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Laboratory Fume Hood and Exhaust Fan 
Penthouse Exposure Risk Analysis Using 
The ANSl/ASHRAE 110-1995 and Other 
Tracer Gas Methods 

Dale T. Hitchings, P.E., CIH 
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 perfonnance 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 (ASH RAE 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 hawrdous substances used 
in laboratory fume hoods may be estimated using results from the 
ASHRAE 110 methodandfonnulae 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 withfans 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 andfonnulae 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 (SF6) 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 Perfonnance of Laboratory Fume 
Hoods (ASHRAE 1985). Recently, this standard was revised 
(ASHRAE 1995). The new standard was used as the basis forthe 
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 I1 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 Cc;aplan 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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t]Jehood is the highest average five-minute sample taken with 
the ejector ,and rr.annequin located on the left side, in the 
center, and on the right side of the fume hood. The recom­
m~nded c'ontroHevel for laborato1\i fume hooJs''!s O'.HfpJ?m 
according to the.industr.ial ventilation manualqfthe American 

applying these methods to real-world situations involving poten­
tial worker exposure to hazardous agents. If the. assumptionf) . 
enumerated in the following methods arti particularly inapp~opri­
ate for a speci[c application, then the me~hod should be mOdified . 
accordingly or another risk model should be employed or devel~ 
oped. 

PART I: ESTIMATING POTENTIAR.. EXPOSURES 
FROM LABORATORY FUME HOOPS 

Confer.ence, pf Goy~rnmental Industrial Hygienists . (ACGIH 
•· ·"1995), ;the laboratory ventilation standard of the American 

Industrial Hygiene Association (AIHA 1993), and Prudent 
Pract/cesJNI~,C 19..?.5), ..... ; , i :. .:· :· · · ., 

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

' • Step 2a: .Determin~. P~tentlal Exposures from a 
Using the ASH RAE 11 O Method ?articular Fume Hood · 

A diagram of the' A3HRAE 110 tracer gas containment 
test setup is shown in Figure 1. Tracer!gas (1) is released into 
the fume hood using a standardized ejector (2) at the rate of 4.0 · 
liters per minute, whi'ch crcutc3 a cloud 'of diluted tracer gas (3) 
in the fume hood. Some of the tracer gas will leak out of the 
fume hood and iuto iht: brt:alhing :wn~ (4) uf lht: manm:quin 
(5) used to simulate the aerodynamics of the user. Air from the 
breathing zone is sampled, and the concentration of tracer gas 
.: _ _._ .. ___ _: __ .J L-. - -----~L!--- .J _ .&. __ .. _ __ tk\ ~1- - ____ ... . __ 1 ~----1 _ £ 
.l.:> U\.d.VJ.Ul~.lH ... u uy u .:>'-'.J_J.,JUV\.t U.\..tL.'-'~1.UJ \.~h .I.Ji~ '.o--VJILJ..VJ J~~~:l: VJ. 

The following assumptions must be made to relate, actual 
· • dynamic cynditions to' the static test conditions: 

! 
AssumptiorHs" " 1 

Ia. · The user and the mannequin are approximately 
·;, the same height and width and are positioned the 

same rel~~ivfl to the hood opening., i.e., the user 
does not bring the face closer .. than 3, in. (75 mm) 
to the plam; of the sash. 

lb. The':a~,~n . ~.~ released into the fume hood at the 
"sawe s~te_and i? a cloud with the.same geometry 

and locatmn as the tracer gas, I.e., the release 
occurs at least 6 in. (150 mm) behind the sash in a 

· · · relatively spherical', nondirecticfoal pattern and ~t 
a rate not exceeding 8.0 Umin; the upper limit at 

-• which the A.SHRAE 110 .tracer gas (!Ontainment 
testing is known to be reliable. 

le. The user qpe~ not inove. , 1 ; • 1 .1 . 
Id. The user uses prudent fume hood work practices . 

. , '.J,'he,equaticin .~<;> dr.termi!1e ;pot~i;itial exposure conr.e1;1tra-
tion to an agent is , ! 

.. 
(1) 

where · · .·II .I 1° .1 

C risk ' ~ , , potenti<t\ exp~sur~.~~~ce~tratj~n to a ch.~mical agent 

, in J?PID . , ., " . I. 

ctg . - tracer gas contrvl level irr ppm, l . ". . ' . ' ''' 

K,110 .. =. safetf,fa~tbr. / 
,. · i i " . , ,, 

_ . $iµ~e these .'l1\~umpti()ns are r.ever all valld, iUs prnden~ 
to :emplpy a.safety.faptor to ac,countfor naturnJ arm, and bc,c,Jy, 
mm;<;:ment~; raising th,e .s~sh q•1ickly, a~11 imprqper work p:rac.~ : 

t~ces such, ~~ having t;he chemical .sQn1c~ c\qs~r· t..lJ.an 6 incb~& : 

t>e.hind._the Sflsh, etc. Fie.lc:l .c.lata have dei;non~trilted, for ~xam, 
ple, th11t ,moving th.e tract;r . ga~ sour,c;e to the, p11'n~ of the:~:ash: 1 
c11n in.er.ease the,,trac;;er ga~ . coJ:lc;en,trations l.'.ll· ~ll,eh as '.iO?· 
times. Although working outsid~ f.1e a,~~um.pticm. n .'telope can 
cause transient exposures several hundred times the exposure 
fc>.1nd JJSing t'1isi stad~ method; there r.rt •)the.. mitieating: 
factQ"<;-:thatlower average potentid •;xposure. Some <'if th~:~e 

fa<etQrs· are: ,. 1 ., 1 ..• • 



,., 
f~~(.. ') • '···' i'. ·· TABLE 1 · ' ·· 

' J ' Selection of the K11 O Safety. Factof '.; ., 
' l l't • • . ..... jf ' t " ~ . .J ~. 

l'ype ~OJsi:-~pd Operat\IJg 1C«>nil.ition~ ! ,r · . -., Safety Factm~ KUO 

·i·;·. " 1 1'I'ILV .,. •Perlodic'u.se ... ' .,, :f/"'J: · ' ' . ' ~ J . . d t · 10-20 
(Tll.reshold' Liihit Value)' • •Phideht work priic'ticesl' 

i 
1
.1' :_, I 1 ': f, : ~· :' ··•Lower release rates (<4.0 Umin) 

1" •. i'·\ . u .REL I 'I' . . ' . •t':ont'in~ous use '" " 
(Recommended Exposure Limit) N "a·'. 1 ,, k · · ,_t.. ·., . • on-i ea wor praLO ices 

~.Higher release r.\lte~ f 4.0-8.0 L/mi\\I . 
. .: ;. •Using synergistit agents · · 

STEL 
(Short-Term Exposure Limit) 

. ? ! ! f )~ ; I." '.f) } /, 

• • ) • " .. 1.J 

•Periodic use 
, . , , •prudent ·~ork practices 
. : •J.owJrelease;rates ( <;:1.0 L/min) 

•Continuo~ use 
•Non-idea:i'work practices 

"J. • ' 

. · · I' 

·1 - ' 
,. .. · 

J: ! ~j 
.20-40, .. , 
,•,! II,\; 

1··· " . •J ,. .1 ' /1J,; .I() I..-.• 

.... .. 
• ~ ' ! . • , • 

' ' . 

-40-80:11 .... ·; r • " "i ,. ,( 

I .~ ~) .L 
•Higher release rates (4.0-8.0L/min) .• 

1f I _; ' _ • • r 1 : 1 • , ,. 

•Us1.·ng SyRergistic agents .. 
1--------------+---'-_;:,__:__:;__ _______ _.,...µ_,~---'---+-----"-~-.... __ __,.,, (. )( .. 

· CLtJl· 
· (Ce'lfirig ValueY:-

•Pru&nh.vorkpractices " 40-S,O ., ., · ... , · . i i: .. 

1-•_t _o_w_
1
re_· _le ... a_lie_· r_a_te_s_(_<_l_.O_L_l_m_~_n) __ . _, _ .. _• _,_.~_"--'--=--="''-1. __ Pi--- ='·:'-. ·_· --"., __ . .c:." .c..' ~ .. - '·.c..! -·-=--~ n· .1 1 

Ii I 

' .. .A: -
Iii . 

•Non ~.iqep! work practices : . 
•Hig~er refoase rntes (4.0-8.0 L/rnm) 
·'Using sy~irgi slic agents 

j i ' r'J "' . '.) I ', ! 

Th.e hopq,user i~ wobably no~ in front of th1';
1
hood for 

!lw entire,ce~ght-1).qur work:ing1 Pll.Y·. : . · , 1. 

' The hazard in question is · probably riot released con- 1 

stantly. ·: r 

The release rate will often be lower'than 4.0 L/min, etc. ,,,,, .. 
Taking these factors into account, . some that raise expo-: 

sure potentiaiJ.: and some11!ba1! iteduce it, the author recommends 
choosing the safety factor (K110) using Table I. · r· 

Table 1 is based on a minimum safety factor of 10 for 
agents with a Thresholtl Limit Value (TLV) exposure or 
Recommended Exposure Limit (REL) index representing an 
eight-hour time-weighted average (TWA) under favorable use 
and eperating 'condit1&1S. 1Sfatistical evafodtion of'ihe ratio of 
the maximum tracer gas levels to the average"fracer gas levels 
for 1,313 actual tracer ,gas"c,entainm()nt,tests r¥vealed that 95% 
of the observations had instantaneous maximl:l .less t~an 40, 
times the average. Therefore, this value was chosen as the 
11littimilm safety1factbr"wl\eh usirig·agents with CLG (ceiling) 
vaikles l:'eptesentirtg an instantaneous thaximum exposure: 
limit! 'fhe minilfiurii 1safetylfafai:lt for-agetlts witH a Sllorl'-~dri 
E'.;l(,porure Lithit (STEL) ii:ldex·reprderit'liig a 15~mintite'TWA' 
was1:Chosen 1riildway between i11e1ininirhhm safety-fadors·for1 

t~e :rrN~1D 'and-CLG '.intiittes', respeetively~ The table :also. 
grves ;the Opportunity to· doi:I0ile thei safety';factoi: for less· than1 

fe:vor~bll.fttsie- ot of!eltating fuilditions,. , .. ·· '•' : · · ·· · i · 
~ I ' ! i - '; I . ' ' [J ' ': ·, i J I. j ,--; • ' '. : ! I'. :.' '' ' 

StepJ2b::Determine the:Release Rate of •a Particular . 
Agehtin the'Hood•That Wilt Produce an E~posure·1 : ! 
Equal to its Applicable Exposure Guideline or Limit 

. . . } , . 
I 

< ~ ~ 
"lnslead of assuming Lhat lhe release rate of the stibjecl 

age.nt.is lhe same as the tracer gas, as in assurnption Ib.alle,ve, 
we will.mak(( ap aqditional assumj<>lion that relates ·~l)~ re lease 

J~ .. ' ·~ 4 rat1no the.control level: ., 

As~·umptlon 

le. . 'Th~ ·re1ef1f~ rtite and ·the..c~ntrol level df the ho~d · 
are·approx11nately proportional. ... : .·, 

. ..\ ",'' 

This· assumptipn has its ba~i$ . in the empiricaJ research 
done qy Knuts.ot\ .. and Caplan ) rr he late 1970 'in•wlfish ,the 

' ' < 'r ASHRAE 110 tracer gas-.test <_ method wa developed. he 
researchers noted this proportional relationship of the t ontrol 
level Lo•the release rate .of the tracer gas (€aplan and kirntson 
1976). 'Using lliis ',i:elatiorisl1lp 1·it is pdssjpJe to m~lce the , " ( . . 

following calculation: ' : , : 
r ,, ,, 

• • j I 

I 
' . . ... 

or, reai-rmJgihg . . .. 
•\ .. 

-· 

(2) 

.. 
"' 

.. .. (3) 
t t t ;f~ 

. ' ... ,, . ~ '· .; ( . 
' .• .. ; .,: • ' 'h, "' I. ~ .~ l" I J ~ \ f \' whe'r~ .~ 

G - · ge, neratio" rate of'. ttie chem}cal agent.in 0 .i:r,i1.: agl!dt .. ' .' - "-' '\' 
c ;'. ·t ' ·- generation .r~ ·e o · thMl'ace~ g~ ' c~.o i Jmirl) ." lg • -

K1f0 '; """· -A.S'HRAE I ib safe~y 'fa tor." 

. .. T~e 1 rn1l1atic,W~h~J?,.of v.?,1.~rr,~,,o~ Y~J?~E·,ge~erateq.py:,~ 
evaporatmg liquid to 'its evaporation rate i,& tlll<;en from the 
industrial ventilation manual (ACGIH 1995): " 



.· CONV · SG~~ent · ERagen; 
Gag·ent = MW 

. , ag~nt 
(4[IP]) 

where 

Gagent = ·generation rate of agent, cful'(vapor); 

CONV the vohimein ft3 that 1 pt oHiquid, when 
vaporized, will occupy at STP, 403 ft3/pt; 

SGagent specific gravity of liquid agent; 

;ER;,gerit - evaporation rate of liquid agent, pt/min.; 

MWagent molecular weight of liquid agent. 

This equation is converted from inch-pound to SI units 
'wiing the following conversions: 

1 ft3 = 28.3 liter v~p 
1 pt - 473 mLliq 

Converting: 

( 403 ft3) . [2~ . 3 l vap1· 
pt •• 3 

CONV = ____ , __ ._._/ 

'(473.J!!._)·· 
1 .,-. ·: mftuq, , 

... 
Substituting this into Equation 4 (IP) yields 

where 

/1;, ;\ 

Gagent = 

")· : •• • •• 1 

= generation:tate,'Umin (viipor)-' . 
m l 11 

evaporation rate of liquid, -.-q 
111111 

r 

(4[SI]) 

, 11 .; ,Substitu,tifig: the rigl\t side of Equation 4, (Sl) into the left 
side of Equation 3 and substituting 4.0Llminf~r1the genei;a-

tion rate of tracer gas, G18, gives :·: ,,, ;: ,;' ·" '.l 

Equation 5 can be modified sJigpt ly by substituting the: 
I , JU• •• ~ I \, . . ; 

exposure guidelin'e for lhl:!'agent. C08ru;{ for the potential expo-' 
sure concentration C,;sk• as in Equab.oo 5a below. , 

I 

( moles . ) (MW ) ( C ) ERagent = 0.11--.-}.!!i. • -.~I •• ·1';! a.genlr . • "~'5~) ! 

_______ _ rm.n SGa~ent Ctg !<119 ____ _ 

4 

This equation yields the maximum evaporation rate of an 
agent with propei:ties.MWagent and SGagent in a specific fume 
hood with a con'trol level of C1g and.safety factor of K110 that 
will not exceed the agent exposure guideline, Cagent· Note that 
mLliqlmin was chosen for the units fo ""quations 5 and Sa 
because lhis is more readily app ied to scientific experiments 
performed in a laboratory fume hood lhan other possible units 
of measurement for' this quanrity. 

!1 p ~ i , ( 

Example 1 
h •. 

· Wha fs' the maxfrnum' evaporation rate o:f glu teraldeiiyde 
I ; • I " . ' • • • ,, ~I 

iri a fume hood tbat has mi ACGIH recommended control Ieve 
of 0.1 ppm, whicq will _produce an esumated exposure level; 
equal to the exposure guideii'ne? Wh1al is the ge1rerhtion rate in 
L/min? The hood has periodic use, with prudent work prac­
tices and no additional synergistic chemicals. 

Gluteraldehyde-: 

MW 100 
1 1 

0.2 ppm (NIOSH CLG) 

= 40 (chosen from Table 1 using the information 
above) 

Substi!uting into Equation 5, : 

'•'' , 

= (o.nmol~'suq). [1o0;;;~,~1 · ( 0.2piim ) 
1 , F;,~agent · mm !- g 0 I · 40 

. 1.1- . ppm .. , 
. - ..... mL .. 

mL1. 
=0.77 ~ 

mm 

I" , 

I . · 

r'J 

, The generatiO!\rate is i;:alculated using Equation 4 (SI) . .,, 
i ~ • ·. '! 1 I , . • . :' l ! 

" 

l mi__,'. 
24.1 ~. 1.1. 0.77~ 

, ,, . mL1;q min 

. Gl!~e!! ' = lOO 1 • 

' '1, 

.· I 

·.t l , , ...... 
J, 9 ,, ' " 

' (f. ti; , ' ,, 
. : I '• 

)[i') .. ' 
>What i_(';the estimatecl,exposur~ ·:::oncentrationAor acry"' 

lonitrile released at a rate q;f ;JO mL/min in:afume hood that hal'i , 
an ASBRAE 110 oontroHevel ofO:rl ppm? What is the1genei-:, . 
ation rate in L/min? The ho0d has periodic use,.with prudcriti 
work practices and no additional :synergistic chemicals. · . 1 ' 

Acrylonitrile: 
. I) MW = 53 'I ' "I 

SG = 0.81 

_,;,,,G~geiii ·LGppm(NIDSHRELk'''· ., :i.'1 

K\ ib: · ~,:; ·1 O { choeen 'from i'fable1 ii using the irifotm~tibn ; 
:, .>·m:1 <i ''a'b0'vi)"''°' ·;: .<.'· ii;;i ,. / 1 ·-:,,' ·· ,. v.; 1

• 

Rb~ifariging Equation 5~ anti substitutifrg valt.ie's, • ' i iiJ,j 



'! il. 
I r1 ' ;, '·1 1 

,;i• [El?. · SG · C ". "K'. J JC ... _ ·_.,..._,.'----'=Ii...,.· _ L_IO 
agent .~ moles . 

·;·J,, .1 "'. MW · O. L7 '·' . liq l'· 
) ~,: ,;•,;):J j . n_!JJ1 I I' I 'IJ J• 

t. ,; ,_:fJU: I J . I'. .:t 

:· '! n1 ·, nmL 0 81. g 0 1 10 ' '' : I·"'• !1• .'.:l-umii) ', . LM,· · ' ppm ' . :: ,· 
Ti ·;· 1::;: l . · 

g moles110 53- • 0.17 ' I - ' • • I O 

mole min 

!. 

.. 
·--- .... = 0-:9 ppm 

Note that th's is just slightly under the exposure guideline 
qf})~ ppm, liria ~ai:~}ho~i<l . be·t~~~~·to lill?~t the r~lea~·e rate. 

to lomL/mip. , . . , " .i i , ,; · 
Again, th~ genyratiop rate i~ calculatec!. using Equation 4 

(SI): . . " .i 1. • ' . . 

G= 

'' l · mL'. 
24.1....!E.E..... 0.81. 10-.1•q 

mLu mm 

53 ' \ 

-l 
- 3 6 vap 
- ·min 

,. 
ur ' 

PART 11: ESTIMATING POTENTIAL EXPOSURES· 
FROM DUCT AND EQUIPMENT LEAKS 
IN HAZARDOUS E;>CHAUST SY~J~MS . 

'Vhen using a ch~mical agent at the' generation 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. 

. . '( ' i !' 
Step 1 ': Determine the Actual Leakage Rate from the 
Specific ComRonent in Question 

This can b~ •do~e by creating a physical control volume 
around the component as shown in Figure 2."In)practice, the 
control volume is an enclosure fabric:,ated from plastic sheet­
ing around the component to be tested~Tracer gas is injected 
enough upstream of the fan to ensure adequate mixing. The 
duct "coiicenfratiOii.-·or tracer gas rs measured, ,aijd th}s is 
assumed to be the concentration of tracer gas in the air leaking 
into·J:he Jibag~ll An.ain sample· i11 cir.awn .from the1 bag through a 
flowmetel' using a ;sima11.:fan or sarilipling ·pump. The1 steady~ ~ 

state1concentratioh of1tracergas in the'sample is ineastited and 
allows •the volume Of the · leak!to·oe determined· using the 
following iimple nilatipnship: · · : :_ . . ,. . . : :', ) I" 

(
Csample) 

Qleak = Qsample . cleak . i 

This relationship is:only!valid.fur arsteady-state condition, 
whicb.h-!lPJJ'ens. ~ly .. JlJ.fter apput li(il,1:tir.ch~nges occ~r Jn the 
enclosu~e (bag). At low leak/sample/inf~ltr~ti(;)n flow rates, it 
can take. ~MHt ,sop:i.~ . tirp.e}Q ~each steady state. It is advisable 

to monitor the sample concentration g~,aphically in real time 

using, a computer or strip chartrrcorder to ensure that equilib­

rium has been reached before recording the sample concen­

tration, csamp[e· It is also necessary that Qinfilt be greater than 

zero. If Csample is less than.Cduct• this is en_sur-¢d. Care must also 
be exerc.ised when fabricating the encl sun;,and performing 

Key 

Csample 

Qsample 
cinfilt 

= Volume of tracer gas injected into the duct 
upstream of the control volume 
Concentration · .. of tracer gas in duct 
(measured) 
Concentration of tracer gas in sample 
(measqred) . , 

= Volume flo~ rate of sample (measured) 
= Concentration of tracer gas in ambient air 

drawn into,control volume by sample pump 
(assumed, see below) 

= Concentration of tracer gas in leak 
(assumed, see below) 

= Voll;JW,~ flo~, r.at~,,qf.tfquipment leak into 
control volume 

! .i 

Assumptions 

· Control volume pressure is ambient! 'do not draw a vacuum 
.on the sample bag. · '" 

Qleak + Qinfilt = Qsample ' ' ' ' J ~ ' 
(control volume mass balance) 
Cleak = Cducl · . . · ., ·. : 

cinfilt = Zero/fhis may not actuall/be tnie:~ilS fr.aGer gas 
leaks into the'area during testing and background concen­
trations build up.But, if the background concyntrat~on. d~~s . 

not exceed 10% of the sample conC'ehtration, and the infil~­
tration into t~econtrol v9!ume do~~ .W?~~xceed 100% of the 

· leak volutne tben th<>erf0r will not exceed 10%. The actual 
ii> 't '" ' , i . It 1 

formula for the error is as fol lows: 

.''· ": (;n·)_·. '"i Canibi~~; Qa~1.bdn 1 IO~ .' 
. error 70., .='. C ..... x: Q · .. , x . , ",. 

W "·~eilk leak ::c• • . 1 

. ,, .. ·· .. 

I , ~. 

iFigure 2 '- Con~r'ol volume concepts,- • j 



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 lellk and give erro­
neously high results. 

Step 2: Calculate System Leakage · 
i I 

In this case, an e~hau_st f.wi system, the principal leakage 
sources would be. ti1e fan hQusing, fan shaft seal, discharge( 1 

flex connection, fittings. ~nd au'cl work. Leakage ffc;uri1each of 
th'es~ 2ompq_nent~ ca:1{ g~i i;~divi'd1fally detert;ni~ed using th~ 
control volume method. ' '' ' 
, j ' ; ' ' I .'; 1 f I_ i ~- i I/ ·~J ' l ! : I ! -

Under ceJ.1ain ccmditi<;ms, a random sampling of duct and· 
fittings. can: be tested to determine average leakage. Several 
lengths of dw;LwOtk ua:n b~ t(tsleu iii a silllilar ·way and ave1L 
ages· can be determined so that! every fitting and foot of duct do 
not ha.¥e to be tested.' Leakage from different sizes of fittings 
of\<>imilar. construttion is directly proportiorial to the diameter; -
It is,helpful to normalize (divide)the leakage from fittings by. 
the diameter of each, and then the leakage'fron'l similar fittings 
can be'determined b:Y' multiplying the average '.of the normal­
ized kakage by the ti.umber and diameter of the fittings in a 
particular system. · ! · · / 1 

,\'i· ,I• 

Duct leakage ~ay be 'estimated similarly. FW spiral d.~?t, 
tpe leakage is proportipnal to the diameter and the square root 
of the duct static pressure. Normalize _the duct leakage bY,thy 
<lipmeter, length tested, and tht;! ~quare root of the duct static 
pressure measured n~lj.r th~ fap; then determjne leakage,fr91n 

the straigh~<:luctwork in a particular system by, multiplying the 
J . I I · .I~ · l • , ' , . , . 

ayerage ()f the l}GJrmalized lt:;akage by the diameter, the length 
of straight 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 s_ince the duct is 
produced by a mac,hine and variability is lower than w.ith 
handmade duct. ' ·• · ,,. . . ' ' 1 

For snaplock duct or duct with pittsburghjoints, the foak~ 
age is proportional to thf'.)el}.~th a-11~ the square root of the duct 
statil: p1essuie. Nu1111ail~~ the J~l:l .leakage Ly the Ien'gtl; 
tested and the square root of the' duct static pressure me1asured 

nearthe fan. Then multiply~he_<J.ver~ge of the normalized leak­

age by t:pe leDigth of:~~raight d.uc~_ qi! thy. gi~charge sid,t:; .oft~ 
fan system and the squar.e root of the duct _statie-pressure 

~e_!ls~red 1·n ur the f.an . _ Sinc~ the~ may 9e great vyi,!!bilJty 
e twee.n se.clions,of rectanguJ~~ dµP,t. ( ~his l'Q_ethq,!i rray yield 

erroneous resulls b ven ifthe duct s)stems arlfsimilar in.length 
' I ( J I I • i ~ I • ,. • I 

and resistance, and caution -is.re.comrqende.d. · -
• ' . . : 1 - • ,' r ~ ' ! " ' r J l • ; ; ' • ' ' 

- -In all cases, careful visual inspection of everyinch-ofthe 

du~t SY,s,f;efP·!s advi~f,.d. T~i.s. ~ill c.a~~,l).~ro~s 1~¥i~_c.~µ,s~d by 
faul~~ fi,~ti11;gs11 ;-'1l1P~~~~p \~st holy.s,~ _ holys sa,us~d/PYi rSOJ,Tor 
sion, or nonuniform application of duct sealants. . . J i ,•i' . 
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Step 3:. De~~~ll)_in~ .the Cpn(:eotrf!tion oU!Je Leak in 
the Enclosed Space 

Knowing the flow rate-o'f th6 leak, the concentration of the 
leak1 and the ventilation rate, you can determine breathing 
zon~ concentration qfJhy. agent usirfg the standfil'.ct steady-state 
dilution ventilatiort equation (ASHRAE 1995) and several 
fundamental assumptions: 

Assumptions 
r l JI 

Ila. The area \tent~l~~~o~js f<9ually dis~b}lted ~on.? . 
all the hazardous exhaust systems m the area ven-
tilated. r' · '' 1 

Ilb. The concentration of leaking"etmta:Illinant is uni-

Qvent 

Gagen/ 

Oresp 

form throughout the ,~maginary near-field cont:tol 

. olume_ ~ur;r~mnding th~ equipme~~~ , .. 

i ·~ " 

(7) 

0 io \. , 

= aCtual,ventilation rate, cfm; ,,i..\ ' 

= generation rate of pure agent ( contahiinant), cfm; 

= near-field respirable conct>..ptration of gas;<;>r vapor, 

. ppm; i> . 

= mixing factor (range: 1-10). 

R~arranging Equation 7 and solving for Cresp• 

' (Gagent) . 
cresp = -Q-- . vent 

vent 
(8) 

T,J;ie generation rate, G agenP assumes a pw;t; Rontaminant. 
If,the cont!)-1!1-inant i,~ dilut~,. ,it can be deterrmry.r9- as follows.:. 

) ,· (9)' 
!j 

Substituting Equation 9 into Equation 8 yields - '·• 

(10) 

1r·.: 

Based on assumption' Ila, -J~ have th~ followii:ig relation­
ship: 

"1 

wh~~e 
'" 

• Q ; ' ;,, QtotaV 
.. vent 1 l(.n 

' r 

I' "(iif 
j Y, 'I .. '' ' 

f ) ~ ' 

Oiatril =;, total pentho'1s~ ,eya,ngeijza,tion rate ( cfm), : : . , " 
n = total ;nuinber of eXhausi systems ni the penthouse 

' Rearranging E~uati~n 10 ari(l solVihg fot Q[~d{and substi- , 
tuting Equation 11 for Qresp yields 'F 

1 
" 

;') 

.I (""\ 

· • I o.i' Cresp__:_91o'ia1_·, 
Q/eak,~ (!; ,. K . n' 

leak• ; veh'(. , •. J_,; 
. :D2) 



· ThtJ.du-w.leak Iconoentratfon-js' calculiatbd as foliows: 

;. II: I 

where 

educ/ 

) • ' 

ER·>1" :; 
a~en~ 

AG agent 

MWagenl 

Qhood 

svair 

MWair 

(
ERage111 . SGqge111) . . 6 .. ,._ -.. MW ' ' . 10 

c · I""' ·.: 0 1/Dlll • t 
duel =" Q . 
111:t 11, i(. · hiiod -~:.(~5~~) 

• 1 · · _svair ·MW air) ., ~ •'." lb 

:.. 'ii (13) 

J: '· 

= duct concentration, ppm; '" 
= ·· evaporation titte· of agent;·~ 

,, • • ' " """ , · .~' 1 mm = specific gravity of agent; 

~ · molecuktr .weight'of agimt; J.' '-
l. 

= hood flow rate 1 lc'firl ti I If ': !, '· '. J ' ' 

' . ' ' 3 
;·: " ' , .... . "'i f • · 11: 1 · • · ,-. . · .... ft = SP(!(;I_fic V?l~me _9f air @ STP, p .3 -lb ; 

= molecular weight of air, 28.9. 
' I 

Substituting the known values.for air and the assumption that 

educt = eleak• 

_ (ER agent · SGng~nt) . ( 6ppm · ft
3

) 
Cleak - MW . Q 0.85 x 10 mole 
. . ::f;ll>llfnt hood : 11: ·11• 

(14) 

· Substituting Equation 14 into Equation 12 yields the leak 
rate that will produce an exposure concentration of e resp in the 
penthouse: 

i'; ' ' .. ) 'l .. ! ' ; (15) 

Cresp · MWagent. Qhood. Qtotal 
3 , Qleak = ., 

( 
6ppm ·ft ) 

ERagent . SGagent . 0.85 X 10 mole . Kvent . n 

· · In order tb determine the maximum duct/equipment leak 
rate that will pr8chice an ambient concentration in the pent! 
h?µse at the exposure guideline, simply substitute the expo­
sure guideline, Cagent• for the ambient concentration, Cresp· 

Thisgives ". ,. 1 

(15a) 

Q 
I I - cresp . MWa,~en/; "2hoold . Q~otal . 

leak - ft3 
. ER . . SG ' (o.85 x J06ppm . ) . K . n 

· 'lf •L I · ,, 1f gen1 .. ., P,gent1 .. ; " . I _l [Jl , rrjole Vent 

In Equation 15a above, all the variables are easily deter­
mi,9e,d, either by measurement ~r by ithe use of the tables 
herein, except the agent evaporation rate, ERagent· This is 
extremely difficult to determine quantitatively. Even the labo­
ratory personnel, in most cases, have no idea what is the gdni!r~ · 
ation/evaporation '.rate· tif the•materinls' With 'Which 'they work. 
So, tw~ .~m1.l 1 a_s-$,U:WPtj.00$, . ~cJ!.Il):,i .J:IP,, -qr; r~quir~d . . , 

, ,, ~1i1P~t~tuti!1g, f<Jll~~fi<W, ,,~~)nto .BH~?-t\on.,15.~11 $~Y.es. the 
foliowing: ' " ' · ,1, ,,. . ; . • ~ . , · " J '· ' '. 

1 (QI k = ( Ctg. qh,~~d _'. , J .. ( K110 \. (Qtotal) (l 6) 
·- ea 0.14 x 10\ppm .,' cfm) K-.ient) n 

· Assumptions 

Ile. · · ;_'The rlih'le hoods served by1 the enclosed exhaust' 
systems have a control level of ctg· 

Ild. The release rate of the agent in the fume hood is 
the rate at which the potential exposure concentra-· 
tion at the fume hood, crisk• is equal to the expo-

·i•; I sure guideline for the A'g~nt,1 'Cag~nt· · 
t 1 • • ,f' ' I I • , 

, ote ~t y .a summ.g l .. €? re e11.se ratr, m f e . 100 w1 
prod~c~ ~ ~r.t:ilt~.j_ng~zq~~ . .c:o~c:enR·~.PP~~ at ihe h~od rqu.~t to 
tbe expo ure gmdelme, cagem• and the ~ucY.eq~1p~n~?~)reak 
rate in the penthouse will produce the' same exposure level , 
G.agent• all the agentffelnted components (C~gehi> SG~gent• 
MWagent• ERagin:r) cancel because the evaporation rate and the 
duct lea~ rate .are both ¢ependent upon;these,fi~utes .. ·. : . . ~ 

:Equation 16 shguld be used when determining themaxi'­
mµm •average leak rates for fume hood 'exhaust s¥stems in 
el!lcilosed spaces when the exposure is·exptia:ted;t(i} oaaur inithe" 
n(!ar-fil'(ld area aroul)d, thedan/lel4c. If, howeveri tlae general• 
area concentration is of concenh assumption Ild may ·yield 
very conservatiye numbers since th~,ma,ximum,riyl~i;tse rates 
may not occm; in·all fume hoods s~ultaneously~ Th~s,:is.~11pe­
cially true in research and development facilities, ~'\':h,ere fume 
hood utilization is often relatively low and work in different 
laboratories is uncoordinated. The assumption is less conser­
vative in quality control laboratories, Where hood usage is 
usually more'ihtensive than in R&D. The assumption is least 
conservativg ih teaching, production, 'ohlinical labor~tories, 
wliere flirhe hoo'd utilizatiori is nigh or identical operations aith 
conducted in many hood~ simultaneously. · · 

: I Therefore, K~iversf~ orth1~' lioodrelease diver~it'y factor, i~ 
introduced and :-fa applied by · 'modifying Equation 16 as 
foi'Fows: · ' 1

' l 1 
-' 

't 

.(16a) 

( 
'. Ctg . Qi10od ' J ( f K110 ' ) (Q101a/) 

Qledk = · ' 6 . •I • /(' I, K ' --
0.14 X 10 (ppm· cfm) vent d i1•ersi1y 11 

where 1· 

K " · fum~ · hood rel-dase divedl.ty·. diversiJy = 
r1 '. ·- ''' ·;' · r ; '•t 

, C~oose Kdiver~ity · u8ii_ngTabl~ 2,. 

''· 

' ' 

' ' • ' '"' l , TABLE:2,' I • ·' ·" ·,, , 

Recorhmende<t Fume Hood R~lea5e Diversity Factor 
I I I I 11 • 1 ' · , •• 

• • • 1, ,Type of ~.abQratory Facilityi · -., 

Reseatch an(f ·bevt!lopritcitlt,~ ;. , .. , ·t ;~n'i . !6:1-(f5 · :~.~ 

' ' Quality Contr~t"J _. · :, ' ': " · - · ' 6.2s:'6.75 
Clinical,P!oduction,Teaching 0.5-1 .0 

I ~ , t • • ~ • 1 ,,._, ' ~ .. <.' 

' iln 'atrd1.§es' the'choi6'~'.of k _:i !: . sh'6uld be'lli~de'dnly • . d1vers1Jy . 
aftef't.:aMfull'Y exarnining theitype 81' usage"fof a1piliicular 
facility. ' :, •!'. ,;; if , (j, ., I" 

f 



Example3 
The actual area concentration is directly proportional to 

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

An exhaust fan penthouse has 5,00d'cfm (2,360 Usf df ·· guideline; therefore:;;; 
general exhaust divided 1among 50 exh~ust fan systems. The , 
ai;I: in ,the penthouse,is p~odyldistribute~: •Agents wi:t:h<TLVs c d, = f.Qa ao;upl~'-' <' f; ., , ) 

• 
actual , ~ Qleak ,}; , r· a/t,ent 

are used with prudent ork praclices ~n 6 ft (1.8 m) fume . 
. hoods with recommendedccontr-0I levels of o.-L ppm and sized · · 
. for I 00 fpm. (Q.5 m/s) ~l ~~0% op_en. Each hoQd is served by a ' · 
. ingle fan }¥hat is the maximum leakage per sy Lem that can 
occ·ur and not e:\(.ceed the ex,pos9re guideline qf tfie hazard? 

( 11 ' \ I \ (· I .1 ~ ' • I I '. i ) 

-Assigning a value qf 10 to KvP".it to account for p-oor air 
, distributioh'inJhe penth6use, 1a ''itaiue of 10 to' K110 in accor­
dance with Table 1, ~ va~l!e~of O,l_ ~to Kdiversil)" a11d a nominal 
Qhood-of~f~ 1cfm (295 L(s) !JJ.tq

1
l!q1.1ation. 16 yields 

I 1 I ~I L 
Q- -.= ( O.lppm · 625~fm 1 \. (~ \ ,. (5, OOO~fm\ 

leak n .. • ~6 " } 10 . n iJ 'iO } 'U.1qx.1uppm·crm' ,--.-- -,' -- , 

)' 

• I 

- =- --::.- : - ;;:.:...:.~r-

' \ J t \ I I i 

( 
L.Ocfm J-: -- --- - -

;- = 0.4~ :_'.mJ_ "~0.2p(l_l'jJ~ : --

. = 0.44pptp 

11 11 \. I ' I 

I 
.J 

__ , 

This figure exceeds the_CLG:valu'e o:f 0.2 ppm for gluter-
aldehyde and indicates ,t.hat some type of source reduction or 

additional 1diluH0Ji.~h6u~~.~e i~~~~i_i?~nted. · ~. __ . ~ \ _ · 

' ln Example 3 there are 5fb.~xbaust·~ysfems.ivith a capacity 
of 625 cfm (295 Lis) each for a total·_Q;)f 31,250 cfm (14~750 LI: 

= 0.45tfm(0.21Us) . ,-
• ' 

Example4 '. 

· s) and _ a required ventil~tion1 rate ,of J1~.~Q_O cfm (5,2.~p Us) -, 
'· ·The 1~0 - cfm (0.47 Lis) leakage rate per fan system used in1 

Examples 4 and:5 is very low,. ;md. ev. h av.his Q.W le.a.k~ge rate, 
the amount ot ventilation requ1rect 11'y;:t,tus mocte1 is j()% or the 
fume hood volume. 

• .: \I,, )1 1 . , . . i ' ~ ', ', . ' : 

A-mitigation program has reduced the maximum leakage 
from 2~0'cfm (0.94 Lis) to 1.0 C'£1fr (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 dilute the 

{ i 

duct leakage to the exposure guideline? · 

Rea!lfanging Equation 16 and solving for Q10101 gives 

.,. 
Q/t!ak ' II. 

'I .... 
l.O(cfm: 50) 

( 
O.l(ppm · 625cfm) ) (. 10 ) 

•' 6 1 · · 10 . 01 · 0.14 x 10 (ppm· ofm) - · · 
' .. 

= 11,200tefni (5,~99 Lis) (17) 
\ . - _,, i - - -

The additional ventilation is calculated by subtracting the 
existing ventilation capacity from the total required ventil,a-
tion calculated above: ", 

11,200 cfm - 5,000 cfm = 6,200 cfm of additional vertti- 1 

la ti on 

(5,290 Ll;s - Z13,(i,Q Lis,:;::: :2,930 'Lis of additional iventilaL; 
tion) ·, .. , ' i lc,i , , '"' ·' ' :·: : 1

• • • , ., , 

)' •·· r 1 0 J ! 1'1: ; ! I ; I 

iExa'm "r~ · 5 ·r .. 11 ' ' , , ..... : • 
1 

,. '' 

,'jJi, :· •=p '•_1r{ 1 1,jo!: :;.- /, ;,,£ j/ ~~}t:· !) i /,,!:I ; '" 

•': .The ~xhausMystem CO.l,l,11-~C~~d to the• hood jn Example 1\ 
is found to 1be,leak:ing :a tofal1.of< LO.. cftn .(0.47 h/s);frotn the1 
shaft .seal,_µieiflex connec'tri0ns, andlduct .fittings. If the system 
isdocatecj>in the fawpeintholls~ described inrB:kample' 3, what 
is the estimate of the near-field concentration of gluteralde-
~,y,de? ,) 1f!'.J i:', -- ,,r;'l :,·_ii·· 1: 111: Ii; , .. . .,. ' .Ji r;: ; 

8 

This is why the five most widely referenced standards and1 
·guide nes on laboratory facility design anci operation, i.e':'. the 
industrial ventilation manual (ACGIH 1995), the laboratory 
sy~tem~, chapter pf ASHRAlj1Applicatiq1Js (ASHRAE 1995), 
the ANSI/AIHA laboratory ventilation stl!_ndllf<i (AIHA 

, 199B), NFPA 45 .(NFPA 198())~ and Prudent Ptactices (NRC 
1995) all recommend th,at _laboratory fume hoR,d: tf~~aust fans 
be located outside the building and not in an.enclosed space. 

Even after explainingthis .. clearly to cer.t_ain_at'¢hitects and 
building owners, one may be forced into the unenviable posi­
tfon of violatiii.g this extremely· important recommendation 
and designing an enclosed laberatory exhaust fan system. In 
this ease, one must specify the exhaust components in such a 
wa)! a~; to minimize possible leakage. 

: l";lere are some g~ideHn;es ,. Use welded duct with flanged 
and gasketed fittings . Eliminate the flex connections at the fan 
'bltoghheror use one-piece d6uble-clamped flexible "hose" on 

the fan inlet .~Pt~ ou_qet.:., Sp~9ify , fans ),Vith, ;~paft .. s~!l~.s and 
breaker tabs (small r;:\d.i~l, ,blai;!~s .qn ;the . back 11p-jdt; Q~ 1the fan· 
wheel); which maintain ,the shaft openi;ng at .ia negative pres­
sure' And, once the system1has been tunrtiri.g for abouf'.a'month 
and is broken in, test each system qualitatively using a tracer 
gas·teclmique, such a~ J.nje,cting·a ;small amouot o.fi tracer' gas , 
upst:.rtl!.m of,each fan a11d probing the. fan and fittit1gs; to reveal i 
a,t1)' le~. '" · ·1 .,i · ·.1,; I\ ' iu. ' 

'I·~ .. . \ ' ' i' I ~· . ;; i l l ·.· : 1 1 ' i{.i ·; , ' : {, " ) :;._·:, 1 f! j; I 

ARp.lyin,9 The . Ris·k, i~odf:!I , /-j ': I ; , {;! ,. t! , If: (_ i \?hr \, !·,: 

This motlel· was itpplied :ii1. ; il 2 ' Clifferenr tat\oiatbry rutrle · 
hood exhaust fan penthouses. Leakage measui'elne:hfS weri'l 1 

taken' at the .shaft seal, the farr. ~1ousingi,: the f.aMiist:harge and 
fle.x ,cmmections, duct fitting conmections, arld:the duGtwor~ , 

itself, for a sample popl,llation :oh the _i fa.'ni' system's.' 1Table 3 
shows these data for an actual peiitlmuse~ Seveti:.l:ofi•the-duct ' 
JI 1,'1.it 1) 1 !, f 1, i :, 

BN-97-14-3 
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.) L fll {H 

System 

1 

2 

3 

4 .. 
[.-)' 5 

'J ! 

. 
( 

". 

6 

,7, 

·8: 
,, ... ;~· i':\ 

II 

lQ;,I 

11 

12 

,_ 

I 
>J l.o 

... 
i. I ;' • :1; J :TABLE 3 

Leakage Calculations for an ,Ao.!ual Fan Penthoi.r.;e 

Discharge & Flex ·: '" : . • 
1 ~ -

Shaft Leakage: ¥ousing Leakage Le k Fitting Leaka~e 1 ·.Dutt Leakage ' SYSTEM! LEAKAGE 
, ' cfm (U) (U) a age .. , · s , cfm s cfm (Lis) , . .• ;cfm (Lis) c(pt (L(s}°! , cfm!(L/s) ,, .. 

1.0 (0.47) 0.00 (0.00) 0.98 (0.46) _ .O.t4 (O.OJ);, · 

o.~2 co.24) i: I 0.32 (0.15) 0.03 (0.01) " ; :1 0.18,(!W9) -0.28 (0 .. 13). d(0.62) 

0.62 (0.29) I ' ~ 0.00 (0.00) 0.26 (0.12) 0.18 (0.09) 
~)/ ' l "J ~ · 'J 

1.4 (0.68) ,. 
p.op. (0.00) ' ,o.qq co.op) ·1 .; • ..\-0 (0.47) 

' . , 
'. 0.11 (0.0,5) ,· ,, 0:25.,(0,J2) "' 

· I· • ·0.03 (0.01) ,, i ,;0.001(0.00) I ' 0.08 (0.04) 0.14 (0.07) 

0.21 (b.10):: 'd.1 (). (0'.05-j' I i.o (0.47) o.2s (0.12) 
"' - . -· - -- - ··- -

; 0.80 (0.38) 0.25 (0.12) 0.34 (0.16) 1,.6 (0.77) 
f 

0.38 (Q.18) i.> tu 1 co.os) • " 0.26 co.12y . . 1.0 (0.47) 0.14 (0.07)• -. :· ~ 2,Q (0.92) 

'o:oo (o.oo) ·· 1 
, . ,0,09 co.oo) : 0.14 (0.07) 0.38 (0.18) 

, 
10 (0.j7). 1 :u; v ,

1
0.04 (0.02), 1.Q.(0,47) 0.25 (0.12) 0.51 (0.24) 2.8 (1.3) 

: ,, »0.00 (0.ClO) F :1 0.00 (0.00) ... 0.15 (0'.07) o.2.)"(0:12.) 0.42 (0.20) 

0.01 (0.00) 0 .00 (0.00) 
l ' j(, 

·i.o (0.47) 0.22 (0.10) ' 0.4_2 (0.20) 1.7 (0.78) ' 
ll• ,, 

0.31 (0.15) 0.06, (0.03) 'lp.6~. (0.30) o.~36:(0. lJ) 1.6 (0.73): 

• I If 
I , gr TABLE 4 , 11 

: Penthouse Veritlla~ior'i . Rate ~~'Recommended AU6wable1Av~~age $ystem Leakage 
., :· • \ 'll · : ·1 I. A, I 1 . \I ~ ' . I 

•I' 

' Wliowable System Leakage in cfm (L/s) at Acceptable Level of Risk 
' ·' • ~ i . 1 I : 

HoOd'Fans: 

Pi!tlfbouse Vent. · 
R~~~:'~ :cfm 1(Lls) Model 2 x Model 5 x Mod~l. 20 x Model 

' 0.17 (0.08) 0.!3(0:39) 3':'3' ( 1.6) 

5,000 (2,360) I 0.33 (0,16f 1.7 (0,79) n (1.6) 6.7 (3.1) 

1:: 1 1 .:nr " " 2.5 (1.2) 5.0 (2.4) 10 (4.7) 7,500 (3,540) ' .~.·f, 0.50(0.~4) 1.0 (0.47) 
,J) i . . .·• t •1•1'-' _ ..,___;___;__..;___-+ _ ___,._,,...;;.....:....:..--f---'--'-----+---'---'---+--..;,_--'-----1---'-----'---l 

10,00Q (4,720 o.~1,0.~n u co.63) 3.3 (1.6) 6.7 (3 .1) 13 (6.3) .. 
15,000(7;080) '!' NO (0:41) 2.0 (0.94) ,,. 5.0 (2..4) 10 (4.7) .. 20 (9.4) 

t, w,ooo c9A4o) . ); 1~' (0.63) 2.7 (1.3) 6.7 (3.1) 13 (6.3) 27 (12.6) 
II 'I 

,, ;.: : f' 8:3 cf9) ' 17 (7.9) 33 (15 ,7) 
11 fl Ii 

, :qs,oqo (q,800). ., 3.3 (1.6) ., 

* Indicates ·exi~ting amourlt oipentl1.~us~J~~ntila'fidn. ' ; I , "
1 

• ' • f I· 
t The: bilick'ccll-with\vfii'te 16umfilerslintli~ates (as'closii as possible) actual' system leakage. 

... :-: , iil11 . ; i I ~ " tJi ! 

'! :j·:" : Ji ·. ~ ~ . ' f• ;_, • J 

t The:shaded eellhm;lia:ete reiHonable·leakll'ge/vtntibiti011/tisk scenarios. "' ·' : .. 
**1 The.c;yll i~ith bol~ qrirder1 i~<ilica\e~1rec~ended leakagelventilation/risk scenario.' i ._ ,, ·1.l:· 1.Y II 

and.fittin-g lt!akiages shown :are~dehti6al because the hUhi.bet of 
fittings and duofl~gths 'were i<ilentical :andian iaveraging"t~ch­
nique was used to determine them. The average leakage per 
fan system in this penthouse was determined to be 1.6 cfm 
(0.73 Lis). Data from the ownet¥eVe~lM~ th'at'the p~ritl:lo\.fse 
hJ\~ attqttJ.l o~e~J;an!s.x!illl!m~:a.nq~.~OO:cfm (1, L8Q,Lh;)ofpent­
h9use v1m~i.W~R~k; ;·1 : A'; !u: ·J ·" .1<'>JL.r'. , ' " J;-.:;1;·. v "' • ; 

' ,, : U,!iing·:these;data, and the formulae ab4'we, 6ne!cam; build' 
a, r.i..sk rno:deL told6temriiie :Heasop.able mitigatiom1 plaR .. Table' 
4 shoW,s tb.e allowable1 leakage rates (~r ~an system) at Miffer­
en\ {!>,e!JitJJl()USft wentilation rllte&flhd differemt levels of risk;.The 
column labeled "Model" shows permissible leakage rates at 

,- ; 1'•1- .-: H 
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differeat penthMse ventilation.rnte'S assu'rriing 'a leveT of risk 
equal to the model with the assumptions previously described; 
and the numbers in each cell are calculated using Equation 16a 
with-Q/01~ 1 eqtral Hfthe penttiouse·venffia:tion rate .. at tneTeft of 

f 1 
I' '\ t '1 

the row, n equal to the number of fan systems in the peiitnouse, 
KnoF 10, K.Jeni""' 10, alild KJ;~efsi!j ·~ 0.:1.-The·columns'fo the 
right~epre,sent hig:her·levels of.riskabov_a tHata.ssti.med•by the 
mode) and are calculated by· rnultipiying the l&kitge rates ih' 
th¢!':Model" column by themultiplier showri~ i.eJ, 2oc\•5x, lOx,• 
etc,; ·1: 1 I f r_ t ~ ~ i ) ~ i : ) ( ' • r I ') I : I 

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

9 



cfm (1,180 Lis), 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 reJuced 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 cfm (0.73 Us) to 0.67 cfm (0.31 Lis), which 
is an ambitious, but reasonable, goal and add an additional 
2,500 cfm (1,180 Lis) of ventilation for a total of 5000 cfm 
(2,360 Lis). 

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 exposme 
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 Figure 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 II 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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