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SOLUTION PROBLEM 2—9

_A search on: the NIOSH web 51te w111 yield a number of sources for the deﬁmuon of the IDLH.
. The most: useful document is Documentation far Immed:arely Dangerous to Life and Heah‘h
Concentrations. This i is NTIS publlcatlon PB-94-195047 publish in May, 1994.

‘This document has thc following content in the Background soction:

The Occupat|onal Safety and Health Admnmstratlon (OSHA) defines an IDLH value in thetr hazardous waste
operat:ons and emergency response regulat|on as follows ' _ .

An atmosphenc concentraﬂon of any toxlc oorroslve or asphy)uant substanoe that poses an lmmedlate
threat folife.or- would ‘cause imeversibleé or delayed adverse health effects or would interfere with an
mdlvtdual's ablllty to escape from’ a dangerous atmosphere [29 CFR" 191 0. 120} :

In the OSHA regulatlon on pennlt requ|red conﬁned spaoes an IDLH condmon |s deﬁned as follows :

Any condition that poses an |mmed|ate or delayed threat to l|fe or that would cause |rrever5|ble adverse
" health: effects-or that would interfere with an individual's ability- to’ escape unaided from & permit space Note:
. Some matenals—-hydrogen fiuoride’ gas and cadmium vapéor, for example-may produce immediate trangient
sffects tHat, even if severe, may: pass w1thout 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 quant|t|es are cons|dered to be "|mmed|ately dangerous to, llfe or
’ "_"alth "[28 CFR 1910 146] o .

' .:SOLUTION PROBLEM 2 10
. Fro_m 't_hle' sa;rne" d_ocum'ent' tgs;_éd in 'Pro]j_lexn 2-9:.

'.The purpose for establlshmg this IDLH value was to determine a concentratton from whlch a wodter could escape
w:thout injury-or. without irreversible ealth effects i in. the event of réspiratory protectlon equment failure (e g
contamtnant breakthrough in a cartridge resptrator or stoppage of air flow:in a supplled air resp|rator) anda
concentrat|on above wh|ch only "hlghly rellable" resplrators would be requtred In deterrmnlng IDLH values the. ablllty
of a worker to escape wnthout loss of llfe or |rrevers|ble health sffects was ‘considered- along with severe eye | or .
resplratory :mtatuon and other deletenous eff"' 'cts_(e g., dlsonentauon or :ncoordlnatlcan) that could prevent escape

: Although in. most cases eg[ess from-a partlcular worksite could aceur in much less than 30 mmutes asa safety
margin; IDLH values were based on'the eﬁects that mlght occur as a consequence ofa 30-m|nute exposure '
However the 30-m1nute peri _d was NOT meant to |mply that workers sh0uld stay inthe work env:ronment any Ionger :

_ than necessary followmg the'fallure of resplratory protect|on eqmpment in fact EVERY EFFORT SHOU LD BE -

L MADE T0 EXIT IMMEDIATELYI ' -

The answcr is 30'-Imnutes.




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

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:



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

"Excur5|on limit." The employer shall ensure that no employee is expoSed toan aIrbo'rne concentration of
EtQ In excess of 5 parts of EtO per million’ parts of air (5 ppm) as averaged over a sampling perlod of
fifteen (15) minutes.

Thus, the PEL (whlch is an 8 hour exposure lumt) is 1 ppm.
SOLUTION PROBLEM-'Z-IB '

B 'The TLVs ¢an be found in Append1x G, or on the OSHA (www osha. gov) or NIOSH web site
o www cdc gov/mosh) Additional information can be found using the NIOSH Pocket. Gulde '
. _found on-hne at WwWw. cdc gov/mosh/npg :

- Ethylene trichloride is hsted in Appendix G as tnchloroethylene ThlS chemical synonym can be
- found in the NIOSH ‘pocket guide and elsewhere. '

: Ethylene ox1de and benzene are regulated chenucals with a spemﬁc ‘OSHA regulation. The
-' regulauon for. ethylene ox1de 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
' -.;ls equlvalent to the OSHA PEL value.

 The IDLH __valu_es are found on the NIOSH web site.
The.re’slﬂts_a;'e as follows;

TLV(ppm) ©  IDLH (ppm) PE_L (ppm)

‘Ethanol:, | 1000 — STEL 3300 1000
Ethylene oxide: . 1 | 800 - C1(1910.1047)
Benzene: - 05 500 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 LCsp 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.cde.gov/niosh/idlh/intridl4.html
The PELs 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% = S Probits (Table 2-4) -
From the cthyleﬁe oxi'de"deaths equation in Table 2-5,

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

gy _0(30) 72 403
C_ 72,_403/30 2413 ppm

This is higher than the IDLH of 800 ppm.
SOLUTION PROBLEM"z-ls

Use equatlon for phosgene deaths in Table 2-5
¥Y=-19. 27+3 69In) CT

y. = ~19.27+3:691[(10 ppm)(30 min)]

Y=177 .
From Tablc 2-4 thls is less than 1%
' At 1 ppm for 30 min, get same numencal answer and same result.

SOLUTION _PROBLEM 2-19
: Use équatioﬁ- for carbc'jn- monqxide.dgaﬂis from Table 2-5.

| Y —37 98+3 71nZCT

From Table 2- 4 at 0% fatalltles Y=2.0; at 50%. fatalltles Y= S 0
Subst:ltutmg for =2
2. 0 =-37.98+3.7 111(1500T)

39.98 =3.71n(15007")
In(15007) =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°
7'=73.9 min

SOLUTION PROBLEM 2-20

Use Equatmn '(2-7)_‘:0 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):

C, =0.08205 — |(mg/m’

mg/m’ = 2 [latm M

o 0.08205 /\ 298 K

=4.090x107C,, M

[Chemical M - [ TLV (ppm) | mg/m’

. | ‘Benzene . 178.41 0.5 1.60
.| Carbon monoxide | 28.01. | 25 29.6
| Chlorine. 7091 |05 1.45
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'SOLTUION PROBLEM 2-24

- Use equ_aﬁon fbli'.phosgeﬁe deaths in Table 2_-5.
 ¥Y=-1927+3.60ln) CT
From Table 2-4, for 80% deaths, Y=75.84

: Substltutmg,

5.84=-19.27+3. 691n(C)(4 min)
$25.11=3.69In(4C)
6.80 = 1n(4C)

C=225ppm. -
soLﬁ'tiON PR‘O"BLEMz-zs -
Use the equanon for chlorine deaths in Table 2-5.

= 28290, 92]n(C2°T)
At 80% fatalities, ¥ = 5.84 from Table 2-4.

-Subs‘atutlng,
5.84=-8.29+0. 921n(c’-°T)

[c’-" (4 mm)]=_14.13 .

1413 '

£ -3 42x10‘

C "_3_.42;«{10’ =585 ppm
S()"LUTiON’-P‘ROBL-EM 2:26

Use the equatlon for chlorme deaths in Table 2-5

50

=-829+092]11(C"°T) o o
C(ppm) - & T C*T
1200 ~14.00x10° 15 6.00x10°:
100 - 11.00x10° ' 5 5.00x10°

2.50x10° 2 5.00x10°

% =6.55x10°




> C*T =6.55x10°
Y =-829 +0.921n(6.55x105)
Y =4.03

From Table 2-4, the percentage is 5.7% fatalities.
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SOLUTION PROBLEM 2-31

1 Ib-mole = 359 ft’ at 32°F =491.7°R

c =359ﬁ3/1b-mole[ 1 ][l](lb-/fﬁ)
el M 91 7RNAP)T

Copm =7 SOIXIOS(PMJ(lb /1)

SOLUTION PROBLEM 2-32

Volume fraction of benzene = (1 0x107 liters benzene) /liter bulk gas

Total volume mhaled per shift : '
=(0.5' hters/breath) (12 breaths/min) (60 mmfhr) (8 hr/shift) = 2880 liters

Volume of benzene inhaled : _
= (2880 hters)(LleO“"’ liters benzene/liter bulk gas) 0.0288 liters benzene

For benz_ene the molecular weight, Mis 78.11.

From the ideal gas law:
_ PV - (1atm)(0.0288 liters benzene)
~RT (0.082057 L atm/gm-mole K)(298 K)
The mass of benzene = (1’.18:«]0‘3 gm-_moles)('?&ll gm/gm—mole) =0.0920 gm
The speeiﬁe gravity of benzene is 0.879 gm/cm’®. Thus, the total volume is

=1.18x10 gm-moles

=(0.0920 gm)/(0.879 gm/cm )=0.10 cm’®
Orie drop of llqmd contams about 0. 05 cm 'S0 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.+691n P '

For damage to structures:

Y=-238+292InP

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




" a) Substituting into the first probit equatlon:
5.00=-77.1+6. 9111‘1P

8215691mP
11.88=InP
P=144,500 Pa =143 atm =21.0 psi

b.) Substituting into 2™ probit equation
500=-23.8+2.92InP
28.8=2.92In P
nP=986
P= 19 200'Pa =0.190 atm = 2.79 p31

c.) The people are more hkely 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, tzlme exposure period, T'= 30 min
From the pr0b1t equatlon 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_néga_ﬁvc, the percent fatalities is 0%

b)) For 1% fatalities, from Table 2-4, ¥ =2.67 |
Substltutmg mto the probit equatlon from chlonne fatahtles

267=-8.29+0. 921:1[(10 ppm)’ i
11.913 =1n(1007) o

!l o1 —1 492 x10° —100T
T=1490 minutes




