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Todd Hardwick 
Associate Member ASHRAE 

ABSTRACT 

This study was conducted to determine how sash move­
ments affect the performance of fume hoods. The performance 
of two fume hoods was studied as the sashes were moved from 
closed to open position at speeds of 2 ft/s, 1.5 ft/s, and 1 ft/s. The 
tests were conducted with fume hoods operated at both constant 
volume and variable air volume. The tests indicate that sash 
movements can disturb airflow patterns at the face of the hood 
and potentially affect the performance of the hood. The effect 
of the sash movement varied with hood type and speed of sash 
movement. The faster sash movements of 2 ftls and 1.5 ftls had 
a greater effect on the performance of the hoods than the slower 
movement of 1 ft/s. Constant-volume hoods and variable-air­
volume hoods were both affected by sash movements. Constant­
volume hoods set to a full open face velocity of 60 ft/min were 
more susceptible to the sash movement than at 100 ft/min full 
open face velocity. The performance of variable-air-volume 
hoods is affected not only by sash movement speed but also by 
the response time of the controller. The drop in face velocity that 
occurs when the sash is moved is determined by the speed of the 
VA V controller. The required response time for containment 
depends on the fume hood design and the speed of the sash move­
ment. 

INTRODUCTION 

ANSIIASHRAE 110-1995, Method of Testing Perfor­
mance of Laboratory Fume Hoods includes a dynamic test that 
tests fume hood performance when the sash is moved. Stan­
dard 110 and earlier studies suggest a relationship between 
sash movement and the performance of fume hoods (Ahmed 
and Bradley 1990). 

Testing was undertaken to study fume hood performance 
when the sash is moved. The performance of two variable-air­
volume (VAV) fume hoods was studied by moving the sash at 
different speeds and by varying VAY controller response 

times. The results were then compared to the results of tests 
run on the same hoods without VAV (with constant volume) 
controls. The goal of the study was to determine how sash 
speed and controller speed ofresponse affect the performance 
of fume hoods. This study does not define what is acceptable 
performance for fume hoods. 

TEST EQUIPMENT 

Performance tests were conducted on two laboratory 
fume hoods installed in a test laboratory. Hood A was a 4-foot 
hood with a vertical rising sash. Hood B was an 8-foot hood 
with two 4-foot combination horizontal and vertical sashes. 
Both hoods are commercially available models from two lead­
ing fume hood manufacturers. The hoods were connected to 
a manifold exhaust system. 

The hoods were equipped with a through-the-wall 
(TTW), thermal anemometry-based, face velocity controller. 
The TTW controller maintained the fume hood face velocity 
by modulating a butterfly damper with an electric actuator. A 
TTW sensor was chosen because it provides an accurate 
measurement of the face velocity (Zhang and Agarwal 1993). 
The controller modulated the damper to maintain a constant 
face velocity of 100 ft/min (O.Slm/s), which is considered 
adequate to contain chemicals in a fume hood (AIHA 1992). 
In order to provide repeatable and accurate speed control of 
the sash movements, an electric motor was installed on the 
sashes to automatically open them during the tests. 

The test equipment followed the guidelines set by Stan­
dard 110. Figure 1 shows the complete test setup. An infrared 
gas analyzer connected to the standard ASHRAE mannequin 
was used to measure tracer gas concentration in the breathing 
zone. The measurement range of the analyzer was 0-1 parts 
per million (ppm). 

The test procedure and data collection were automated by 
a computer equipped with an analog-to-digital converter card. 
The face velocity, gas concentration, and elapsed time were 
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Figure 1 Test setup. 
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recorded by the computer during each, test. The computer also 
provided the control signal for the motorized sash move~ent. 

' ' l 

"' TEST PROCEDURE 
f 3 • ·) ('. ~· G · .. , _ 
The tests were p:el1formed on.both hoods. Hood A was a 

4-foot hood with a single vertical rising sash that was raised 
gu~in~ the ~est. HoQfi,B was an 8-fo0t l\oaj with a combinat\op 
horizontal and vertical sash that was d~~rided into two 4-foot 
vertical rising sashes. During the test on Hood B, only one of 
the 4-foot sashes was raised. The test was divided into two 
parts: a static test and a dynamic test. 

Static Test _ -· __ 

,.,,. 
·', 

I !;; . I' '., H •'. ~~ .. 
-' ::The static test followed the pmceduri).;'i:foscribed in Stan-

dard 110. Testlf;Were performed on both hoO'd's:.1\¥itJ1 sashes full 
Q.J!~.n ~t f~ge ve_lQ...cjti~~ of 100 ft/min (Q.5J_m/s) flQ.d 60 ft/mjn_ 
~0.30 m/s)c &u\furhexafluoride (SF6) was:inj~cJe.d into the 
fume hood at a rate of 4 liters per minute (L/min). The 
~ompi.iTer· ~-eco~~r:a.,fJle fume &ood face veI9RJ§i, ~9d the ·sF'6 
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balanced so the face vel0cities were maintained at 100 ,ft/min' 
and 60 ft/min at sash 'full open, ', ! : (',;I ' ' • ' 

Dynamic Variable Air Volume During the· V.al'iable-air.:: 
volume dynamic tests, the control dampers were niodulated to• 
maintain a constant face velocity of 100 ft/min. The test was 
repeated for sash movement speeds of 1 ft/s, 1.5 ft/s, and 2 tl/s with 

rFm?~s~ times on the c~ntr~!l~rs ranging f!i9m abom ~ ,~f:~onds to 
~9~~~rf9nds. Response.t~rIJ:_f1.1\s defined as ~(ltime NRP1 the ~~i;t.o~ 
t~e f'~~~h ~o~~went15~),1t11J~~ fa~e velo~.1tY, ~~ r:fJthil). 90%r8qhe 
control setpomt. This defimt10n 1s cons1stehtw1th Standard 110. 
. : r Dynamic Test Procedure Dynamic tests were run under 

,.p~tJt constant.~yolume and variable-air-volume conditions. 
The sash !llOV_~.1ne11tsJ?e.t!cl~wer~ l.f.t/s, l ,5_ft/s, (l_nd f.ft/s,_ '.(he 
following; procedure was repeated for tho. different constant-

1 

volume fifc-y veiocity'~etthigs aiid c6fitroller responsltinfes in 
the variable~air-volurrie system. •;. · · 

I u' ,Jt '• 

1. Sef. up .c. orifrol corii.figl1ratforifor fume hood. - ·-· 
1.-J,_(11 .l ·.) 

2. Close the fume hood sash. 
r- ~ '"' - - - - - ~ - -

3. Relfilf).Se tracer gas (SF 6) at 4 L/min into therfume h.o:: ~d, fou 
concentrat10n m the breathing zone for 10 minutes. 
f- - ·· ·- ··-·-. 

__ . .. ~Oseconds. ·--·- .. ·- - - _ - · _:~ ··_ye 
Dynamic Tes!' i 
I 

i -· -The·dynamtqestwas divi$itnrro twrrsectiohs:· co11stan:t 
:Volume and vaffMHe volume. ' ':i':; · i!i' "' 

:-- ···Dynamic Gonstant-Volume During-the constant-volume -
~ynamic test, the control damper was locked hHt'single posi­
tion, allowing the huod .to be hitlanced.as .a constant~volume. 
system. Two tests w_er~ 1 run, pn 1 .!lOtR,~~p9d~ with0 tl1;e .~?od~. 

2 
I 

4. 

5. 

Begin recording data. Record the face velo1Ji~; and ttaceP: 
gas concentration for five seconds. · •r··f\ i '; 

- ··- --- ·~·-· __ I - -·---.,, ------.·-· --~- - • ---~-- ---.. 

Move ·the sash from a closed to 100% open p0sitio\1:at1 the: 
sp_e~ified rate. : ·-- ·-- _ _ _ .'. r ~. . .,, 

6. Continue recording face velocity and tracer: gas concentr:i• 

ti~!l for a_total ~f <!?_!le .!!l!l!.u~e: _.. ______ . .... '" 11 

., 1 ;;1Shi!t..9ffithe traq11q~as and ~tqp r,e.<,:.or~ng ,d11ta .. ', . , 



TEST RESULTS 

Static Test 

1J I 

L. . - , 
I ' 

time was around 7 seconds and the sash was moved at 1.5 ft/ 
s and 1 ft/for Hood B. 

The static tests oi;il't).dth,hoods with the s.asl1 full ope; ;.'Od : , CONCLUSION 
. . I 

face velocities of 100 ft/min and·oo·ftlmm showea no incr~ase i This study shows that sash movement speed does affect 
in tracer gas concentration. Ip a~( tests the tracer gas concen- ·' the peti'o~fuance of fume hoods. Sash movements can create 
tration in the breathing zone ~a~ less than 0.1 ppm, which was' ·: i disturbance or upward movem~nt to the airflow patterns at 
the background level. . ·th f e'a'f<ft. 'fi' · d Th' d' b fti h c u' ·ui.u :::· . ' ,.i e ac -. ~':\e; oo . 1s 1stur ~nee a ects t e per1ormance 

Dynamic Test 
· 

1 
·, - · - - •• , '. • o1Doth cohstiihf:Vohime and vari~ble-air-volume fume hoods. 

Faster sash ,m(tve_~e~1\, creates a larger disturbance, hence, a 
Dynamic Constant Volu~e Hood A's constan~-voh.im6 larger effect on hood performance lhan slower sash movements. 

dynamic test showed no increase in tracer gas concentration ; ;.This is rnµs~w~ed in the bonstant-volume tests (Table 1). 
when compared to the backg~und level. Howe~~r, · ga! ~onstant-volume tests at ... ~ : JQ_p ft/min face velocity setting 
concentration did increase for ood B. · A s·ummary of-tire '. s'howed a gas;toncentration incr~~e greater than 1 ppm at 2 ft/s 
constant-volume test results i~ 

1
hown in Table 1 r . · ~ut no' increase at 1.5 ft/~ or 1 ft/s for Hood B. The constant-

Figure 2 shows the trac~r igas concentrations \Vith face : volume-tests also indi~afeJti~!aJo'w face velocity setting of60 
velocity settings of 60 ft/min and sash speeds of 2 ft/s,' 1.5 ftJs , ·· ft/min. can make the hoods i:tr~re ·susceptible to sash move-
and 1 ftls for Hood B. ' ments 'than a ~l,OO ' ft/min ~etti'l'ig. Maintaining a higher face 

velqci'ty (ldO ft/min) decreases the effect sash movement has 
on.perfo_rmance. 

Dynamic Variable Air Voliiirie A s1immary of the varI: 
able-air-volume dynamic tests on Hood A is shown in Table 2-.!­
"Minimum Face Velocity" is the lowest face velocity observed

1 

during the test. The face velocity response of the controller to; 
sash speed of2 ft/sand respon~e times of2.6, 10.1, and 20.7 
seconds is shown in Figure 3, which illustrates the interaction 
between face velocity and response time for fast sash move­
ments1(2 ft/s) for blood A. Figure 4:.sh'ows. the breathing zone' 
tracer gas concentrations when the. controller response time 
was a11a>tin&20 seconds and tile sash\was mo¥.ed at •2 ft/s, 1.5 
fuls, andi 11 ft/s. 

,, 
1-iood;:Q , . -' lt; 

:. A 's'crrn·m1a'ry or't1\·e variable-air-volume tests ;~n Ho\Sd' 
B i~ sh6wn ~i Table11. Figure 5 ·slf6 ' s'the gas con'cetrtra­
t!oh ' Pf! the breathfog z.one ~hen th~ cbntrolledbp'o'nse 

.') ·' ., ;· r: '". ~I . ' " I I · '' '1 ·.· 1_. : 

The importance that VAV control response time had on 

~! 1 -----..-.....---------------, 
a.. 
.5 0.8 ;-----· 

Sash 2 ft/sec 
§ 0.6 +----1-- --\-------- -----l 
~ ?04 - . 
c '· ~ 0.2 +---1----·'--------------1 
c 

8 ° o s 1 o ~~ ~ 
1 

20 25 3~ ' 3~ 40 45 50 55 'so 
I 1 

Time in Seconal$ ; ,' r ., 
Sash U and I ft/sec 

·t ' 11 :' t. 'I • ! 

'Figure2 Dynamit' coii'tainment test/ constarH voluirlt' ;Ieb 
ft/min, Hood B. :-- <,: ,. : t) . :,, , , •'-'' '' ii 

b ~ u1 J •"· ! n '. }ii 

.. , i • 

·i•; •I• ' c , " 1 ·;. · ·' · : ' · "'. rTABLE1 . · •' . 
c . ;t•I. . ·•J ·I ., C. onstalit-~lfime Dynamic Test 

1• {' If ' ;_ d h <~ '.:.,, J P. -

~··· "" ,) ' 

Consfunt Volume 
100 ft/min 

Mode 

1)' 

,I. 

; "'Sa.sit Speed 

!l;'I I - I 
1.5 ff;~ Constant Volume -

100 ft/min . , i ~::·•~ 

cdn~iant. v'1111me ; o .. · 1i 1· \ 

100 ft/min 

Co~t.V~me 

60 ft/min 

! 

Ccimttant VO.hmie '>' , ;\, : "' 'C J , • 

60 tVmin 

GQnstant Volum,e,: ,, :J :1. , : • ·; · .•.; • 
60 ft/min ") :. :. ,, 

B!'# n -t4-'l . 

• I], I ft)I~ 
I , .. ,, 

,. 

,_, .. I ftis 

Peak Gas Concentra,ti~n Hood A Peak Gas Concentration Hood B 

fl -::~L ,: • .. I 

· ' No Increiise ; 
:! ;.\ 

i: ' No ncre~e-' " ,, . 
... .. . rn l .. _, ,. 

No Increase > I ppm*"" .;.. . ..... 
.• ~ • •. \ .. ...... .I !.. l. 

' ~ .. 
• "" ..; . ~ G,• 

' ~ ,No ,Incr~~e ~h 
. ... 
._, :1.' . i'"l•,:tI ppm* '.Jr ..;i 1i. ! {!. 

' ' f"'" \ · n• f ;• I •~ '; I e : I r (l{; I 

3 



TABLE 2 
Hood A VAV,Dynamic Tests . . 

' · · Minimum Face 
Velocity 

63 ft/rri.iri (Q..~2 mis) 

62 ft/min (0.3Fm/s) -

60 ft/min (0.'.30 m/s) -

66 ft/min (Q34 mis) 

61 ft/rrriri (0.3 fml~} 

56 ft/min (0.28· mis) 

50 ft/min (0.25 mis) 

50 ft/Il}in (0.,~5 mis) 

49 ft/niin."(9.-25 in/sr 
-- 40-ft/min-(0.20 mis) 

r 

Peak Gas 
Concentr.atioff 

No Increase 

Ne· Increase 

No. Increase 

__ l':l".o Iri'crease 

No Increase 

> 1 ppm . 

t--~~~~~......-~~~~-r-~~----,--,-~-.,-...,-...,....,.___,,.~---1rt,.-~·~~~--,---~~·~~----t-T' ~~~~~~~~~~~' 
, . 70 ft/min (0 .36 mis).. ' No.Increase 

~~~~~~~~~~~-+-~~~~~~~~~~---<~~~~~~~~~~~-+-~~~~~~~~~~--1,, 

70J t/min;f0.36 ml~) -~ No Increas·e - .. 
65 ft/min (0.33 mis) _ I No Increase 

63 fl/min (0.32 m/s) , No IJ1crease 
-· 

61 ft/mi~Jq,~ 1 m/s) I No Increase 

56 ft/mi~ (0.28 mis) ~ No Increase 
t--~~~~~~~~~~-r-~~~~~~~~~~~t--~~~~~~~~~~-t-~~~~~~~~~~----t • 

51 ft/min (0;2~ mis) No Increase 

·- 50 ft/ml ii (0:2.S mis) ·-· No Increase -

50 ft/min (0.25 mis) No Increase 

36 ft/mill (O ~ 18 m/s) . . .Q.66'ppm 

71 ft/min (0)6 mis) No I!lcrease 
1--~~~~~~---..,.~...,,.....--,~~-=--=~~.,,......~~~~~t:--~~-=--=-~--=,....,..-..,..-~-="-r-~'~~~~~~~~~~-it 

69 ft/min (0.35 mis) ! No Incr~a~e 
- 69 ft/min (0.35 mis) r·· "' No Incfea~e 

65 ft/min (0.33 mis)· - No Increase 

64 "fi/min (0.33 mis)'' " :''"' No Increase · · 

60 ft/min (0.30 mis) No Increase 

54 ft/min (0.2'.7 mis) ·1• No Increase ,-, r: 

•: · 49 ft/min (D .. 25 fu/s) ,,. .. ' 11 'No· Irlcfe~~e 1 

· ~6 ft/min (0.2.3 m/s) '.' '' ' .. No '1ncrease 
I. 

· ~ . .3,6 ft/J,n_i~ (0.1.8 m/s) . N, Q, .In~r_ease . " ,. , . 
1.' \ ,. t '• I) .. .. ,,. 

.1 ., I ·' • I ••• • ~ 

•' 

~ 

& 1 
'' ;( -~ 0.8 

r---.~."'-' ~· ~asl; 2 ft/sec. u ~. 
... ... . . .... ... ....... ... . - ... _ ·. '";" ": ~ .... . · .......... . . .. : 

• ! 

i I' ' ·. I J 1 , ..} .. 
-r R13sponse1Time 2.s:sec ·~:FlespaJ'lsa Tiqne 10.,1 ·:;Sec 

1 .,,;; R.~iirpnse T.-ime 20.7.S.ec .. ~c , ... :l c ··· ·: · oi · i ji:.> · , ·, 

fiic~W3.. Dr~1lni.~ ~6~t~ifiw~'iit t~s't, ~4. vjesnop~~:~~~k 2 
. !,. ' · '··rt15. Hodd'A.lv '··f· ·· ' · n · 1'· · · -

4 

c ' g 0.6 
_g 0.4 
c 
~ 0.2 . 

... r· I . ' 
, ..... . . ..... .. r '"' ,• - .. .. ~ .. . - .. .. ... - - . .. - . - - - "" : 

sash i.s rt1se<: . . - ;- •1 . ..... ~ ,; ·· ... . .. . ; ·;--;~ . . ·.· . .. . . 
.,,,. - .. - "' - - .. , - ;, .. 

. .. : .. : _ .. .... : .. : • .._ .. : .. .. - : r .... : - .. • .. ... : • • 

§ 0 .j;;!;i""""""'~~~~~~~~~~~~~~~~ 
0 o s 10 15..:-20 .2'§1 ;$0;.25 4o 4s so ··ss 60 

Sasll 1 ft/sec Time in Seconds . 
c.11: : '-, \~f I"'· , ; ... I, : ' ~\(\ ; 'J', ' -.. ": j \ 

Figure 4 Dynamic containment 'test/. ·re~ponse· time 20 
seconds, Hood A. 



.TABLE 3 
, ..... . .. ·: •. , Hood B VAV pynamic T~st .., 

sasli M:oveme~"t 
. .s~eed ., 

. --
: ·-. VAV R~sponse 
. '. '· Tio1e 0

' :~ 

- · ·· - -2.5 ~.econcls· · -.' - - · 
• \i'•' ' • ' - ~ t ' I ;'\ .. . - . -

I I 

Minimum Face 
_vdocity~. : 

f . J' , 

75 ft/min (<k38 ffils) -

I • ;,. 

Peak 
Concentration 

> 1 ppm 

- : ,f,.7, Secq~d~: ;' i;- I-. - I - · 77 ft/mjn (9)9 m/s) No Increase 

. 

---
b5 ft/sec ·~ 

c 1.5 ft/sec 

1.5 ft/se2 - -

1.5 ft/sec 

1.5 ft/sec .:· 

1.5. ftisec , 
., 

1 ft/sec 

1 ft/sec 

1 ft/sec 
r · _,s -, 

I ·ft/sec· -

. ). ft/sec, , ;.:-

1 ft/~ec , i 

I ft/sec 

1' ft/set 

.I ft/sec 

. 1-ft!~ec r 

··<u.&:secondsr,1·l, 

3.6 se~orlds 1 . . -
_ .. __ 1J.seconds' __ 

-3.9·seconds 

, -~4 . 7 seconds~, 

2.9· secorids 

3.0 se~ddds 

3 .1 se~ollds 

--:JA seconas 

3,5' secqnds 

4.6 seconds 

•: · 14. 7 ·seconds : ,. 

· 6'. 6 seconds 

--
74 ft/mini(Oi38 rh/s) No.Increase 

_70 ft/mirli(0.36 riils) _ ~o I~crease 

- .11.316 pptn_ 

65 --ftlmin to~JJ mis) 
., 

0.207,-PP!Il · .. 
66 ft/min (0.-34 mis) 0.43 ppm 

· 64 ft!miq (9.33 ~sr > l ppm 

56 ftlrnirr (Q,~8 rofs) .:;. J ppm 

Nolhi:reas'e 

81 ftlmfo(o:4i iAfs) 
. ' 

_No Increase 

78 ft/min (OAO in!s) N-0-Increase 
°i ' ) - • • ' 73 ft/min (0} 7, mis) · N.C? h1~rease 

69 ft/min, (0:_35 tnfs) No. Increase 

67 ft/min (0,34 rrfJs) No ·Increase 

66 ft/min (0.34 mis) No Increase 

65 ft/min (Q:3j riit~) No hi~rease 

. 57 ft/min co;29 n1/s) .D:3'ppm 

47 ft/min (0:24_ mis-) > l ppm 

* Note: All 2 ft/s sash movements during the VAY test on Hoq~ B resulted in a corn;entration focrease greater than ·1 ppm. 

performance1y~ried between ho9ds: ·rhe difference~ between 
the-tests on I;Iqpd_ ~.,artd Ho«rd B indicate. ~hete: is a 4i~~er~_nce 
\n performance·requirpments for 'different hood designs-(Table 

"" I I _ , , r~ 

2 and- Table 3). A sash movement of 1.5 'ft!s showed an · 
' ' J ' : ·1 " 

increase in tracer 'gas .. concentration when the:response '.time . 
was greater than 10.1 seconds in Hood A and greater than 3.0 
seconds in Hood B. 

· · The r~sp_onse tiqie required for a VAY controller '{aries depend­
ing· on th~~P.~~d of the sash movement. Slow (1 ft/S) sash move~ 
ments·showed less increase in tracer gas concentrationthan the fast 

. (2 ft/s) s~h m~vemerits. On Hood A, the requifed response-time for. 
containnleiidiftreased from 10.2 seconds to 22 secorids as the sash 
speed slowed from 2 ft/s to 1.5 ft/s. On Hood B, the required 
response time for containment increased from 3.0 seconds to 4.7 
seconds-as the-sash speed slowed from 1:5 ft/s to-1 ftl-s-; 

~ 1 ..,.---.-------..------------. .. Fast Y l\V controllers minimize the effect pf sash in'oVernent by 
Cl.. 0.9 - · · · ~ :: ~ : ,~:: ,; ·: ; : ·.~ :s;,.ir1,5 Nsec • · • • • · -' minimizing thx_drop in face velocity tiiat occurs when the sash is 
-~ g:9 --...... -. --. ~ . , .. ..... ,1 • • •• • ••• ,· . • . opened. The dip iii face ·~elocit)'. has".~ critical eftect on th~ petfor-
-~ 8:g :~1; 1·(~s~. :.: .: : : : : : : ~ :.· :\ :~:::: : ;: : _. ·.· ~-~ mance of the hood. Low face velocities can result in momentary 
!::> 0.4 · · - · r -· -· · · · · -· · · · · · · · · -· · · · :-· ., escap~oftracei gas \!AV .wnirollers should be.designed to respond 
:i5 °0·32. · · - - : . . · Y:.: : : : : : : : _ · :·: : :.·: ·: : : ~ : : : : : : : .1·' ; quickly to sash· m.oyement in order to minimize this·:dip in- face 
u 0'1 ,, c 
c: · t::;· ;;· :j:. ~-~:_;,,~:;~~~~~S::~p§::~;=;:~ velocity. The minimum fa'Ce *tbcit).r and speed ofresponse define 
8~:-::0 -o 5 '10 \ ( '1o· ·;~s - so 35 40 45 50 55 so thep~rformanc~cl1ari.i_cteristic~_pf<l!lin~talledVAVsys.tem, __ 

:: ·: ·' ' •: :. :"tim·e in .Sacon·ds -i ·' ~ ' When testing theo.perfonnance ·offiline hooos as~the ·sash is 
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the performance of the hood meets the necessary performance 
requirements. 

This study showed that sash movements can jeopardize hood 
containment. The study did not indicate when a hood system is 
unsafe or what are unsafe levels of tracer gas concentration. Deter­
mining acceptable tracer gas concentration levels is the responsibil­
ity of industrial hygienists, users, and owners of the facility. 
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