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SOLUTION PROBLEM 2-9

A search on the NIOSH web site will yield a number of sources for the definition of the IDLH.
The most useful document is Documentation for Immediately Dangerous to Life and Health
Concentrations. This is NTIS publication PB-94-195047 publish in May, 1994.

This document has the following content in the Background section:

The Occupational Safety and Health Administration (OSHA) defines an IDLH value in their hazardous waste
operations and emergency response regulation as follows:

An atmospheric concentration of any toxic, corrosive or asphyxiant substance that poses an immediate
threat to life or would cause irreversible or delayed adverse health effects or would interfere with an
individual's ability to escape from a dangerous atmosphere. [29 CFR* 1910.120]

In the OSHA regulation on permit-required confined spaces, an IDLH condition is defined as follows:

Any condition that poses an immediate or delayed threat to life or that- would cause irreversible adverse
health effects or that would interfere with an individual's ability to escape unaided from a permit space. Note:
Some materials—hydrogen fluoride gas and cadmium vapor, for example—-may produce immediate transient
effects that, even if severe, may pass without medical attention, but are followed by sudden, possibly fatal
collapse 12-72 hours after exposure. The victim "feels normal" from recovery from transient effects until
collapse. Such materials in hazardous quantities are considered to be "immediately dangerous to life or
health." [29 CFR 1910.146]

SOLUTION PROBLEM 2-10

From the same document used in Problem 2-9:

The purpose for establishing this IDLH value was to determine a concentration from which a worker could escape
without injury or without irreversible health effects in the event of respiratory protection equipment failure (e.g.,
contaminant breakthrough in a cartridge respirator or stoppage of air flow in a supplied-air respirator) and a
concentration above which only "highly reliable" respirators would be required. In determining IDLH values, the ability
of a worker to escape without loss of life.or irreversible health effects was considered along with severe eye or
respiratory iritation and other deleterious effects (e.g., disorientation or incoordination) that could prevent escape.
Although in most cases, egress from a particular worksite could occur in much less than 30 minutes, as a safety
margin, IDLH values were based on the effects that might occur as a consequence of a 30-minute exposure.
However, the 30-minute period was NOT meant to imply that workers should stay in the work environment any longer
than necessary following the failure of respiratory protection equipment; in fact, EVERY EFFORT SHOULD BE
MADE TO EXIT IMMEDIATELY!

The answer is 30 minutes.




SOLUTION PROBLEM 2-11

A search of the NIOSH web site yields the following document at:
http://www.cdc.gov/niosh/docs/96-134/pdfs/96-134c.pdf

Figure 1-1. Asbestosis: Number of deaths, crude and age-adjusted mortality rates,
U.S. residents age 15 and over, 1968-1992

Number of Deaths Deaths/Million é

1,000

800

In 1991 there were 946 asbestosis related deaths and in 1992 there were 959 deaths.
The answer is 959 for 1992. Unfortunately, more recent data are not available.

SOLUTION PROBLEM 2-12

The list of IDLH values is provided here: http://www.cdc.gov/niosh/idlh/intridl4.html

The IDLH values are: ethanol — 3,300 PPM; ethylene oxide — 800 ppm
The PEL value for ethanol is provided in Appendix G, and has a value of 1000 ppm.

Ethylene oxide is a regulated chemical and its exposure is described in OSHA standard
1910.1047, which is available on the www. osha.gov web site. This standard states the

following:




"8-hour time-weighted average (TWA)." The employer shall ensure that no employee is exposed to an
airborne concentration of EtO in excess of one (1) part EtO per million parts of air (1 ppm) as an (8)-hour
time-weighted average (8-hour TWA).

"Excursion limit." The employer shall ensure that no employee is exposed to an airborne concentration of

EtO in excess of 5 parts of EtO per million parts of air (5 ppm) as averaged over a sampling period of
fifteen (15) minutes.

Thus, the PEL (which is an 8 hour exposure limit) is 1 ppm.
SOLUTION PROBLEM 2-13

The TLVs can be found in Appendix G, or on the OSHA (www.osha.gov) or NIOSH web site
(www.cdc.gov/niosh). Additional information can be found using the NIOSH Pocket Guide
found on-line at www.cdc.gov/niosh/npg.

Ethylene trichloride is listed in Appendix G as tlichlofoethylene. This chemical synonym can be
found in the NIOSH pocket guide and elsewhere.

Ethylene oxide and benzene are regulated chemicals with a specific OSHA regulation. The
regulation for ethylene oxide is 1910.1047 and for benzene 1910.1028. These regulations can be
found on the www.osha.gov web site. These regulations show an 8-hour exposure limit, which
is equivalent to the OSHA PEL value.

The IDLH values are found on the NIOSH web site.

The results are as follows;

TLV (ppm) IDLH (ppm) PEL (ppm)
Ethanol: 1000 — STEL 3,300 1000
Ethylene oxide: 1 800 1(1910.1047)
Benzene: 0.5 500 1(1910.1028)
Trichloroethylene: 25 1,000 2 mg/m’
Fluorine: 1 25 0.1

Hydrogen chloride: 2 — Ceiling 50 5 - Ceiling




SOLUTION PROBLEM 2-14

The LCso data might be difficult to find. It also has wide variability in the literature.
The IDLH data can be found on the NIOSH web site http://www.cdc.gov/niosh/idlh/intridl4.html
The PELSs can be found in Appendix G.

LCso (ppm) IDLH (ppm) PEL (ppm)
Ammonia: 2,000 300 50
Carbon monoxide: 1,800 (4 hours) 1,200 50

Ethylene oxide: 800 (4 hours) 800 1 (1910.1047)
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SOLUTION PROBLEM 2-17
50% = 5 Probits (Table 2-4)
From the ethylene oxide deaths equation in Table 2-5,

Y =—-6.19+InCT
= —6.19+1nC(30 min)
5+6.19 = InC(30)
11.19=InC(30)

¢ = C(30) = 72,403

C =72,403/30=2413 ppm

This is higher than the IDLH of 800 ppm.
SOLUTION PROBLEM 2-18

Use equation for phosgene deaths in Table 2-5
Y =-19.27+3.69InY CT

Y =-19.27+3.691n[(10 ppm)(30 min)]

Y=1.77 . :
From Table 2-4 this is less than 1%
At 1 ppm for 30 min, get same numerical answer and same result.

SOLUTION PROBLEM 2-19

Use equation for carbon monoxide deaths from Table 2-5.

Y =-37.98+3.7In) CT

From Table 2-4, at 0% fatalities, Y = 2.0; at 50% fatalities, Y= 5.0
Substituting for Y=2
2.0=-37.98+3.7In(15007)

39.98 = 3.71In(15007)
In(150077) =10.80
15007 = 4.93x10*

T =32.8 min
For less than 0% fatalities.




For 50% fatalities,
5.0=-37.98+3.7In(15007)

42.98 =3.71n(15007)
In(1500T) =11.62

15007 =1.11x10’
T =73.9 min

SOLUTION PROBLEM 2-20

Use Equation (2-7) to convert the TLV in ppm to mg/m’. Assume 25°C and 1 atm pressure.
TLV values are in Appendix G.

From Equation (2-7):
T 3
C,pm =0.08205 (HI—)(mg/m )

C
mg/m’ = —Z= (latm JM
0.08205 )\ 298 K

-2
= 4.090x107C,,, M

Chemical M TLV (ppm) | mg/m’
Benzene 78.11 0.5 1.60
Carbon monoxide 28.01 25 29.6
Chlorine 70.91 0.5 145
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SOLTUION PROBLEM 2-24

Use equation for phosgene deaths in Table 2-5.
Y =-19.27+3.60ln) " CT
From Table 2-4, for 80% deaths, Y =5.84

Substituting,
5.84=-19.27+3.69In(C)(4 min)

25.11=3.691n(4C)
6.80 = In(4C)

.80
e68

b A
4

C =225 ppm

SOLUTION PROBLEM 2-25

Use the equation for chlorine deaths in Table 2-5.
Y =-8.29+0.92In(C>’T)
At 80% fatalities, Y = 5.84 from Table 2-4.

Substituting,
5.84 =-8.29+0.92In(C*°T)
In[C** (4 min) ]| =14.13

14.13
e

Cc¥ = =3.42x10°

C =3.42x10° =585 ppm

SOLUTION PROBLEM 2-26

Use the equation for chlorine deaths in Table 2-5
Y =-8.29+0.92In(C>’T)

C (ppm) (G T T
200 4.00x10° 15 6.00x10°
100 1 1.00x10* 5 5.00x10*
50 2.50x10° 2 5.00x10°

¥ =6.55x10°




> .C*T =6.55x10°
Y= —8.29+O.921n(6.55x105)
Y =4.03

From Table 2-4, the percentage is 5.7% fatalities.



a) 200 qoxo?  T1de Gexn’
S

33 100 I:Obeﬁ; 5o j\.o)f{ot{
c. 209 goxfe - 20 3oxm
é’czrtc-ff)(/o‘

= “?'27%0'722;[557;]
e ke 72&@5&%‘/

=~ 27+ 174Y
st ST
Foam Tale 24 9w- 778

e SeaE




50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22141

&
AMPAD

T

: '1*2.3 Usge -t_'[.\:e'. \fwbr-a.v‘ » to :S'.N‘A t e
_ / 7 _

Low)

4

tb;\¢‘x7 levels (Wign, Ane i
jer the whalation o .F +oxi c,. c e caly .
Solution 3 Mest books twet Aleves '!:‘o;p\c'\-k7

e v VA v'vsc.\vée t\e jo”i’d.\ma (OY‘- $.\Mh‘\\v-\.’>

jv'\éa\'\mes '
Lever of Aeske Toricl CViEe -vu-d:.;/,'
T°zv\c:\¥) (-<=0 ma/ﬂ) (ecso rwzj/g)
\4-‘3\ _ gD £ 0.04
Medivam > {.06 £o 100 > 6.0\ %ol
Low ; > 100 Y 10

K—i? Use +the i SWM7 ot +o 3'\Me twve  tow.ch "’Y
Vevels <\f\\3\f\ J Mtd'\\JfM/ \o w} 3—0( ‘\:\f\{
simS\e aose o_f, a chemicall +that

Coavyeg 5@% deathy

Sotutim ¢ Level of To,:c;\7 LD., Loral +o voka)
(Ma/ \n.b, \9031 wa‘xa\q‘c)
\/em, Toxic < 2SS
B P S > 25 o 200
H&YM‘FVL > 2.00 '{:b . ZDOO

Lou\.\/m’/ T.F. omd Louvarv, B. D..(\*{F?Q,r Sadd le

River, N3 :I Premtice Hal) PTK, |7?8) VF'Z.B‘l 3 28B8 .




50 SHEETS

22-142 100 SHEETS
22-144 200-SHEETS

22-141

&
AMPAD |

Us '\:M 3

2-30 tWe Jdete \oe,\o\;.)/ determime

{'\f\t ?Vo‘v;'t: CMS'\'M“"’ e ¢ + e \'CSQ

Deae o.F Num ber OQ N vambav
rodfemone s eckg *HMQ
(mq&/g) (mw»«?
\o. 2. So wy
A9 % 9 B N
S\ i 24
3.8 8 16
2. 6 50 ¢
50\\:{'\9’\
Dose AfPected Propib
Vi zal Q) R
( }/ Cogs
to.2 g8 .18
7.7} 85.7 6.06
s\ Y S = 5.06
3.8 33.3% 4.7
2. b 12.0 3.8%
I3

‘Pr =z h‘ + e o 9-\\/

L. e't \/ = Dese g d vum o v-Q3 a2 T aal
Progrem (ery MINITADY)  do  dexermime
T \e vesvld o G \.": 78

Per = 2./3 3 1.82 M&Dasc)
Now dekermmime + e LCgo
b Dose = (Pr -2.13) /igz
P fov se )V, = 5.0
fm Dese = (5-2.3)/v82 = L5777
Oose = e,"\'ﬁ-’ =

4.74 M\a/Q

R ey




SOLUTION PROBLEM 2-31

1 Ib-mole = 359 ft> at 32°F = 491.7°R

359 ft* / Ib-mole 1 1
Coi= — l(1b_ /£
pom ( M )(491.7“11)(1))( "/ )

& s(_T 3
C,pm =7.301x10 (Wj(lbm /1)

SOLUTION PROBLEM 2-32

Volume fraction of benzene = (10 x107° liters benzene) / liter bulk gas

Total volume inhaled per shift
=(0.5 liters/breath)) (12 breaths/min ) (60 min/hr) (8 hr/shift) = 2880 liters

Volume of benzene inhaled
=(2880 liters)(IO x107° liters benzene/liter bulk gas) =0.0288 liters benzene

For benzene the molecular weight, M is 78.11.

From the ideal gas law:

e PV (1atm)(0.0288 liters benzene) _1.18x10 gm-moles

" RT (0.082057 L atm/gm-mole K)(298 K)

The mass of benzene = (1 .18x107° gm-moles)(78.1 1 gm/gm-mole) = 0.0920 gm
The specific gravity of benzene is 0.879 gm/cm’. Thus, the total volume is

=(0.0920 gm)/(0.879 gm/cm’* ) =0.10 cm’
One drop of liquid contains about 0.05 cm’, so this represents about 2 drops of benzene! Ugh!

Of course, this assumes that all of the vapor is absorbed by the lungs, which is not the real case.

SOLUTION PROBLEM 2-33

From Table 2-5, for deaths due to lung hemorrhage:
Y=771.+691InP

For damage to structures:

Y=-238+292InP

For 50% fatalities, from Table 2-4, Y =5.00




a.) Substituting into the first probit equation:
5.00=-77.1+691In P

82.1=691InP
11.88=InP
P =144,500 Pa =1.43 atm =21.0 psi

b.) Substituting into 2™ probit equation
5.00=-23.8+2.92InP

28.8=2.92InP
InP =9.86
P =19,200 Pa=0.190 atm =2.79 psi

c.) The people are more likely to be found in the structures. When the structures collapse the
people inside are killed. Thus, 3 psi is frequently used as the lower pressure for fatalities
due to structure collapse.

SOLUTION PROBLEM 2-34

a.) IDLH = 10 ppm, time exposure period, 7= 30 min
From the probit equation in Table 2-5 for chlorine deaths,
Y =-829+0.92In[ C°T |
For C =10 ppm and 7 = 30 min
Y =-8.29+0.92In[ (10 ppm)’ (30 min) | =-0.29

Since this result is negative, the percent fatalities is 0%

b.) For 1% fatalities, from Table 2-4, Y = 2.67
Substituting into the probit equation from chlorine fatalities

2.67=-8.29+0.92In[ (10 ppm)’ T |
11.913 = In(1007’)

¢'91% = 1.492x10° =1007

T =1490 minutes




