdor safety factor fur the flve classes are also
labeled on Fig. 2. The odor safety class of each of the 214
compounds, for which adequate data are available, ace
entered in column 7 of Table 2(2). Qlass A coinpounds
ptovide the sitongest odurous warning of their presence
at the TLV level, whereas class E compounds are practic:zlly
undetectable by odor at theit TLY concentration.

The ellect of steeping

Although It Is not considered relevant to most workplace
situations, the power of an odorant to waken a sleeping
person ls significant where industrial produvcts can escape
Into a residential area. This is an obvious risk with house-
hold gas, and the question was included tn 3 study by
Fieldner er al® Their data for several odorants are
displayed in log,o/probit coordinates tn Fig. 3. They tested
three compounds (ethyl mercaptan, phenyl ether and
tsoamy! acetate) which can be tegarded as more or less
purely olfactory stimulants, f.e. they have little or no
lrritating power for the trigeminal nerve. Each data point
in Fig. 3 was calculated from the tesults of 1ests with three
to eight sleepers. The points were then fitted by lnear
regression. The performances of these three odorants seem
fairly concurdant, and imply that 2n odorant concentration
sbout 20000 times the normal detectlon threshold s
requited to awaken S50% of soundly sleeping persons,
That is more than 700 times stronger a stimulus than
suiTices to serve a3 a warning for wakeful, but misdirected,
observers (Fig. 2). Il this result were applicable to all
odotants, it would mean that vintually none of the 214
compounds examined in Table 2(a) would awaken the
average person, without exceeding the TLV,

There is. however, 3 complicating lactor. Some odorants,
besides stimulating the olfactoty necve, also lrritate the
trigeminal nerve. Two examiples are Included on the left
side of Fig. 3. These substances were far more effective in
waking the sleepers. A 507 response was obtained at 27
times the odor threshold of crotonaldehyde, and at only
thiee times the odor threshold of allyl alcohol. From the
comments of those that woke up, it is obvious that the
kritation was the determining factor. It Is an interesting
observation that the trigeminal nerve has some sort of a

‘hut line’ directly into the subconscious, that Is denied to
the olfactory nerve.

Some data on ritant thresholds

Trained normal observers can report distinet concentration
levels at which 2 vapor produces nasal or eye lrritation,
quite apart from Is odor. Katz and Talbert™ tabulatzd
considerable data, from which we have selected those
compounds that are on the ACGII{ list (Table 4). We
have also added 3 few compounds from our own work, in
which nasl irritation thiesholds were obtained from an
anosmic person lacking the ability to perceive true odors
s opposed to itritants. The ratio of the lrritation and odos
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thresholds for these compounds tanges fiom 33000 for
acetaldehyde, to less than unity Tor a-chloroacetophenone.
Where this ratio Is telatively sinall, it seems very likely that
Lritation would become an important factor In determining
the Intercept and slope of the warning line in Fig. 2,

I {rritation of the ulgeminal nerve can wake a sleeping
person so effectively, It seems very likely also to be sble to
preempt the attention of a distracted person, No quantl-
tative treatiment of this factor {s possible at present, because
trritant  thresholds are available for so few of the
compounds on the TLV list, and no tests have been
teporied on perception of Iirltants by distracted persons. it
may. however, be worth noting the trrhtation hazard factor
in column § of Table 4. These figures Indicate the degree
to which the TLV Is being exceeded, If there is appreciable
eye or nose Irritation for an attentive subject.

Thieshold in water dilution

Many of the odor thresholds found In our literature survey
had been measured by sniff-tests from the head-space
sbove aqueous dilutions, Theoretically, the sir-dilution
thieshold and the water-dilution threshold are simply
1eated by the alt-water partition coefficient of the
odorant, provided the concentratlons are measured in
equivalent weight per volume units. This expectation has
been borne out In comparisons made for n-butyl alcohol,
pytidine and isovaleric acid,'* and has been [further
supporied by the dsta for many compounds listed in
Toble 2(b). For example, the data {or n-butyl aleohol in
Tatle | exhibit, for the reported olfactory thresholds, more
than 3 1000-fold 1ange, yet the group means of the 20 aic
thresholds and the nine water thresholds differ by a factor
of only about thieefold, and this is not considered signifi-
cant (P> 0,1). Odor thresholds measured in 3ir and water
dilutions are generally concordant, urless the water-ais
distribution ratio Is less than approximately ten. In that
case, the reporied water-dilution threshold concentration is
liable to be too high, due to substantial evaporative loss of
odorant from the solution during the cousse of conducting
the odor threshold tests. .

The audilution thresholds in column 3 of Table 2(a)
are based on 3 pool of 21} available data from both ait- and
water-dilution measurements, omitting water thresholds for
compounds with unfavorable water-zir distribution ratios.
The water dilution thiesholds in column 10 of Table 2(b)
wete generally calculated from the data in column 3 of
Table 2(a), by applying the water-air distribution ratio.
In this way, we have been able to calculate waterdilution
thresholds for many compounds for which only air-dilution
threshold data were previously available, By applying the
same distribution ralio, the water equivalent concentrations
were also calculated for the TLV, and are listed in column 8
of Table 2(b). With odosants that are ionizable (acids and
bases), these calculations are stiictly valid only within
specified pH limits, as explained in the Methods section,

We felt that It would be informative to provide the
theoretical water threshold and TLV data,'even for com-
pounds with distribution 13ti0s of less than ten. The equi-
librium  air concentration can develop and peisist in
conditions of high liquid-vapor volume ratio and low vapot
Io3s, such as 3 closed vessel or 2 sewer. TLV and thueshold
data for odorants with distribution ratios less than ten
are In parzntheses in Table 2(b). This Is to Indicate that
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thowe solutions lack enough prisistence to serve a3 teliable

standards in setting up water dllution sniff-tests for tiaining
or testing petsonnel,

CONCLUSION

The interpretation of these data In any particular safety or
pollution problem will depend markedly on the Individual
circumstances, The threshold data in the Tables and Figutes
are based on averages for samples of the population, pre-
sumably In good health. Individuals ean differ quite
markedly from the population average in their smell sensi-
tivity, due to any of a variety of Innate, chronic or acute
physiological conditions,™ *+7  Likewise, the time.
weighted average threshold limit values are for worken,
who by the mere fact of being able to work evidently
tepresent a generslly healthy segment of the population.

Continuing exposute to an odor usually tesults in 2
gradud) diminution or even dlsappeatance of the smell
sensation. This phenomenon is known as olfactory adapta.
tion or smell fatigue.®® If the adaptation has not been too
severe or too prolonged, sensitivily can often be restored
by stepping aside for a few moments to an uncontaminated
atmosphere, If available, Unfortunately, workers chronically
exposed to 2 strong odor can develop a desensitization
which persists vp to two weeks or more after thels de-
partuie Trom the contaminated atmosphere. In such cases,
it should be the responsibility of supecvisors and inspeciors
to note the odot and take appropriate action.

Hydrogen sulfide and pechaps other dangerous gasey
can very quickly lose their characteristic edor at high
concéntrations. At levels of H.S sbove 100 ppm (over
10000 tinses the average detection threshold), the sense of
smell is rapidly abolished. so that poientially Jethal concen-
trations may not be detected by odor at sll.” Cemain
commescial diffusible odor miasking or suppressing agents
may seduce the perceptibility of odots, without removing
the chemical source, The use of such agents might intetfere
with the capability of the nose to provide a warning at the
expected concentration level,

There are many potential applications of these data in
chemical safety and in air- and water-pollution control,
some of which have been mentioned previoudy. In
addition, we believe that the data might find some lexs
apparent uses: Table 2 is also 3 guide to what data are Inthe
literature on odor thresholds, on TLV.listed substances, is
vnavailable, unconfitmed or erratic, Readily prepated wates
diutions could be used to test the individual smell
thiesholds of workers to the chemicals they handle. A
water TLV dilution of an odorant could be prepared to
demonstrate quickly to workers the practical experience of
its TLV concentration. The general experimental pro-
cedures for prepating and testing aqueous solutions of
odorants have been desciibed.’ These concepts could
impiove the reliability of odor breakthough as an indication
of when to change the organic vapor corttidee in 2
tespirator. The feasibility might be considered of using
class A ot B compounds as warning odorants to be added to
tlass D or E subsiances, or to pesicides. The water-air
distribution 1atios could also te a guide to the posuble

success of water-scrubbing a3 3 means of removing vapors
from effluent gases.
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The TLVs used In Table 2 and discussed In this paper ate
those recorminended by the ACGIT in its 1982 listing.!
The values are e published annually, and are subject to
tevision, usually with two years notice of intended changes.
The US Government Occupational Safety and llealth
Administration (OHSA) and many State Administeations
have established their own lsts of permitied exposures.
While the values adupted are often based on the ACGIH
recoimimendations. they muy not ¢oincide with current
ACGIH TLVs, and quite different standards may be set for
certain compuunds, Some foreign governments Issue guide.
lines with Independently decived limits, If the appleable
exposure limit for 2 partlcular compound Is different from
the TLV cited in Table 2, column 1, it will be necessary 1o
adjust the values In columns 5, 6 and 8 by the appropriate
tatio, and perhaps reassign the odor safety class (column 7).
V:lues In Table 4, coluinn § may also have to be altered.

Every chemical that can be detected by smell exhibits
2 property that can be turned to advantage 3s an ald in
maintaining  safe operating c¢onditions, It must be
recognized that background odors, odor fatigue, preocupa-
tlon and indlividual Insensitivity may combine to reduce the
margin, U any, between odor detection and safe operating
vonditions. No odor salety lactor is large enough to justify
condoning the presence of a leeting odor, let alone a per-
sistent stench, unless professional assurance has been
obtained that the working condisions are safe.

The first detectable odor should be a sure signal that
something abnoemal has happened somewhere. It may be the
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last warning, Duting chemical operations, whea an odot
{s detected, the wurce should be located and the concen.
tration determinel, Then effective steps can be taken to
prevent the escape of vapor, and testare 3 neutral and
healthful odor background. Even In the unnatural enviton-
ment of the Industrial workplace, our sense of smell has
nwch to offer a3 a natusal safety warning system,
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DOW INDUSTRIAL BYGIENE GUIDES (1BGs)
COMPLETE CURRENT LISTING*®®
M. G. Swank
October, 1986

I. CHEMICAL AGENTS

Material IHG

Ace'sme cyemo-ygrn
Ace'viene let"abroTice
N-Acely -p-a=-nop-eno!
Acrylam.ce

Acyic azc

Acryigcnitrie

smhleg ce'.ose

Amap2st Ye'ow-Indand.one
A=-as.es Ye' ow PFL

A= se'ty ettanc'amine
A~ trs e

Ammon ™ bromice

At L opetsyiale

B'PPE (Bore~yly: pheny! ether)

3.Bsioromometty’)oxetate

2-ter-BEltvicalecho
B.'vie~e cxce
*tr.Bllvisccyanate
ter-B.tly' perbe~zcale
p-teri-Butylptercl
Bty stearate
p-ter-Butylstyrene
Cad-0-&:

NOTES

Dnits given as "mg" = mg/m

1 ppm Ceiling-S» -

see 1,1,2.2-terat-omcethane
10 mp

0 03 mg-Skin

2 ppm-Skin

1 ppm-Skin. 10 ppm Excursion
2 mg. as NaOH

005 mg

0.05 myg

2 mg-Skin

C1mg

10 mg

5 mg

2nmg

2mg

10 mg

Img

10 ppm Ceiling

10 mg

1mp

C5 ppm

use WEEL

5 mg

10 mp

15 ppm™m

10 mg

52 ppm. 2C0 po~ Excurs on
5 ppm-Skin

4% ppm. 100 po— Excors or
0.02 ppm-Skin

01 ppm

2mg

150 ppm

10 ppm

1 mg resprabie

**Indicates changes or new additions since last list.
Glossary of terms is on last page of this list.
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1.1-dichlere-2 2-difiuoroethylene

see Fraon 1112-A

*Trademark of The Dow Chemical Company
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Material IHG Date
Cscoum bovioe 10 mg 1982
Cac .~ chionce (32% bring) 10 mp 1975
Cacur stearale 10 mg 1978
Caco alzanne cyanne 0.05 mg 1975
Caics Chincline Ye'ow 28D 0.05 mg 1975
Caico Rec (6775 0.05 mg 1975
+-Ca'ce Rec ZIR (5020) 005 mg 1975
Catechoi 5 mg-Skin 1675
“*Chivramphenicei (and este's) use WEEL
Chicroacety! chionde ‘ ' 10 ppb-Skin. BC pod Excursion tEE
1-(3-Cricreally!};-3,5.7 -triaza-1-
alln aacamaniore ¢nionge 1 mg 1eTY
Crozmety. met~y el~e- 0.1 ppm t87E
o-Crers-c-gress: 1 ppm ka3
o-C-:zrophenp! 0.2 ppm 1875
p-Crioropueno 1 ppm 1975
Crisroprenyiphenc seo DOWICIDE" 32
1-Chicro-2-propanol see Propylene chiorghydnn
2-Crioropropionic ac.d 1 ppm 1677
“"Choresu'tonic acc uss WEEL .
Choonenramine maea'e 01 mg 13
Crrooazc 10 mg “eTE
Cicet cmznce 0.1 mg as Ce e7%
Cye~tze~ bromide 0.3 ppm Ceiling, S«:nm 18E2
Cye~ume thorce 003 mg TETE
Daaoo- see Dowpor
Dezrner~ 027 nninie 1 mg &€72
Decetromocioheny etrer use WEEL
Disreroaceto=itr e 0.1 ppm Ceing. S«in SBe
1.2-D.bromo-3-ch.oropropane ~ 0.1 ppm-Skin TETE
Dibremocmethane see Methyiens bromigde
Chbromoneopenty! glyceo! 7 mg 167p
Dipromonitriiopropiornamide 2 mg Ceiling’ 167¢
Dichiorzacetc acid 400 ppb-Skin 1677




DOWANOL® DB
DOWANOL DE
DOWANDL DM
DOWANODL EE
DOWANDL EM
DOWANOL EPR
DOWCO*" 290

see Diethylene ¢.2c
sse Diethylene ¢.,:22
see Diethylene ¢ .co

b.y eiter
e~y eher

mE Yyl ether

ses Ethylene g'ycz monoetny: ether

see Ethylene giyzz mancmethy. ether

tee Ethylene 9‘&,1: p-\e—.).' eler

see 3.6-Dichicrez 22 2 aed

*Trademark of The Dow Chemical Campany
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Material IHG Date

2 4-Dichiprophenol 1 ppm 1675
3.6-Dichiorop.colinic acd 10 mg 197%
2 3-Dichloropropene 1 ppm-Skin TGEL
2.2-Dichloropropionic acid, sodium sall see Dowpon
D.electric Flug Ca 10 my 18TE
2-(Diethylamingethano! 10 ppm 1975

_Diethylbenzene. mixed i1somers 10 ppm 1677
Diethy! disulfide 1 ppm 107¢
Diethylene glyco! bulyl ether 35 ppm 1982
Diethylene g!yéo* elhyl ether a0 ppm =1-ps
Detmyene g'yco methy: etmer 30 ppm 1682
D ethy! phesphorochiongsthicate (DEPCT) 0.1 ppm-Skir 1677
T.t-cfiuercettare ses Freon 157.2
Y Z-clucretetrachicroetnane soe Freon 1°2.4
Duscpropylnenze~e meta. pata 1scTers 10 ppm 1677
Dimethyl disulfice 3 ppm 197¢
**Dimethy! ether use WEEL
Dimethyl phosphorochiongothioate (DMPCT) 0.1 ppm-Skin 1977
Dimethyl sultide 10 ppm 197E
Dinitro-o-sec-butyiphene! 0.3 mg-Skin 1981
Chocty adiczte VE see VO DOA
2.€-D-te":-buly -p-cresc’ 80 lono’
Z e -Diizes-bity shemn 5mg TeTE
2.4.Dtert-putylipheny! 5mg 107E
2 &8-Ditert-butyinrene 5 mg 18Tl
z &-Ditert-boty ipnens. soc.um san 5my gTE
Dcrery su'ce 1 ppm TeTT
Distezy' thooprzporate 10 mg 1678




-‘-

Material ' *_IHG Date
DOWCO* 356 1 ppm 1979
Dew Corning Fluig 550 10 mg 197¢€
DOWFAX" 2A1 surfacian: 5 mg. as acive inged en! 1876
Dowliake calc:um chionge (77%, soud) 10 mg 1975
DOWICIDE" 1 see O-phenyo-e=2
DOWICIDE A 5mg . 1975
4. DOWICIDE 32 1 ppm 197¢
DOWICIL® 75. 100 anc 200 see Chipra'iy't~.azaazon.aacamantone chioride
DOWPON® ] Img _ 1976
DOWTHERM G - use TLV for phety elher
DOWTHERM J see Dle'."‘y ze-Iene
DOWTHERM SR.1 vse TLV fcr ei-ylere glyco!
"Erytrromycen use WEEL
ETHOCEL" 10 mg 1975
Et-opropncs 0.0t ppT-8xn 1978
E:~y! chioroasetale 100 ppb-Sx - 16877
Ei~yiene d'bromide 0.5 ppm.Su.n 1980
Ethyiene g'ycol monoethy! ether S ppm-Skin, 10 pp™ Excursion 1881
Ethylene g'yco monomethy' ether 3 ppm-Skir, € pp Excursion 1988
Etrylene glyco pneny: etmer 25 ppm-Sxi- 1982
2-Etry hexy acry.ale 25 ppm 1€7¢
2-Etny -2-exzzelne 3 ppm “ 1976
Eimyierieme (mete pie simets: 10 pp™ 1877
FRes see peniantomochicrocyc:ichexane
FR:3¢ see dbremomesiety ovVed
Frezm 92 A 50 pprm "g7S
Freon 1E82-A o0 po 1eTE
Fresr 1112-A 50 ppm 1978
Freomn E-65 1000 pp~ 1e758
Fumanc acic , 10 mg 1976
GARLON' " see Tnchioro-2-pynoyiexyacetic acie
Gasoline use TLV
Glycxa! . 2 ppm . 1975
*"Halexylop ethoxyethyi 0 €5 mg-Swxin 198¢
**Halcxylop methyi 0 05 mg-Sain 19888

Trademark of The Dow Chemical Company

DO A 039810
CONF TDFNTTAL




Material

IHG

Harsa Yellow &R (8421)
Hexachlorgberzene

Hexadene

Hydrogen 10dide
p-Hydroxybernzaidehyde
2-Hydroxyethy. acrylate
sydrexyelhy! ce'luicse
Hydroxye'hy. methy! cellulose
Hydroxypropy! celldicse
Hycroxypropy! Wm!hyf co'li'cse
lonol

Irganocx 1040

Irzancx 10TE

lren

fschotane

ischutyiene

2-lsocyanatoethyl methacrylate
lsoniazd
2-lsopropeny!-2-oxazoline
lsopropy’ chioroformate

Ke osene

LONTREL"

Mac-es .~ *yorinZe
Methacrylc arc

METHOZEL!

Memoxyiurare

Me'my' bip=en,

Methy crionice

Metnyi chioroaze'a'e
2-Melnyi-4-chiorcphenoxyacetit aco
Methy! chlorpyrifos
Methylene bisazrylamide
Methylene bromige
2-Methyipropene
Metoclopramide

*Trademark of The Dow Chemical Company

0.05 mg

150 ppb in the bioae (Bioiogical Limit Guide)
useé WEEL

3 ppm

10 mg

1 ppm-Skin

10 mg

10 mp

10 mg

10 mg

16 mg

10 mg

it mg

10 mg

620 ppm

see Methylprope~e
25 ppb Ceiling-Sw.-
1mg

0.1 ppm-Skin

01 ppm-Skin

10 mg

see 3.6-Dichiprop 2 imic asic
10 mg

20 por-Skin

10 m3

1C ppm

0.2 ppm

25 ppm. 75 ppm Erzursior
100 ppb-Skin

S mg

see RELDAN®

3 mg

15 ppm

1000 ppm

0.3 mg

DO A 039811
CONFTDENTTAI

Date
1975

1978

1976
1675
1976
1875
1975
1975
1975
1975
1975
188°C
1975
1978

1978
1980
1979
1978
197%
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Material

IHG

Mo-os-proecec acic

M:-cet~y pnuocsphoroc.chiongothioate (MEPCT)

Nao~t=a

p-Nirebenza.cenyde
¢-Nrophe~o

p-Niropheny’ senne racemic methyl es'e’ threo

1-Nirgso-4-rethyl p.perazine
Neocowax 22-08

Nepeowax DS-+01

Noves 2o -
Fa-zcex G€2
*tPetlenTomIIT 0T0Ly: S%ExENE

Pe-tar~ crobe~lene
Fe~‘ac=creoyrcne

Ferrcaim

Pre-2e brine

Prerylaphnre hydroet 'orde
o-Fre~ypheno

p-Phemy prene

o-Prerysrenc sof um 3"

Pre~y orobenz a™ ne Fygroonoonge
Fre-y sa& ¢, z'e

Primascoyar e B e 4763

Pcoystyrere lztex. Dry 94§
Focyvry aiczns

Fziass um bremate

Potass um brom.ge
Potassivm cabinate
Potassium chizride
Potassium 0cate

Polass um 10C.Ce

use WEEL

01 ppm-Skin
350 mg-Vapor. 1C mg-Aerosol
3Img

1mg .
10 mg

2 pp-

10 mg

10 mg-_

Img

1t mg

Img

€1 ppm

7mg

5mg

S ppm

0.5 mg

Smg

Smg

see DOWICIDE A
1mg -
10 mg

CC5 mg

10 mg

use WEEL

10 mg

use WEEL

10 mg

10 mg

use WEEL

10 mg

10 mg

10 mg

5mg

5mg

DO A 0398127
CONF TDENTTAL

Date

1877
1878
1681
1977
1981
1978
1675
1975
1880
1875
1986
1676
1977
1875
1975
1981
1977
1977

1981
1875
1875
1980

1878
1976

1682
1975
1975
1875
1975




L
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Material IHG Date
Potassium persu'fa‘e 5my 197¢
Potassium sulfa'e 10 mg 1875
Probuco! 10 mg 1979
Propachior 05 mg 198C
Prop.cnaidehyde S ppm 1678
d-Propoxyphene hydrochionde 1mg 1678
~Propylene chiorohygnn 3 ppm Ceiling-5x - 197¢
**Propylene g'ycol use WEEL
Propylene oxide -20 ppm; 100 ppT Excursion 1980
RELDAN (Me'~y' ch'ompy*fos 01 mg-Skin “9TE
R‘ampicin £ mg 1677
Rlamyen 8V 5 mg 1677
Sacecnanr, scCcu™ sa ! 10 mg 168"
Sghicy.eceryce Emg 1678
Sz tylc ate 2mg 1675
Sa'oi see phenyl salicyae
Sanionox 10 mg 197%
Sodium aceta’e 10 mg 1975
Sadum bicarbonalte 10 mg 1875
Soc-um boronyarce 2mg 1978
Soc .m bro—ae 5mg 1982
Sog.um bromice 10 mg 1862
Ezo.m cadzrate 10 mg 1E7¢
Sodi.m chisnde 10 mg 1878
Sozium chorte 05 mg 197¢
Sof o~ hexamelacsosotate 1t mg GET
Scc..m hycres.ce 3 mg eTe
Scocum monpchicroecetete 1mg -
Sod.um persyllate 5mg 1676
$50.um phenate 5 ppm 1975
Socium polyacrylate 3Img 197E
Sodium sulfate 10 mg 1978
Sodium thiosulfate 10 mg 1976
Sodium tnehlorcaceiate 1 mg-Skin 1976
Steanc acid 1C mg 1975




Material

IHG

Streplomycin

Styrene dimers and inmers
Sulfadimethoxine

Sulfolane

Terderadine
Tetrabromobispheno! A
_'"1.1,2.2-Tetrabromoethane
2,3,7.8-Tetrachlorodiberzo-p-dioxin
1.2.3.4-TetrachioToberzene
1.2.4.5-Telrachiorobenzere
1.1,2.2-Tetrachloreethare
3656 Tetrachicropicohnic acio
2 356 -Teirachioropyric:re
Telracyc.ne

Tricphosprory! chionice

Tmoudrea

Tinuvin P

Tianwum tetraiod.de

Toluene disocyarate

Topano CA

Trnorcmemespently acshs
Tricropyr

245 Trcneroarsoie
2.2.5.Tricriorophenol

2 €.6-Trehivrophent!, soc.um salt
3L e-Trichioro-2-pnnig:rs’
**Trichiprenropane
1.2.3-Trichioropropene

356-Tnchioro-2-pynidine', sod.urn sa't
3.5.6-Trichioro-2-pynidy! dimethyl phosphate
3.5.6-Trichloro-2-pyndyloxyacetic acid

3.5 6-Trichloro-2.pyndyloxyacetic acid, DOWANOL EB ester
3.5,6-Trichlorp-2-pyridyloxyacetic acid, methyl ester

3.5 6-Trichlore-2.pyridylexyacetic aci¢. triethylamine sah

Trichiorphon

1 mg

100 ppm

2 mg

4 ppm

1 mg

5mg

0.1 ppm

0.01ug

0.4 ppm

04 ppm

01 ppm-Sxi-

2 mg-Sk.n

2 mg

1 mg

0." ppm

0.1 mg-Sxin

10 mg

0.1 ppm, as o€ ne
002 ppm. Ce.lng
10 mg

> mg

ses Trich:zro-py 2oxyace!

10 mg

1 ppm
5mg

7 mg

1 ppm-Skin
1 ppm-Skin
7mg

1 mg-Skin
10 mg

10 mg. as ac:t ezl valem

10 mg, as acic ec.vaient

10 mg. as acic ez.valen!

10 mg
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2.6

Material IHG Date
Trisodium phesphale use WEEL
Uitramanire Blue (5045) 10 mg 1875
V8 DOA (Dicty! adiphate V) 500 ppm 1975
Viny' benzy: chionde 0.5 ppm Ceiling. Skin 1584
Vaamin C 10 mg 1976
VORANOL* CP700 10 mg 1975
T mg 1977
Z-11 methy! ester 1 ppm 1977
Z-200 0.5 ppm 1977
Z"¢ brom.ze 5 mg 1683
Zn¢ sulfde d¥user 2693 10 mg 1675

I1. PEHYSICAL AGENTS
Noise

Bearing conservation (8-hr day):
85 dBA with 5 @B exchange rate.

Engineering controls (8-hr day):
90 dBA with 5 @B exchange rat .

tTrademark of The Dow Chemical Company

Do A
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Ceiling -

Excursion -

MG -

Skin -

TLVs ard
WEEL Guidec -

1803 Building

MS/ma¥*

(E17) 63€-3976

GLCSSEPY

This concentration should rct be erceeded, even for brief
periods.

Excursion guides, as opposed to ¢eilings, are not
intended as absolute limits in eitrer concentration or
time. They indicate that sustaire” exposures at or above
the guide number are not appropriete. Excursion
exposures should last minutes, nct hours, but do not need
to be arbitrarily l1imited to any specific time period.
Likewise, the concentration at ary given time might
exceed the guideline by a moderate amount, but should
average out to the excursion guice level over the period
of the excursion. The longer the excursfon, the more
importart it is for.the average level during the
excursion to be at or below the guideline. Excursions
should not follow quickly one after another and the
shift-length time-weighted average (TWA) should not be
exceec. This definitior does not preclude decisiors to
arbitrerily set de‘inite time limits or more conservative
concertration limits in particular plant situations.

The Industrial Myciere Guide (IHG s the internal Dow
guideiine for B-hcur TWA exposure: to airborne
concertrations of meterials. These guidelines were
prepared by industrial hy¢ienists in cooperation with
toxicology, medical, production and product department
representatives and were approvec by the Dow Industrial
Health Board,

This material may be absorbed through the skin in amounts
sufficient to cause toxic e‘fects. Although the IHG is
for inkalation expcsures, skin certact with this material
carn cortribute to the overéll expssure and invalidste the
WA exposure eveluations. It is recodmended that skir
tortact be avoigez,

The expcsure guidelinres establistez by the ACGIM (TLve)
or the AIHA (WEELs) are usec by Dow unless a lower Dow
IHG alrezcy existe or a new, higrer IHG is adoptec.
There“ore, some IHGs have been repiaced by TLVs or WEELs,

Those 1HGs which will no longer be used are indicated in
this Tist and will be dropped fro~ future lists.

M. G. Swank, IMG Coordinator
dealth & Environmental Sciences
Information Center

DO A 039514
CONFIDENTTA(
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AIHA WEEL® GUIDES - 1986
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Agermt

Berzaicenyde

Bis-(2=niQrosopropy!
ether

Trioramonenitn

Croresuifome acie

Shoretntiuproeivyiens

—ecacromod.cheny
[=} §1-1 ]

Sietmyieng gryco:

Crsobutyleng
Siretnyl ether
Cimetny terepira.ate

E-ythromyein

HHexac ene

Mexanciot Siacryiste

wthium hyQroxce

ihium oxite

J-Methcayprapyiaming

MoRroeorcaselc ac:e

Ccano

Rertaenvtnnto
racTv.ale

Aconnes

Fipeng:ne

Bsivethviens Grycos

Boiypropyiene gycos

Pxlass.um promate

Feopviane gIveD.

Quingiing
Teraethyenesived
clacrv ate
o-Toiusne sulfonyt
cnionge
Tnethyieregyco
dlacyate
Tnmetnyigmine
TnmethyviproDane
nacryiate
Tamethyioiorecane
inmefviactyiate
Tosodium phoscnate
wrea

-Hr TWA

2 ppom
J pom

0tmg m’

03som
$pom

Smgm’

50 ppm. tolal

10 mgm’
2070301 only

80C ppm

50C Dom

10 mg m o
-] mg,rn
respiraAbie
Imgm’

100 ppm
1 mg/m’

10 ppm

C3ppm. Smin

5C pom
1mg-m”

2ppm Skin
1 pom
10 mg. m?
W mg m
C1mgm
5C oom. 101l
19 mg m-
ae'OMD ONly
0 ppm. Exin
1 mg.m’

1 mg/m*

1ppm
1 mg. m*

S mg.m”

10 mg.m-

Short-Teorm
TWA

4 ppm. 15 min

—

1mg:m’ 1 min
1 mgem?, 1 min
20 pom 15 min

5 pom

Emg/m” 1€ min

Smom’ 15 min

Reviseq 5-85
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NCTE For convenience. may e cut 1o it insice

PeCkel manyal.
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GUIDERSH

Workplace Environmental Exposure Leve! Guices (WEE L
are developed by the AlHA WEEL Commutiee tor age~
which have no current exposure guideiines establiste
by other orgamizations. They represent the workpias
exposure leveis to which, itis believed, nearty ailempic:
sescould berepeatecly exposed withoutagverse etec:
Al WEEL's are expressec as time-weightec average cor
centrations; however, ditferent time perioCs are specifie
depending on the properties of the agent.

An 8-hr TWA incicates atime-weighted average conce’
tration tor a normai 8-hr workaay ang 40-nr workwee
When it is believed that excursion levels shouic be mer
limteg.aoneto 30 minute TWA may De recommences
either in conjuncton with, or in glace ot, an 8-nr Tw
vaiue. The time specifiec 1S relevart to exposure. r:
necessarily to samping.

The word “Skin” ingicates that the materiar may ¢
apsorbed througn the skin. Therefore. sxin contac: ¢:
contnbute to the overall exposure ang invaicate i+
TWA exposure evaiuations.




