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(This foreword is not part of this standard. It is merely 
Informative and does not contain requirements necessary 
for conformance to the standard. It has not been pro­
cessed according to the ANSI requirements for a standard 
and may contain material that has not been subject to 
public review or a consensus process. Unresolved objec­
tors on informative material are not offered the right to 
appeal at ASHRAE or ANSL) 

FOREWORD 

First published in I985 and revised in I995, ASHRAE 
Standard II 0 provides a method of testing the performance of 
laboratory fome hoods. This revised edition has been 
expanded in a number of significant ways: 

• The test procedures now require digital collection of data 
rather than allowing manual data collection. 

• Some modifications have been made to the test proce­
dure. These modifications were made based on the expe­
rience of the commiUee members or to clarify statements 
in the I995 edition of the standard. 

• Informative Appendix A, which provides explanatory 
iriformation, has been expanded. 

• Informative Appendix B, a new nonmandatory section, 
provides guidance to anyone using the standard as a 
diagnostic tool in investigating the cause of poor hood 
peiformance. 

The aim of this standard is to provide a test that takes 
into account the wide variety of factors that i'!fluence the per­
formance of laboratory fome hoods. The ability of a labora­
tory hood to provide protection for the user at the face of the 
hood is strongly influenced by the aerodynamic design of the 
hood, the method of operation of the hood, the stability of the 
exhaust ventilation system, the supply ventilation of the labo­
ratory room, the work practices of the user, and other features 
of the laboratory in which it is installed. Therefore, there is a 
need for a test method that can be used to evaluate the peifor­
mance of a laboratory hood in the ideal environment and in 
the field to establish an "as used" peiformance rating, 
including the influences of the laboratory arrangement and 
its ventilation system. 

This standard defines a reproducible method of testing 
laboratory hoods. It does not define safe procedures. How­
ever, laboratory hoods are considered by many to be the pri­
mary safety devices in conducting laboratory operations. 

There are many important factors in the safe operation of 
laboratory hoods that are not described in this standard. 
These include the following: 

• Cross-drafts. Air currents may, by creating turbulent air 
pockets, draw contaminants from the hoods. Such cross­
drafts could be caused by air supply difjitsers or grilles, 
open windows or doors, or rapid movements of people in 
front of the hood. 

• Work procedures. There is substantial evidence to sug­
gest that all work in a hood should be conducted as far 
back in the hood as practical. Generally, users have stan­
dardized the requirement that all work should occur at 

least 6 in. (I 50 mm) behind the face of the hood. How­
ever, significantly improved protection can be achieved 
by working farther than 6 in. (150 mm} from the face of 
the hood. 

• Internal obstructions. The location of too much labora­
tory equipment (bottles, glass, etc.) in the hood will dis­
turb airflow patterns into the hood. 

• The procedure being performed. The intrinsic hazard of 
the procedure being peiformed can affect the level of 
safety required by the user. 

• Thermal challenge. Heat produced in the hood can 
cause significant disturbance in hood peiformance and 
even cause leakage of warm and possibly contaminated 
air from the top of the hood or from behind the sash. 

• Rate of response. The time interval required for a hood 
to respond to a change in static pressure in the main 
exhaust duct serving multiple hoods may affect hood per­
formance. 

In summary, there are many factors to consider in evalu­
ating the peiformance of a laboratory hood installation. This 
standard provides one tool in evaluating such safety. 

This test method presumes a conditioned environment. 
No test can be devised which would, conducted once or i'!fre­
quently (for example, annually), reflect the results which 
would be obtained in an unconditioned laboratory with vari­
ous conditions of windows, wind velocity, etc. 

The procedure is a peiformance test method and does not 
constitute a peiformance specification. It is analogous to a 
method of chemical analysis, which prescribes how to analyze 
for a chemical constituent, not how much of the substance 
should be present. Another analogy would be a method for 
measuring airflow: the method prescribes how the flow 
should be measured, not how much it should be. 

The desired hood peiformance should be defined through 
the cooperative efforts of the user, the chemical hygiene offi­
cer, the applications engineer, and other parties affected by 
the hood peiformance. It should be noted that the peifor­
mance test method does not give a direct correlation between 
testing with a tracer gas and operator exposures. This method 
of testing is not intended to replace a personal sampling mon­
itoring program. Many factors, such as the physical proper­
ties of the material, the rate and mode of evolution, the 
amount of time the user spends at the face of the hood, and 
several other factors must be integrated by a trained observer 
into a complete evaluation of user exposure. The performance 
test method does, however, give a relative and quantitative 
determination of the efficiency of the hood containment under 
a set of specific, although arbitrary, conditions. The same test 
can be used to evaluate hoods in manufacturer facilities 
under (presumably) ideal conditions or under some specified 
condition of room air supply or during the commissioning of 
a new or renovated laboratory before the user has occupied 
the laboratory. 

This method consists of the following three tests: 

• Flow visualization 

• Face velocity measurements 

• Tracer gas containment 



The flaw visualization and face velocity tests should 
always precede tracer gas testing for a thorough evaluation 
of hood peiformance. The flaw visualization and face velocity 
tests can be conducted without the tracer gas test as a combi­
nation of a quantitative velocity measurement and a qualita­
tive evaluation of hood peiformance. This portion of the 
standard could be used in the testing and balancing of new 
facilities and periodic tests of many hoods at a large facility. 
The foil test procedure (visualization, face velocity, and tracer 
gas) is a quantitative measurement of a hood's containment 
ability and is usefol for hood development and rigorous eval­
uation of hood peiformance. 

This standard may be used as part of a peiformance 
specification once the required control levels have been set. 
The desired hood peiformance should be defined through the 
cooperative efforts of the hood user, the chemical hygiene 
officer, the applications engineer, and other parties who may 
be affected by unsatisfactory fome hood peiformance. Three 
alternate ratings can be determined, depending on the condi­
tion of the test. An "as manufactured" (AM) test would be 
conducted at the hood manufacturer's location and would test 
only the design of the laboratory hood independent of the lab­
oratory environment. An "as installed" (AI) test would be 
conducted in a newly constructed or renovated laboratory 
after thorough testing and balancing has been completed but 
before the user has occupied the laboratory. Consequently, 
the test would include the irifluences of the laboratory envi­
ronment, such as the aerodynamic design of the hood, the 
supply air system, the geometry of the room, and the exhaust 
air system. The final test would be an "as used" (AU) test in 
which the investigator accepts the hood in the condition in 
which the user has established the hood. This includes 
obstructions within the hood, maladjustment of the baffies, 
thermal challenge within the hood, and other factors. 

lf this standard is to be used as part of a specification, 
the following criteria must be specified: 

a. Sash test opening or openings, which should address both 
the design opening and the typical use openings 

b. Average face velocity 
c. Range of face velocities 
d. Average face velocity for sash at 25% and 50% of the 

design hood opening 
e. Acceptable smoke visualization tests 
f Peiformance rating (as defined in the standard) 
g. Sash movement peiformance rating 
h. For variable-air-volume (VA Jl) hoods, the speed of 

response and the time to steady state 
i. For auxiliary air hoods, the percentage of auxiliary air 

supply 
j. Special conditions or tests 

This standard does not constitute an engineering investi­
gation of what the causes may be for poor peiformance or of 
ways to improve the peiformance. The test may, of course, be 
used as an aid to such an investigation. !'!formative 
Appendix B addresses some possible applications of the test 
procedure as a diagnostic tool. 

The test protocol provides for the hood sash to be placed 
at the design opening. Because operation of the hood may be 

with the sash opened beyond the design criteria, it is prudent 
to also conduct the tests with the hood foil open to test poten­
tial conditions of misuse. 

A properly designed hood installed in a properly 
designed laboratory may still be misused. For example, the 
user may have the hood too foil of laboratory equipment or 
may be using the hood for storage space. The possibilities are 
too varied to specifY in any detail. Therefore, the test proce­
dure is to be conducted on the hoad "as is." The equipment in 
the hood should be operating normally. 

Although the test uses a tracer gas to evaluate the peifor­
mance of laboratory hoods, the procedure is valid when the 
contaminant is a particulate. Fine dust, small enough to be of 
health significance, will be carried along with the hood air 
currents in a fashion similar to the transport of a gas. How­
ever, the test is not applicable to operations where the con­
taminant is released violently, such as particulates from some 
types of grinding operations or gases from a high-pressure 
tubing leak. These conditions are abnormal, and a typical or 
"standard" laboratory hood may not be appropriate for such 
operations or conditions. 

The peiformance test method may be used to evaluate an 
auxiliary air hood. It does not attempt, nor is it intended, to 
measure the ability of the hood to capture the auxiliary supply 
air. 

It is important to evaluate the performance of the labora­
tory hood under dynamic conditions. This peiformance test 
method may be modified to evaluate a dynamic challenge. 
Specific operations, such as a pedestrian walking past the 
hood, laboratory doors opening, and specific actions at the 
hood, are only a few of the challenges that could be expected 
at the hood. This test method addresses only the dynamic 
challenge of sash movement. VA V hoods place a significant 
emphasis on the sash movement and the potential effect on 
hoad peiformance. However, some constant-volume hoods 
may also experience a decrease in protection when the sash is 
moved. 

1. PURPOSE 

The purpose of this standard is to specifY a quantitative 
and qualitative test method for evaluating fume containment 
oflaboratory fume hoods. 

2. SCOPE 

2.1 This method of testing applies to conventional, bypass, 
auxiliary air, and variable-air-volwne (y A V) laboratory fume 
hoods. 

2.2 This standard is intended primarily for laboratory and 
factory testing but may be used as an aid in evaluating 
installed performance as well. 

3. DEFINITIONS AND ABBREVIATIONS 

3.1 Defmitions. This section defmes the following terms as 
they are used in this standard. For the definitions of other 
terms used in this standard, refer to ASHRAE TerminolofY of 
Heating, Ventilation, Air Conditioning, & Refrigeration. 



tzir-supply fixtures: devices or openings through which air 
flows into the laboratory room. For the purpose of this stan­
dard, all accessories, connecting duct adapters. or other 
mounting airways shall be considered part of the supply fix­
ture and reported as a unit or an assembly. Some specific sup­
ply fixtures are defined as follows: 

diffuser: an outlet designed to mix supply air and room 
air and to distribute it in varying directions. 

grille: a louvered or perforated face over an opening. 

petfortJtetl ceiling: a ceiling with perforated panels used 
to distribute the air uniformly throughout the ceiling or a 
portion of the ceiling. Filter pads may be used to achieve 
a similar result. 

register: a combination grille and damper assembly. 

IUIXiliary air: unconditioned or partially conditioned supply 
or supplemental air delivered to a laboratory at the laboratory 
:fume hood to reduce room air consumption. 

co1tti'Ol lnel: the average measured concentration of tracer 
gas, in parts of tracer gas per million parts of air by volume 
(ppm) that is not exceeded at the hood face with a 4.0 Lpm 
(67 mUs) release rate. 

tkiJign opening: the position of the sash at which the design 
team assumes that the hood will be operating. The design 
opening is critical for determining the volumetric flow 
through the laboratory hood. 

ftzce velodty: the average velocity of air moving perpendicu­
lar to the hood face, usually expressed in feet per minute 
(:tjnn) or meters per second (m/s). 

Fume Hoo d - Front View 

Enc Iasure n A 

fume hood system: an arrangement consisting of a fume 
hood, its adjacent room environment, and the air exhaust 
equipment, such as blowers and ductwork, required to make 
the hood operable. 

hood ftzce: the plane of minimum area at the front portion of a 
laboratory fume hood through which air enters when the sash 
is or sashes are full opened, usually in the same plane as the 
sash for a hood with a vertical sash. For hoods with horizontal 
sashes, combination sashes, or multiple vertical sashes, the 
hood face is the plane corresponding to the surface of the 
outer-most sash panel. 

hlbortztory hood (sometimes referred to u " fume hood): a 
box-like structure enclosing a source of potential air contami­
nation, with one open or partially open side, into which air is 
moved for the purpose of conta:inmg and exhausting air con­
taminants. A laboratory hood is generally used for 
bench-scale laboratory operations but does not necessarily 
involve the use of a bench or table. Figme 3.1 shows the 
major components of a typical laboratory hood. Although the 
test in this standard is written for a benchtop laboratory hood, 
other applications are discussed in Informative Appendix A. 

IIzzy ahjlow: an airflow problem in a hood that is revealed 
when the smoke generated in a smoke challenge remains on 
the work surface without smoothly flowing to the back baffle. 
Figure 3.2 shows an example of lazy airflow. 

maximum opening: the position of the sash at which the 
hood has the largest opening. 

opertzti11g opening: the position of the sash at which the hood 
user places the sash while working at the face of the hood. 

F u me H o od - Side View 

\ ---------.2? 

uxiliary Air 
le n urn 

/~ f present) 

Hood Mon itor 

Aerodyn 
Entries 

amic 

\ 
__.;; 

(!) 

c::J 'f/' 

~ p 
:® # 
l8l 

' 

l 4~ ·By pass Grille 

mbination Sash 

ertical Sash 

/ Co 

v 
::...:....:.._---+.~ 

.,.. Horiz ontal Sliding Sash 

l8l 

Liner 

"---'Services 
~ (J 0 0 " 

[;] - - [;] 
,/ ...._ 

~ Airfoil Sill~ 
I I 
~ 

1---s torage Cabinet 

FIGURE 3.1 Components ola typical bench top laboratory hood. 



FIGURE 3.2 Lazy alrtlow ae demonstrated by smoke vlsu... FIGURE 3.3 Reverse airflow ae demonstrated by smoke 
lzatlon. visualization. 

The operating opening should take into consideration erg~ 
no:mics and all of the procedures to be conducted in the hood 
There may be more than one operating opeDing. 

petfof'IIUIIICe rtll:ing: a rating desigoated by a series of letters 
and numbers consisting of the letters AM, AI, or AU and a 
tw~ or tbree-digit number: 

where 

AMyyy 

Alyyy 

AUyyy 

AM identifies an "as manufactured" test, that is. the labora­
tory hood is built and assembled by the manufacturer and test­
ing is performed at the factory. 

AI identifies an "as installed" test, that is, the laboratory hood 
is installed at the location of the customer. The hood is tested 
empty, but with the ventilation system in the installation bal­
anced and the hood in its final location. 

AU identifies an "as used" test, that is, the test is conducted 
after the hood has been installed and used by the chemist. The 
typical equipment remains in the hood and other activities in 
the laboratory continue. 

yyy is the control level of tracer gas established by the test in 
ppm. 

A test rating of AU 0.5, for example, indicates that the hood 
as used controls leakage into the laboratory to O.S ppm at the 
mannequin's sensing point with a tracer gas release rate of 4.0 
Lpm (67 mUs). (This release rate is specified in Section4.1.) 

positioiUII control level: the average tracer gas concentration 
at a position during a test. 

rele4se Nte: 1he rate of release. in actual litres per minute 
(Lpm [mUs ]), of tnu:er gas during a hood test. (See Section 
4.1.) 

rnerse jlqw: an airflow problem in the hood that is revealed 
when the smoke released in the hood moves forward toward 

Roll 

FIGURE 3.4 Diagram of fUme hood showing location ot roll 
In the upper cavity ot the hood. 

the front of the hood. Figure 3.3 shows an example of revme 
flow. This term does not apply to the forward motion of the 
roll inside the hood that occurs in the upper cavity of the hood 
above the hood opening or to the cyclonic motion that occurs 
behind a closed horizontal sash. 

roN: the rotation of air behind the sash or in the upper cavity 
of the hood. Figure 3.4 shows an example of roll in the upper 
cavity of a hood. 



sash movement effect: the maximum 45-second rolling aver­
age of the tracer gas concentration observed during a series of 
sash movement tests at the center of the hood opening. 

sash movement performance rating: a rating designated by a 
series of letters and numbers consisting of the letters SME­
AM, SME-Al, or SME-AU and a two- or three-digit number: 

SME-AMyyy 

SME-Alyyy 

SME-AUyyy 

where SME means "sash movement effect," AM means "as 
manufactured," AI means "as installed," AU means "as used," 
and yyy is the sash movement effect in ppm. A test rating of 
SME-AM 10, for example, indicates that the maximum 45-
second, rolling-average concentration of tracer gas measured 
during a sash movement test under the "as manufactured'' 
test, with a tracer gas release rate of 4.0 Lpm (67 rnUs) (as 
required in Section 4.1), is 10 ppm. 

specified rating: the hood performance rating as specified, 
proposed, or gnaranteed either in the purchase of the hood or 
in the design and construction of the laboratory, or both. 

test opening: the position or positions of the sash( es) at which 
the hood is to be tested. Normally, the test opening is the 
design opening, the operating opening, or the maximum 
opening. Proper selection of the test opening will depend on 
both the design opening and the operating opening. Because 
of the time involved in doing multiple equipment setups, the 
test opening may also be the maximum opening. The specifi­
cation shall identify the details of the test positions. An exam­
ple of a specification for a combination sash hood could 
include three positions with the vertical sash closed and the 
horizontal windows placed at the left, center, and right. In 
addition, this hood may be tested with the vertical sash 
opened to a sash height determined by a sash stop. 

titanium tetrachloride: a chemical, TiC4, used to generate 
the white visible fumes required for preliminary testing in 
laboratory hoods. 

VA V speed of response: the time, measured from the first 
movement of the sash, for the VA V system to restore the slot 
velocity or airflow to 90% of the average steady-state value. 

VA V time to steady state: the time, measured from the first 
movement of the sash, for the VA V system to restore and 
maintain the average slot velocity of airflow between 90% 
and II 0% of the average steady-state value. 

3.2 Abbreviations 

Lpm 

mL/s 

ppm 

litres per minute 

ntillilitres per second 

parts of tracer gas per ntillion parts of air by 
volume 

4. INSTRUMENTATION AND EQUIPMENT 

4.1 Tracer Gas. The tracer gas shall be sulfur hexafluoride 
or a gas of sintilar molecular weight and stability and shall be 
supplied from a cylinder capable of maintaiuing a pressure of 

approximately 30 psig (200 kPa [gage]) at the test release rate 
for at least one hour. 

4.1.1 The tracer gas release rate shall be 4.0 Lpm (67 rnUs). 
One pound of sulfur hexafluoride will provide 4.0 Lpm 
(67 rnUs) for approximately 19 ntinutes at sea level. (One kilo­
gram of sulfur hexafluoride will provide 4.0 Lpm [67 rnUs] for 
approximately 42 minutes.) 

4.1.2 The tracer gas shall be commercial grade or reagent 
grade and at least 99% pure. 

4.1.3 Substitution of another tracer gas may be made if the 
standard tracer gas is deleterious to materials in the hood or 
the laboratory or if work in the laboratory would lead to sig­
uificant interference in the detection of the tracer gas. In such 
cases, the release rate provided shall be equal to that of the 
standard tracer gas and the detector capabilities shall provide 
greater sensitivity than required for the presumed control 
level of the hood being tested. 

4.2 Ejector System 

4.2.1 The tracer gas ejector system shall be installed as 
shown in Fignres 4.1 through 4.3 (dimensions shown in 1-P 
uuits) or Fignres 4.4 through 4.6 (dimensions shown in SI 
uuits). 

4.2.2 The tracer gas is piped to the ejector, and the ejector 
is equipped with a block valve and a pressure gauge. The 
tracer gas passes through an orifice, entrains air through the 
holes in the side of the ejector tube, and disperses through a 
wire mesh outlet diffuser. 

4.3 Orifice 

4.3.1 The flow rate of the tracer gas is determined by the 
upstream pressure and diameter of the orifice. The orifice 
diameter for sulfur hexafluoride as tracer gas, at a flow rate of 
4.0 Lpm (67 mL/s) and a nominal upstream pressure of 
approximately 30 psig (200 kPa [gage]), is 0.025 in. 
(0.64mm). 

4.3.2 Although the orifice diameter and pressure will deter­
mine the approximate flow rate, the actoal flow rate shall be 
measured. 

4.3.3 The ejector system release rate shall be verified 
immediately before beginning a testing session and immedi­
ately following the changing of an orifice plate. 

4.4 Detection Instruments 

4.4.1 The detector instrument shall be a continuous-reading 
instrument specific for the tracer gas. 

4.4.2 The ntinimum range of detection of the instrument 
shall be from 0.0 I to 20 ppm. 

4.4.3 The accuracy of the instrument shall be ±10% of the 
reading or 0.025 ppm, whichever is greater. 

4.4.4 The instrument shall have output capabilities to allow 
connection to a data logger. The output shall allow for collec­
tion of data at a rate of at least once per second for the dura­
tion of the test. The data logging function may be integral to 
the analyzer, or a data output suitable for a connection to an 
exterual data logger may be provided. 

4.4.5 The tip of the probe shall be a small tube with an 
internal diameter less than 0.5 in. (12 mm). 
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FIGURE 4.7 Mannequin and ejector positions. 

4.5 Calibration 

4.5.1 The tracer gas detector shall be calibrated with a 
known concentration of tracer gas at the test site immediately 
prior to the beginning of a test session and verified after the 
tests have been taken. In addition. frequent interim verifi~ 
tions are recommended. 

4.5.2 The methods of calibration shall be those furnished or 
specified by the detector manufacturer aDd shall use the tracer 
gas as a standard. 

4.5.3 If any unacceptable change is detected during the 
tracer gas detector calibration conducted before and after the 
test session, the data recorded during tbat test session shall be 
considered invalid. 

4.6 Mannequin. The mannequin shall be a 1bree-dimen­
sional clothing-display mannequin with a shoulder width of 
17::1:2 in. (430±50 mm). The 8l1D8 of the mannequin shall 
hang at its side, aDd the mannequin shall be of reasonable 
human proportions. The support shall be designed so that it 
does not interfere with airflow at the hood while the manne­
quin is positioned as shown in Figures 4.7 and 4.8. The man­
nequin shall be clothed either in a smock, coveralls, or a 
reasonably snug-fitting garment typical of laboratory attire or 
in the clothing required for the laboratory in which the hood 
will be used. The mannequin geometry shall allow it to be 
positioned as described in Section 8. 

Detector Probe Tip 

Tip Distance 

FIGURE 4.8 Probe lnaertlon Into mannequin. 

4. 7 Face Velocity MeuuringiDstruments 

4.7.1 Face velocity measurements shall be made with a 
recently calibrated thermal anemometer that meets the 
requirements of ANSIIASHRAE Standard 111, Me~ 
ment, Testing. Adjusting, and Balancing of Building HY.A.C 
Syatems.2 

4.7.2 The thermal anemometer shall be capable of measur­
ing in the range of 30 to 400 fpm (0.15 to 2.0 m/s) with an 
accuracy of±3% ofreading or±3 fpm (0.15 m/s), whichever 
is greater. 

4.8 Airflow VisuaUzation 

4.8.1 Local Generation. Visible "smoke" shall be ~ 
duced by smolce bottles, smoke tubes, smoke sticks, or other 
meaDS. This smoke shall be able to show aUflow patterns 
within the hood without generating such volume or momen­
tum that it affects the ability to make observations. 

CAUTION: Some sources of smoke contain titanium tet­
rachloride, which is corrosive and irritating. Avoid skin con­
tact or inhalation. In addition, take care when using titanium 
tetrachloride to minimize its corrosive effects on the hood. 

4.8.2 Large-Volume Generation. A method of providing a 
large, visible smoke shall be available. For more information. 
see Section A4.8.2 in Informative Appendix A. Care is 
required in interpreting the observations since large-volume 
smoke generation often produces smoke with sufficient vol­
ume and momentum to affect the observations. 

4., Mlseellaneous. Miscellaneous auxiliary equipment, such 
as a tape measure, extension cords, small wrenches, data 
sheets, or notebooks, shall be provided as needed. 

5. TEST CONDITIONS 

5.1 Room Ventilation 

5.1.1 Field Test Requirements. Room ventilating systems. 
both supply and exhaust, including the fume-hood exhaust, 
shall be in full normal operation. 



5.1.1.1 Airflow systems in the laboratory shall be prop­
erly commissioned prior to beginning the test. This includes 
calibration of airflow controls; calibration of automatic tern­
perature controls; balance of supply air; completion of a duct 
traverse on the exhaust duct and, if used, on the auxiliary air 
duct; and completion of an air balance of the total exhaust 
flow. If the laboratory has standard procedures limiting the 
number ofhoods in use at any one time, the conditions of use 
corresponding to the standard procedures shall be established. 

5.1.1.2 The temperature of the room shall be typical for 
laboratory use, nominally 72°F±5°F (22°C±2.7°C). 

5.1.2 Manufacturer's Test Laboratory (AM Testing). 
The following additional requirements shall apply when test­
ing in a manufacturer's test laboratory. 

5.1.2.1 The manufacturer's test laboratory shall not have 
excessive drafts or crosscurrents. Measured crosscurrents in 
an area 1.5 ft (0.5 m) from the face of the hood shall be no 
greater than 30 ljlm (0.15 m/s). 

5.1.2.2 The manufacturer's test laboratory shall have 
room pressurization control capable of measuring and main­
taining a pressure differential of0.02 in. of water (5 Pa) below 
the static pressure outside the test room. 

5.1.2.3 The manufacturer's test laboratory shall have the 
hood volumetric flow measured in accordance with ASHRAE 
Standard 41.2, Standard Methods for Laboratory Aiiflow 
Measurement. 3 

5.1.2.4 The manufacturer's test laboratory shall have the 
hood static pressure measured at the exit plane at the top 
plane of the collar(s) in accordance with ASHRAE Standard 
41.3, Standard Method for Pressure Measurement.4 

5.1.3 Reporting. The report for an "as manufactored'' 
(AM) test shall include a sketch of the test laboratory that 
documents the location of the test hood and any equipment 
that might affect hood performance. In particular, the sketch, 
or accompanying text, shall identify the location and type of 
supply fixtures, the supply air system, and the supply air con­
trols (volumetric flow, temperature, pressure, etc.). 

5.2 Hood Condition 

5.2.1 Sash Position. The sash or sashes shall be located in 
the test opening or openings. 

5.2.2 Auxiliary Air Hoods. If the hood has an auxiliary 
supply, the supply shall be in operation and maintained at 
design conditions. If the supply is capable of convenient 
adjustment by laboratory personnel, the adjustments shall be 
as specified in the Chemical Hygiene Plan or the contract 
documents. 

5.3 Background Level 

5.3.1 Zero Background Test. Before beginning the testing 
and frequently during the testing period, verify that the instro­
ment is adequately zeroed. 

5.3.2 Background Tests. Occasionally during the hood 
testing, verify that the room background has remained below 
the detection limit. Background levels of contaminants can be 
observed if the ventilation system demonstrates reentry or if 
the laboratory releases compounds that are detected by the 
instrument. 

5.3.3 Test Results. If air contaminants are sensed by the 
detector as tracer gas at more than 10% of the presumed con­
trol level, use of such materials shall cease until background 
readings fall below 10% of the presumed control level. Other­
wise, substitution of another tracer gas meeting the require­
ments of Section 4.1.2 shall be implemented. 

5.4 Preliminary Data 

5.4.1 Document the conditions of the room. A sketch of the 
room shall be prepared indicating the location of significant 
equipment. 

5.4.1.1 Minimum data shall include a general layout of 
the room and the location(s) of the test hood, other laboratory 
hoods, local exhaust ventilation, and general exhaust. 

5.4.1.2 Reference to existing drawings may be a suffi­
cient substitute for room sketches if they are readily accessi­
ble. 

5.4.2 A sketch of the air supply system indicating the type 
of supply fixture (grilles, registers, ceiling diffusers, perfo­
rated ceiling, or other type) shall be made. Other activities in 
the room shall be indicated. Information on the number of 
other laboratory hoods and their condition of operation is 
required. 

5.4.3 Document the configuration of the hood. 

5.4.3.1 For example, document the hood type and size, 
sash configurations and opening, presence of an airfoil, sash 
stops and position of baffie slots, or other significant compo­
nents. 

5.4.3.2 If there is material in the hood, note the location 
of material storage, the amount of work-surface space occu­
pied, and any obstructions to the hood opening by materials 
within the hood. 

5.4.4 Document the test equipment used, including velocity 
measurement equipment and the tracer gas detector, and note 
the tracer gas detector sampling rate as well. 

6. FACE VELOCITY MEASUREMENT PROCEDURE 

6.1 Face Velocity Measurements 

6.1.1 Form an imaginary grid pattern by equally dividing 
the design hood opening into vertical and horizontal dimen­
sions. The grid spaces shall be less than I tt2 (0.09 m2), and 
the larger side of the grid rectangle shall not exceed 13 in. 
(330 mm). Velocity readings shall be taken with a calibrated 
anemometer fixed at the center of each grid rectangle. The 
sensing element of the anemometer shall be held in the plane 
of the hood sash to measure the velocity of the air perpendic­
ular to the sash. 

6.1.2 The anemometer shall be mounted on a movable 
stand and not handheld. 

6.1.3 The anemometer shall be used to take and record 20 
velocity readings, taken at the rate of one per second, at the 
center of each grid rectangle. Repeat this procedure for each 
grid rectangle. Calculate the average of the 20 readings for 
each grid rectangle. 

6.1.4 Stand well away from the opening during measure­
ment to affect the airflow as little as possible. 
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FIGURE 6.1 Graphic representation of 1he YAY sash movement .rrect flow test. 

6.1.5 The average face velocity is the average of the grid 
rectangle velocity avemges. In addition, record the highest 
and lowest grid rectangle average velocities. 

6.1 VAV Face Velocity Control Test 

6.2.1 This test is for variable-air-volume (VA V) systems. 

6.2.2 V erizy that the VA V controls have been calibrated as 
defined by their manufacturer. This shall include calibration 
and adjustment of controllers, sensors, and VA V supply and 
exhaust airflow control devices that are part of the system 

6.2.3 Adjust the sash to 25% of the design hood opening 
and allow the face velocity to stabilize. Conduct face velocity 
measurements in the reduced opening as defined in 
Section 6.1 and record the results. 

6.2.4 Adjust the sash to 50% of the design hood opening 
and allow the face velocity to stabilize. Conduct face velocity 
measurements in the reduced opening as defined in 
Section 6.1 and record the results. 

6.2.5 Adjust the sash to the design hood opening and allow 
the face velocity to stabilize. Conduct face velocity measure­
ments in the design hood opening as defined in Section 6.1 
and record results. All measurements shall be recorded. 

6.2.6 Average face velocities for all sash positiODJI shall be 
compared with design specifications. 

6.3 V AV Response Test. This test applies to laboratory hood 
systems equipped with VA V controls that modulate flow in 
response to sash movement Flow response shall be deter­
mined by one of two methods: by measuring the exhaust 
flow (Method A) or by measuring the hood slot velocity 
(Method B). Measurements shall be recorded at a rate of one 
reading per second using a data logger while opening and 
closing the hood sash. Each 5-minute test shall consist of 

three cycles of opening and closing the sash. The sash is 
closed for 30 seconds and opened for 60 seconds dming each 
cycle and closed at the end of the test The results are ana­
lyzed to determine the speed of response, the time to steady 
state, and the repeatability of flow response. 

6.3.1 Def'uti.tions 

6.3.1.1 VAV speed ofrespome: the time, measured from 
the first movement of the sash, for the VA V system to restore 
the slot velocity or airflow to 90% of the average steady-state 
value. 

6.3.1.:Z VAV tiMe to stetuly state: the time, measured from 
the first movement of the sash, for the VA V system to restore 
and maintain the average slot velocity or airflow between 
90% and 110% of the average steady-state value. 

6.3.1.3 Repetdability: the relative range (from the mini­
mum value divided by the average value to the maximum 
value divided by the average value) of the three readings. 
Because the average velocity is dependent on the probe posi­
tion, the set of three readings shall be made without moving 
the probe. Note: If the probe is relocated, the resulting aver­
age slot velocity may change. However, the response time and 
the time to reach steady state should be similar. 

6.3.2 Test Pr'Kedure 

6.3.2.1 Securely position the sensor in the proper loca­
tion 

6.3.2.1.1 Method A: Use the flow sensor for the build­
ing automation system or locate a velocity meter in the cen­
terline of the exhaust duct 

6.3.l.1.:Z Method B: Mount a velocity probe in a secure 
stand with the probe located in the bottom of the baffle slot 
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FIGURE 6.2 Suh movement effect flow 11881. 

opening using either contigmation B 1 or B2 shown in 
Figure6.2. 

6.3.2.1.3 Some adjustment of the probe location may be 
required to avoid turbulence. 

6.3.2.2 Close all sashes and record the reading of the lab­
omtory hood monitor. 

6.3.2.3 Begin recording flow at a rate of one reading per 
second using a data logger. Flow c::an be represented by pres­
sure or voltage depending on the output from the flow station 
or the velocity from the velocity probe. 

6.3.2.4 After 30 seconds. open the sash from closed to the 
design opeDiDg at a rate of approximately 1.5 ftls (O.S mls). 
Record the time corresponding to the beginDing of sash 
movement. 

6.3.2.5 After 60 seconds, close the sash at a rate of 
approximately 1.5 ftls (0.5 mls). 

6.3.2.6 Repeat opening and closing the sash three times. 

6.3.2. 7 Determine the speed of response and the time 
required to reach steady state, in seconds, following 1he start 
of sash movement and evaluate the repeatability of flow 
response. 

7. FLOW VISUALIZAnON PROCEDURE 

7.1 Flow VIsualization 

7.1.1 This test is a visualization of a hood's ability to con­
tain vapors. It consists ofboth a small local c::hallenge and a 
large-volume cballenge to the hood The intent of this test is 
to access the performance of the hood as it is typically used. 
Because the investigator is often at the face of the hood while 
performing the tests, care shall be exercised to ensure that the 
body of the investigator does not influence the smoke visual­
ization. Under ideal conditions, the smoke will flow 
smoothly, drawn from the point of release toward the slots in 
the rear baffle. 

7.2 AJrflow Patterns 

7 .2.1 The following definitioas describe typical aUflow 
problems as demonstrated by slllOke visualization. 

7 .2.1.1 If the smoke remains on the work surface without 
smoothly flowing to the back baffle, the airflow is descn"bed 
as .. lazy!' 

7.2.1.2 If the smoke moves forward toward the front of 
the hood. the airflow is described as .. reverse flow." 

7 .2.1.2.1 A minimal amount of reverse flow will nearly 
always occur at the marine edge of the work surface and is 
considered normal. 

7 .2.1.1.2 Reverse t1ow does not apply to the forward 
motion of the roll inside the hood that occurs in the upper 
cavity of the hood above the hood opening or to the cyclODic 
motion behind a closed horizontal sash. 

7.3 Local ViauaUzatlon Challenge 

7 .3.1 Place the sash in the test position. 

7.3.2 Test the operation of the bottom airfoil by releasing 
smoke from the small smoke SOUl'Ce 1mder the airfoil. For a 
successful test, the smoke shall be exhausted smoothly and 
not be entrained in the vortex at the top of the hood. 

7 .3.3 Discharge a stream of smoke from the small smoke 
source along both walls and the work surface of the hood in a 
line parallel to the hood face and 6 in. (ISO mm) behind the 
face of the hood. along the top of the face opening. Carefully 
observe the action in the comers. 

7 .3.4 Release smoke along the work surface. 

7 .3.5 While conducting "as used" (AU) tests, release the 
smoke arolJDd the equipment inside the hood. If hot plates or 
other heat sources are present, observe the influence of the 
heat sources on the airflow inside the hood During the test. 
any lazy or reverse airflow observed may be caused by the 
equipment and should be noted and documented 

7.3.6 Release smoke above the bottom of the sash and 
inside the hood Observe the airflow behind the sash with spe­
cific attention to the airflow as the hood roll meets the bottom 
of the sash. 



7.3.7 For horizontal sash or corobination sash hoods, open 
the horizontal windows and release smoke along the inside of 
the sash near the open vertical edge of the sash. 

7 .3.8 Release smoke outside the hood. Observe the airflow 
into the hood and determine whether the rooro air currents 
appear to affect the airflow at the hood. 

7 .3.9 Release smoke in the cavity above the hood opening. 
Observe the roll inside the hood. Pay particular attention to 
the clearance of the smoke, the slots the smoke enters, and 
any tendency of the roll to follow the inside of the sash toward 
the opening. Where appropriate, observe the influence of air 
entering the hood between the sash and the header panel. 

7.4 Large-Volume Visualization Challenge 

7.4.1 A suitable source of smoke shall be used to release a 
large volume of smoke. The release positions shall be the 
same as for the local visualization challenge in Section 7.3. 
Extra care in interpreting the observations is required because 
of the large volume of smoke and the momentum of the 
smoke. This is especially true when smoke is released outside 
the hood. Observation of the large-volume smoke release is 
often best done from the side of the hood face. During an "as 
used" (AU) test, equipment in the hood, such as heating 
devices and agitators, shall be operating to determine whether 
they contribute to leakage. 

7 .4.2 Release smoke under the airfoil. 

7 .4.3 Release smoke along the sidewalls. 

7 .4.4 Release smoke along the work surface. 

7 .4.5 If equipment is in the hood, release smoke around the 
equipment. 

7 .4.6 Release smoke inside the hood above the bottoro of 
the sash. 

7.4.7 For horizontal sash or combination sash hoods, 
release smoke behind the sash. 

7 .4.8 Release smoke in the cavity above the hood opening. 

7 .4.9 Release smoke outside the hood. 

7.5 Evaluation of Local and Large-Volume Smoke Tests 

7.5.1 Airflow patterns shall be observed and noted. 

7 .5.2 All of the smoke generated within the hood shall be 
carried to the back of the hood and exhausted. 

B. TRACER GAS TEST PROCEDURE 

8.1 Tracer Gas Tests 

8.1.1 The detector shall be turned on and allowed time to 
equilihrate. Determine the room background. If the back­
ground level of contaminants is excessive (see Section 5.3), 
corrective procedures shall be implemented. 

8.1.2 Immediately before the testing period, periodically 
during testing, and after completion of the testing, check the 
detector function by subjecting the detector to a low concen­
tration of tracer gas. If the detector does not respond properly, 
the hood test shall not be performed until the defect has been 
corrected. The detector shall always be operated in accor­
dance with the manufacturer's instructions. 

8.1.3 Place the sash at the test position. 

8.1.4 Install the ejector and mannequin at a test position. 

8.1.4.1 For a typical bench-type hood with a vertical sash, 
three positions are required: left, center, and right (as seen 
looking into the hood). The left position is with the ejector 
centerline 12 in. (300 mm) froro the left inside wall of the 
hood, the center position is equidistant from the inside side­
walls, and the right position is 12 in. (300 mm) from the right 
inside wall. 

8.1.4.2 For each position, place the front of the ejector 
tube 6 in. (150 mm) from the hood face (see Figure 4.7). 

8.1.4.2.1 When the hood has a single vertical sash, use 
the plane of the sash as the face of the hood. 

8.1.4.2.2 When the hood has a combination sash or hor­
izontal sashes, the reference point for the measurements shall 
be the centerline of the horizontal sashes. 

8.1.5 The front edge of the ejector shall be no more than 
6 in. (!50 mm) behind the front of the work surface. 

8.1.6 To position the ejector, the reference point shall be 
the front edge of the aluminum barrel of the ejector. The bon­
net of the ejector shall extend a nominal! in. (25 mm) closer. 

8.1.7 The probe shall be positioned in the breathing zone of 
the mannequin, with the breathing zone of the mannequin 
3 in. (75 mm) from the plane of the sash (see Figure 4.7). 

8.1.7.1 When the hood has a single vertical sash, use the 
plane of the sash as the face of the hood. 

8.1.7.2 When the hood has a combination sash or hori­
zontal sashes, the reference point for the measurements shall 
be the centerline of the horizontal sashes. 

8.1.8 If the ejector cannot be positioned 6 in. (!50 mm) 
behind the centerline of the sash, the position of the probe 
shall also be adjusted. The probe shall be positioned 9 in. 
(225 mm) from the barrel of the ejector. 

8.1.9 The detector probe shall be fixed in a position with 
the center of the probe 22 in. (560 mm) above the work sur­
face and 3 in. (75 mm) in front of the sash (see Figure 4.7). 

8.1.10 The detector probe shall penetrate the head of the 
mannequin exiting at the lips of the mannequin. The probe tip 
shall extend 0.25 in. (6 mm) beyond the lips of the mannequin 
(see Figures 4.7 and 4.8). Care shall be taken to ensure that 
any method of attaching the detector probe to the breathing 
zone of the mannequin does not interfere with the flow pat­
terns around the mannequin or probe. 

8.1.11 Determine the control level at each test location. 

8.1.11.1 Open the tracer gas block valve. 

8.1.11.2 After a 30-second delay, record for 5 minutes 
with a reading taken at least every second. The positional con­
trol level is the average of the tracer gas concentrations during 
the 5-minute test. 

8.1.11.3 Relocate the ejector and mannequin to another 
test position and repeat the measurements for each test posi­
tion. 

8.1.12 The hood performance rating shall be the maximum 
of the positional control levels for the three test positions. 

8.1.13 The performance rating of the hood shall be 
recorded as either AU yyy, AI yyy, or AM yyy, where yyy is 
the control level in ppm. 



8.2 Peripheral Scan 
8.2.1 With the mannequin removed from the face of the 

hood and the block valve open to the ejector, traverse the 
periphery of the hood openings with the probe. While standing 
away from the face of the hood, hold the probe I in. (25 mm) 
away from the edge of the hood opening and move it slowly 
around each opening at a rate of no more than 3 in. (75 mm) 
per second. Record the locations and values of all concentra­
tions above the instrument's minimum detection level. Care 
shall be taken to stand to the side of the hood during measure­
ment to affect flow as little as possible. 

8.2.2 Perform a scan with the probe under the airfoil. 

8.3 Sash Movement Containment Test. The sash move­
ment containment test is conducted to determine the potential 
for contaminant escape from the hood following movement of 
the sash. This method is applicable to both constant-volume 
and VA V hood systems. 

8.3.1 Using the same configuration of the mannequin and 
tracer gas ejector as was used in the tracer gas tests (see Sec­
tion 8.1), locate the mannequin and ejector at the center of the 
hood opening. 

8.3.2 Close the sash or sashes. 

8.3.3 Begin generation of gas at 4.0 Lpm (67 mL/s). 

8.3.4 After 60 seconds, begin recording the tracer gas con­
centrations at a rate of one sample per second using a data 
logger. 

8.3.5 After 60 seconds, open the sash from full closed to the 
design opening at a rate of approximately 1.5 fils (0.5 m/s). 
Note the time corresponding to the beginning of sash move­
ment. 

8.3.6 After 60 seconds, close the sash at a rate of approxi-
mately 1.5 fils (0.5 m/s). 

8.3. 7 Repeat opening and closing the sash three times. 

8.3.8 Close the sash for 30 seconds. 

8.3.9 Calculate the 45-second rolling average for the test. 
Record the maximum rolling average associated with each 
opening of the sash. 

8.3.10 The sash movement effect (SME) is the maximum 
rolling average tracer gas concentration determined. The sash 
movement performance rating of the hood shall be recorded 
as SME-AU yyy, SME-Al yyy, or SME-AM yyy, where yyy 
is the sash movement effect in ppm. 
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(This appendix is not part of this standard. It is merely 
Informative and does not contain requirements necessary 
for conformance to the standard. It has not been pro­
cessed according to the ANSI requirements for a standard 
and may contain material that has not been subject to 
public review or a consensus process. Unresolved objec­
tors on informative material are not offered the right to 
appeal at ASHRAE or ANSL) 

INFORMATIVE APPENDIX A 
COMMENTARY AND ADDITIONAL INFORMATION 
ON STANDARD 110 SECTIONS 

The nwnbered items in this appendix correspond to sub­
sections within the standard for the coovenience of the stan­
dard's users. For example, Section AI in this appendix 
provides further information about Section I in the body of 
the standard. All provisioos are to enbaoce the user's uoder­
standing of the subject uoder discussion as well as of the stan­
dard as a whole. 

A1. (PURPOSE) 

This standard provides a method of testing the perfor­
maoce of laboratory hoods. It does not provide acceptance 
criteria. The owner's in-house expert, the chemical hygiene 
officer, or ao industrial ventilation expert should provide the 
acceptance criteria for the test. The Foreword identifies com­
ponents of a performaoce specification, which could become 
the basis of acceptance criteria. 

A3. (DEFINITIONS) 

air supply fixtures: The list of air supply fixtures in 
Section 3, "Definitions," is not intended to be inclusive or 
complete. The investigator should describe all the fixtures, 
including their sizes aod locations, throughout the test room. 

laboratory hood: The test procedure is written for a bench­
type laboratory hood. If other types of laboratory hoods are 
used, some modification of the test procedure will be required 
to reflect the departure from the bench-type hood. For exam­
ple, the position of the ejector in a large-apparatus (walk-in or 
floor-mouoted) hood must be critically evaluated before the 
performaoce test is conducted. In maoy instances, it would 
not be appropriate to place the ejector on the floor at the spec­
ified distance from the sidewalls or at the centerline. 

test opening: Selection of the proper test opening is critical. 
The sash openings should be selected to reflect the position 
the operator will use. The typical-use opening may be differ­
ent from the design opening. This is especially true because 
the design team tends to reduce the opening to conserve 
energy; as a result, the face velocities at the operating opening 
may be lower thao at the design opening. Because chemists 
will occasionally open the sash beyood the design or operat­
ing positioo while setting up a procedure while other proce­
dures are active in the hood, it is often advisable to cooduct 
performaoce tests with the sash in the full-open positioo. 

A good specification will limit the nwnber of test openings. 
An example of a specificatioo for a combination sash hood 
could include three positions with the vertical sash closed aod 

the horizontal windows placed at the left, center, aod right. In 
addition, the hood may be tested with the vertical sash opened 
to a sash height determined by a sash stop. Testing the perfor­
maoce of a hood with the sash half open in cases where the 
hood is routinely used with the sash full open cao be mislead­
ing. Consequently, it is good practice to test the laboratory 
hood with the sash positioned in a typical configuration. 
Since the sash cao be positioned in ao uulimited nwnber of 
positions, good judgment dictates that the hood be tested in a 
challenging position. This usually corresponds to the sash 
being full open. 

A4.1 (Tracer Gas). Although sulfur hexafluoride is speci­
fied as the tracer gas, it may not be possible to use it in some 
laboratories without disrupting the operation within the labo­
ratory. For example, a laboratory that has been doing trace 
fluoride aoalyses may not be able to operate while sulfur 
hexafluoride is released for hood testing purposes. In such 
cases, a substitute gas may be appropriate. This gas should be 
stable, nontoxic, non-odorous, and noncorrosive and have an 
acceptable minimwn detectioo limit for the detector. 

If desired, a different release rate cao be selected based 
on knowledge of the generation rate in the intended use. How­
ever, chaoging the release rate also chaoges the geometry of 
the tracer gas challenge. 

In some instances, the tracer gas may have a detrimental 
effect on the system. For example, for a hood with ao acti­
vated carlJon filter, sulfur hexafluoride may reduce the life of 
the carbon bed or replace toxic materials adhering to the car­
bon, resulting in ao uodesirable release. 

Although sulfur hexafluoride has maoy ideal characteris­
tics, it has very high global warming potential. Consequently, 
this standard's project committee has searched for ao alterna­
tive tracer gas. To this date, however, none of the gases inves­
tigated have proven to be satisfactory. 

When investigating alternative tracer gases, two consider­
ations should be evaluated. First, the tracer gas entrains dilu­
tion air by aspirating air into the ejector tube. The entrained 
gas forms a ''plwne" rising from the ejector, aod the volwne of 
the plwne is related to the mass flow of the tracer gas. An 
equivalent tracer gas may require ao equivalent volwnetric 
flow in the plwne. A lower-molecular-weight gas will form a 
smallerplwne when released at 4.0 Lpm (67 mUs). Increasing 
the tracer gas flow rate cao provide the same induced flow. 
However, this brings up the secood consideratioo. The 
increased tracer gas release rate in the same size plwne will 
result in ao increased average coocentratioo of tracer gas in the 
plwne. The higher concentratioo may warrant a chaoge in the 
acceptance criteria. For example, if the acceptance criteria are 
AI 0.10 for sulfur hexafluoride at 4.0 Lpm (67 mUs) aod ao 
equivalent plwne is generated with 6 Lpm (I 00 mUs) of a new 
tracer gas, it may be appropriate to chaoge the acceptance cri­
teria to AM 0.15 with 6 Lpm (100 mL/s) of the new tracer gas 
(0.]5 ~ 0.]0 X 6/4). 

A4.2 (Ejector System). In some instances, it may be appro­
priate to remotely mouot the pressure gage aod block valve at 
the cylinder rather thao at the ejector. However, since this will 
increase the pressure loss through the line, the calibration of 
the pressure gage aod orifice (see Section 4.3.2) should be 



conducted with the connecting hose or tube in place. In addi­
tion, the required lag time before measurements can be taken 
may be affected by the remote pressure gage. 

The mesh size of the screen influences the plume of gas 
generated by the ejector. Close adherence to the specification 
is required. 

A4.3.1 (4.3 Orifice, Subsection 4.3.1). Other tracer gas 
flow rates may be achieved by modifying the upstream pres­
sure and/or replacing the orifice plate. 

The flow rate of the tracer gas may be measured with a 
bubble meter. Note: Altitude and temperature can affect the 
actual flow rate. 

A4.4 (Detection Instruments). In some cases, an alternative 
method of collection may be used. An air-sampling pump and 
a gas bag can be used to collect a sample in the breathing 
zone of the mannequin. The air sample can be analyzed by 
gas chromatography. This instrument may be used for por­
tions of the standard that require average concentrations to be 
reported when a comparison between leakage and time is not 
required. This method determines the average concentration 
in the breathing zone of the mannequin; however, it does not 
show the variation in the concentration of the tracer gas, so 
considerable information may be lost. Moreover, it cannot be 
used to determine the sash movement effect of the hood. 

A4.5 (Calibration). The calibration of the detector is criti­
cal. Without the detector being adequately calibrated, the 
results obtained during the testing are of uncertain accuracy, 
and any conclusions drawn are not supported by reliable data. 
This is especially important because the test method pushes 
the instruments to their limits. Although the manufacturers of 
the instruments provide factory calibrations, these calibra­
tions are not adequate for the purposes of this standard. At a 
minimum, the detectors should be calibrated before testing 
begins (at the testing site) and after the end of testing. 
Because test results collected with improperly calibrated 
instruments are not valid, frequent calibration during the test­
ing campaign is recommended. This will minimize the 
amount of data that must be retaken due to inadequate cali­
bration. 

A4.6 (Mannequin). The standardized mannequin is 
designed for a standard bench hood. The investigator may use 
a mannequin that better represents the intended uses of the 
hood or the requirements of special applications. For exam­
ple, a handicap hood has different dimensions to accommo­
date a wheelchair. The mannequin can be modified to 
simulate a user sitting in a wheelchair at the face of the hood. 
The torso of the mannequin can be placed in a wheelchair, or 
the supports can be adjusted to represent the same geometry 
as would occur with a wheelchair. The critical value would be 
the height of the centerline of the sensor above the work sur­
face of the hood (22 in. [560 mm]) and the position relative to 
the hood opening. In a similar way, the mannequin can be 
modified or adjusted to test walk-in or distillation hoods. 

Clothing display mannequins, which are designed pri­
marily to show clothing, may not be capable of being placed 
in a position typical of a laboratory hood user. In fact, some 
mannequins cannot be located at the face of the hood as 
described in Section 8. 

A4.8.1 (Local Generation). Local smoke generation is 
intended to trace the airstreams and not to challenge the aero­
dyoamics of the hood. Various means of tracing the flow are 
available. One means of smoke generation-liquid titauium 
tetrachloride---;::an stain the hood and will produce a residue 
that must be cleaned up. If liquid titauium tetrachloride is 
used, apply masking tape to surfaces to protect them. 

A4.8.2 (Large-Volume Generation). There are three gen­
erally available methods of generating smoke. First, several 
manufacturers provide small smoke candles that generate 
copious smoke. It is important that the smoke generated does 
not have a large directional component, although in such 
cases, it is often sufficient to place the candle in a coffee can 
to dissipate this directional component. In addition, smoke 
candles can burn the operator or present a potential fire haz­
ard. A second way to generate smoke is with a theatrical 
smoke generator. A third way is to use dry ice in hot water to 
generate a visible mist; however, this method does not pro­
vide a neutral buoyancy aerosol and so may not be sufficient 
to demonstrate losses of air from the top of the laboratory 
hood. (See also Section A6.1.) 

A5.1.3 (Reporting). The "as used" (AU) test is intended to 
be conducted within the hood as it is typically used. The 
exposure to the user at the hood will be dependent on a multi­
tude of factors, including the type of apparatua used in the 
hood, the use of heat-generating equipment, whether the hood 
is used as a storage cabinet, and whether the equipment forces 
the worker to conduct this test too far forward. 

A5.2.1 (Sash Position). If the hood has a combination 
sash-that is, a vertically sliding sash with horizontal pan­
els--the hood should be tested in two sash conditions: first, 
with the vertical sash full closed and the horizontal sashes 
adjusted to provide a maximum hood opening, and second, 
with the horizontal panels positioned to the side opposite the 
hood from the mannequin location or to both sides when the 
mannequin is located in the center. This will provide the max­
imum face opening directly in front of the mannequin. In 
addition, the hood should be tested at the same volumetric 
flow rate with the vertical sash at the test opening. 

When the design documents describe a condition other 
than a full-open sash, the user may operate the hood with the 
sash opened beyond the design condition, resulting in a lower 
face velocity than the design specifies. This could reduce the 
protection provided by the hood. Thus, in addition to testing 
the hood at the design opening, the hood may be tested with 
the sash full open to determine the effect of possible misuse 
of the hood. 

Various sashes and sash positions are shown in Figure A. I. 
If a hood is provided with variable-air-volume (VA V) 

control, the hood should be tested at the appropriate sash 
position or positions after the VA V control has equilibrated to 
provide constant volumetric flow. Prior to testing the hood, a 
velocity profile is required to ensure that the VA V system has 
adequate capacity to provide the predetermined face velocity. 

If the hood has a horizontal sash, the sash should be posi­
tioned so as to obtain the maximum face opening of the hood 
and so that the sash is remote from the section of the hood 
being tested (left, center, or right). See Figure A.!. If the max-
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imum opening of the horizontal sash hood is 36 in. (900 mm) 
or less, position the mannequin and ejector in the center of the 
opeuing. If the maximum opening is greater than 36 in. 
(900 mm), position the ejector and mannequin on the right 
and left sides, 12 in. (300 mm) from the edge of the opeuing. 

A5.3 (Background Level). Background levels of contami­
nants observed by the tracer gas detector can render the test 
results invalid. To ensure that the test data are valid, back­
ground levels should be measured frequently. 

A5.4.2 (5.4 Preliminary Data, Subsection 5.4.2). The 
report should include a description of the hood and its con­
tents, including whether the hood is empty or cluttered. If the 
clutter could affect the test results, the report should specify 
or describe the clutter. 

Adequate data should be taken to allow for futore inter­
pretation of the test results. The number of unusual incidences 
that may occur are too many to be named, but the investigator 
should be observant and record any unusual sitoations. 

In many instances, the performance of a laboratory hood 
is affected by both the supply and exhaust systems. Conse­
quently, the tester should be aware of the room airflow, espe­
cially the room crosscurrents at or near the hood. 

Often it is advisable to include a description of the supply 
and exhaust systems in the report. This is especially important 
from a historical perspective. Documenting the ventilation 
systems can assist in determining the cause of some change in 
performance. Because cross-drafts can affect the face velocity 
measurements and hood performance, diagnostic methods of 
investigating inadequate performance are presented in Infor­
mative Appendix B. 

In addition to indicating location and type of supply dif­
fusers, attempts should be made to measure the residual 
velocity in the direction of the hood opening and to document 
cross-drafts at the face of the hood. 

A5.4.3 (5.4 Preliminary Data, Subsection 5.4.3.1). Deter­
mination of the face opeuing should include the space 
between the airfoil and the work surface. 

A5.4.3.2 (5.4 Preliminary Data, Subsection 5.4.3.1). 
The location of materials inside the hood, especially in front 
of the mannequin, may affect the control level. 

A6.1 (Face Velocity Measurement Procedure). In some 
hoods, there is considerable variation in the velocity readings 
at a fixed position. When the variations exceed 15%, the 
range of variability should be recorded and the average used 
in the computation of the face velocity. Wide variations could 
be an indicator of room air currents or poor hood aerody­
namic design that may negatively affect hood performance. 

The procedure in this standard determines the face veloc­
ity of the laboratory hood but does not address the total volu­
metric flow through the hood or the total volumetric flow 
requirements at the exhaust fan. Leakage through the bypass, 
behind the hood sash, and through the hood itself and duct 
leakage can have sigoificant impacts on the total exhaust 
flow; however, these factors are not addressed in this test pro­
cedure. To determine these values, a volumetric measurement 
of the kind described in ASHRAE Standard 41.2-1987 (RA 
1992}---a Pilot traverse-would be required. 

When measuring the face velocity of an auxiliary air 
hood, the auxiliary airflow changes the face velocity pro­
duced by the hood exhaust. ANSVAlliA Z9.5-2003, Labora­
tory Ventilation, states in Paragraph 5.11.2, ''the face velocity 
of the hood shall be determined with the supply air [auxiliary 
air] turned off." When measuring the face velocity of an aux­
iliary air hood, the condition of the auxiliary air should be 
noted and recorded. 

Some laboratory hoods are designed with a sash plane 
that is not perpendicular to the flow of the air. If the ventila­
tion measurements are taken as indicated in Section 6.2.1 of 
this standard, there may be a bias in the readings because 
many anemometers are sensitive to the direction of airflow. In 
such a case, it may be necessary to hold the anemometer per­
pendicular to the airflow rather than to the sash plane. This 
resulting velocity corresponds to the projected opeuing of the 
hood, not the actual opening. 

The orientation of the hot wire is critical. The instrument 
must be held parallel to the opeuing of the hood. The intent is 
to measure the velocity of the air perpendicular to the face 
opeuing. A small (greater than 15°) misalignment will cause 
erroneous readings. 

A6.2 (V AV Face Velocity Control Test). In conducting "as 
used" (AU) hood evaluation, it may be advisable to determine 
the external influence of other activities on the performance 
of the VA V controller. Because the laboratory pressure may 
influence the performance of the VA V controller, conduct a 
tracer gas test while opeuing and closing the door to the labo­
ratory in such a way that the door movement does not cause a 
fanning action but does allow pressure equalization with the 
corridor. Observe whether the controller modifies the hood 
exhaust rate and whether there is a change in hood perfor­
mance. Likewise, sash movements in hoods connected to the 
same exhaust system as the laboratory hood being tested 
could influence the hood performance. By opening and clos­
ing sashes on the other hoods while monitoring the VA V con­
troller and the tracer gas concentration, the potential effect 
can be determined. 

The tests described in this section can be used for con­
stant-volume hoods to determine the effect of the bypass on 
the face velocity. Some specifications require a maximum 
velocity as the sash is lowered. 

A7.1 (Flow Visualization). This standard describes a 
method of observing smoke within a laboratory hood. The 
method provides a gross evaluation. If the hood fails to con­
tain smoke, the performance is inadequate and the hood fails. 
However, contaimnent alone does not describe the hood per­
formance. Because the evaluation is subjective, it is not 
included in the standard. See Informative Appendix B for fur­
ther discussion. 

The influence of a person at the face of the hood can be 
sigoificant. Smoke tests, both large and small, can show the 
effect of a person by placing the mannequin at the hood face. 

A7.4 (Large-Volume Visualization Challenge). If there is 
visible smoke flow out of the hood, a tracer gas test should 
not be performed, as hood leakage of this magoitude may 
result in elevated laboratory background tracer gas concentra-



FIGURE A.2 Cylinder dlftuslon or smoke from smoke gener­
ator. 

tions that may limit the ability to quantify the performance of 
the hood 

Smoke generation can produce a visible plume in the 
exhaust duct. If there is a smoke detector in the exhaust, the 
large smoke challenge may be sufficient to activate the smoke 
detector. It may be necessaey to contact the fire department 
and possibly the local pollution control authority before dis­
charging large quantities of smoke in the hood 

S•oke CMdlel: Some smoke candles generate a jet of 
smoke that produces an 'UDBCceptably high challenge to the 
hood To reduce this directional component, the smoke candle 
should be placed in a small can. The surface of the can could 
become warm, so the can should be held by a pair of pliers, 
tongs, or a similar device. 

Thelllrk4/ Fog: The preferred method is the use of theat­
rical fog or a smoke-generating machine. Both are capable of 
generating copious visible particulate with reasonable per­
sistem:e and nearly neutral buoyancy. Some fogs produce an 
aerosol that dissipates rapidly, leaving a contaminating resi­
due in the hood The output of the fogger or smoke generator 
should be directed into the hood by means of a long hose. 
This allows the investigator to locate the fog or smoke dif­
fuser at any desired location. Since the fog or smoke may 
have momentum, creating a situation that could lead to an 
incorrect observation. a diffuser may be required to slow the 
fog or smoke. A 4 in. (100 mm) diameter vertical tube with 
equally spaced holes on each side (see Figure A.2) can be 
used to challenge the height of the face opening. The cylinder 
diffuser can be located in the same position as the ejector to 
provide an indication of the airflow patterns at the ejector. 

Another diffuser design entails a cylindrical diffuser 
located on the work surface horizontally. Be aware that the 
horizontal diffuser may block airflow on the work surface and 
the discharge velocity may be uncontrolled, creating an 
excessive challenge to hood con'taimnent. 

Mist fromlhy Ice: Dry ice can be used to visualize hood 
performance while the hood is being subjected to various 
challenges, such as room traffic and operations within the 

hood. The investigator is encouraged to anticipate the use of 
specific hoods and the peculiarities of installed locations and 
devise challenges to test with dry ice. Wbm dry ice is used, 
careful control of the quantities, size of the dry ice, water 
temperature, and timing of the observations is critical. In 
addition, the investigator should recogDize that the visible 
mist is not neutral buoyant and tends to ''fall" more 1ban other 
neutral-buoyant sources of smoke. The Dry Ice Procedure is 
described as follows. 

a. Prepare for the test by weighing dry ice in a beaker and 
filling a stamless steel bowl with tempered water. The 
bowl should have a capacity of approximately 3 quarts 
(3 L) and a diameter of approximately 8 in. (20 em). The 
bowl should contain 1 quart (1 L) of water at llOOf' 
(43°C). A 1 cup (250 mL) beaker should be filled with 
approximately 0.4lb (200 g) of dry ice. The texture of the 
dry ice is important, and pellets should be about 0.25 in. 
(0. 75 em) in diameter to provide the proper sublimation 
rate. 

b. The bowl containing tempered water should be placed 
inside the hood and positioned at the center on the face 
with the front edge of the bowl6 in. (150 mm) behind the 
rear edge of the sash. The sash should be full open. 

c. The dry ice pellets contained in the beaker should be 
deposited into the bowl and the vapor dispersion should 
be observed. Containment is best observed from the side 
of the hood face. A release of vapor from the hood that is 
steady and visual is an indication of failure. No release of 
vapor past the face of the hood is considered acceptable. 

d This test should be repeated while challenging the hood 
by moving across the front, reaching into the hood, and 
moving the sash. The bowl should be moved closer to the 
front of the work surface to determine where leakage is 
most pronounced. Equipment in the hood such as heating 
devices and agitators should be operated during a test to 
determine if they contribute to leakage. 

A8.1.3 (8.1 Traeer Go Tests, Subsection 8.1.3). Sash 
design openings, or multiple design opening configurations, 
are specified for tests, but in many cases it may be reasonable 
to test the hood with the sash or sashes full open. Often, users 
will open the sash beyond the design opening. The contain­
ment performance of the hood should be evaluated at the typ­
ical use condition. 

This test method descn"bes the positionmg of the mann~ 
quin and tracer gas release position based on the assumption 
that the hood is a benchtop hood with a vertical sash. Because 
hoods have different types of sashes, it is important to modify 
the positioning of the mannequin and the ejector based on the 
expected use or available sash opening configurations. The 
following discussion provides some guidance; however, other 
locations may be appropriate for different situations. 

For benchtop hoods more than 8 ft (2.5 m) wide, the test 
should be conducted in at least four locations. For example, 
position the mannequin and ejector on the left (12 in. 
[300 mm] from the left side), left-center (12 in. [300 mm] to 
the left of the hood center line), right-center (12 in. [300 mm] 
to the right of the hood centerline), and right (12 in. [300 mm] 
from the right side). 
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FIGURE A.3 Poeltlone or mannequin and tracer gee eJector tor • floo.,..mounted fume hood equipped with double vertical 
••hee. 

Floor-MolUIId Hoods: Floor-mounted hoods are typi­
cally equipped with multiple vertical sashes or horizontal 
sashes. The tests should be conducted with the mannequin 
and ejector located at two different heights. The ejector 
should be located on the tloor and mounted on a stand with 
the base of the ejector 36 in. (900 mm) above the floor. The 
maunequjn should be positioned to simulate a person met­
ing in front of the opening and standing in front of the open­
ing. See Figure A.3 for test configurations for tloor-mounted 
hoods equipped with double vertical sashes and horizontal 
sliding sashes. Distillation hoods are tested using the same 
configurations ofmaDnequin and ejector locations. Table A. I 
provides the heights of the maunequin for testing floor­
mounted hoods and distillation hoods. 

The mannequin and ejector should be located at 1he left, 
center, and right test positions as used for a bench hood. All 
readings are taken with the breat1ring zone of the mannequin 
located 3 in. (75 mm) in front of the sash plane. The front of 
the ejector body should be located 6 in. (ISO mm) behind the 
sash plane. 

A8.1.4 (8.1 Face of the Hood, Subsection 8.1.4). In the 
event 1hat the sash is not vertical, the position of the probe and 

ejector is to be determined from a vertical plane starting at the 
bottom of the sash at the operating opening. Some laboratory 
hoods have a horizontal panel placed in front of the vertical 
sash that can be placed in front of the chemist as a splash~ 
tector. When defining the face of the hood, this horizontal 
panel should typically be ignored. 

A8.1.5 (8.1 Ejector Tett Posltio~~t Subsection 8.1.5). For 
hoods of'UDUSual dimensions, the location of the ejector may 
require modifications. Alternative positions are possible and 
should be clearly identified in the test report. The probe and 
ejector distances from the sash plane should be as described 
in Section 8.1.4. 

A8.1., (8.1 Detedor Probe Podtion1, Subsection 8.1.6). 
If the detector probe design permits, insert the probe through 
the back of the head of the mannequin so that the air sampled 
by the probe enters the probe through the approximate breath­
ing zone of the maDnequin as shown in Figures 4.7 and4.8. 

The detector probe should be fixed in position and not 
handheld. An investigator holding the probe could cause, by 
his/her presence, additional disturbances in airflow that may 
significantly change the hood performance. 



TABLE A.1 Mannequin Position lor Tracer Gas Tests 

Hood Type Sash Type Tracer Gas Testl Breathing Zone Height, in. (mm) AI 

Distillation Hood Multi vertical 1 

2 

Floor-Mounted Hood Multi vertical 1 

2 

Floor-Mounted Hood Horizontal 1 

2 

The test procedure places the probe in the breathing zone 
of the mannequin. Traversing the face of the hood with the 
probe or locating the probe, detector, and mannequin inde­
pendently can obtain additional information on how the hood 
is performing. 

A8.1.7 (8.1 Tracer Gas Tests, Subsection 8.1.7). The 
positioning of the mannequin and the probe height above the 
work surface can affect the performance of the laboratory 
hood. A tall mannequin presents a greater blockage to the 
opening and potentially increased turbulence and eddy forma­
tion in front of the mannequin. A shorter mannequin moves 
the probe closer to the tracer gas plume generated by the ejec­
tor. 1n addition, when the design position for the sash is low, 
for example, 18 in. (450 mm) above the work surface, the 
sash can act as a barrier and produce a control level lower 
than that without the sash. These and other factors may affect 
the performance tests. Such considerations may warrant addi­
tional tests with different mannequin heights and conse­
quently a higher or lower probe position. 

A8.1.8 (8.1 Delayed Beginning, Subsection 8.1.8). 
Depending on the assembly of the ejector system and the 
characteristics of the detector, there is a delay from the start 
of tracer gas flow until the meter detects any tracer gas pres­
ent. 1n addition, the hood may need to reach equilibrium with 
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the tracer gas challenge; for example, it takes time for the 
tracer gas to enter the roll within the hood. The standard 
requires a 30-second delay before collecting tracer gas data. 
Each test system should be evaluated to ensure that 30 sec­
onds is adequate for the delivery of tracer gas and the instru­
ment response. 

A8.2 (Peripheral Scan). The peripheral traverse data can be 
used as a diagnostic tool to determine potential leakage 
points. There is significant potential for variation in the tra­
verse results due to variation in handheld probe position and 
speed of traverse. 

A8.3 (Sash Movement Containment Test). Hood perfor­
mance may be time dependent due to the lack of steady-state 
laboratory aerodynamics and thermodynamics. The effect of 
moving the sash could depend on the state of the system. The 
result of each test should be recorded. The resulting rating 
should be clearly distinguished from the hood performance 
rating since a VA V hood functions as a constant-volume hood 
most of the time. 

The effect of moving the sash is oflen more pronounced 
in the center position. However, because of conditions in the 
laboratory and the design of the supply air system, the appro­
priate position of the sash movement test may be on the side 
of the hood. 



(This appendix is not part of this standard. It is merely 
Informative and does not contain requirements necessary 
for conformance to the standard. It has not been pro­
cessed according to the ANSI requirements for a standard 
and may contain material that has not been subject to 
public review or a consensus process. Unresolved objec­
tors on informative material are not offered the right to 
appeal at ASHRAE or ANSL) 

INFORMATIVE APPENDIX B 
DIAGNOSTIC USE OF THIS STANDARD 

81. INTRODUCTION 

Although this standard describes a method of testing to 
evaluate the performance of laboratory hoods, it is not 
intended as a diagnostic test. However, the test procedure can 
be used diagnostically to investigate factors that affect hood 
performance. It is not possible to describe all situations that 
may occur. The following describes some common causes of 
(apparent) poor performance and the methods of using the 
test diagnostically. Because each situation is different, the 
investigator can extrapolate these methods to investigate other 
causes of poor performance. 

82. OPERATIONAL PROBLEMS 

Bl.l Gas Delivery System Leakage. In the assembly of the 
ejector system, care is required to ensure that the system is 
gaslight. In spite of reasonable care in assembly and handling, 
the cylinder or delivery system can develop leaks. These leaks 
are often discovered when an unacceptable increase in the 
background level of tracer gas occurs. This elevated back­
ground is often observed after the gas is turned off. Conse­
quently, it is often important to observe background levels of 
tracer gas between tests. 

One possible problem is leakage from the tracer gas cyl­
inder. The leaks can occur most frequently at the regulator. 
Use the detector as a leak indicator. Move the probe toward 
the regulator, or along the delivery system, and observe any 
increase in background level. Even a small leak will have a 
significant effect on background levels compared to typical 
acceptance criteria for the tracer gas tests. When a leak is 
found, testing could continue if the cylinder is placed inside a 
laboratory hood or the leak is controlled by other ventilation 
equipment to captore the escaping gas. 

In a similar manner, when the ejector is moved between 
hoods, it can release sufficient tracer gas to preclude complet­
ing the next test until the background level has reduced suffi­
ciently. The background level should be observed before 
zeroing the detector. 

B2.2 Reentry. Occasionally, tracer gas released inside the 
hood and discharged through the exhaust system enters the 
supply system through the outdoor air intake. Reentry results 
in a slow increase in tracer gas levels, which continue to rise 
or possibly fall very slowly after the tracer gas block valve is 
closed. Although reentry is undesirable, it is usually not a 
fault of the laboratory hood. 

To verify the existence of reentry, close the hood sash 
and relocate the detector probe at a supply fixtore. If the 

tracer gas levels increase after opening the block valve, reen­
try is a likely cause of the increased tracer gas levels. Further 
testing of the hood needs to recognize the potential of reentry. 

B2.3 Duct Leakage. Some ventilation systems have a posi­
tive-pressure exhaust duct. Tracer gas can leak out of the duct 
and raise background levels. The symptoms are similar to 
delivery system leakage or reentry. 

With the tracer gas flowing through the ejector, trace the 
duct to determine if it is leaking. 

83. ROOM CONDITlONS THAT AFFECT HOOD 
PERFORMANCE 

B3.1 Velocity Effects from Room Air Fixtures. Room air 
currents near a laboratory hood, referred to as cross-drafts or 
crosscurrents, can be detrimental to laboratory hood perfor­
mance. The source of cross-drafts can be supply air diffusers, 
exhaust air grilles, adjacent laboratory doors, people walking 
in front of the hood, and equipment (including cooling fans). 
Although many published papers describe the problem of 
cross-drafts, only anecdotal evidence provides general guid­
ance. The usual recommendations are to have the room air 
currents near the hood less than half, and sometimes less than 
one-third, ofthe face velocity. 

When hood performance is less than desired, investiga­
tion of the room air corrents is warranted. The least complex 
approach is to release smoke around the hood and observe the 
direction and velocity of the air. Significant problems are eas­
ily observable. However, when the room air currents are sub­
tle or fluctuating, smoke may not be conclusive. In addition, 
the subjective nature of the smoke visualization observations 
may lead to controversy. 

The face velocity measurement techniques of this stan­
dard can be modified to measure room air corrents. Because 
the anemometer measures the speed of the air and not the 
direction, there is often a significant variation in measuring 
room air corrents. If the anemometer is nondirectioual, it pro­
vides the magnitode of the airflow, and smoke visualization or 
other methods are used to determine the direction of the air­
flow. If the probe is directioual (not a problem for face veloc­
ity since it is assumed the airflow is perpendicular to the face 
of the hood), orientation of the probe is critical. Often the 
probe orientation changes to measure the flow perpendicular 
to the face of the hood, parallel to the face, or in the vertical 
direction. Even with three measurements, the direction may 
require smoke visualization (the anemometer does not distin­
guish between right-to-left movement and left-to-right move­
ment). 

Establish a sampling grid exterior to the hood opening 
that consists of a 3 x 3 ft (I x I m) array. The measurement 
array should be 1.5 ft (0.5 m) in front of the plane of the sash 
with measurement points at the left, center, and right loca­
tions and the top, middle, and bottom of the maximum sash 
opening area as depicted in Figure B.l. If the fume hood is 
adjacent to a wall, then the measurement should be 6 in. 
(150 mm) from the wall. Both the direction and magnitode of 
the cross-draft velocities are important to characterizing room 
air patterns. Perform the following steps to check the velocity 
effects from air fixtores in the room: 
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a. Close the sash on constant-volume hood systems or open 
the sash to the design operating height for VA V hood sys­
tems. 

b. Measure the room air currents using a thermal anemome­
ter ~apable of measuring air velocities over a range of 
20 to 200 fpm (0.1 to 1.0 m/s). 

c. Locate the probe on an adjustable stand at each of the grid 
locations and measure the vertical, horizontal, and perpen­
dicular cross-draft velocities at each point. 

d Using a data logger, record the velocities at a rate of one 
reading per second for 20 seconds. The best results occm 
when three anemometers are used to collect the data 
simultaneously. 

e. Analyze the data and report the average and maximum 
room air currents at each location. 

f. In some cases, smoke visualization can suggest optimum 
locations for room air current measurements. 

B3.2 Smoke Visualization. This standard includes smoke 
visualization tests. In many cases, the use of smoke visualiza­
tion can explain poor perform.an£e in the hood. Lazy flow or 
reverse flow, even when smoke does not escape from the 
hood, could show points of weakness or instability at the 
hood. Turbulence at the bottom edge of the sash or at the 
header panel may be associated with loss of tracer gas con­
tainment. 

Smoke visualization with the mannequin located at a test 
position may show significantly different airflow patterns 
than that observed without the mannequin. Note: When test-
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ing with the mannequin, remove the tracer gas detector 
because the smoke can damage it. 

The large smoke system can be used to simulate an ejec­
tor. The smoke indicates the airflow patterns of the tracer gas. 
However, the dynamics of the gas and the smoke are different 
because the momentum and volume of the release are differ­
ent. In addition, the smoke dissipates rapidly compared to the 
tracer gas. 

In "as used" (AU) tests, smoke can demonstrate the effect 
of obstruction to airflow. 

(Clearance Time) The clearance time for a hood is 
defined as the length of time for smoke, released in the upper 
cavity of the hood with a large smoke challenge, to dissipate 
so that it no longer is visible. The test is condu.cted by releas­
ing smoke within the roll for at least 30 seconds, then with­
drawing the source. The clearance time is the time it takes for 
the smoke to dissipate sufficiently that it can no longer be 
seen. 

B3.3 Exhaust Flow Stability Test. The stability of exhaust 
flow can be critical to fume hood containment and is applica­
ble to both constant-volume and VA V hood systems. The fol­
lowing exhaust flow stability test is intended to evaluate the 
stability of flow under static sash conditions. The exhaust 
flow stability test uses the same setup as described in the VA V 
flow response test 

a. Open the sashes to design opening area. 

b. Record flow or slot velocity at a rate of one reading per 
second using a data logger for five minutes. 



c. Calculate the average, standard deviation, maximum, and 
minimum of the readings. 

d. Analyze the flow stability: 

I. Determine the coefficient of variation (COV) deter­
mined from the following equation: 

COV% = 3 x standard deviation/average 

2. Determine the relative range: 

Relative range= (maximum- minimum)/average 

B3.4 Heat Effects in the Hood. Hot equipmeot such as hot 
plates and gas burners used in laboratory hoods produce ther­
mal corrents that may affect hood performance. Several mem­
bers of the project committee that developed this standard 
have conducted prelimioary tests. They used hot plates to 
simulate heat geoerated within a laboratory hood. The tests 
used one or two hot plates with a rating up to 5000 Bto/h 
(1500 W). The preliminary results raised concerns about the 
effect of higher-heat sources. However, the preliminary data 
support the following statemeot. 

Wheo moderate individual heat sources producing less 
than 100 to 150 W/ftl (10 to 15 W/m2), for example, hot 
plates or gas burners, are placed in a fume hood, they do not 
appear to have a siguificant effect on hood performance. 
Hoods desiguated to handle heat sources releasing more thao 
!50 W/ftl (15 W/m2) should be tested uoder loaded condi­
tions. 

B3.5 Laboratory Hood Ceiling Enclosures. In laboratories 
with lay-in ceiling panels, an architectural skirt is ofteo added 
to the top of the hood. This skirt may extend into the lay-in 
ceiling. The pressure (positive or negative) in the pleoum 
above the lay-in ceiling can affect hood performance, espe­
cially if there are fluctuations in the pressure. If the pleoum 
space is positive, air can flow into the hood through the 
bypass or betweeo the sash and the hood structure, reducing 
the effective face velocity. If the plenum space is negative, 
poteotially contantinated air can flow from the hood into the 
pleoum space. 

Releasing smoke betweeo the sash and the header panel 
can show this airllow. However, if the flow is very slow, using 
smoke may not be sufficieot. Tracer gas can be used to 
demonstrate whether contamination from inside the hood 
migrates into the ceiling plenum. The impact of the pleoum 
on the hood eoclosure is tested as follows: 

a. Determine possible paths for the airllow into or out of the 
hood. 

b. Place the probe in these areas. 
c. Tum on the detector. 
d. Release tracer gas into the hood. 
e. Record tracer gas conceotrations for 2 minutes to deter­

mine if any leakage is occurring. If non-zero readings are 
observed, calculate maximum and average conceotrations. 

B3.6 Equipment in the Hood. The exposure of the worker 
at a laboratory hood is depeodent on a multitode of factors, 
including the size, location, and eoergy (thermal or mechani­
cal) of the equipmeot inside the hood. To obtain an accurate 
indication of these factors on hood containment, an "as used" 

(AU) test should be ruo with the actoal equipmeot set up and 
functional. An alternative would be to mock up equipmeot of 
the approximate physical size and location. 

To improve airllow at the face of the hood, any large 
apparatos should be located as far back as possible in the 
hood(aminimum of6 in. [150 mm] behind the sash). In addi­
tion, placing the apparatos on a I to 2 in. (25 to 55 mm) stand 
to allow the air to pass uoder the equipmeot has beeo beoefi­
cial. Finally, heat-geoerating equipmeot inside the hood cre­
ates an additional challeoge. 

Smoke visualization and tracer gas testing, in an "as­
used" (AU) test, can be used to determine the effect of equip­
meot or heat sources inside the hood. Any arbitrary hood load 
test that is represeotative of the actoal usage may be used as 
an indication of the effect on containmeot. 

B3. 7 Side-by-Side Laboratory Hood Installations. Ofteo 
laboratory hoods are installed adjaceot to each other. If the 
face velocity is higher for one hood, the airllow can affect the 
flow patterns on the adjaceot hood. In extreme cases, the dis­
turbing flow can affect the hood performance of the hood 
with lower face velocity. This condition can be investigated 
by smoke visualization methods or by adjusting the face 
velocities and theo retesting. 

B3.8 Fan Leakage. All ceotrifugal exhaust fans leak. B-l, B-2 

The leakage occurs at the shaft penetration to the fan housing, 
at the connection betweeo the fan and the exhaust duct or 
stack, and in positively pressurized exhaust duct. Most often, 
the leakage affects maintenance personnel; however, wheo a 
fan is located in the laboratory or the laboratory is negative in 
pressure relative to the fan room, the leakage could cause 
exposures to laboratory personnel. Wheo this leakage and 
migration of tracer gas occurs, it can affect tracer gas mea­
suremeots. 

The methods described in the standard can be used to 
evaluate fan rooms and explore leakage of positive-pressure 
ducts in the laboratory. Tracer gas is released in a laboratory 
hood, and the detector mouitors the conceotration of tracer 
gas in the fan room along the positive-pressure ducts or at the 
peoetration to the laboratory. 

B3.9 VA V Airflow Control Devices. While the majority of 
laboratory hoods are installed on constant-volume systems, a 
growing number of laboratories use VA V supply and exhaust 
systems. These VA V systems can reduce the volume of air 
exhausted from the laboratory. It is important to eosure that 
the VA V systems are properly designed, calibrated, and main­
tained. The VA V systems, just like all other componeots of 
the HV AC system, must function correctly to ensure that 
fume hood performance is not comproruised. 

If the VA V airllow control device is suspected of contrib­
uting to the poor performance of the laboratory hood, several 
issues can be investigated. 

It is important to ensure that the VA V airllow control 
device is performing properly and in accordance with the 
manufactorer' s specifications and requiremeots. The VA V air­
Row control device should opeo and close in response to a 
control signal from a seosor on the laboratory hood, regulat­
ing the exhaust Row to maintain a constant face velocity. If 
the airllow control device does not react sufficiently fast, the 



face velocity may not stabilize quickly enough to provide 
adequate containment. Reasons for a slow response time 
include inadequate calibration of the controller, sensor, or air­
flow control device, or that the airflow control device is 
located too far from the laboratory hood. Section 7.3 
describes a test procedure to determine the response time and 
the stability of VA V controllers. If containment is not ade­
quate when the sash is opened, the speed of response should 
be investigated as a cause. 

Many VA V systems reduce the capital cost of the exhaust 
and supply system by using a diversity factor. The total capac­
ity of the system, or of a specific segment of the system, is 
determined by assuming that some of the hoods are operating 
with the sash closed. When the sash is closed, the volumetric 
flow is determined by safety considerations rather than face 
velocity.8 -3• B-4 If more hoods are required to operate than the 
capacity of the system can meet the demand for, the hood face 
velocity can be well below the design conditions. This can 
result in poor fume hood performance. 

B3.10 Sash Opening. Some designs specifY the maximum 
allowable sash height. Often building ventilation systems pro­
vide sufficient face velocity through the reduced opening. 
Once the laboratory hood sash is opened beyond the design 
opening, hood performance may degrade. Strict administra­
tive controls are required when a system is designed and oper­
ated with diversity or sash limits. 

Because operators often open the sash above the sash 
stop, tests should be conducted with the sash full open. 

84. OTHER CONSIDERATIONS 

B4.1 Walk-By Tests. Walk-by tests often show the effect 
caused by the wake of a person walking by the hood. Place a 
source of smoke inside the hood and observe the effect as 
people walk by the hood. Although the test is merely informa­
tive, it can show that several variables have a siguificant effect 
on the results. These variables include the speed of the 
walker, the distance to the hood, the size and shape of the 
walker, the face velocity, and the sash configuration. Because 
the eddy formed as a person walks past the hood is often 
higher than the face velocity, the effect of an aggressive walk­
by can be aspiration of the hood. The test results can often be 
used as training information to ensure good work practices in 
the laboratory. 

B4.2 Mechanical Walk-By Tests. To eliminate or control 
some of the variables associated with a walk-by test, the test 
can be automated. The automated mannequin walk-by test is 
set up in the same manner as a standard tracer gas test, except 

that behind the mannequin at the hood, a second mannequin is 
placed on a rail system. The second mannequin performs con­
stant-speed walk-by challenges in which the mannequin 
moves back and forth at a fixed geometry and a fixed speed. 

The walk-by mannequin's near shoulder is placed 24 in. 
(610 mm) off the plane of the laboratory hood sash. The 
walk-by speed is at a rate of3 ft/s (0.91 m/s). In one test, the 
walk-by produced measured cross-drafts averaging 26 fpm 
(0.13 m/s) with peaks as high as 34 fpm (0.17 m/s). These 
measurements were taken perpendicular to the hood face 
between the walk-by mannequin and the hood face at both 
waist and shoulder heights at various points across the face of 
the hood. The walk-by mannequin does not simulate arm or 
leg movement. 

B4.3 Viability of Tracer Gas as a Surrogate for Particles. 
Many laboratory hoods are used in applications where the 
contaminant of concern is particulate (dust, mist, or fume) 
rather than a gas or vapor. Since the particulate of concern is 
often very small (less than 50 micrometers in aerodynamic 
diameter), the particles have low settling velocities and tend 
to follow the air strearulines. In limited testing, the perfor­
mance of an exhaust hood appears to be similar whether the 
contaminant is a tracer gas or a particulate. However, particu­
late spills, dribble, and carryout of dust can siguificantly 
affect the test results. Because the testing requires laboratory 
analysis, exterior room contamination is more difficult to 
determine until the tests are completed, whereas with tracer 
gas and a continuous monitor, the increase in background lev­
els can be observed duting the tests. Although the preliminary 
(and unpublished) results are interesting, additional investiga­
tion is warranted. 
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INFORMATIVE APPENDIX C 
EXAMPLE REPORT 

The results of hood performance testing can be commu­
nicated in many ways. The following outline includes major 
points that are often incorporated into a report describing per­
formance testing using this standard. The outline is only a 
suggestion to ensure completeness of the report. 

a. Design criteria (defined by the owner, hood specifications, 
or test documents) 

1. Sash design position or positions 

2. Average face velocity 

3. Acceptable range of face velocities 

4. Average face velocity for sash at 25% and 50% of the 
design hood opening 

5. Performance rating 

6. Sash movement effect performance rating 

7. ForVAVhoods: 

i. VA V speed of response time 
ii. VA V time to steady state 

8. For auxiliary air hoods only: the percentage of auxil­
iary air supply 

b. General 

1. Test site, owner, reason for testing 

2. Investigator, date, project number or identifier 
c. Hood information 

1. Hood type, including sash type 

2. Hood manufacturer and model 

3. Location (room number) and identification (hood 
number) 

d. System information 

1. Exhaust system description 

2. Supply air description 

e. Laboratory configuration 

1. Hood location 

2. Supply and exhaust systems 

3. Room activity 

4. Room sketch or reference to drawings 
f. Test equipment 

1. Velocity probes 

2. Smoke visualization methods (local and large-volume 
smoke generation) 

3. Tracer gas detector 

4. Mannequin 
g. Calibration (methods, frequency, and results) 

1. Detector 

2. Ejector 

3. Velocity instruments 
h. Test conditions 

1. Sash opening heights deptbs 

2. Clutter in hood 

3. Baffie position (slot size) 

4. Background (zero) testing 
i. Hood monitor 

1. Type 

2. Reading 
j. Test results 

1. Face velocity readings 
i. Grid description 
ii. Average face velocity 
iii. High and low grid readings 
iv. Face velocity control tests (for VAV systems) 
v. VA V response tests 

I. VA V speed of response 

II. VA V time to steady state 

2. Smoke observation 
i. Description of methods 
ii. Observation 

I. Local visualization challenge 

II. Large-volume visualization challenge 

3. Tracer gas results 

4. Sash movement effects 

5. Peripheral scan 
k. Factors affecting hood performance (if an explanation of 

results is indicated) 

1. Cross-drafts 

2. Activities in the room 

3. Thermal effects 
I. Conclusions 

1. Comparison to design criteria 

2. Recommendations 

3. Futore testing 



(fhis appendix is not part of this standard. It is merely 
Informative and does not contain requirements necessary 
for conformance to the standard. It has not been pro­
cessed according to the ANSI requirements for a standard 
and may contain material that has not been subject to 
public review or a consensus process. Unresolved objec­
tors on informative material are not offered the right to 
appeal at ASHRAE or ANSI.) 
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POLICY STATEMENT DEFINING ASHRAE'S CONCERN 
FOR THE ENVIRONMENTAL IMPACT OF ITS ACTMTIES 

ASHRAE is concerned with the impact of its members' actMties on both the indoor and outdoor environment. 
ASHRAE's members will strive to minimize any possible deleterious effect on the indoor and outdoor environment of 
the systems and components in their responsibility while maximizing the beneficial effects these systems provide, 
consistent with accepted Standards and the practical state of the art. 

ASHRAE's short-range goal is to ensure that the systems and components within its scope do not impact the 
indoor and outdoor environment to a greater extent than specified by the Standards and Guidelines as established by 
itself and other responsible bodies. 

As an ongoing goal, ASHRAE will, through its Standards Committee and extensive Technical Committee structure, 
continue to generate up-to-date Standards and Guidelines where appropriate and adopt, recommend, and promote 
those new and revised Standards developed by other responsible organizations. 

Through its Handbook, appropriate chapters will contain up-to-date Standards and design considerations as the 
material is systematically revised. 

ASHRAE will take the lead with respect to dissemination of environmental information of its primary interest and 
will seek out and disseminate information from other responsible organizations that is pertinent, as guides to updating 
Standards and Guidelines. 

The effects of the design and selection of equipment and systems will be considered within the scope of the 
system's intended use and expected misuse. The disposal of hazardous materials, if any, will also be considered. 

ASH RAE's primary concern for environmental impact will be at the site where equipment within ASH RAE's scope 
operates. However, energy source selection and the possible environmental impact due to the energy source and 
energy transportation will be considered where possible. Recommendations concerning energy source selection 
should be made by its members. 



ASHRAE • 1791 Tullia Circle NE ·Atlanta. GA 30329 • www.ashrae.org 

About ASHRAE 

ASHRAE, founded In 1894, Is a global society advancing human well-being through sustainable technology for the 
built environment. The Society and its members focus on building systems, energy efficiency, indoor air quality, 
refrigeration, and sustainability. Through research, Standards writing, publishing, certification and continuing 
education, ASHRAE shapes tomorrow's built environment today. 

For more infonnation or to become a member of ASHRAE, visit www.ashrae.org. 
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Visit the ASHRAE Bookstore 
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between the active Standard or Guideline and its previous version. For more information, visit the Standards and 
Guidelines section of the ASH RAE Bookstore at www.ashrae.org/bookstore. 

IMPORTANT NonCES ABOUT THIS STANDARD 

To ensure that you have all of the approved addenda, errata, and interpretations for dlis 
Standard, visit www.ashrae.org/stanclards to download them free of charge. 

Addenda, errata, and interpretations for ASHRAE Standards and Guidelines are no 
lonpr distributed with copies of the Standards and Guidelines. ASHRAE provides 
these addenda, errata, and interpretations only in electronic fonn to promote 
more sustainable use of resources. 
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