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Laboratory Fume Hood and Exhaust Fan
Penthouse Exposure Risk Analysis Using
The ANSI/ASHRAE 110-1995 and Other

Tracer Gas Methods
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Member ASHRAE

ABSTRACT

The use of the laboratory fume hood as the primary contain-
ment device in the laboratory has been a standard practice for
almost half a century. Quantitative testing of the performance of
these devices, however, is a more recent discipline. The use of the
ANSI/ASHRAE 110-1995, Method of Testing Performance of
Laboratory Fume Hoods (ASHRAE 1995) is becoming a standard
specification in the purchase of new fume hoods, the commission-
ing of new laboratory facilities, and benchmarking fume hoods in
existing facilities. Part I of this paper proposes a risk analysis
method by which worker exposure to hazardous substances used
in laboratory fume hoods may be estimated using results from the
ASHRAE 110method andformulae to extrapolate this information
into potential exposure scenarios.

Contaminated air leaking from hazardous exhaust systems
located inside buildings or fan penthouses can pose a health risk
to building occupants and maintenance workers. This is why
prudent design practices for new buildings recommend that the
fans powering these systems be located outside. In existing build-
ings with fans located inside or where a penthouse is required for
weather conditions, however, it may be necessary to estimate
potential worker exposure to hazardous agents released by these
systems into the worker's environment. Part II of this paper
proposes a method and formulae by which this risk may be eval-
uated based on measurement of leakage using a tracer gas release,
capture, and detection method.

INTRODUCTION

For production areas and some clinical laboratories where the
target agents are limited and well defined, personal air sampling
has traditionally been the method of choice for determining expo-
sure risks. In research and development (R&D) laboratories,
however, where the potential hazards are numerous, constantly
changing, and often unknown, personal air sampling is expensive,
time consuming, and of questionable value. Another method, one

that is less expensive and time consuming, is agent independent,
and yet is quantitative, would be of great value when attempting
to determine exposure risk in the laboratory.

Both of the exposure risk evaluation methods described in
this paper involve the use of tracer gas technology. This is a quan-
titative field investigation tool used to determine leakage and flow
rates of contaminants from laboratory fume hoods, ducts, or
equipment by releasing a measured volume of a tracer gas, sulfur
hexaflouride (SF) in this case, into the equipment and measuring
the concentration of the tracer gas outside the equipment using a
sensitive detector.

In the late 1970s Caplan and Knutson began publishing
research using a new method of determining fume hood capture
efficiency by using a tracer gas sampling method (Caplan and
Knutson 1977, 1978). This was the precursor of ANSI/ASHRAE
110-1985, Method of Testing Performance of Laboratory Fume
Hoods (ASHRAE 1985). Recently, this standard was revised
(ASHRAE 1995). The new standard was used as the basis for the
tracer gas containment testing described in Part I of this paper.

The method used to determine duct leakage and potential
exposure calculations for ducts and fans, outlined in Part II of this
paper, was developed by the author for use in evaluating an actual
laboratory facility with the exhaust fans located in a fan penthouse.

The potential exposure calculations for laboratory fume
hoods and equipment leakage were synthesized by the author from
standard industrial ventilation and industrial hygiene texts and
anecdotal evidence from the original research done to develop the
ASHRAE 110 method (Caplan and Knutson 1976, 1977, 1978).

CAUTION

Great care should be exercised when applying these methods.
As with all risk evaluation methods, these extrapolations are only
made possible by making several fundamental assumptions
regarding exposure routes, work practices, chemical/leak evolu-
tion methods and rates, etc. These assumptions are highlighted in
the text and should be thoroughly understood by the reader before
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applying these methods to real-world situations involving poten-
tial worker exposure to hazardous agents. If the assumptions
enumerated in the following methods are particularly inappropri-
ate for a specific appiication, then the method should be modified
accordingly or another risk model should be employed or devel-
oped. ;

PART I: ESTIMATING POTENTIAL EXPOSURES
FROM LABORATORY FUME HOODS

Step 1: Determine the Control Level of the Fume Hood '

Using the ASHRAE 110 Method

A diagram of thé ASHRAE 110 fracer gas containment
test setup is shown in Figure 1. Tracerigas (1) is released into

the fume hood using a standardized ejector (2) at the rate-of 4.0 -

liters per minute, which creates a cloud of diluted tracer gas (3)
in the fume hood. Some of the tracer éas will leak out of the
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(5) used to simulate the aerodynamics of the user. Air from the
breathing zone is sampled, and the concentration of tracer gas
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the'hood is the highest average five-minute sample taken with
the ejector and rnannequin located on the left side, in the
center, and on the right side of the fume hood. The recom-
merided control-level for laboratory furhe hoods'is G 1% ppm
according to the industrial ventilation manuakof the American
Conference of Governmental Industrial Hygienists. (ACGIH
:1995), tthe laboratory ventilation standard of the American
Industrial Hygiene Association (AIHA 1993) and Prudent
Practices (NRC 1995) SN ‘ !

Step 2a Determlne P@tentlal Exposures from a

............. LI--.I -
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The followmg assumptions must be made to relateractual
+ dynamic conditions to'the static test conditions:

Assumptioris " |

Ta.©  The user and the mannequin are approximately
the same height and width and are positioned the
same relative to the hood opening, i.e., the user
does not bnng the face closer .than 3.in. (75 mm)
to the plane of the sash.

Ib. The agent is released into the fume hood at the
‘ eame rate and in a cloud with the same geometry
'“and location as the tracer gas, i.e., the release
~occurs at least 6 in. (150 mm) behind the sash in a
" ‘relatively spherical, nondirectional pattern and at

a rate not exceéding 8.0 L/min; the upper limit at
which the ASHRAE 110 tracer gas zontainment
testing is known to be reliable.

Ic: The user does not move. | ; i Gl

Id. The user uses prudent fume hood work practices.

3 |
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The equation to determing potential exposure concentra-
tion to an agent is ;- S

Crisk = Crp " K110 )
where |
Cyw = potential exposure concentration to a chemical aé’.en[
In ppm.
C, -= teacer gascontrol level inppm, .+ L. wo o0 o
K10 i safety factor BETT gt :

7 Smce these qscumptlom are rever dl] V?hd 1t is prvcen‘
to employ a safety factor to account for natural arm and bedy.
movements; raising the sash quickly, andimproper work prac-;
tices such as having the chemical sprrce closer than 6 inches;
behind the sash, etc. Field data have demonstrated, for exam-

ple, that moving the tracer gas sourge to the planc of the.sash),
can increase the.fracer gas coucentrations 2s. much as 301
times. Although workin g outside tae assumption envelope can

cause transient exposures several hundred times the exposure

fcund ysing this: staiig method, there are othe. mitigating

factorthatlower averagP potﬂm(l G xposurc Some of thise

factarsare: « @ ° 7 . - :
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TABLE 1
Selectlon of the K110 Safety Factor

. — " 1 il
. FYPR of Agent Exposure Index |,

Type of Use-and Operating 1Q0nd1tions

+ Safety Factor. K110

ol 4

e 3, E} I'IP]'LV ! i
(Threshold Lirnit Value)

O L e

«Periodic use
*Priideitt work practices!!

“*Lower release rates:(<4.0 L/min)

B R RN (TURT 10-20

B e e JRELY "l.
(Recommended Exposure Limit)

e

’ Cont’muous use
«Non-ideal work prattices

=5t [WUsing synerglstlt: agents -

*Higher release rates (4 0- 8 0 L/min)

PR

Spgg e oM e 1F " S

LB Wil
STEL

(Shert-Term Exposure Limit) .

LOENV SO b

«Periodic use’
11 [#Prudent work ptactices

: °Low)releas'e.£rates (<1.0 L/min)

£ 1 IS R LU oo = I;;I:‘ [API I S

-Contmquﬁ use
*Non-ideal work practices

*Using $ymergistic agents

| *Higher release rates (4.0-8.0L/min)

Ty . " VLA -40‘80.'?{-4_, COW | p P (N

sl CCLGh
(Ceifing Value)™

-Prudent work practices

Low 'teleaté rates (<1.0 L/mm)

40-80 ;v o itew

” '1 i ) slc o

*Non- 1deal work practices ;

+Using synergistic agents

«Higher re‘llelase rates (4.0-8.0 L/min)

i*8] ¢ ! o] : A5
o The hooci ilééf lS pi'iobably not in front of the hood for
the entlre,eLght-hour working day. By 0
* The hazard in questlon is probably not released con-i
stantly. g
e The release rate will often be lowér‘than 4.0 L/min, etc.
GT f R j
Taking these factors into account,.some that raise expo-!
surée ipotential and somethat reduce it, the author recommends
choosing the safety factor (Kj;o) using Table 1. - (;
Table 1 is based on a minimum safety factor of 10 for
agents with a Threshold Limit Value (TLV) exposure or
Recommended Exposure Limit (REL) index representing an
eight-hour time-weighted average (TWA) under favorable use
and eperating corditions.'Statistical evaludtion of the ratio of
the maximum tracer gas levels to the average tracer gas levels
for 1,313 actual tracer gas containment tests revealed that 95%
of the observations had instantaneous mamma less than 40
times the average. Therefore, this value was chosen as the
mhittimum safeby factdr When using agents with CLG (cgiling)
valtes ‘tépresenting -arf’ ihstantaneous aximum: exposure’
litnit!The minitiuri'$¥ety Tattor foragehts with a SHort-Térit
Exposure Limit (STEL) lndex répreseriting 4 15-miniite TWA'
was'¢hosen ‘midway betweéti the! tainimbm safety factors for
the FLEV/REE and-CLG indices, respectively: The table also.
givies the opportunity to double the! safety factot for leSS than’
faVOrable“uSé/ ot Ope‘ranng dondltlons Wroe of ook b
) ¥ aipil qilyy i sy “
Step 2b::Determine the Release Rate of:a Partlcular
Agentin the' Hood That Will Produce an Exposure.!
Equal to its Applicable Exposure Guideline or Limit

BNL97-14-31

" :
‘Instead of assuming that the release rate of the subject
agent is the same as the tracer gas, as in assumption Ib above,
we will make an additional assumption that relates the release
rate to the control Ievel :

Assumptlon B R T/
le. . ‘The release rate and thccontrol 1&vel ef the hood
are ‘approximately proportional.

‘,:‘e'

This assumption has its basis in the empir_ical research
done by Knutson and Caplan in the late 1970s in which the
ASHRAE 110 tracer gas.test: method was developed. The
researchers noted this proportional relationship of the control
level to'the release rate of the tracer gas (Gaplan and Knutson
1976). Usmg this relauonshlp,. it is pOSSJble to make the
following calculallou

C risk 3; Gagé‘;rf il @)
Ctg-"Kl_lD : Grg A
or, rearranging, .
‘: Crmi : = : i
(:;ti;gtl!! F G’S C Kl lO ot ‘ - 1(3)
where P ¥ o Ly
\ ' : 0" o * v
Ggeny+ * = generation rate of the chemical agentin I/
G, " = generation rate of the tracer gas (4.0 L/min),

Kjjp " = ASHRAE 110 safety factor. :
The relatlonshlp of volume, of vapor, generated by, an

evaporatmg 11qu1 to'its evaporatlon rate is taken from the
industrial ventilation manual (ACGIH 1995)



CONV - SG ER

agent

_ agent »

Gag'ent . MWagent (4[IP])
where
¥ —-— = ‘generation rate of agent, cfni'(vapor); I
CONV = thé volume in'ft® that 1 pt of liquid, when '

vaporized, will occupy at STF, 403 ft3/pt;

8G ygent specific gravity of liquid agen;. |
ERpent eV aporation Iiat.ﬁi of liquid agent, pt/min.;
MW,,,, = molecuiar weight of liquid agent.

: This equation is convefted from inch-pound to SI units
using the following conversmm :
167 = 283 liter,

x Ipt = 473 mth

Convert1n2

-~ /
(403& ) ( vap
o £,
CONV = ot
w473 )
|y ( mth

= 24,1 e vap
thq

Substituting this into Equation 4 (IP) yields
s A b

I
pL% [/ S‘(‘

mL‘, Jagent FRagent
Cagene= TV gy - (4[S1D)
where
Gugens’ = generation rate, L/min Ml’,g?}'_’
ER,p,; = evaporation rate of liquid, —-

min

.., Substituting: the right side:. of Equation 4,(SI) into the left
side of Equation 3 and substituting 4.0 L/min for the genera-

tion rate of tracer gas, G,g, gives L Lo
24, 1———&""T ) 2
) mL{ _SG@gmr'ERagcm P Y ol
fp N, iq =f,|1‘40 vap)\.g(, ~risk ) |
i LN .Mwa,ge.-, mln C,;gK

il c oty
[ \.‘.l

Solvmg forERa.,e,,, andcombmmg terms, S ¢ st
| ="t SR ) TR SHUL i
7 moles, MW i
VtER, éo 17— ‘.‘1) ( “g”“) ( itk ) (5)
aéen‘t mlIvl( i SGagcnt C Kll() —a

Equation 5 can be modlﬂed sllghlly by substltutmg the\
exposure guideline for the agem agem, for the poteritial expo- !
sure concentration, C,;, as in Equation 5a below.

moles;; . MWa £ Cogsnee N ot
ERggene = (007 —529). g?’*)( A 53):

SG K110

agent

This equation yields the maximum evaporation rate of an
agent with properties. MW, and SG agent 1N @ specific fume
hood with a control level of C,, and safety factor of Ky that
will not exceed the agéit exposure guideline, C,,,,,. Note that
MLjg/min Was chosen for the units in Equations 5 and 5a
because this is more readily applied to scientific experiments
performed in a laboratory fume hood than other possible units

of measurement for this quantity.
ts (-

Example 1

' What is the maxxmum evaporauon rate of gluteralde 1yde
it a fume hood that has an ACGIH recommended control [eveI
of 0.1 ppm, which will produce an estimated exposure level'
equal to the exposure guideline? What is the generation rate in
L/min? The hood has periodic use, with prudent work prac-
tices and no additional synergistic ¢ hemu,als

Gluteraldehyde: 2

MW = 100 -

S L

Eopans 0.2 ppm (NIOSH CLG)

Ki1p = 40 (chosenfrom Table 1 using the information
_above)

Substituting into Equation 5, *

g

molésyn [ neie| ;1 02pm
o E‘;Bagenl = (0'17' min )' g (O-lppm ’ 40)
‘ .-a‘l'lr—n——L it
mL,,
=077 —4
min

. The generation rate is ¢alculated using Equation 4 (SI). .,

1 i,
281 B i Bt ,
| 2 L,,q min | i
Gygem = 100 ;
A min !
i I | " Uy 4 o 1o e1ds 1)
Example 2" ‘

gl g H FNTE Sy .
:“What ig: the estlmated exposure concentration: for acry-
lom.{nle reléased at arate of 10 mL/min in:a fume hood that has :
an ASHRAE 110 control level of 0:1 ppm? What is the gener- -
ation rate in L/min? The hoed has periodic use,.with prudenti
work practices and no additional synergistic chemicals. - 1

Acrylonitrile: )
M MW = 53 Rl
SG = 081
20,6 = 1.0 ppm (MIOSHREL): v o it ity

!l

i
som o rabevey et
ax‘rangmg Equatlon 5a and hubstltutmg values

410 ’(c‘hoi"en from Table’{! using the inforation’
AT T A T N

HE NV

,,,,,

BN- 97- 143



ER - SG- C.o-Kiyg

mol,e.vh-q i

e MW 017
e s min

S5 f Poral e B [ B 1 | L | 1
xo—nosng 0, 107
_i .

: moles
53—g— 0.7 ——4
mole min

“ =009 ppm

. Note lhat thls is _]ust shghtly under the exposure guldehne
of L 6 ppm, dnd care should be talq:n to l1m1t the release rate
10 mL/min. '

Again, the generatlon rate 1s calculated usmg Equation 4

(SI): ) ; j !
" lV{J
24.1 L” -0.81 - 10
lig
G = "
53 -
¥
= 362 i

min ip

PART II: ESTIMATING POTENTIAL EXPOSURES:

FROM DUCT AND EQUIPMENT LEAKS
IN HAZARDOUS EXHAUST SYSTEMS

When using a chemlcal agent at the' generatlon rate that
will result in a potential exposure equaling the exposure guide-
line, an exhaust system concentration may pose a health
hazard to those working in enclosed fan penthouses, where fan
and duct leaks allow exposure to this contaminated air.

Step 1: Determine the Actual Leakage Rate from the
Specific Component in Question

This can be:done by creating a physical control volume
around the component as shown in Figure 2.-In practice, the
control volume is an enclosure fabricated from plastic sheet-
ing around the component to be tested Tracer gas is injected
enough upstream of the fan to ensure adcquate mixing. The
duct Concentration of tracer gas is measured, and this is
assumed to be the concentration of tracer gas in the air leaking
into:the bag:l' An.air sample is draws from the bag through a

flowmeter using asmallfan or samipling pump. ‘The: steady-!
stateiconcentratioh ofitracér gas in the sample is measuréd and:

allows :the volume of the:leak!to be determined' using the

¢

following simple relationship: mp ke W e

Csample L\
Qleak = Qsample ’ ( Cleak ) ' s (6)

This relationship is‘only!valid for asteady-state condilion,
which, happens. only.after abput 10,air.changes accyr jin the
enclosure (bag). At low leak/sample/infiltration flow rates, it
can take quiig some time to reach steady state. It is advisable

BN;97-14-3,

to monitor the sample concentration graphically in real time
usitig.a computer or strip chairt;rgcorder to ensure that equilib-
rium has been reached before recording the sample concen-
tration, Cygpppe- It is also necessary that Q;,4;, be greater than
zer0. If Cyypypy 18 less thanCy, ., this is ensured. Care must also

be exercised when fabricating the enclosurg. and performing

Key

Quacer = VYolume of tracer gas injected into the duct
upsiream of the control volume

Cauet = Concentration “of tracer gas in duct
(measured)

Csample = Concentration of tracer gas in sample
(measured) ;

Qsample = Volume flow rate of sample (measured)

Ciafite = Concentration of tracer gas in ambient air

drawn into.control volume by sample pump
(assumed, see below)
Cleak = Concentration of tracer gas
(assumed, see below)
Volume flow rate of equipment leak into
control volume

in leak

Qleak =

ot .
1 3]

Assumptions ‘

+ Control volume pressure is ambient:’do not draw a vacuum

.on the sample bag. g Eodidt
Qieak + Qinfite = Qsample v i .
(control volume mass balance)
Clea.k - Cduct !
Ciufi1e = Zero.This may not actually be true-as fracer gas
leaks into the'area during testing and background concen-
trations build up. But, if the background concentration does
not exceed 10% of thé sample concentration, and the infil
tration into lhe control volume does not exceed 100% of the

‘leak volume, then theerror will not exceed 10%. The actual
formula for the error is as follows:

éri.m. <%) zlctgnbwnt v .Qam'ly)ic:n‘f % 100
“leak Qleak .
3 % '

o ;
iFigure 2'- Control volume concepts. i




the sampling so that the enclosure bag does not collapse and
create a negative pressure around the leak area. This will*
increase the differential pressure across the legk and give erro-
neously high results. ‘

i

Step 2: Calculate System Leakage
L
In th1s case, an exhaust fan system, the principal leakage
sources would be the fan housing, fan shaft seal, dascharge/
fleX connection, fittings, and ductwork. Leak'lge from each of
these components can be mdlwdually determmed using lhe:
controi volume method e

i Cony ..l"; F R

: Under certain condltrons a random sampling; of duct and-
fittings: can: be tested to determine average leakage. Several
lengihs of ductwork vun be tesied i & similar way and avers
ages.can be determined so thatevery fitting and foot of duct do
not have to be tested.! Leakage from different sizes of fittings
of similar construction is directly proportionial to the diameter:-
It is-helpful to normialize (divide)ithe leskage from fittings by:
the diameter of ¢ach, and then the leakage froui similar fittings
can be'determined by multiplyirg the average of the normal-
ized teakagé by the humber and dlameter of the fittings in a

parttcular system Ll
i i Ba A

Duct leakage may be estimated similarly. For spiral duct,
the leakage is proportional to the diameter and the square root
of the duct static pressure. Normalize the duct leakage by the
dlameter, length tested, and the square root of the duct static
pressure measured near the fan; then determine leakage from
the straight ductwork ina particular system by multiplying the
ayerage of the normahzed lgakage by the diameter, the length
of stralght duct on the discharge side of the fan system, and the
square root of the duct static pressure measured near the fan.
If the duct systems are similar in length and resistance, this is
a relatively reliable method of estimation since the duct is
produced by a machme and var1ab1hty 1s lower than with
handmade duct. skl '

For snaplock duct or duct with pittsburgh joints, the leak-,
age is proportional to the length and the square root of the duct
slatic pressute. Notmalize the duct Teakage by the length
tested and the square root of the duct static pressure measured
near the fan. Then multiply the average of the normalized leak-
age by the length of straight duct on the discharge sidg of the
fan system. and the square root of the duct static pressure
measured néar the fan, Since there may be great variability
hetween sections of rectangulay, duct, this method may yield
(.rroneous results even if the duct systems are similar in'length
and res:stance and caution is recommended

2 In all cases, careful v1sual 1ns'pect10ni of every mch of the
duet sysfem i is adv1sed This will catch gross leaks capsed by
faulty flttlngs, unplugged test holgs, holes caused by corror
sion, or nonumform apphcatlon of duct sealants. T

it

Step 3: Determine the Con¢entration of the Leak in
the Enclosed Space

Knowing the flow rate- of the leak, the concentration of the
leak, and the ventilation rate, you can determine breathing
zone concentration of the agent using the standard steady-state
dilution ventilationt equation (ASHRAE 1995) and several
fundamental assumptions:

Assumptions "

ITa.  The area ventllatlon is equally distributed among
all the hazardous ‘exhaust systems in the area ven—'
tilated. e e '

Ib.  The concentration of leaking ¢ontaminant is uni-
form throughout the imaginary near-field contol
“olume sun‘oundmg the equlpment ‘

(LY

TR atRr a

/"'agen‘t‘ '
el i QVe,"f = L Cresp'J © vent, N
where ‘
e = actualventilation rate, cfm; e
Ml o NALY
Gogenr = generation rate of pure agent (contaminant), cfm;
C,esp = near-field respirable concentration of gas;or vapor,
o ppm; > S R .
K, = mixing factor (range: 1-10).
Réarranging Equation 7 and solving for C,,,
; G,
gent
: Cresp = (Qvent). vent A (3)

The generation rate, Gagen,, assumes a puge contaminant.
If the contammant 1s d11ute 1t can be deterrnlned as follows:.

. ,;G;gent = Qioar” Cle(;l)c A ‘;E (9)1‘
Substituting Equation 9 into Equation 8 yields i
L]
s Qleak Cleak
c ( ——) (10)
resp’ = Q.'ent vent . %
s o e o s X
Based on assumptionlIa, wehave the following relation-
ship:
oA F g Vit ofh : i |
. « o o oA W Q:“t il ; : B i Al
) , Qvent :: :r;la ‘ , (ils
2 2 2 edes o L T TR o ¥ e " E By
where iy 3o la g e S :
Ot = total penthouse evangehzatlon rate; (cfm)g w3
n = total number of exhaust systéms i the penitholise

" Reéarranging Equation 10 and solvitg foF 0 and s‘ubstl—
tuting Equation 11 for Q,,, yields

BN-97:14-3+



* The.duttileak concenttation-is calculbatéd as follows: T
LI Y  Assumptions - ‘ !
. (ER““"” G"g""'-] w00 s Tc. “'The flime hoods served by'the enclosed exhaust’
T s = MWagent ) 13y systems have a control level of C,,. )
et ( + Phinod ) (¢54 gj i IId.  The release rate of the agent in the fume hood is
PP T SVyip MW, b) the rate at which the potential exposiire concentra--
It : ' tion at the fume hood, ka, is equal to the expo-
where ’ o o . veb sure gu1dehne for the dgent,' Cpgpp- -
Couer = duct concentration, ppm; S 3 Note lhé;t By assummg the release ratg in the hood will
ERagf?,,,” = evaporatlon rate of agent o produce a breathing- zone concenlratlon at the hood equal to
AGipy = lspeClﬁC gravity of agent :' the exposuré guideline, Cagc,,,. and the’ duct/eqmpmelin leak
MW i mnelpaulanmeighibof agen - " rate in the penthouse will produce the same exposure level,
agent ’ Cugenp -all the agent:related components (Ggens 8Glgenp
Qe = hooq f.low“rate’ 'c’fn{" WGk aR o MW, genss ER 4gen) cancel because the evaporation rate and the
SV = spemﬁe ’volume of air @ STP 13 3 1b ; duct leak rate are both dependens upon;these.figures. -
MW, = molecular weight of air, 28.9. " *Equation 16 should be used when determining the maxi:

mum average leak rates for fume hood'exhaust systems in

Substituting the known values for air and the assumption that  epclosed spaces when the exposure is éxpécted:to oceur inithe:
Cauct = Cleako near-figld area around the:fan/leak. If, however, the general
5 area concentration is of concern, assumption IId may -yield

_ (ER,,Eem Gaguu) (0.85 » 105PPIL- ft ) (14) very conservative numbers since thg, maximum release rates

bk M?Kgg\em Chood . , mole may not occur, in-all fume hoods simultaneously; This;is espe-
cially true in research and development facilities, where fume

 Substituting Equatién 14 into Equation 12 yields the leak hood utilization is often relatively low and work in different

rate that will produce an exposure concentration of C,e in the

sp laboratories is uncoordinated. The assumption is less conser-
penthanse; : vative in quality control laboratories, Where hood usage is
IR = T (15)  usnally more ‘Intensive than in R&D. The assumption is least
c MW 0 0 conservatlvb in teaching, production, ‘or clinical laboratorles
resp agent hood total
CQrear = = wheére fune hood utilization ishigh or identical operauons are
‘ 6ppm - It cond ted in many hoods sithultaneously '
ERageru f SGagenr ’ (0 85x10 mole ) “Koen 1t UC Y ¥

Therefore dem, i or thé'Hood release d1Versn’y factor, i is

* In order to determine the maximum duct/equipment leak introduced and“is applied ‘by"'modifying Equatloh 16 o
rate that will piodice an ambient concentration in the pent:  follows: -

house at the exposure guideline, simply substitute the expo- ‘ = ( (162)

sure guideline, Cgens Tor the ambient concentration, C,,g,.
This gives .. ., _— - ' Ctg Ohood Ko Qrotal
Cueit = (5 7 x 10 (ppm- 28 ont Kaiversiey) \
N (152) x 10 (ppm - c m) Kent iversity
Q[e;;( - Cresp ' MWt;éent‘i\Qhoon ) Q;:;al —
6ppm ",
it ERyzent SCgenss (0 85X 10, = o ) Kypn; 1 dem,,y fume hood réléase dlvers1ty

Choose K diversity us‘mg Table 2
In Equation 15a above, all the variables are easily deter- ; _ . _—
mined, either by measurement or by the use of the tables . N & EABLEN Y B il s N
herein, except the agent evaporation rate, ER,,,. This is Recommende& Fume Hood Helease Diversity Facmr

i, €

extremely difficult to determine quantitatively. Even the labo-
ratory personnel, in most cases, have no idea what is the gener- Type of Laboratory Faclhty, by AE E‘L““Y ;
ation/evaporationtite of theimiterials' with which'they work. . Reégeéifch and Development [T 5
So, two final, assumptions, Llo.and Tid, arerequired. - [T T Qually Control ~ ] eas075 |
‘S"lbﬁmutmg ﬁqu%‘oﬂ’ ’5?‘ fato Eguatxon 15@“ gives e Cllmcal Productlon Teachmg ‘ 0 5—1 0
followmg ’ i St ol Lt SO , e
CoQ Kio (2 - In‘all°cases; the chonjs’e of dee sity ‘shduld be Pndde only
v = tg hgad . 10 toral) (16)  after catéfull examlhln the' ty e df usfage fof ‘a artlcular
Qleak p p
0.14 x 10° (ppm * cfm) Kent n facility. ‘0 Dol 08 R

BN-97:14-3¢ 5




Example 3

An exhaust fan penthouse has 5,000 cfm (2,360 L/sf‘ of *
general exhaust divided: among 50 exhqu%t fan systems. The., |

aix in the penthouse:is poerly’dlsmbuted 1Agents with' TLVs

are used with prudent work practices in 6 ft (1.8 m) fume
“hoods with recommended-control levcls of 0.1 ppm and sized -
for 100 fpm (0.5 m/s) at 50% open. Each hood is served by a "

smgle fan. What is the maximum leakage per system that can
occur and not exceed the exposure guideline of t,he hazard" ’

Asmgmng a value of 10 to K‘,,,,,, to account for poor air

distributioh in_the penthouse,’a Value of 10 t0 K;yq in accor-

dance with Table 1, a valueiof 0.1 {0 K iy, and a nominal

Q,md of 625 cfm (295 L/s) inte Equation. 16 ylelds

i

o= g Olppm 6250fm 0 9 OOOCfm
Q,m‘( )(\,OW )
\U14X1Uppm cfm/ MO-OLFR /
= 0.45¢6fm(0.21L/s)
Example4

A. mmgatlon program has rcduced the maximum leakage
from 2,0/cfm (0.94 L/s) to 1.0 cfth' (0.47 L/s) per fan system
in the penthouse described in Example 3. What is the amount
of additional ventilation that needs to be added to auute the
duct leakage to the exposure guideline?

Rearranging Equation 16 and solving for O, gives

I ‘l

Q‘, Lon
Qlafal C : = A
e Lliood ( Kiio )
L (R VR 16° (ppm - cfm)

"

vcm Kdtver.m)'

_ ~ 1.0(cfm - 50)
( Ol(ppm 6250fm) ) ( 10 )

0.14x 10° "(ppm.- cfm) (10-0.1/
' )
=11, 200 cfmi (5, 29() L/s) S

kg i
The addmonal ventilation is calculated by subtractmg the

existing ventilation capacity from the total required ventila-
tion calculated above:

lation
(s, 290 L/s - 2,360 Lis =2,930 L/s of additional jventilas
tlon) Alaiate 5. T 0 poks L i

IR . TR R | O F e B

Exampfe 5

.The exhausb.System coqnected to:the:hood in Example It
is lfo‘und.to be.leakinga total of 1.0 cfin (0.47 L/s):fromn the
shaft seal, the flex connections, and!duct fittings. If the systexid
is;locatedsin the fan:penthouse described in'Ekample' 3, What
is the estimate of the near-field concentration of gluteralde-
hyde? P b Y LR G DR VI [ (R R o w TR
v e gaeeda RN O e 0 &

W D a0t ingy s

8

The actual area concentration is directly proportional to

.. the ratio of the actual leak rate to the leak rate at the exposure

guideline; therefore::#

o ¢ 1Fe = (Qaca”‘ﬂl) (‘ i

actual ~ Qle " agent) fuile
a {

1.0cfin } 5-' '. :
ot

0.44ppm o

'

1

This figure excééds the. CLG 'valule of 0.2 ppm for gluter-
aldehyde and indicates that some type of source reduction or
additional d1lupon should be 1mpletpented J o

" In Example 3 fhere are SQexhauéibystems Witha capacity

© of 625 cfm (295 L/s) each for a total of 31,250 cfm (143750 L/.
's) and a required ventilation rate of }l, 200 cfm 05; 2?0 L/s).
" The 1.0-cfm (0.47 L/s) leakage rate per fan system used inl

Exainples 4 and’5 is very low, and even at this low leakidge rate,

‘the amount o ventilation required by this model 1s 30% ot the

.fume hood volume. :

[N
This is why the five most widely referenced standards and:

"guidelines on laboratory facility design and operation, i.£., the

industrial ventilation manual (ACGIH 1995), the laboratory
systems chapter of ASHRAE Applicaticns (ASHRAE 1995),
the ANSVAIHA laboratory ventilation standard (AIHA

., 1993), NFPA 45 (NFPA. 1986); and Prudent Practices (NRC

1995) all recommend that laboratory fume hood .gxhaust fans
be located outside the building and not in an. enclosed space.

Even after explaining this clearly to certain at¢hitects and
building owners, one may be forced into the unenviable posi-
tion of violating this extremely important recommendation
and designing an enclosed laberatory exhaust fan system. In
this case, one must specify the exhaust components in such a
way, as;to minimize possible leakage.

I;Iere are some guldelmes Use welded duct with flanged
and gasketed fittings. Eliminate the flex connections at the fan

‘2ltogether or use gne-piece. douf)le-clamped flexible "hose" o

the fan inlet and outlet, Specify, fans yith shaft seals and
breaker tabs (small r,qdlal blades an the back gide ofithe fan-

v+ wheel); which maintain the shaft opening ai'a negative pres-
11,200 cfm - 5,000 cfm = 6,200 cfm of additional ventl-

sure: And, once the systemrhas beef runnisg for aboul#month
and is broken in, test each system qualitatively using a tracer
gas technique, such as injecting-asmall amouat of tracer gas.
upstream of.each fan and probing the fan and fittingsito reveali

any leaks. ., . oo RTINS PN OO 1

LRIt E

0 (7T Tan

xMOdeI G .:';-::'1!

This model was dppliéd ihi12' differént {abotatory Tutve:
hood exhaust fan penthouses. Leakage medsurémenis weré'
taken' at the:shaft-seal, the fam housing; the fansdischarge and
flex .connections, duct fitting connectiows, and the ductwork:
itself;for a sample population ‘of :the ifani systéms. ‘Table 3
shows these cata for an actuat penll.ous:e Several:of the.duct:

o ki ik, P Aaed g ele et §7 0 Ty

Appiymg The Rnsk»

BN-97-14-3
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i i 1'TABLE 3

Leakage Calculations for an Actual Fan Penthouse

Systenn \Shzgn L(elil,t;lgg, Iﬂousi‘ng Leakage Discl;;l;glfa‘g&eﬂex .Fltﬁng Le;;(age' ~Duct Le‘a.lka'ge A SYSTEMI"LEAKAGE-
y cfm (L/s) ofim (L/s) - cfm (L/s) | cfm (L{s) : 'l cfmi(L/s) .. ..
1 1.0 (0.47) 0.00 (0.00) 0.98 (0.46) 014007, | 028013 2400 -
2 0.45 (0.24) | 0.32 (0.15) 0.03 (0.01) * | i 0.18:@.09) 028 (0.13). - 1.3 (0.62)
3 0.62(029) | 0.00 (0.00) 026(0.12) | ' 0.18(0.09) | 0380718 |"  “1.4(0.68)
4 000000, | 000000 | 40047 | 011005 | 025012 14069 -,
L S 100,03 0.01) « | 1.10.000.00) | | ' 0.08(0.04) 0.14(0.07) | 028013y « . 053005 b
6 021 0.10)" | " 0.10'@0s) |* 10047 0.25 (0.12) 034t01) ‘| 1909
7, L, 023,(0.11);,, b +.0.00 0.00). | ;0.80 (0.38) 0.25 (0.12) 0.34 (0.16) 1.6 (0.77)
Jrg F017(008) '] 026012 1.0 (0.47) 0.14 (0.07) 038(0.18) | . . 20(092)
sl 000 ©.00) 090 . 00) ' | ,029(0.14) 0.14 (0.07) 0.38 (0.18) 0.82(0.38)) -
10, | 10047, ], 004002, " 1.0.0047) 0.25 (0.12) 0.51 (0.24) 2.8(1.3)
¢ 11« P’ i0.00 0.00) ¢ 10.00 (0.00) ©0.15 (0.07) 0.257(0.12) 0.42 (0.20) | T0.82(0.39), . -
12 001 (0.00) 0.000.00) |" 1.0047) 022(0.10) | ,0.42(0.20) 1.7 (0.78)_
Averages | 031(0.15) 0060003 | .063030) | 0190099 ;| 036(0.17) 1.6 (0.73).
4 & " TABLE 4 i .
bt o Penthouse Ventlla\hon Rate Vs, Bgcommended All0wable Average. System Leakage e ‘
‘ No'of'! Péﬂﬁiouse Vent. * ‘Kllowable System Leakage in cfm (L/s) at Acceptable Level of Risk
Hood 'Fiths: Raitt - ¢fm '(LJ5) Model 2xModel | 5xModel | 10x Model | 20 x Model
@Q_, Fis 2,500 (1,180)" 0.17 (0.08) 323 (1.6)
et v 5,000 (2,360) 1.7 (0,79) 33 (1.6) 6.7 3.1)
' TR 7500 (3,540) L0047 | 25(12) 5.0 24) 10 (4.7)
e 10,000 (4,720 1.3 (0.63) 3.3 (L6) 6.7 (3.1) 13 (6.3)
© 15000/(7,080) ‘' 20094 | 50024 10@7 " | 2004
Z : 20,000 (9'440) 13 (0.63) 2.7 (1.3) 6.7 3.1) 13 (6.3) 27 (12.6)
T 25000014800y | -0 1 7i079) 33(L6) | 83(39) 17(7.9) 33 (15.7)
* Indicatés ex1si1ng amouﬁt ofpenihouse ventllaflon L L e o . o ) .
t The'blek cetl Wwith white'Runibers'intichtes (as'close as poss1ble) actual system leakage. L p l“.“: !
t Thesshdded celldiindicate reddonable leakage/ventilation/risk scenarios.
** The.cghl ,wlth bolq barder indicates[recommended leakage/ventilation/risk scenario: i " M G cronde "
% ey g IR AR dpe e BV R AC B Car

and fitting leakages shownareidetitical because the number of
fittings ahd duct1éngths were identical:and:an‘averaging fech-
nique was used to determine them. The average leak#ige pet
fan system in this penthouse was determmed to be 1.6 cfm
(0.73 L/s). Data from the owner FYeveridd: that the pénithotise
had atotal of66,fan lsySWms andasSﬁ)O cfm (1,1801/s)-of pent-
hpuse vgntilation,; - - FITR IR IRE NI i i

4+ Using these: data, and the fmmmlbe abaeve, one!can build'
a risk-model toldetermine @ wreasonsble mitigation plan. Tablé
4 shows tha allowable!leakage rates (pgr fan system) at differ-
ent penthouse ventilation ratesiphd differentlevels of risk: The
column labeled "Model" shows permissible leakage rates at

PTG SR

R L
BN-97-14-3

different penthéhise ventilation rates Assuming A level of risk
equal to the model with the assumptions previously described,
and the numbers in each cell are calculated using Equation 16a
with' @, ;. équal to'the perthouse véntilation rate at the left of
the row, n equal to the number of fan systems in the peﬂthouse

K195 49, Ky =10, and Ky, o= 0:1. The:cotumns'to the
right gepresent higherlevels of risk:above that-assimed by the
mode| and are calculated By multiplying the l8akage rates:in
the!""Model" column by themultiplier shown i.el 2xi:5x, 10x;

etc,i ) AT bdwm &l

v:,:f

Table 4 shows that at an average fan system leakage rate
of 1.6 cfm (0.73 L/s) and the current ventilation rate of 2,500



cfm (1,180 L/s), the risk level is approximately nine times
higher than the model. If the owner feels that this risk level is
too high (and the author believes it is) then a decision has to
be made about increasing the ventilation in the penthouse and/
or reducing the leakage rate per fan system. Economic analy-
sis of several of these systems revealed that controlling the
leakage rate is almost always cheaper (using a life-cycle type
of analysis) than adding ventilation. Ventilation costs are high
for installation and operation, especially if you must temper
the make-up air for freeze protection in the penthouse.
However, real-world experience shows that certain types of
leaks can only be reduced so much. Based on this knowledge,
a range of reasonable approaches to this problem were
targeted and are shown in the shaded cells in Table 4. The
author's specific recommendation for this particular client/
site/penthouse combination was to reduce the average system
leakage from 1.6 c¢fm (0.73 L/s) to 0.67 cfm (0.31 L/s), which
is an ambitious, but reasonabie, goai and add an additionai
2,500 cfm (1,180 L/s) of ventilation for a total of 5000 cfm
(2,360 L/s).

CONCLUSION

The method cited in Part I of this paper outlines the
extrapolation of quantitative fume hood containment testing
results to real-world potential exposures to laboratory chem-
icals. Using the equations provided and knowing the exposure
guideline for a particular agent and the tracer gas control level
for the hood, one can estimate the release rate at which the
exposure guideline will be exceeded. Conversely, knowing
the release rate of the agent and the control level, it is possible
to estimate exposure.

The tracer gas method of determining the leakage from
fan systems, described in Figurc 2, has been successfully used
in actual facilities. Potential exposure to hazardous substances
leaking from equipment located inside a facility can be esti-
mated using the methods described in Part IT once the leak rate
is determined using this or other methods.

A final caution is warranted here. This method should
only be used by those who fully understand the engineering
and industrial hygiene implications of the method and the
assumptions made herein.
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