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Using the ASHRAE 110 Test
as a TQM Tool to Improve
Laboratory Fume Hood Performance

Dale T. Hitchings, P.E., CIH
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ABSTRACT

ANSI/ASHRAE 110-1995, Method of Testing Perfor-
mance of Laboratory Fume Hoods (ASHRAE 1995) yields quan-
titative data about fume hood containment and can be used in
a classical total quality management (TQM) approach to
process improvement. This involves measuring process indica-
tors, analyzing probable causes of poor performance, imple-
menting changes to the process, and again measuring the
indicators to determine the efficacy of the changes implemented.
This paper outlines the ASHRAE 110 method and how it was
used to evaluate the containment performance of fume hoods in
the quality control laboratory of a pharmaceutical manufactur-
ing plant, the techniques implemented to improve performance,
and the final results. An average reduction of 99.5% in ASHRAE
110 tracer gas control levels was realized. These ASHRAE 110
tests, combined with several thousand others, reveal that 30%
to 50% of the hoods tested that meet industry standard face
velocity specifications have leakage rates that exceed industry
guidelines.

INTRODUCTION

ANSI/ASHRAE 110-1995, Method of Testing Perfor-
mance of Laboratory Fume Hoods (ASHRAE 1995) yields
quantitative data about fume hood containment and can be
used in a classical total quality management (TQM) approach
to process improvement. This process involves measuring
process performance indicators, analyzing probable causes for
poor performance or opportunities for improvement, imple-
menting specific changes to the process, and again measuring
the indicators to determine the efficacy of the changes imple-
mented. This paper outlines the ASHRAE 110 method and
how it was used to evaluate the containment performance of
fume hoods in the quality control laboratory of a pharmaceu-
tical manufacturing plant, the techniques implemented to
improve performance, and the final performance results.

Karen Maupins

Periodic performance evaluation of laboratory fume
hoods is required by the Occupational Safety and Health
Administration’s laboratory standard (OSHA 1990). Most
frequently, the performance evaluation test method chosen is
a face velocity traverse of the sash opening of the hood using
ahand-held anemometer and the recording of instantaneous or
short-term (one to five seconds) average velocity readings at
each traverse point. The mean of these readings is then
compared to the user's specifications to determine if the hood
is safe to use. Others also compute the standard deviation of
the traverse readings to get an idea of the variation in the face
velocity profile and compare this number to some threshold to
determine acceptability or unacceptability. This calculation of
standard deviation gives a representation of the variability of
the face velocity from traverse point to traverse point but
yields no information about the variability of the face velocity
over time at each traverse point.

However, "face velocity alone is inadequate to describe
hood performance and is not more important than supply air
distribution" (AIHA 1992) and many other laboratory envi-
ronmental factors. The ability of the laboratory fume hood to
capture and contain hazardous fumes and vapors is often
equated to its face velocity. Although average face velocity
and containment efficiency are related under ideal conditions,
they are not the same. In fact, the coefficient of correlation
between the hood’s average face velocity and the log of the
tracer gas control level from 176 ASHRAE 110 hood perfor-
mance tests was determined to be only 0.24 (Hitchings 1995).
Many fume hoods that meet the simple face velocity specifi-
cation described above may be allowing worker exposure to
the hazards used in them. Furthermore, instantaneous face
velocity tests ignore transient effects on the face velocity, such
as turbulence and interference from external sources such as
supply air diffusers, doors, and traffic on the hood.

Medical screening and personal air sampling are by far
the most accurate ways to determine worker exposure to
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hazardous substances used in fume hoods but they are
frequently impractical due to the time and cost involved in
sampling each worker at each hood for each agent used in the
hood and re-testing when new agents are introduced or new
procedures lmplemented

In the late l97ﬂq, Caplan and Knutson began publmhmg,
research using a new method of determmmg capture effi-
ciency by using a tracer gas sampling method (Caplan and
Knutson 1977, 1978). This was the precursor 1o ANSI/
ASHRAE 110-1985, Method of Testmg Performance of L. abo-
ralory Fume Hoods and the 1995 version of ihe standard. The
“draft version of the revised standard was used as the basis for
the tracer gas containment testing cited in this paper. Modifi-
cations and enhancements were made to this test profocol
either to simplify the procedure and make it more cost-effec-
tive to perform or to enhance the results. One of these enhange-
ments is the use of real-time data acquisition of velocity data
at each traverse point and the application of statistical tech-
niques to give a more accurate picture of fume hood perfor-
mance. This technique reveals significantly more about the
variaiion of the face velocrty over time and is explained in
detail elsewhere in this paper in “The ANSI/ASHRAE 110
Test Method.” ASHRAE 110 testing is also recommended in
the newly revised Prudent Pract1ces in the Laboratory (NRC
1995). The OSHA laboratory standard heavily references the
1981 version‘of this excellent work and implies adherence to
its recommenidations (OSHA 1990). ' ’

, Complamts from laboratory workers and concems about
potentlal exposures to agents leaking from old fume hoods in
an old laboratory facility provided the motivation to investi-
gate and mitigate the situation. Some personal air sampling
was done, requiring considerable time and expense. However
a coriprehensive qtudy of this type involving all workers and
all agents using this method proved |mpract|cal and 'tradi-
tional face velocity testing ofhoods proved inadequate to eval-
uate actual fume hood performance (containment). ASHRAE
110 testing was chosen as the most cost-¢ffective method of
determining quaniitative fume hood pertormauce. and the
resulis weré used as the basis ofa project that involved diag-
osing hood coitainment probiems, identifying solutions to
them, and rmpnementmg those solutions to reduce potentral
worker exposures.

THE LABORATORY FACILITY

i .+ Thessubject facility is an'analytical laboratory for a large
midwestern pharmaceutical manufacturing plant. Niné labo-
ratories were created by renovdting/an existing office/cafetéria
building more than 2C years ago. There are 46 ehemlcal fume
honde-with individual exhaust fans and stacks. '

Large amounts of solvehts are used in these laboratories,
and several drflerem proclucts of varying potency are tested iri
tiem, some of which aré severe allergens. A "potent"
c:umpuund is one that preduees s:gnri’ icant “physiological

erfects at very iow exposure concentrattons "Severe aller—
$Hie. Oy

Figure 1 The classical TQM process..

(gens" are compounds that can produre serious undes1rable
effects in susqeptlble individuals. ; T
)

THE PERFORMANCE IMPRO\IEMENT PRO(‘ESS "

A classical TQM approach'was used in the planning ind
cxccution of this project (scc Figurc 1).

1. Baseling performance was first deterraired by testing al. 46
fume hoods using the ASHRAE 110 method. {0

. g 3y
2. " Probable cauSes of poor performance were determined.

3. Solutions were generated for most of the problems deter—
mined.jn stepy2:: ot 1 el

4. A mitigation plan was 1mplemented that mcluded the solu-
tions in step 3. '

The progess was then completed hy reissting the fume
hoods and comparing the pre- and:post-mitigation results o
determine the effectiveness ¢ Jthe. ,royect al I

4 g i ! i
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THE ASHRAE 110-1995 TEST METHOD (MODIFIED)
V] T

Flow Visualization (Smoke Testing)

Low-Volume, Smoke: Test. A7 small amount of white
smoke was produced by using a glass smoke tube/bulb
arrangement and/or a swab of utamum tetrachloride. This,
smoke source was moved around the perimeter of the sash
opening while observmg the flow patterns The hoods. pasqed
this test if no ﬂow-reversals or eddy currents were, detected
and if no smoke escaped from the hood mto the laboratpry
"Flow reversals” and "eddy-rurrents are localized phenom-
enain which the direction of flow is confrary to the srevailing
streamlines, “and they are often characterized by turbulence
ano vortlees .

. | .8
High- Vulume Smoke Challenge. Copmw :mounts’ nf
smoke were generated using a theatrical smolk = nenerator. The
smoke was released at a low velocity inte the fume hood from
the end of a flexible hose, and the flow patterns were observed.
The hood passed this test if no smoke escaped from the h-:ocl

without bemg immediately receptured
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Real-Time Face Velocity Analysis

Hardware. The test was’performed using a hot-wire type
of velocity transducer that'produces af analog signal propor-
tional to the air'velocity 4t the probe. This transducer signal
was used as the iput to a prop’rletary data atquisition system
that performs srgnal conditioning and analog ta digital conver-
sion. These digital data were scaled and offset to produce
velocity ddta m"ehgnteermg units and. then.collected using a
computer running proprletary sof‘tware for analysis.

Calibration *md Accuracy ‘The transducer was factory
calibrated using instrumentation Whose accuracy was trace-
able to National Institute of Standards and Technology (NIST)
standards at STP (standard. temperature’ of 21.1°C and prés-
sure of 760.00 mm Hg). The velocity instrument was accurate
to £1.5% of reading o¥+1.5 fpm at 100 fpm (+:008 m/s atO 51
m/s). The accuracy of the signal cbndltlonmg equipthent and
analog to digital conversion hardware was 1/2 bit of an 8-bit
word (ongpartin 266), or 0.4%.‘Aggregate system errors were
expected to be less than 2% .or 2 fpm at 100 fpm (0.01 m/s at
s in/s). i

Procedure. The sash openmg was d1v1ded into an 1mag-

inary grid of approximately one-foot dimensiors, and the
probe was placed in the!center of each grid box. The velocity
probe was posmoned at the desired traverse point in the plane
of the hood opening. Velocrty readings were taken five times
per second over a 30-second period-pet traverse point. The
probe was then moved to another location'until the entire sash
opemng had been surveyed For each position, the mean,
maxirim, mlmmum and standard deviation were calculated
and recorded.
, .. Exrror, Reduction. Investigator-induced error caused by
impreper locatiarn, orientation; .or mdvement of the weloeity
probe during the traverse wyas teduced or eliminated by clamp-
ing the velocity transducer to a ring stand that could be accu-
rately positioned in the plane of the sashopening of thé hood.
Instrument reading error was eliminated by having the
computer read the output of the instrumaent. !

ASHRAE 110 Tracer. Gas Containmerit Testil19 '

Hat‘ﬂware ‘This 'test was performed using a electron
capture detector t type of {racer gas analyzer It has a dlgltal
L'CD display feading | out in ppm and an ana[og slgnal output
that goes'to a proprletary cfata acqursmon system that performs
signal’ conditlonmg arid analog to drgrtal conversion. These
digithl data were'then scaled and offset to produce tracer gas
coficdntration ddta m engmeermg units and’ then collected

il
using a ¢bhputer runmng propnetary sot‘tware for analysrs
" "The lnannequm used for the test i$ a clothmg dlSplay
mannequin that meets the height and width requlrements of
ASHRAE 18! The feet were modifiéd d'(removed) so that the
mdrnequitvteuRPbe mounted on an élévated Mbité platform
yet 8tilbmhintain‘the héight refuirtd’ by thie landard This

mlodification is not’expetted to affect 'the tst restilts when

used' testing ' benchtop’ and "'distilation’ fumé hoods and is

expected to have little effect when testing walk-in fiime hoods.

BN-97:14:24

The tracer gas flow rate to the ASHRAE standard ejector
was measul-ed and controlled to 4.0 L/min using a gas flow-
meter 4nd'a pressure gauge.

Calibration and Accuracy The electron capture cell
detection limit in the particular configuration used in this test
was 0:01 ppm. THe a’ccuracy of the srgnal conditioning equip-
ment dhd analog to drglt’al conversron hardware was 1/2 bit of

‘ah 8- blt ‘word (orie pall in 256) or 0. 4% , The_unit was field

cahbrated severdl times each day usmg a caltbranon gas 0f 0.9
ppm The calrbl'auon gas Was assayed using NIST traceable
stand¥irds and is expected to be accurate w1th1'n 0.01 _ppm. The
mstrumen't is llnear within" 10% below 2.6 ppm. Nonllnear
res’ponse was experienced above thls range A ggregate system
errors were expected to be less than 0. l)Z ppm at the control
level of’0.1 ppm. Traer gas levels recorded as 0.00 do not
indicate the total absencé of tracer gas but concentra'uons less
than the detection’ llmrts of the detector. The mstrument was
normally operated s6 that thé'détector range was between 0.01
ppm and 2.00 fpm with a target control level of 0. l(l ppm. If

“highter tracer gas levels were present ‘the detector range may
‘be mcreased one decade to 0.1-20. .0 ppm or, if necessary, 1.0-

200 ppm. Data orf the test reports readmg 2.000r20.0 tndtcate

‘that the tracergas levels probably exceeded the range of the

détector and w%re actually hlgher than indicated. "

The accuracy of the pressure gauge/flowmeter ajrange-
ment was expected to be within 10% given the.agcyracy of the
calibrator of+0.1% and the repeatability of the pressure gauge
and flownreter. The flow rate through this systcm was cali-
brated using an electromc ﬂow calibrator, whlch was a
phn’l’ary standard. e

Procedure (Benchtop Fume Hoods), The centermg of
the fracer gas e_]ector (see Figure 2) was posmoned 12.in, (30
cm) from the leﬂwall of the fume hood. The front edge, of the
ejector drffuser rm was placed 6 in. (15 cm), back from the
plane’of the sash he tracer gas | block valve was opened and,
if necessary, the flow rate was adj usted The mannequin was
placed in front of | the fume hood with the vertical center]ing of
the mannequm inline wrth the verucal centerlme of the gjector
aild with the nose qf the mann,equm 3 in, (7.6 cm) in;front.of
the place’ of the sash The detector was. mserted into. the head
of the mannequin wnth the probe protruding approxrmately
one-half inch from the mouth. Tracer gas levels were then
recorded for four to five minutes.. The average tracer- gas
concentration for this survey was calculated for this position
and was callgd the “positional control lével.” The'ejector and
mannequin were then meoymed laterally: to.the center of the
hood, and the tracer-gas levels'were monitored again for four
to, five minutes. A second po,si,_t’ional'confrol level was calé¢us
lated. Next, the ejector and mannegquin were moved to the tight
side of the hood so that the centerline of the gjector and manne-
quin were 12in. (30 cm) from the rtght wall of the hood, Tracer
gas readings were taken for an ‘additiopal four to five minutes
in this position. A third ositional control level was calculated.
The control level for the entire fume hood was the maximum
of the three positional control levels. The minimum, maxi-



Figure 2 The ASHRAE 110 tracer gas tést schematic and setup. ‘ o "

mum, mean, and siandard deviation of the daia for each posi-
tion were recorded. Finally, the ejector was moved back 6 the
center of the hood, the mannequin was removed, and the
GGLCCION PIOUT Was o Ve Uy fiaiid aivuiia uic poiiincicr o1 tho
sash opening. The maximum tracer gas concentration between
each perimeter/grid intersection was noted in the test report.
Variations in the placement of the tracer gas' ejector ‘were
sometimes necessary to accommodate equipment within the
fume hood and were carefully documented. EEr

Distillation and Walk-in Fume Hoods. The procedure
was the same as noted above for'benclitop hoods except that
the tracer gas ejector was mounted on a stand and elevated so
that the bottom of the ejector was apprommateiy '40 mct.es
above the ﬂoor e 1

iy fo o te 3 tnasd 4

PERFORMANCE IMPROVEMENT PROJECT SCOPE

The initial fume hood testing and detailed investigation
phase revealed many hoods performing outside the specified
velocity limits, many hoods exhibiting high turbulence and
wide velocity fluctuations across the face (profile), and very
high average tracer gas leakage. It is important to note that if
the traditional face-velocity-only test had been used to deter-

mine "performance," more than half of the hoods requiring

mitigation would have escaped detecnon

There were two major d1rect1ons that the project could
have taken at this point.” The ﬁrst was a comprehenswe
targeted mitigation project’ des1gned to _addiess 1nd1v1dual

at approximately $2,000,000..1t was' decided, due'to budget

constraints and the desire riot to distutb labcratory operations
required by the FDA as part of the pharmaceutical manufac-
turing process, that the first p‘roposal would be implememed J

The following probable «causes and recommendations wele

then generated and included in the mmgatlon plan ‘that was

executed.

nuuu I\dellb DUVt?ld.l uuuua WEIE llllbblllg one or UUI.ll
piping access panels located in the interior sidewalls of the
hiood. This allowed large volumes of air to be drawn into the

| [

am 4l s )

100ds thicugh these oponings in the sidowalls, thorcby
bypassing the sash opening. Not only does this lower the aver-
age face velocity, but the stray air entering the hood perpen-
dicular to the face caused considerable turbulence inside the
hood, which was clearly shown during the smoke tests. The
access panels were teplaced, Sevetal hoods required repairs to
the sash mechanisms to restore proper movement. The baffles
on several hoods were replaced or repaired to allow control of
the face velomty profile. ‘

Hood Baffle Optlmlzatlons The baffles on most of the
hoods tested :were improperly adjusted and exhibited much,
higher velocity at the topof the opening than near the bottom.
Adjustmeniswers made to optimize the profile (see Figure3).

Design Sash Position/Volume Optimizations. Most of
the hoods tested had éxtremely large maximum sash heights.
By installing sash stops, the maximum design openings of the
hoods were reduced from 35 in. to 24 in (89 cm to 61 cm). The
fan motor speeds were then adjusted to restore the desired face
velocity at the lower sash positions.

Supply Air Delivery Upgrade. ASHRAE 110 testing
has demonstrated that air blowing across or into the face of a
fume hood (from traffic, windows, doots, supply air diffusers,

..etc.)at velocities exceeding 30%-50% of the hood face veloc-

“ity can cause loss of containment (Caplan and Knutson 1977,
"-1978). In several locations, the slot diffusers used in the orig-
problems at a relatively low: cost:bf approxmately $200,000.
The second was a wholesale laboratory renovation including ..
the fume hoods and mechanical systems ‘which was estimated

mal cafeteria located in the buiiding prior te its conversion to
a laboratory still remgined above the fume hoods. The slot

"velocny in one. of the locatlons excéeded 3,000 fpm (15 m/s)

and produced cross-drafts at the hood greater than 800 fpm. In
several other locatlons long-throw office-tvpe diffusers were
prociucmg cross-drafts between 50 and 120 Jpm (0.25 and 0.61

m/s).*The offending upply -air- diffusers l,vere removed or
‘F_dlsconnected and low-velocity, low-tnrow, non-aspirating

supply air diffusers were installed in strateglc locatlons near
affected fume hoods (s¢e Figure 4).1" - Rt

BN-97-14-2



IMPROPERLY ADJUSTED BAFFLES
o
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Figure 3 Baffle ob%imizaﬁon.

Testing and Balancing of S,upply’ Air éystems. Since
changes were made to both the supply and exhaust systems,
the supply side was balanced to restore negative laboratory
differential pressures with respect to the corridors.

Installation of Specific Exlratsts. Several hoods 'had
large pieces of equipment in them that were bldcking airflow
into ‘the hood and impairing : performance. .These were
removed from the hoods and placed on the benchtops nearby.
Special exhaust systems were d¢signed and installed to venti-
late‘¢ach piece of eqwipment. Figure'S:shows a-typical booth-

‘IA . £ LA R PEEN

PROPERLY ADJUSTED BAFFLES

EXHAUST
DUCT

b

UPPER
AIREQIL ﬁ '
PLANE
F
sgsa BACH]
BAFFLE
o VELOCITY
o PROFILE

type hood su:table fora lab oven, Flgure 6 shows the method
used for vent[latmg gas chromatographs Fi 1gure 7 shows the
method used for Ventllatlng an atomic absorptlon spectropho-
tometer (A-A Spec).

Fabrlcatlon of Reagent Bottle Racks. This operation
uses large numbers of one-gallon bottles of reagents and
sgl]vents that were stored in the hoods and blocked alrﬂow
Custom racks were designed and fabrlcated and mstalled
allowing elevation and separation of the bottles and 1mproved
hood performance (Flgl%re 8).

T 5% o GE e ged
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Figure 4 Supply diffuser rgplacements. . . .
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Figure 5 Typicai oven hood.
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Figure 6 Gas chromatography ventilation system.
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Figure 7 Atomic absorption spectrophotometer hoo_df.i .

Fabrication of Equipment Stands.”Several pieces of
equipment that could not be removed from the hoods were
elevated and separated using custom-built stands. This
improved airflow around, under, and between them.

Exhaust Stack Enhancements. Reingestion of contam-
inated air back into the building supply air was dccurring.
Exhaust stack heights and discharge velocities were increased
using nozzles attached the top of the stacks (see Figure'9).
Note that normally this is not a good design practice for an
initial installation, but it is acceptable for a retrofit application
such as this. f

Fume Hood Operator Training. Since even the best-
designed laboratories operating:-under optimum conditions
can be rendered useless by poor operating procedures, the

project team agreed that the laboratory workers in this build-
ing shuld receive training in the function, purpose, and safe

. hise of laboratory fumg hoods.

PRE-'AND POST-MIﬂGATION PERFORMANCE
RESULTS, : ‘

" During the mitjéétign process outlined above, several
hoods were decommissioned, leaving 39 operating hoods.

These hoods were then retested to determine if performance
improvements had been realized.

Flow Visualization (Smoke) Test Results

The number of ‘fume hoods passing the low-volume
smoke test increased from 23 (59%) to 38 (97%) after mitiga-

Figure 8 Typical reagent bottle rack.

BN-97-14-2



i Frgure 9 Exhaust stack enhancements u
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ing the high- vplume smoke test 1ncreased from 30 (77%) t638
(97%) after mitigation, for an improvement of 27%. This
information is summarized in Table 1.

Real-Time Face Velocity Test Results

The company criteria for fume hood face velocity is a
range between 85 and 115 fpm (0.43 and 0.58 m/s). This was
the range used in this face velocity analysis. Table 2 shows the
swmmarized istatistical information abeut this test.: h

“* “Partofthe prOJeCt séope involved volume optlmlzatlon of

the fume hoods. Actually, this procedure involved face veloc-
ity optimization at new sash positions. Sincé face veélocity was
adjusted to meet a 100 fpm (0.51 m/s) +10% specification, all
the hoods passed the face velotity test well' Within the 100 fpm
(0.51 m/$) £15% specification.

A o 2e?

TABLE 1 |
Flow Visualization (Smoke) Test Resilts

ForAllSQ'HootlsTeste('i" Before " “‘After | Improvement
Number., gasslng, Y Y ,2,39 Sl 38, 15

low- vo}urne smoke test . (59%). |.,(57%) , (65%),,
Numbar.passing ;i1 300 0 138 (]
hightvolume smoke test,.| -,(77%) |- (97%) 2 {27%)

1t OF stz QEIMES L LDE, R ek
TABLE 2
Face Velocity Test Results

For All 39 Hoods Tested: | Before After Iarﬁpf'hnéfﬂent“
Mean face vélocity |’ 97tptn | 101 fpm | ' N/A

RS VNS B (049 1/s) | (6.51 mi/s) | .
COV of mean yelobities | 22% | 63%, | 71%
Numher,meptmg specrﬁ-,; 2350 1939wy iz 16w
cations - uiie | 39%u.| (100%. 69% .,
8

The coefficient of vatiation (COV) of mean velocities in
Table 2 is simply the standdrd deviation of the average face
velocity ofi'each hood insthe. population normalized by the
average face velocity of thepopulatlon as shown inthe follow-

lng équatl.éﬁ l F 3 ' ;" ‘ =y - ‘ ’;__ ;

,I | 2

. 'COVII’—’ h Lininll i (1')

ANIZA -

; | i AN )
where -
COV = coefﬁc1ent of varlatron of average t;ace veloelty,
6‘.,” ~ standard of aevrauon of average hood face veiocities,
% = mean face velocity of tested population,
n = number of hoods tested.

The number of hoods meeting the company’s face veloc-
ity specifications increased from 23 (59%) to 39 (100%) after.
mitigation, for an lmnmvement nf 69%. The COV of mean
velocities dropped flom fé o 10 6. 3% after mltlgatlon for an
improvement of 15.7%. Again, face vcloc,lty was a dependent
variable and was controlled directly “during the mitigation
project.

Face Velqcrty Varlatlon Test Result S

. COV of Velocity-Over Time (Turbulence). Thrs is'the
coefficient of variation of the face velocity or the ‘statistical
average of the standard deviations of the velocity over time
data for each traverse point normalized by the'mean velocity.
It is used ‘as a measure of the turbulence or.temporal variation
experienced atthe face opening of the heod and is calculated

using:the followmg formula: Wi nar e n Lo
N i . 1o be b £95 s [
=¥ ‘z;\ T @; L (o
X Turbulénce = it v v ey
v
where ™
Turbulence =  coefficient of viriation of veiocity over time,
S, = irstandard®df de\iiaﬁ(“')h of Velocity at traverse
1 pomt n,
in number of- velocrty traversepomts -
v '. = mean face velocity of the fume hood. ey

The max1mum Turbulence ﬁgure recommended by the1
authors is 15% of the mean face velocity. The numiber ofhoods’
with anbu]ence below this criterig increased from 17 (44%
to 38 (97%) aftét mitigation, for an improvement of 124%.
The average Turbulence decreased from 15.1%. to:10:3% of
the mean veloeity after mitigation, for an improvement of
32%: The primary assignable:cause ‘for.improvemerits  in’
Turbulenceds-supply air modifications reducing high-velotity
dit vectors ‘impinging on the hood opening’ and:eross-draft
feduction. These'data are summarized in‘Table 3: - 5.+ ~
i 1:COV of Velocity by Pesition (Profile). This is the coef-
ficient of variation of the mean velocities at each traversepoint
orthe standgrd 'devidtion of the average fackvelocities of éach
of the traverse points normalizéd by the mean face velbeity: It

BN-9T1422!



U (TABLE3 ) ae! 51 AN
el & . .. Face\Velocity;Variation |- | -
Wy~ Over, Time (Turbulence) Test Results

T <i's

For Alf 39 Hoods Tested: Before After / Imﬂoven]eni ,,i
Number meeting 15% 17 38 21
Turbulence recommendations 44% | 97% 124%
Average Turbulence 15.1% |10.3% 32%

isused as a measure ofthe ﬂatness of the face yelocity proﬁle
or spaﬂ’al “Variition“and is calculated usmg the followmg
It | i

formulayy siess®! %y w7 i 8 i’

(LS IAES{ IR R B !

Proftle E &

<l| <°
7
"

R+ Qi
whie: ¢ o
Profile = efﬁcnentofvarlatlon(VOC) oFthe meanvelocmes at

" each travers.e point,

\
\

i ;‘V "1 ) 1
o, = ,standard deviation of the mean velocrtles at each
traverse point n,
1% = mean face velocity of tested population.

The maximum Profile figure recommended by the
authors i3 20% of the mean face velocity. The number of hoods
with Profile below this criteria increased from 10 (26%) to 33
(85%) after mitigation, for an improvement of 230%. The
average Profile decreased from 26.1% to 15.4% of the mean
velocity .after mitigation, for an improvement of 41%: The
assignable causesfor.improvement in Prefile are, listed in
order of importance, (1) baffle optimization, which optimizes
the profile, and (2) reduced sash positions, which tend to
compress the range between the highest and lowest velocity
reading at the hood opening. These data are summarized in
Table 4.

TABLE 4
Face Velocity Variation ’ |
By Position (Profile) Test Results 9

For All 39 Hoods Tested: | Before | After Improvement
Number meeting 20% Y 33, 23
Profile recommendatlons 26% 85% 230%
Average Profile | 26.1%, | 154% | . 41%.

TRACER GAS CONTAINMENT TEST RESULTS |
;The number. of fume hoods meeting the ACGIH:-recam-
mended maximum eontto] level of 0.10 ppm increased from 5
(13%)40: 28, (72%) (postamitigation for. an improvement’of
460%.:The arost revealing statistic, however, is thataverage
traper gas.control.levels were reduced from 24.2 ppm t0:0.13.
ppm after mitigation;:representing a.reduction of potential
chemioal exposures.of: 99 5%. These, data:are summarized i in
thetopofT,ableS . c S PR R
“,y Ofthe 11 hoods sjtlll falhng to meet:the 0.10 ppm criteria

after mitigation, none exhibited contral levelsexceeding ¢.86:

BN-97-14,2

ppm. The average tracer gas control levels of these 11 hoods
were reduced from 19.8 ppm to 0.37 ppm post-mitigation,
representing a reduction o£98.1%. These data are summarized
in the bottom of Table 5.

Informal piloting (i.e., trial-and-error experimentation) of
the mitigation activities was done to reveal the efficacy of each
of the individual types of hood mitigation activities outlined
here, but only records of the final results for each hood were
retained. No attempt was made to assess the synergistic effects
of multiple: mitigations for a particular hood. Based on this
information, ‘it is estimated that' approximately 66% of the
reductions in potential exposures described above were
achieved by lowering:the maximum sash’ helghts and install-

TABLE 5

ASHRAE 110 Tracer Gas Containment Test Results
For All 39 Hoods Tested: Before | After |Improvement
Number meeting ACGIH 5= 8 28 ‘ 23
recommendations (0.1 ppm) 13% 2% 460%
Average tracer gas 242 ppm| ,0.13 Wl 995%
control levels : ppm .
For 11 Failures: Before | After |Improvement
Average tracer gas 719.8 ppm| 0.37 98.1%
control levels i ppm

ing sash stops to enforce this. The (approximate) balance was
due to the other mitigation activities in the following order of
1mportance replacmg m1ss1ng access panels reducing suppLy
air 1nterference and relocatlng/elevatmg equipment. This is
an overall estimate. Obv1ously, for fume hoods that received
only the sash pOS]thﬂ reductron and no other 1mprovep1ents
the entire reduction in potentlal gxpogures can be attributed to
this improvement.

Energy Conservation:; . ,: )

By reducing the maximum gperating sash heights of most
of the fume hoods- from 35'in. (89 cm)to 24-in. (61 cm), reduc-
tions in exhaust flow rates were posmble Building supply and
‘exhaust system flow rates wére reduced By approximately
19,000 cfm (8,970 L/s.). An analysis of building energy. use
and costs reveals that thisirepresénts approximately’ $57,000
savings per year in facrhty operatmg costs to condition make-

up air. s

3 . W A0y Gy Al
CONCLUSION iR po

| "n } v T
© Aclassic TQM approach yvas used to deﬁ,ne, solye, and
verify laboratory . fume hood performance problems.
ASHRAE 110 testing was chosen asrthe appropriate’ dragnos-
tic tool to determine quantltatrve. ‘hood’ performance A
comprehensive yet ¢ost-effective array of different mitigation
techniques was uséd-to impro¥eé hood performance. Signifi-



cant improvements in fume hood performance were realized,
including a 99.5% average reduction in tracer gas control
levels.

If traditional face velocity testing alone had been used to
determine performance, more than half of the hoods exhibit-
ing high leakage and, therefore, high exposure potential would
have been overlooked.

These results, as well as those from several thousand
other ASHRAE 110 tests, reveal that 30% to 50% of the hoods
tested that meet industry standard face velocity specifications
of 80-120 fpm (0.4-0.6 m/s) have leakage rates that exceed
industry guidelines outiined in ANSI-FAIHA Z9.5, American
National Standard for Laboratory Ventilation (AHIA 1992),
Prudent Practices in the Laboratory (NRC 1995), and Indus-
trial Ventilation—A Manual of Recommended Practice
(ACGIH 1995).

Based on this, the conclusion that traditional face velocity
testing is a very poor indicator of tume hood pertformance—
as it is not a measure of containment and the hood-related and
environmentally related factors that affect containment—is
unavoidabie. 1he authors recommend that this method be
discontinued as the primary hood performance measurement
and that it be replaced with the ASHRAE 110 test.

It is recommended (hat all fume hoods be tested using the
ASHRAE 110 method as installed or as used once to establish
containment parameters. If containment fails to meet required
specifications, modifications should be made to the exhaust/
supply systems to achieve desired performance as determined by
retesting. Containment has now been demonstrated under actual
conditions and at a specific benchmark face velocity. In the
future, face velocity testing (using accurate methods similar to
those described here) can be used for the periodic testing required
by the OSHA laboratory standard (OSHA 1990). If no substan-
tive changes have been made to the supply system, exhaust
system, or the hood itself, then one may reasonably assume
continued containment performance as long as the face velocity
remains in a reasonable range of +10% about the benchmark.
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