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ABSTRACT 

Face velocity is the standard variable used to test the 

performance of laboratory fume hoods. A quantitative 

testing method developed by Caplan & Knutson involves the 

measurement of tracer gas leakage out of a hood. Use of 

that method identified parameters other than face velocity 

that seemed to affect hood performance. 

In this study, a new testing method (Scott Method) was 

developed to incorporate hood parameters identified by 

Caplan & Knutson with face velocity measurements to generate 

a more comprehensive hood performance test method. The 

Scott Method consists of a semi-quantitative rating scheme 

that assesses the effects of traffic, diffuser velocity, 

equipment in the hood, and variation in face velocity on 

hood performance. The performance of 10 laboratory fume 

hoods was measured by the three methods; the Caplan & 

Knutson method was used as the measurement standard. The 

study hypothesis was that the Scott Method would yield a 

better prediction of hood performance than face velocity 

alone. This study suggests that prediction of hood 

performance by the Scott Method was not significantly 

improved relative to the use of face velocity alone. 
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INTRODUCTION 

The laboratory fume hood is regarded as the primary 

safety device for the protection of laboratory personnel. 

The Scientific Apparatus Makers Association (SAMA) defines a 

laboratory fume hood as " a ventilated enclosed work space 

that is intended to capture, contain and exhaust fumes, 

vapors and particulate matter generated inside of the 

enclosure. Although face velocity (mean velocity of air 

flow into a hood ) alone is not a direct measure of a hood's 

capability to provide personal protection, it is currently 

regarded as the accepted method of estimating the 

performance of a laboratory fume hood. Several other 

parameters should be considered during the evaluation of 

laboratory fume hood performance (Caplan and Knutson,1982 ). 

There is a lack of extensive experimental data that 

could support a rationale for recommending face velocity as 

a performance test. Peterson (1959) reasoned that since the 

main route of contaminated air escape to a user's breathing 

zone is through the hood face, performance of a hood is a 

function of the behavior of the air at the hood face. 

Therefore, the mean velocity at the hood face should be the 

criterion used to evaluate hood performance. Nevertheless, 

other researchers indicate that face velocities were 

recommended on the basis of judgement and field experience 
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(Caplan and Knutson, 1982). 

The American Society of Heating, Refrigerating, and Air 

Conditioning Engineers (ASHRAE) standard for measuring hood 

performance involves taking at least nine velocity readings 

at the face of a hood with a calibrated hot wire anemometer 

or other velocity measuring instrument to produce a mean 

velocity. The standard requires a face velocity range of 50 

- 150 fpm depending on the toxicity of materials used in the 

hood (Steere, 1971) (see Table I). However,as mentioned 

earlier, there are several disadvantages associated with the 

TABLE I. Recommended 
Velocities * 

Minimum Laboratory Hood Face 

Degree of Hazard Minimum Velocity 

Low toxicity levels 

Average toxicity levels 
in research involving 
wide range of materials 

Low - level radioactive 
tracer materials with 
nominal toxicity hazards 

Significant chemical 
toxicity levels and 
moderately radioactive 
materials 

Higher levels of toxicity 
and highly radioactive 
materials 

50 fpm 

75 fpm 

100 fpm 

150 fpm 

Consider the use of 
glove boxes and 
total enclosures 
for velocities » 
than 150 fpm 

* Taken from Steere (1971) 
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use of face velocity alone as a performance test. It 

basically ignores the effects of supply air currents or 

other disturbances such as traffic, location of diffusers, 

and apparatus inside of the hood. In addition, face 

velocity does not indicate the direction of air movement. 

However, the use of face velocity as a performance test does 

provide an easy test method that can be performed in a 

relatively short period of time. 

Caplan and Knutson (1978) proposed a new standard to the 

ASHRAE Committee on Standards. The purpose of the standard 

was to specify a quantitative test procedure for evaluating 

laboratory fume hoods. The test consisted of releasing a 

known amount of tracer gas at three designated positions in 

the hood and measuring the leakage out of the hood in the 

breathing zone of a mannikin. 

The proposed test was the first to formally recognize 

that hood efficiency is affected by the presence of a worker 

(Koenigberg and Seipp, 1988). It is also important because, 

for the first time, other parameters that affect hood 

performance were considered. Those parameters include the 

effect of supply air currents, operations conducted in the 

hood, positioning of the hood, and traffic. 

ASHRAE accepted the performance test as a standard in 

1982 (Koenigberg and Seipp, 1988). It shifted the focal 

point away from a quantitative test procedure to a 
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performance test of hood performance based on measurement of 

leakage from a hood. 

The apparent benefits of the tracer gas method have 

been previously mentioned, but the disadvantages must also 

be considered. The performance test is more time consuming 

and complex than the face velocity method. Careful thought 

and consideration must be given to every aspect of the test 

procedure so that accurate results may be obtained. 

Several researchers have utilized the Caplan and Knutson 

(C/K) performance test protocol (Peterson, et al., 1983; 

Ivany, et al., 1989). There is a general consensus that the 

quantitative test is a very useful tool for determining the 

containment ability of a hood. They also emphasize that the 

reliance upon face velocity while ignoring other parameters 

is not a realistic approach for determining protection for 

workers. 

Given the limitations of the C/K and face velocity 

methods, this research was initiated to develop a combined 

method that would be: 1) less complex than the C/K method; 

and 2) more comprehensive than the face velocity method. 

This thesis will describe the application of this new 

method, and examine its applicability relative to the 

current face velocity standard. 
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Objective 

The objective of this research project is to validate a 

new performance method for evaluating the efficiency of a 

laboratory fume hood. If validated, this new method will be 

more predictive of performance than the current standard 

method and less cumbersome and costly than the leading 

alternative. 
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BACKGROUND 

The most common method of controlling contaminants in 

the laboratory is through the utilization of laboratory fume 

hoods. The laboratory fume hood is composed of side, back, 

and top enclosure panels. Its basic elements include: a 

counter top or work space, an access opening called the 

face, a sash (horizontal or vertical) and an exhaust plenum 

equipped with a baffle system for the regulation of air flow 

distribution (SAMA, 1975). Other hood accessories include 

lights, service outlets, sinks, air bypass openings, flow 

alarms, and airfoil entry devices. Hoods are generally 

constructed of nonflammable materials. Welded steel 

construction is recommended for the sash frame. The glass 

within the sash is typically laminated safety glass at least 

7/32 in. thick, or other equally safe material that will not 

shatter in case of an explosion (National Research Council, 

1981). 

Types of Hoods 

There are several types of laboratory fume hoods. 

General purpose fume hoods are divided into three 

categories: conventional or standard, bypass, and auxiliary 

or add-air. The two most common special purpose fume hoods 

are the perchloric acid and radioisotope hoods (Labconco 
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Corp., 1974). Although the design is different, all of 

these types of hoods have the basic function of capturing 

and containing toxic chemicals before they reach the 

breathing zone of the operator. It must be emphasized that 

the concentration in the worker's breathing zone should be 

kept as low as possible and should not exceed the recognized 

exposure limit for a particular contaminant. 

General Purpose Fume Hoods 

Conventional or Standard Hood 

This is the most common enclosure with a movable front 

sash and an interior baffle (see Appendix A, Fig. A-l). The 

orientation of the sash can be either horizontal or 

vertical. The horizontally operable sash provides maximum 

access for apparatus setup, conserves energy since it has a 

smaller face opening, and provides movable protective 

shielding. A transparent horizontal sliding sash 

arrangement can also reduce overall air requirements by 

about 50% if two half-width panels are used. Similarly, if 

three panels are used the maximum open area reduction is 67% 

(ASHRAE Handbook, 1987) . The standard hood's volume and 

velocity vary as the sash is raised or lowered because of 

the variable area of the face opening. Therefore, this hood 

is more difficult to balance. The standard hood is generally 

the most inexpensive, but its performance is strongly 
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dependent upon the positioning of the sash. For the 

vertical sliding sash in particular, closing the sash 

disrupts the air flow and results in high velocities across 

the face of the hood, which can interfere with operations 

being conducted in the hood. Table II lists the advantages 

and disadvantages of the standard hood. 

Table II. Advantages and Disadvantages of Standard 
Laboratory Hoods * 

ADVANTAGES DISADVANTAGES 

Simple to install High energy 
consumption 

Inexpensive hood design Potential to 
operate at high 
face velocities 

Excellent containment User is not 
generally en
couraged to work 
with a lowered 
sash position 

Easy to operate Difficult to 
balance 

* Taken from Labconco (1974). 

Bypass Hood 

The bypass fume hood is an improved version of the 

standard hood (see Appendix A, Fig. A-2). It incorporates 

an internal bypass feature that permits the same volume of 
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air to be exhausted by the hood regardless of the position 

of the sash. The bypass hood enhances balancing of the air-

conditioning and exhaust systems (Horowitz et al., 1971). 

Horowitz also emphasizes that it is often assumed that 

because the bypass hood is more expensive and more 

elaborate, it provides better protection than the standard 

hood. However, the special function of the bypass hood is 

geared toward balancing the air-conditioning system rather 

than safe operation, and does not provide greater 

protection than a properly designed standard hood. Table 

III lists the advantages and disadvantages of bypass hoods. 

Table III. Advantages and Disadvantages of Bypass 
Laboratory Hoods * 

ADVANTAGES DISADVANTAGES 

Simple to install High energy 
consumption 

Inexpensive hood design User is not 
generally 
encouraged to 
work with a 
lowered sash 

Simple to balance position 

•Taken from Labconco (1974). 
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Auxiliary or Add Air Hood 

Auxiliary fume hoods are designed to permit the 

introduction of untempered (outside) air into the hood's 

exhaust (see Appendix A, Fig. A-3). The purpose of this 

auxiliary supply of outdoor air is to reduce the energy 

required to condition the outside air which replaces room 

air exhausted by the hood. The majority of auxiliary air 

hoods provide unconditioned or partially conditioned outside 

air. In most cases, 70% or more of the air exhausted comes 

from outside (Steere, 1971). 

There are basically three designs for the delivery of 

auxiliary air to the hood. Delivery can be to the outside, 

overhead or in front of the sash. Auxiliary air should be 

introduced outside the face opening because air introduced 

inside the hood reduces the total air volume drawn from the 

room and therefore decreases the face velocity below the 

level that is needed to prevent leakage. The degree of 

energy conservation achieved with a properly applied 

auxiliary air hood is a function of tempering requirements 

for the auxiliary air. 
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Table IV. Advantages and Disadvantages of Auxiliary Air 
Laboratory Hoods * 

ADVANTAGES DISADVANTAGES 

Operator bathed in clean air May be compli
cated to install 

Energy conservation May require 
tempering of 
auxiliary air 

Should be installed with High maintenance 
safety interlock 

* Taken from Labconco (1974). 

Special Purpose Fume Hoods 

Perchloric Acid Hood 

This is a special adaptation of the bypass hood and is 

used when perchloric acid or other strong oxidants are in 

use. Problems encountered with this type of hood are 

associated with the explosive organic vapors that condense 

when passing through the hood's exhaust system. It is 

constructed of relatively inert materials such as stainless 

steel (ASHRAE Handbook, 1987). The perchloric acid hood 

must have an internal water-wash system in order to prevent 

the accumulation of perchloric acid deposits which are an 

explosive hazard. The wash down procedure should be 

employed after every use. 
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Radioisotope Hood 

This hood is also of the bypass type and is specially 

constructed to allow easy cleaning or decontamination. 

They are usually equipped with HEPA (High Efficiency 

Particulate Air) filters in the exhaust ducts to collect 

radioactive particulates. Radioisotope hoods are used for 

radioisotope work or for other operations, such as 

carcinogens or biohazards, where the discharge from the 

hoods must be cleared of particulates (Heider, 1972). 

Design Parameters that Contribute to containment 

There are several design parameters associated with 

fume hoods that enhance the containment of contaminants. 

The depth of a hood is important because increased hood 

depth results in more uniform suction across the open face. 

The depth of the hood is also important when considering 

experimental setups that can be contained and the possible 

size of apparatus (Steere, 1971). 

Slots provide uniform air distribution across the face 

of the hood. Most hoods are equipped with a top and bottom 

slot, although multiple slots are recommended in order to 

minimize the chance for contaminants to reach the hood face 

(ACGIH, 1988). Typically, slots consist of a narrow exhaust 

opening and a plenum chamber. Uniform exhaust air 

distribution across the slot is achieved by proportioning 
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slot width and plenum depth so that the velocity through the 

slot is much higher than in the plenum. Therefore, the 

majority of the resistance to air flow occurs in the slot 

openings and a uniform negative pressure is thus created in 

the plenum chamber behind the working zone of the laboratory 

hood. However, the total slot area must be maintained at 

less than two-thirds of the cross-sectional area of the 

plenum behind the rear baffle for this to be accomplished 

(ACGIH, 1988). 

Baffles provide a barrier to unwanted air flow from 

the front or sides of a hood. Expert opinion varies 

dramatically on the proper design of baffles, but generally 

recommends at least two baffles, one at the top and one at 

the back of the enclosure (ACGIH, 1988). 

Another important design feature of the laboratory fume 

hood is the bottom airfoil which improves air flow by 

eliminating the eddy zone (air turbulence) that otherwise 

would form above the hood floor. Vapors from spilled 

liquids can be swept directly into the exhaust system. 

Airfoils placed at the sides and tops of hood openings also 

reduce turbulence around the edges. 

Factors that Affect Hood Performance 

The location of a fume hood in the laboratory can 

affect its performance. Opening and closing doors in the 
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vicinity of the hood results in the movement of a 

considerable volume of air and can have a substantial 

influence on air flow patterns. This disturbance in air 

flow patterns can temporarily alter fume hood air flow 

characteristics and cause contaminants to be drawn out of 

the hood. Therefore, it is recommended that fume hoods be 

located away from door openings. Similarly, pedestrian 

traffic within the laboratory can interfere with the 

operation of the fume hood. A walking speed of one mile per 

hour (mph) is equal to 88 feet per minute (fpm), which is 38 

fpm greater than the minimum recommended face velocity. A 

person walking past the hood at 2 mph is moving at 176 fpm, 

which is 26 fpm more than the maximum recommended face 

velocity. Since these are relatively moderate walking 

speeds, it can be assumed that any walking speed can 

produce a significant challenge to the hood and cause 

contaminants to flow out of it. As a result, it is 

recommended that all fume hoods be located away from major 

aisles or heavy traffic areas (Steere, 1971). 

Other factors that can affect hood performance are the 

amount and location of apparatus in the hood. Since air in 

a laboratory can move in all directions, apparatus such as 

hot plates, vortexes and chemical containers may alter this 

movement and introduce turbulence. Under turbulent 

conditions, an emission source placed near the face of the 
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hood can spill vapors of particulate matter out of the 

hood. In many cases, a high capture velocity or face 

velocity will rectify this problem. However, a less energy-

consuming approach is to place the equipment farther back 

into the hood. It is recommended that all equipment in the 

hood be placed at least four in. behind the hood sash. In 

general, all equipment in the hood should be placed as far 

back as possible so as not to obstruct the rear slot 

(Fundamentals of Industrial Hygiene, 1988). The less 

apparatus in the hood, the more likely that there will be 

laminar flow of air across the work surface. 

Since a considerable amount of energy is necessary 

to supply tempered input air to a hood, the use of hoods for 

chemical storage is a wasteful practice. The preferred 

practice is to store chemical containers or bottles in a 

separate vented storage cabinet. The amount of air 

exhausted by vented storage cabinets is considerably less 

than that exhausted by a fume hood that is working properly. 

Hood performance can also be altered by supply air 

velocity (terminal velocity). The terminal velocity should 

normally be no greater than 1/2 to 2/3 of the face 

velocity. Higher terminal velocities can cause contaminants 

to be pulled out of the hood. Any air currents or motion at 

the hood face in excess of the face velocity disturbs air 

flow and can cause contaminant outfall or leakage. A 
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general recommendation is that the terminal supply air 

velocity in the vicinity of the hood be limited to 35 fpm 

(Steere, 1971). 

Performance Criteria 

Performance criteria for fume hoods consist of: 1) flow 

control; 2) spillage; and 3) face velocity control. As 

mentioned earlier, flow is adjusted by horizontal slots in 

the back baffle of the hood. A slot at the bottom of the 

baffle provides a sweeping flow of air across the work 

surface. A second slot at the top exhausts the canopy, and 

a third is normally located in the middle of the baffle. 

Normally, the slot openings are locked at specified 

positions for a given operation. 

Spillage (leakage outward through the face opening) can 

be caused by several factors, as was pointed out in a 

previous section. Other contributors include: 1) eddy 

currents generated at hood openings and surface projections; 

2) heated sources such as hot plates;and 3) highly turbulent 

operations such as the use of blenders or mixers in the 

hood. Sinks and other service fittings near the face of 

the hood can also produce air turbulence and be a potential 

cause of leakage. Plain entrance edges produce a vena 

contracta (turbulence) within 1 in. of the surface for up 

to a depth of 6 in. (ASHRAE, 1987). Contaminants produced 
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in this area will be disturbed and possibly escape the hood. 

Airfoil shapes at entry edges can normally eliminate or 

greatly reduce the vena contracta. ASHRAE also recommends 

that sinks and service fittings be located at least 6 in. 

inside the hood face. 

Face velocity is affected by variations in the 

resistance of the hood's exhaust system. These variations 

are most commonly caused by modulations in the face opening 

and build-up of exhaust filter resistance (ASHRAE Handbook, 

1987). A proportional air bypass device is required to 

control face velocities between prescribed design limits for 

hoods. Two types are applicable to hoods with vertical 

sashes: 1) a bypass opening located in a front panel 

directly above the hood door, positioned so that the door 

functions as a damper when it is raised or lowered; and 2) a 

bypass damper opening to the hood canopy that is positioned 

mechanically above the door to serve as a proportional air 

bypass. Bypass devices that can be applied to both 

horizontal and vertical sashes include: 1) a barometric 

damper responsive to pressure variations generated in the 

hood as the face area is varied; and 2) a bypass damper 

with a velocity sensitive control device (Steere, 1971). 
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Exhaust Systems 

Laboratory exhaust systems are composed of four 

elements: the hood(s), the duct system, the air cleaning 

device and the fan. The purpose of the hood is to collect 

the contaminant. The duct then transports the contaminated 

air to the air cleaning device, which removes the 

contaminant from the air stream. The fan must then overcome 

losses which are caused by friction, hood entry, and 

fittings in the system. A duct on the fan finally 

discharges the air into the atmosphere. 

Laboratory exhaust systems can be classified on the 

basis of hood characteristics and the method of hood 

operation and control as either constant volume or variable 

volume systems. 

Constant volume Systems 

The constant volume system exhausts a fixed quantity of 

air from each hood. Hoods that are served by this system 

must have bypasses to regulate air volume and face velocity. 

Since the same air volume is handled for any given set of 

conditions, the total number of exhaust hoods that can be 

installed throughout a facility is limited by the capacity 

of the exhaust system and the capability of the supply 

system to provide make up air (Diberardinis et al., 1987). 

Constant volume systems are relatively easy to balance and 
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tend to be very stable. In most cases, continuous control 

of air balance during normal operation is not necessary. 

The constant volume system is very flexible in terms of 

the number and location of hoods. However, there may be 

high operating costs associated with the high air volumes 

involved. 

Variable Volume Systems 

In most laboratories, the as manufactured hood capacity 

is rarely used. A system which incorporates a variable flow 

controller in the hood can reduce the size of the exhaust 

system required. Variable volume systems reduce the air 

flow during periods in which the hoods are not in use or 

when they are not operated at full capacity. A decrease in 

exhaust air volume is coupled with a constant hood face 

velocity when the hood opening is partially closed. This is 

accomplished by a sensing element which responds to changes 

in hood face velocity and operates a motorized damper in the 

exhaust duct to maintain the face velocity within the 

desired range (Steere, 1971). When the hood is exhausted by 

an individual fan, the operation of the damper will normally 

be adequate to reduce the capacity of the fan. It can also 

be supplemented by a static pressure regulator in the duct 

inlet. 
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Variable volume systems can provide lower operating 

cost by limiting the normal operating air handled to less 

than the total required to exhaust all of the hoods, and 

also permit the shutting down of inactive hoods when not in 

use. There is also more flexibility in the installation of 

hoods. The total number of hoods is not dependent solely 

on the capacity of the exhaust system. However, these 

systems are difficult to balance, less stable in operation, 

and more difficult to control than the constant volume 

systems. 

Supply Systems 

The supply system is used to supply make-up air, 

usually tempered to the laboratory space, and create a 

comfortable environment. The system normally consists of an 

air inlet section, filters, heating and/or cooling 

equipment, fan, ducts, and grilles or_ diffusers for 

distributing air into the laboratory (ACGIH, 1988). All of 

the air exhausted from a laboratory must be replaced with 

supply air. An equal volume of replacement or makeup air is 

essential in order to establish the proper number of air 

exchanges to insure safe working conditions and maintain 

pressure relationships. If the amount of replacement air 

supplied to the laboratory is less than the amount 

exhausted, the pressure in the lab will be less than 
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atmospheric. This condition is termed "negative pressure" 

and results in air entering in an uncontrolled fashion 

through doorways, windows and other openings (ACGIH, 1988). 

The lack of replacement air under negative pressure 

conditions can result in an increase in the static pressure 

that the exhaust fan will have to overcome, thus resulting 

in a decrease in exhaust flow rate. 

Caplan and Knutson's Performance Test 

The hood performance measure developed by Caplan and 

Knutson (C/K) consisted of releasing known amounts of tracer 

gas mixed with air into a laboratory hood. Hood performance 

was determined with simultaneous measurements of leakage 

made in the breathing zone of a mannikin located immediately 

in front of the hood. Fluorochlorocarbon-12 (F-12) was 

chosen as the tracer gas because of its: 1) low toxicity; 

2) low odor; 3) non-flammability; 4) low cost; and 5) 

availability. 

Test Equipment and Procedure 

C/K passed F-12 through a pressure regulating valve 

and delivered it to the hood through a critical orifice. An 

ejector mixed the tracer gas with air. A three dimensional 

clothing display mannikin was used throughout the study to 

simulate a worker. The mannikin was representative of 
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human proportions and was placed with its nose at the hood 

face. The detector probe of the air sampling system was 

placed below the nose. 

The tracer gas detection system used by C/K was a 

portable infrared spectrophotometer that measured in the 

range of 0.01 - > 100 ppm. A strip chart recorder was used 

to record the detection. The spectrophotometer was 

calibrated on a daily basis with the use of a closed loop 

calibration system. 

C/K Test Procedure 

Preliminary tests included a sketch of the general 

layout of the room showing the location of hoods and 

diffusers. A titanium tetrachloride swab test was also 

conducted inside the hood. This test consisted of painting 

the reagent on the walls and sides of the hood to assess 

visible leakage. Face velocity measurements were taken with 

a calibrated anemometer in at least nine equal rectangles 

across the face. 

The test procedure required that the detector be turned 

on and allowed to equilibrate. A release rate was chosen 

that was representative of work conducted in the hood. The 

ejector was installed in three positions (left, center, and 

right) with reference to the hood face. The left and right 

positions placed the ejector 12 in. from the inside walls 
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of the hood. The center ejector position was equidistant 

from the inside walls. For all three positions, the ejector 

was located 8 in. behind the hood face and 14 in. above the 

hood bench. 

At test initiation, the tracer gas block valve was 

turned on and the detector probe was held in the region of 

the nose and mouth of the mannikin. The long axis of the 

probe was parallel to the hood face. Readings were then 

recorded both manually and by chart recorder for 10 minutes. 

The mannikin and ejector were then relocated to the other 

test positions. The control rating of the hood was defined 

as the highest average leakage value from any of the three 

test positions. The hood performance rating was recorded as 

xx AU yyy, where xx equals the tracer gas release rate in 

liters per minute, yyy equals the control level or leakage 

in ppm, and AU means as used. A more detailed description 

of the performance test can be found in the literature 

(ASHRAE, 1978; Caplan and Knutson, 1982). 
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Modifications of the C/K Performance Test 

The basic C/K method was modified for use as a standard 

in this study. Modifications included: 1) the author was 

used instead of a mannikin to simulate a worker in front of 

the hood/thereby creating a more realistic test environment; 

2) a more direct gas generation/mixing system was used 

instead of an ejector for tracer gas generation purposes; 

and 3) the leakage measurement protocol outside of the hood 

was expanded to include determination of leakage variation 

under various conditions. 

A one gallon can was used to mix and dilute F-12 tracer 

gas to achieve the desired release rate and concentration. 

A ring stand and clamp were used to position the mixing 

chamber in the test hood (see Figure 2). Ambient room air 

was supplied by an air pump (Gilian, Model HFS 113A) 

connected to one port of the chamber by a length of teflon 

tubing. A 30 lb. compressed gas cylinder of F-12 and a 

calibrated rotameter supplied metered tracer gas to the 

other port. A needle valve was placed in line with the 

rotameter to establish better flow control. An infrared 

spectrophotometer (Wilks, Model 1A-CVF), such as that used 

by C/K, was employed to detect tracer gas leakage from the 
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test hood. The detector signals were manually recorded. 

The equipment setup is depicted in Figures 1, 2 and 3. 

Atr Flomitto 

Figure 1. Schematic of Equipment Setup 
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Hriil Contalrar 

Pigure 2. Schematic of Diffuser System inside of the Hood 

+ 

Figure 3. Schematic of Performance System 
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Tracer Gas Release Rate 

A release rate of 4 L/m was specified for the C/K 

performance test. They determined that pouring volatile 

solvents back and forth from one beaker to another generated 

an approximate vapor volume of 1 L/m. Therefore, a release 

rate of 1 L/m was assumed to represent a minimum challenge 

rate. They also determined that a 500 watt hot plate that 

transfers heat at 50% efficiency to a container with boiling 

water generates 8.5 L/m water vapor at 20°C (68°F). 

Therefore, a release rate of 8 L/m was selected as the upper 

challenge rate. A release rate of 4 L/m, midway between the 

upper and lower release rates, was used to generally 

represent work conducted in lab hoods. In this study, the 

release rate of the air/freon mixture was 3.84 L/m. 

Concentration of Tracer Gas 

A 6.25% mixture of F-12 in air was released into each 

test hood. The individual flow rates were 3.6 L/m for air 

and 0.24 L/m for F-12. Sample calculations can be found 

in Appendix B. 

The Miran spectrophotometer was calibrated initially 

with a closed loop calibration system (Foxboro/Wilks, Model 

106-0200). Three calibration curves were generated to 

cover a range of 0.1 ppm to 203 ppm (see Appendix C, Fig. C-

1 - C-3). Periodic verification of the calibration curves 
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was accomplished as exhibited in Appendix C, Table C-IV. 

The Gilian pump was initially calibrated with a 

Gilibrator primary flow measurement system (Gilian, Model 

1490-B). Subsequent checks showed that the constant flow 

pump exhibited good stability at the desired flowrate. The 

tracer gas rotameter was also initially calibrated with the 

Gilibrator and verified on a periodic basis (see Appendix E, 

Fig. E-l -  E-3).  

Another modification to the C/K test involved the 

leakage measurement protocol. The C/K protocol placed the 

gas source in each of three positions (left, center, and 

right) in the hood. Gas leakage from the hood was then 

monitored for a 10 minute period in the breathing zone of a 

mannikin placed outside the hood in the same relative 

position as the source. For this study, a simulated hood 

user (SHU) replaced the mannikin. In addition, gas leakage 

measurements were made for three-minute periods at all three 

hood locations while the gas source remained fixed at each 

location. This modification to the C/K protocol allowed 

variation in hood leakage as a function of user location to 

be examined. Hood face velocities were also measured with a 

calibrated thermo-anemometer (Alnor, Model 8500D-II) to 

determine the effect of the SHU. 
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Face Velocity Method 

The face velocity method (ASHRAE,1987) consisted of 

taking nine measurements at the face of the hoods with a 

thermo-anemometer. A sketch of the general layout of the 

room was also made. This included the location of hoods, 

diffusers, and doors. Activities conducted in each hood 

were also noted. 

Scott Method 

The Scott method is based on the hypothesis that a 

semi-quantitative rating system that factors in the effects 

of traffic, ceiling diffuser velocity, equipment in the 

hood, and variation in face velocity along with face 

velocity will yield a stronger predictor of hood performance 

than face velocity alone. A three point rating system (no 

effect= 0, slight effect= -1, and significant effect= -2) 

was used to score the parameters included in the Scott 

method. The rating form used for the Scott method can be 

found in Appendix F, Table F-III. 

Traffic 

The effect of traffic on hood performance was assessed 

according to two factors, the number of people in the 

vicinity of a hood and the location of the hood on a major 

or minor aisle. The development of the estimation of the 

number of people in the vicinity of a hood can be found in 
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Appendix D. The definitions of major and minor aisles and 

vicinity can also be found in Appendix D. 

If a hood was located on a major aisle with « 6 people 

working in the vicinity, a -1 rating was assigned. A hood 

on a minor aisle with « 6 people working in the vicinity 

received a rating of 0. The location of a hood on a major 

aisle with » or = 6 people working in the vicinity received 

a rating of -2. The location of a hood on a minor aisle 

with » or = 6 people working in the vicinity received a 

rating of -1. 

Diffuser Velocity 

The effect of diffuser velocity was assessed in two 

phases. The first phase consisted of a field test on a hood 

to determine at what distance from the hood diffuser 

velocity could be measured without the influence of face 

velocity. A smoke tube and thermo-anemometer were used at 

one ft. increments from the hood face to detect air flow 

patterns and velocities. At a distance of 7 ft. from the 

test hood, there was no detectable air flow toward the face 

of the hood. The second phase adjusted the 7 ft. minimum 

detection distance to accommodate possible diffuser 

orientations. Assuming a maximum hood length of 8ft., a 

trigonometric analysis revealed that a minimum measurement 

distance of 8 ft. would not violate the minimum 7 ft. 
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requirement (see Appendix D for trigonometric analysis). 

Diffuser velocities less than h of the face velocity 

received a no effect rating of 0. A diffuser velocity of 

less than h of the face velocity was considered as having a 

slight effect on hood performance and received a rating of -

1 . A diffuser velocity of greater than two-thirds was 

considered as having a significant effect and therefore 

received a rating of -2 . 

Equipment 

The effect of the amount of equipment in a hood was 

assessed by estimating the ratio of vertical equipment 

projected area to hood face area. Projected area ratios of 

10% or less received ratings of 0. Ratios of 20-50% 

received ratings of -1, and ratios greater than 50% 

received ratings of -2 . 

Variation in Face velocity 

The last parameter assessed for inclusion in the Scott 

method was variation in face velocity. Existing standards 

recommend that face velocity readings not vary more than ± 

25% for occupied hoods. The percent coefficient of 

variation was used as a determinant of face velocity 

variation. Therefore, if a face velocity had a % COV of « 

25% , a no effect rating of 0 was applied. A -1 rating 

was applied for COV's » 25%. 
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Scott Index 

The Scott Index was developed by modifying face 

velocity as a function of four parameters previously 

identified (traffic, diffuser velocity, equipment in hood, 

and variation in face velocity). Each parameter received 

equal weightings of 12.5% when coupled with ratings of 0,-1, 

and -2. The Index could range from 0-FV. For example, if a 

hood's face velocity was 100 fpm with all ratings of 0, the 

resulting index would be 100. If the same face velocity of 

100 fpm had all ratings of -2, the resulting index would be 

0. The Scott Index can be expressed as: 

n 
SI = FV + a FV (WiRi) 

i = 1 

where: 
SI = Scott Index 
FV = Measured hood face velocity 
Wi = Weighting factor for parameter i 
Ri = Rating factor for parameter i 
n — i of hood effect parameter 
3 = Summation 

Reproducibility of the C/K Method 

Three consecutive tests of the C/K method were 

performed on a single hood to determine the reproducibility 

of the method. Hood leakage measurements were made at each 

hood location (left, center, and right) corresponding to the 

location of the tracer gas generation system. 
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Reproducibility of the Scott Method 

Six people were randomly selected to perform the Scott 

method on a selected hood. Since the hood was not a 

normally operated laboratory hood, it was initially pointed 

out that the hood was located on a major aisle and that less 

than six people were normally in the vicinity of the hood. 

Data Analysis 

All data were analyzed using Number Cruncher 

Statistical System 5.01 (1987), (Kaysville, Utah). Multiple 

regression analyses were used to test the relationships 

between the five hood effect parameters and the three hood 

performance rating methods. Differences in leakage levels 

for the ten test hoods were analyzed by one-way analysis of 

variance (ANOVA). 

Field Tests 

Field tests of the three methods (Face Velocity, 

Scott, and Caplan & Knutson) were performed on a total of 

ten laboratory fume hoods. Eight were standard hoods and 

two were of the perchloric acid type. All of the hoods were 

located in research laboratories at the University of 

Arizona . On the average, the test duration for the three 

methods was 1 hour and 15 minutes, including the time for 

setup and warm up of the test instrumentation. Existing 
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equipment in the hood was not significantly disturbed and 

room activity was conducted as normal. 
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RESULTS 

Evaluation of the Hood Performance Rating Methods 

Measured hood leakage levels for the test hoods ranged 

from 1 to 188 ppm. Mean hood face velocities ranged from 41 

to 102 fpm. A general description of each test hood can be 

found in Appendix I. Table V indicates the relationships 

between hood face velocities, the C/K Index based on 

leakage levels, and the Scott Index. The following values 

from the three hood performance rating methods were 

considered to be good: 1) face velocities greater than the 

minimum recommended criterion of 50 fpm; 2) leakage levels « 

or = 6 ppm (deduced from hoods that were 99.999% efficient; 

and 3) Scott Index values that were equal to or approached 

the face velocity for a given hood. 

There was consistency between the face velocity and C/K 

methods in that test hoods with lower face velocities had 

higher leakage levels. The data were analyzed to discern if 

there was a significant difference in the ten test hoods. A 

one-way analysis of variance indicated a significant 

difference in hood leakage levels for the ten hoods 

(p«. 0001). The data also indicate that the test hoods can 

be separated into two basic groups as a function of leakage 

(see Figures 4a & 4b). Hoods 1, 2, 3, and 5 had relatively 

high leakage levels (» 27 ppm), while hoods 4 and 6-10 had 

relatively low leakage levels (« 6 ppm) . 
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Table V. Data Summary from the Three Hood Performance 
Rating Methods 

Hood # Face Velocity 
(fpm) 

C/K 
(ppm) 

Scott 

1 41 94 21 
2 45 27 27 
3 48 88 29 
4 102 6 71 
5 51 188 31 
6 65 4 39 
7 72 4 43 
8 77 5 46 
9 102 1 92 
10 87 2 52 

Face Velocity = the average face velocity measured for the 
hood. 
C/K = leakage measured outside the hood face. 
Scott = Scott Index which incorporates face velocity with 
four other parameters. 
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Figure 4a. Differences in Control Levels for 10 Test Hoods 
(n =3). Refer to data in Appendix G for control 
levels. 
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Figure 4b. Differences in Test Hoods with Lowest Control 
Levels (n = 3). Refer to data in Appendix G for 
control levels. 

Effect of Hood User and Source on Hood Performance 

The position of the Simulated Hood User (SHU) and 

source had a significant effect on hood performance (see 

Appendix G, Table G-I-G-X). For all hoods tested, the 

presence of the SHU and source at the source location 

increased spillage of F-12 from the hood. The extent of 

spillage varied from hood to hood and position to position 

(left, center, and right). Measured face velocities were 

consistently lower at the SHU location. 
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The Scott Index ranged from 21 to 92. Ratings assigned 

to hood parameters for each test hood can be found in Table 

VI. The Scott Index for the ten hoods is presented in Table 

V. The Scott Index predicted reduced hood performance, 

relative to the face velocity method, for all test hoods. 

The Relationship Between Control Level and Various Hood 
Effect Parameters 

In Appendix H, plots of all hood parameters 

incorporated in the Scott Index (traffic, variation in face 

velocity, diffuser velocity, and equipment in the hood) are 

shown as a function of control level. Graphs depicting the 

relationships between control level and the three hood 

performance rating methods can also be found. 

Table VI. Ratings Assigned to Test Hood Parameters Included 
in Scott Method 

Hood # Traffic Diff.Vel. Equip. Var.FV 
1 -1 -2 -1 0 
2 0 -1 -1 -1 
3 -1 -1 -1 
4 0 -1 -1 0 
5 -2 -1 -1 0 
6 0 -1 -2 0 
7 -1 -1 -1 0 
8 -1 -1 0 
9 0 0 0 0 
10 0 -1 -2 0 

Parameters = Traffic, Diff. Vel., Equip., and Var. FV 
Ratings = 0,-1,-2 where: No effect=0? Slight effect=-l; 
Significant effect=-2 
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Traffic exhibited the highest degree of correlation 

with hood leakage, with a non-parametric Spearman's rho 

correlation coefficient (Spearman's r) of 0.802. As 

expected, hood leakage tended to increase as traffic 

increased (see Appendix H, Figure H-l). Diffuser velocity 

had a Spearman's r of -0.313. In contrast to expectation, 

leakage decreased as diffuser velocity increased (see 

Appendix H, Figure H-2). The parameter equipment in the 

hood had a Spearman's r of -0.106. This relationship was 

not expected since leakage tended to decrease as the amount 

of equipment in the hood increased (see Appendix H, Figure 

H-3) . Lastly, variation in face velocity exhibited the 

lowest degree of correlation with hood leakage with a 

Spearman's r of -0.057. Contrary to expectation, the 

relationship between leakage and variation in face velocity 

was weak (see Appendix H, Figure H-4). 

When determining the strength of the relationships 

between the three performance methods, the highest degree of 

correlation was found between face velocity and the Scott 

Index with a Spearman's r of 0.934. This strong association 

was expected since face velocity is a major component of the 

Scott Index (see Appendix H, Figure H-5). Face velocity and 

C/K had a Spearman's r of -0.636. As expected, hood leakage 

increased as face velocity decreased (see Appendix H, Figure 

H-6). Finally, the Scott Index and C/K had a Spearman's r 
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of -0.562. This relationship was also expected since the 

Scott Index increased as leakage decreased (see Appendix H, 

Figure H-7). 

A step-wise multiple regression analysis was done on 

the parameters used in the Scott method to determine how 

much the parameters, when added, explained hood leakage, 

and to ascertain if assigning equal weightings to the 

parameters was appropriate for the Scott Index. 

The regression indicated that only two of the 

parameters, along with face velocity, were relevant. The 

two parameters were traffic and variation in face velocity. 

The combined coefficient of determination (R2 ) was 0.8479. 

The other three parameters did not significantly contribute 

to the predictive power of the Scott Index. 

The Scott method was recalculated using only the two 

above mentioned parameters to determine if a greater 

correlation could be obtained. Equal weightings of 0.25 

were assigned. The modified Scott index can be found in 

Table VII. The resulting Spearman's rho correlation 

coefficient was r= -0.6645. 

Relative Ranking of the Three Methods 

The hoods were ranked from best hood to poorest hood 

according to the validation method (C/K) (Table VIII). All 
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three methods were generally in agreement in differentiating 

the best performing hoods from those with the poorest 

performance. However, the Scott and Face velocity methods 

Table VII. Revised Data Summary from the Three Hood 
Performance Rating Methods 

Hood # Face Velocity C/K Scott 
(fpm) (ppm) 

1 41 94 31 
2 45 27 23 
3 48 88 36 
4 102 6 76 
5 51 188 51 
6 65 4 49 
7 72 4 54 
8 77 5 58 
9 102 1 77 
10 87 2 65 

Traffic and variation in face velocity were the only 
parameters included in the Scott index. Weightings 
used were 0.25. 

did not consistently rank all ten hoods according to the 

validation method. 

Reproducibility of the C/K Method 

The results from the test that examined the 

reproducibility of the C/K method are in Table IX. Test 

were performed on test hood 9. Hood test locations were 

limited to those positions where the SHU and source were co-
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located. The variation in face velocity, expressed as a 

percent coefficient of variation (%COV), for the three 

trials was 6.1%, 16.2%, and 9.1%. Variations in leakage 

measurements for hood 9 were 45.8%, 51.4%, and 69.7%. 

Reproducibility of the Scott Method 

The results from the test of Scott Method 

reproducibility can be found in Table X. Three of the people 

considered diffuser velocity as having no effect and three 

considered it to have a slight effect. Equipment was judged 

to have a slight effect and variation in face velocity no 

effect. The Scott rating ranged from 75.63 to 102 for the 

test hood with a mean of 86.04. The coefficient of 

variation was 12.39%. 
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Table VIII. Relative Ranking of Test Hoods as a Function 
of C/K Rating 

Hood # C/K 
(PPm) 

Rank Face Velocity 
(fpm) 

Rank Scott Rank 

9 1 1 102 2 92 1 
10 2 2 87 3 52 3 
7 4 3 72 5 43 5 
6 4 4 65 6 39 6 
8 5 5 77 4 46 4 
4 6 6 102 1 71 2 
2 27 7 45 9 27 7 
3 88 8 48 8 29 9 
1 94 9 41 10 21 10 
5 188 10 51 7 31 8 

All hoods were ranked according to Caplan & Knutson's method 
since it was the validation method. 

Table ix. Reproducibility of Caplan and Knutson's 
Performance Test for Test Hood 9 

Trial# Face Vel. 
Location 
(LCR) 

(fpm) 

Mean Std.Dev. 

Leakage 
Location 
(L.C.R) 

(ppm) 

Mean Std.Dev. 

1 49 55 54 53 3.21 2,0.7,1 1.2 0.55 

2 60 46 63 56 9.07 0.4,1,0.7 0.72 0.37 

3 55 50 60 55 5 0.2,1,0.7 0.66 0.46 

Caplan and Knutson's test was performed 3 times on Hood 9. 
Test locations were limited to positions where the source 
and SHU were both present. The average from the top,center, 
and bottom measurement points was used to obtain a single 
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face velocity for the three positions in the hood 
(left,center, and right). 

Table X. Reproducibility of the Scott Method 

Test# Face V. 
(fpm) 

Traffic V.Diff. 
(fpm) 

Eqmt Var.F.V. Rating Mean Std.Dev. %C.V. 

1 125 -1 0 -1 0 94 86.04 10.66 12.39 

2 119 •1 0 -1 0 89 

3 121 -1 -1 •1 0 76 

4 124 -1 -1 -1 0 78 

5 125 -1 -1 -1 0 78 

6 136 -1 0 -1 0 102 

Six people were randomly selected to perform the Scott 
method. For the particular hood tested, it was given that 
the hood was on a major aisle and less than six people were 
normally in the vicinity of the hood. 
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Face velocity is the standard method for testing the 

performance of laboratory fume hoods. Caplan and Knutson 

developed a quantitative testing method that can be used in 

addition to the standard method. This method is based on 

measurement of tracer gas leakage outside of a hood. 

Other parameters that can affect fume hood performance, such 

as transitional traffic, have been identified but have not 

been thoroughly investigated. The primary goal of this 

research was to develop a method that would incorporate some 

of these parameters and use Caplan and Knutson's test as a 

validation method. The ultimate goal of this project was to 

examine whether this new method is a better predictor of 

hood performance than the current standard. 

Evaluation of the Hood Performance Rating Methods 

The standard method (face velocity) revealed that 60% 

of the test hoods met the minimum established face velocity 

criterion of » 50 fpm. These hoods had correspondingly lower 

leakage levels. The remaining 40% of the test hoods did not 

meet the face velocity criterion of » 50 fpm and had higher 

leakage levels. The ASHRAE standard requires that face 

velocity measurements be taken with the hood sash fully 

open. However, for the ten test hoods, previous operational 

checks had specified that the sash should be lowered 50% or 
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more to achieve the desired performance. Therefore, 

measured test hood performance during this study was less 

than the performance in a normal operating environment. 

Some limitations to the C/K method were observed during 

the study, including: 1) the method did not specify which 

leakage levels were indicative of good or poor hood 

performance, 2) the concentration of F-12 tracer gas to be 

used was not specified, and 3) the C/K assessment strategy 

utilized the highest average value from either of the three 

test positions as a predictor of hood performance. In 

addition the discrimination power of the C/K method at 

lower leakage levels were limited, apparently due to miran 

sensitivity. 

The inclusion of the hood parameters in the Scott 

Index did not improve the predictive power of face velocity. 

The step-wise multiple regression analysis for the Scott 

method indicated that traffic and variation in face 

velocity were the only parameters, other than face velocity, 

that substantially affected hood performance. The combined 

coefficient of determination was R2= 0.8479. When the Scott 

Index was redefined to include only those two parameters, 

the relationship between the Scott and C/K methods improved. 

The Spearman's rho correlation coefficient increased from 

r = -0.5620 to r = -0.6645. 
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Traffic was expected to have an impact on hood 

performance because of the ability of pedestrian traffic to 

disrupt the flow of air into a hood. Our data supported 

this expectation with a Spearman's r of 0.8019. For most 

fume hoods tested leakage of F-12 from a hood increased with 

a commensurate increase in traffic. 

Variation in face velocity was expected to influence 

hood performance because it signals disruption of air flow 

patterns at the hood face. The multiple regression analysis 

indicated that variation in face velocity had an effect on 

hood performance. However, the correlation between leakage 

and variation in face velocity was negligible with a 

Spearman's r of -0.0566. This poor correlation could be 

due to the fact that only two of the hoods exhibited 

variation in face velocities greater than the ASHRAE 

standard of ± 25%. Therefore, the disturbance in air flow 

patterns caused by variation in face velocity was not 

sufficient to cause measurable leakage. 

Caplan and Knutson found that excessive diffuser 

velocities can present a significant challenge to a fume 

hood. However, in this study, measurement of diffuser 

velocity outside of a hood showed little correlation with 

hood performance (r=-0.3127). The inconsistency could be 

due to several factors; including: 1) the narrow range of 

measured diffuser velocities (23 fpm to 33 fpm) relative to 
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leakage levels (l ppm to 188 ppm) may have limited the 

discriminatory power, 2) the actual diffuser velocities 

were at or near the detection limit of the thermo-

anemometer(± 20fpm), and 3) two of the diffusers were 

located close to and in front of the hood face; this push-

pull geometry could have blown air directly into these hoods 

and icreased capture effectiveness. 

Excessive apparatus in a hood can disrupt the laminar 

flow of air, introduce turbulence, and possibly lead to 

leakage outfall. However, the relationship between leakage 

and the percentage of a hood occupied was found to be 

negligible in this study with a Spearman's r of -0.106. 

Hoods that were relatively unoccupied leaked more than 

hoods that were heavily occupied. In every instance where a 

high face velocity was involved (» 51 fpm), the percentage 

of the hood occupied did not affect performance. Peterson 

et al.(1983) looked at the effect of clutter and auxiliary 

air on hood performance. They concluded that clutter did 

slightly decrease hood performance. Interestingly, our data 

does not support this finding. This could be due to error 

associated with estimation of the ratio of vertical 

equipment projected area to hood face area. Hoods with 

higher face velocities could also have overcome the 

challenge that excessive equipment presented. 
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Other reasons for discrepancies in the Scott method 

include: l) error involved in the field evaluation of the 

parameters on various hoods; 2) inappropriate definition of 

the ratings; 3) error associated with the C/K assessment 

strategy; and 4) the subjectivity of the Scott assessment 

strategy. 

In conclusion, the face velocity method served as a 

predictor of hood performance. However, the inclusion of 

other parameters along with face velocity did not strengthen 

the predictive power of face velocity as expected. This 

research has proven to be informative by revealing that: 1) 

parameters have varying effects on hood performance and 

should not be equally weighted; 2) the assessment strategy 

for traffic, variation in face velocity, diffuser velocity, 

and the amount of equipment in a hood should be 

reconsidered; and 3) a more objective rating scheme for the 

Scott method should be developed. Nevertheless, this 

research does warrant further investigation into parameters 

that influence hood performance. 
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Figure A-2. Bypass Hood (ASHRAE,1987) 
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Determination of F-12 Air Mixture Flow Rates 

1. The concentration of F-12 used in the C/K method was not 
specified;therefore an original 90/10 mixture of F-12 was 
used where: 

90% air = 0.90 X 4 L/min =3.6 L/min 
10% F-12(liquid) = 0.10 X 4 L/min =0.4 L/min 

Density correction factor for Tucson air = 0.9 
Density of F-12(liquid) = 1.486 

Density correction for F-12 : 

'1/1.486(0.4) = 0.328 L/min F-12 
'1/0.9(0.4) = 0.422 L/min Air 

Ratio of flow rates to find x(flow rate of F-12): 

0.328/0.4 = 0.4/x 
0.328X = 0.16 

x = 0.488 L/min F-12 

Concentration of F-12 in air: 
10/100 = 0.1 X 106 = 100,000 ppm 

2. A recalculation using the density of F-12 gas was done 
to adjust for the improper use of the density of F-12 
liquid. 

Density correction factor for Tucson air = 0.9 
Density of F-12 gas relative to air = 4.2 
'1/4.2 (0.4) = 0.195 L/min F-12 
'1/0.9 (0.4) = 0.422 L/min air 

Ratio of flow rates to find x (flow rate of F-12): 
0.195/0.4 = 0.4/X 

0.195X = 0.16 
x = 0.820 L/min 

3. After the determination of the correct flowrate, adjust
ments were made to the concentration of F-12 in air. 

0.488 L/min = Flow rate using density of F-12 liquid 
0.820 L/min = Flow rate using density of F-12 gas 
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0.488 /0.820 = 59.51% more F-12 than originally 
assumed 

The actual concentration of F-12 = 0.5951 X 0.10(origi
nal concentration of F-12) = .0595 X 100 = 6% 

Therefore: 
Final concencentration of F-12 = 6% 
Final concentration of air =94% 
Combined flow rate from pump and rotameter= 3.84 L/min 
where: 
94% air = 0.94 X 4 L/min =3.6 L/min air 
6% F-12 = 0.06 X 4 L/min =0.24 L/min F-12 

Final concentration of F-12 in air: 
0.24/3.84 = 0.0625 X 106 = 62,500 ppm 



APPENDIX C 

Calibration Curves and Data for the Miran 
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Figure C-l. Miran Calibration Curve Using F-12. Three 
injections were made for each desired concentration. No 
variation in absorbance was observed in the lower concen
tration range. 
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Figure C-2. Miran Calibration Curve Using F-12. Three 
injections were made for each desired concentration. No 
variation in absorbance was observed in the lower concen
tration range. 
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Figure C-3. Miran Calibration Curve Using F-12 



Table C-Z. Hiran Calibration Data (0.025 Scale) 

Conc.fc >pm) Inj.(ul) Abs. Abs. Abs. Mean S.D. %cv 
0.1 0.5 0.0001 0.0001 0.0001 0.0001 0 0 
0.2 1 0.0002 0.0002 0.0002 0.0002 0 0 
0.4 2 0.0004 0.0004 0.0004 0.0004 0 0 
0.7 4 0.0006 0.0006 0.0006 0.0006 0 0 
1.1 6 0.0008 0.0008 0.0008 0.0008 0 0 

Table C-ZZ. Hiran Calibration Data (0.025 Scale) 

Conc.(ppm) Ini.(ul) Abs. Abs. Abs. Mean S.D. %C V 
0.9 5 0.0006 0.0006 0.0006 0.0006 0 0 
2 10 0.0012 0.0012 0.0012 0.0012 0 0 
4 20 0.002 0.002 0.002 0.002 0 0 
7 40 0.004 0.004 0.004 0.004 0 0 
11 60 0.006 0.006 0.006 0.006 0 0 

Table C-ZZZ. Hiran Calibration Data (0.25 Scale) 

Conc.(ppm) Inj.(ml) Abs. Abs. Abs. Mean S.D. %CV 
9 0.05 0.006 0.006 0.006 0.006 0 0 
18 0.1 0.012 0.012 0.012 0.012 0 0 
35 0.2 0.02 0.02 0.02 0.02 0 0 
71 0.4 0.04 0.042 0.042 0.041 0.001 2.4 
106 0.6 0.062 0.064 0.064 0.063 0.001 1.6 
141 0.8 0.082 0.084 0.084 0.083 0.001 1.2 
203 1.1 0.11 0.114 0.114 0.113 0.002 1.8 



Table C-IV. Verification of Miran Calibration Curve 

Test# Cone, (ppm) Inj. Abs. Abs. Abs. 
1 0.2 1 ul 0.0002 0.0002 0.0002 

8/08/91 18 0.1 ml 0.01 0.01 0.01 
203 1.1 ml 0.11 0.114 0.114 

2 0.7 4 ul 0.0006 0.0006 0.0004 
9/14/91 7 40 ul 0.0038 0.004 0.0038 

70 0.4 ml 0.042 0.042 0.042 

Only a few points were taken to verify the calibrations. 

Instrument Parameters 

C/K Method; 

absorption wavelength = 9.1 /xm 

pathlength = 21.75 /m 

response time = nominal response time of 10 seconds 

Scott Method: 

absorption wavelength = 9.1 

pathlength = 0.75 fm 

response time = nominal response time of 10 seconds 
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APPENDIX D 

Determination of Techniques for Measuring Hood Effect 
Parameters 

Determination of Minimum Diffuser Velocity Measurement 
Distance from Hood Face 

1. L= minimum distance from hood face to preclude influence 
of hood face velocity = 7ft (from field test). 

2. Range of hood lengths = 3-8 ft (Taken from Labconco, 
1974), therefore analysis done on maximum hood length 
of 8 ft. 

3. Diffuser location measured from midpoint of hood face; 
therefore x= L/2 = 4 ft. 

4. Minimum diffuser distance y = 7/4 = tan o (see Fig. B-l) 
o = 60 degrees 

sin 60 = 7/y 
0.87 y = 7 

y = 7/0.87 
= 8 

5. Minimum diffuser distance from hood face = 8 ft. 

Figure B-l. Trigonometric Illustration 

HOOO 

y (hotf - 4Q 

00 x 60 
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Determination of the Technique for Estimating the Number of 
People in the Vicinity of a Hood 

Definitions: 

vicinity = people who have a predictable chance of passing 
by a hood due to work or movement in or out of a 
laboratory. 

major aisle = passage way used by most people traveling 
through a laboratory. 

minor aisle = passage way used only by people using a hood. 

1. A person walking past a hood at 2 mph creates a velocity 
of 176 fpm (26 fpm more than the maximum recommended 
face velocity of 150 fpm). 

2. Assuming that the resulting hood face velocity 
disturbance lasts for a period of one min., the hood 
disturbance factor = 1 pass/min 

3. Assuming that a 10% hood disruption will affect hood 
performance, a 10% hood disruption factor = 6 passes/min 
6 passes/min /60 min/hr = 0.1 X 100 = 10% 

4. Therefore, six people in the vicinity of a hood will 
affect hood performance. 
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Calibration Curves and Data for the Rotameter 
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Figure E-l. Rotameter Calibration Curve 1. The calibration 
curve was not linear at the low ranges because the pump used 
was not a low flow pump. 
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Figure E-2. Rotameter Calibration Curve 2. The calibration 
curve was not linear at the low ranges because the pump used 
was not a low flow pump. 
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Figure E-3. Rotameter Calibration Curve 3. The calibration 
curve was not linear at the low ranges because the pump used 
was not a low flow pump. 



Table E-I. Verification of Rotameter Calibration Cuirves 

Test# Rotameter(mm) Gilibrator(L/min) 
(STP) 

Mean Std.Dev. %CV 

1 5 .046 .046 .046 0.046 0 0 
7/25/91 15 .216 .216 .216 0.216 0 0 

25 .453 .453 .452 0.453 0.0006 0.13 
35 .640 .642 .636 0.639 0.003 0.48 
45 .811 .813 .808 0.811 0.003 0.31 
55 1.03 1.03 1.02 1.03 0.006 0.56 

2 5 .047 .047 .047 0.047 0 0 
8/08/91 15 .206 .206 .204 0.205 0.001 0.49 

25 .442 .441 .441 0.441 0.0006 0.14 
35 .622 .623 .623 0.623 0.0006 0.096 
45 .818 .808 .806 0.811 0.006 0.74 
55 .999 .999 .990 0.996 0.005 0.5 

3 5 .048 .048 .048 0.048 0 0 
9/14/91 15 .211 .210 .210 0.21 0.0006 0.29 

25 .446 .446 .446 0.446 0 0 
35 .628 .640 .640 0.636 0.007 1.1 
45 .792 .792 .794 0.793 0.001 0.13 
55 .963 .972 .972 0.969 0.005 0.52 

Three gilibrator readings were taken for each rotameter 
increment listed in the table. 



APPENDIX F 

Face Velocity Variations for the Hoods and the Scott Rating 
Form 

Table F-I. Face Velocity Variations 

Hood # Face Velocity Readings (fpm) Mean Std.Dev. %CV 
1 51 45 325034 35 31 4642 41 7.81 19.05 
2 60 62 42 50 5040 33 30 35 45 11.54 25.64 
3 60 59 6338 57 5223 59 23 48 13.68 28.5 
4 99 104 100 107 102 107 102 100 94 102 4.09 4.01 
5 52 51 46 54 53 50 50 52 51 51 2.26 4.43 
6 89 70 72 83 46 61 68 44 48 65 16.16 24.86 
7 96 81 72 74 5276 63 68 63 72 12.52 17.39 
8 81 85 88 84 81 72 63 62 73 77 9.53 12.38 
9 100 90 104 91 102 100 90 98 103 102 102 5.7 5.59 
10 90 84 102 87 93 83 84 95 69 87 87 9.29 10.68 

A total of nine velocity readings were taken per hood. The % 
coefficient of variation was an indicator of face velocity 
readings > than or < than 25%. 

Table F-II. Face Velocity Variations for the Reproduciblity 
of the Scott Method 

Test # Face Velocity Readings (fpm) Mean Std.Dev. %CV 

1 148 141 116145120108133112 99125 125 17.64 14.11 

2 118135 114131 115112140110 98119 119 13.48 11.32 

3 130 127 128 134 104 130 126 116 116 121 121 9.53 7.87 

4 118 121 121 144 136115126 124 107 124 124 11.01 8.88 

5 129 126 145 129122 115 120 118 120 125 125 8.95 7.16 

6 158 124 165 143 128 123 135 126 124 136 136 15.79 11.61 

Nine velocity readings were taken per hood. The % 
coefficient of variation was an indicator of readings • 25%. 



Table F-III. Scott Rating Form 
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PARAMETERS 

1. Traffic 
Location = major/minor aisle 
# people = « 6; or » or = 6 

major aisle + « 6 people = 0 
minor aisle + » 6 people = -1 
major aisle + « 6 people = -1 
major aisle + » 6 people = -2 

RATING 

0 -1 -2 

where: 
0 = No effect 
-1 = Slight effect 
-2 = Significant effect 

2. Velocity of Diffusers 
at 8' from center-line of hood 
in direction of diffuser 

« h avrg. face velocity = 0 
« h " » = -l 
» 2/3 " " = -2 

3. Equipment in Hood 
Measure % of vertical 
area occupied 

« or = 10% = 0 
20-50% = -1 
60-100 = -2 

4. Variation in Face velocity 
« ± 25% = 0 
» ± 25% = -1 
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APPENDIX 6 

The Effect of the Worker and Source on Face Velocity and the 
Control Level 

Table G-l. Effect of Worker/Source on Face Velocity and 
Control Level ( Hood 1) 

Position Face Velocity 
(  fpm) 
Top,Center,Bottom 

Control level (ppm) 
1 min 2 min 3 rain 

Left 
Worker/Source 

32 28 28 71 53 53 

Center 36 42 46 2 2 2 

Right 36 36 42 2 2 1 

Left 50 26 24 1 2 1 

Center 
Worker/Source 

28 24 25 4 7 2 

Right 57 37 49 5 2 2 

Left 44 42 37 0.4 0.2 0.2 

Center 45 44 43 18 27 35 

Right 
Worker/Source 

29 26 24 88 124 71 



75 

Table G-II. Effect of Worker/Source on Face Velocity and 
Control Level ( Hood 2 ) 

Position Face Velocity Control Level (ppm) 
(fpm ) 1 rain 2 min 3 min 
Top,Center,Bottom 

Left 
Worker/Source 

60 20 14 2 4 4 

Center 61 25 31 0.2 0.2 0.2 

Right 46 32 40 2 2 2 

Left 60 33 36 1 2 2 

Center 
Worker/Source 

61 28 32 11 35 35 

Right 55 33 43 12 12 11 

Left 65 50 40 2 2 2 

Center 62 51 42 11 7 7 

Right 
Worker/Source 

49 35 31 40 17 9 
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Table G-III. Effect of Worker/Source on Face Velocity and 
Control Level ( Hood 3) 

Position Face Velocity Control level (ppm) 
( fpm ) 1 min 2 min 3 min 
Top,Center,Bottom 

Left 
Worker/Source 

28 27 25 35 35 35 

Center 53 55 54 28 28 28 

Right 62 50 24 18 18 18 

Left 50 48 38 27 35 27 

Center 
Worker/Source 

43 39 24 71 71 71 

Right 60 51 25 27 28 27 

Left 51 46 41 5 5 5 

Center 52 50 49 9 9 9 

Right 
Worker/Source 

37 39 25 88 87 88 



Table G-IV. Effect of Worker/Source on Face Velocity and 
Control Level ( Hood 4 ) 

Position Face Velocity 
( fpm) 
Top,Center,Bottom 

Control level (ppm) 
1 min 2 min 3 min 

Left 
Worker/Source 

55 43 33 1 2 2 

Center 104 100 102 0.7 0.7 1 

Right 100 95 98 0.7 0.7 0.4 

Left 101 103 97 2 2 2 

Center 
Worker/Source 

71 56 40 4 4 4 

Right 110 108 105 2 2 2 

Left 102 101 98 4 4 4 

Center 100 103 97 5 5 5 

Right 
Worker/Source 

63 65 60 6 6 6 



Table G-V. Effect of Worker/Source on Face Velocity and 
Control Level ( Hood 5 ) 

Position Face Velocity 
(  fpm) 
Top,Center,Bottom 

Control Level ( ppm) 
1 min 2 min 3 min 

Left 
Worker/Source 

38 23 26 7 7 7 

Center 46 45 46 4 4 4 

Right 44 45 46 2 2 2 

Left 52 54 53 35 35 35 

Center 
Worker/Source 

34 24 29 159 203 203 

Right 51 53 54 53 124 53 

Left 56 55 54 53 53 53 

Center 60 59 58 2 2 2 

Right 
Worker/Source 

34 30 26 71 71 71 



Table G-VI. Effect of Worker/Source on Face Velocity and 
Control Level ( Hood 6 ) 

Position Face Velocity 
( fpm) 
Top,Center,Bottom 

Control Level ( ppm ) 
lmin 2min 3min 

Left 56 
Worker/Source 

46 30 1 1 1 

Center 84 81 77 0.7 0.7 0.7 

Right 71 60 46 0.7 0.7 0.7 
Left 89 70 50 2 2 2 

Center 53 
Worker/Source 

44 38 2 2 2 

Right 72 64 53 2 2 ' 2 
Left 90 70 48 2 2 2 

Center 89 84 70 2 2 2 

Right 54 
Worker/Source 

45 38 4 4 4 
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Table G-VII. Effect of Worker/Source on Face Velocity and 
Control Level ( Hood 7 ) 

Position Face Velocity 
( fpm) 
Top,Center,Bottom 

Control Level (ppm ) 
1 min 2 min 3 min 

Left 94 
Worker/Source 

48 40 0.7 0.7 0.7 

Center 93 68 59 2 2 2 

Right 70 74 63 2 2 2 
Left 93 95 94 2 2 2 

Center 70 
Worker/Source 

43 41 2 2 2 

Right 82 85 89 1 1 1 
Left 85 90 84 2 2 2 

Center 80 74 75 2 2 2 

Right 89 
Worker/Source 

54 50 4 4 4 
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Table G-VIII. Effect of Worker/Source on Face Velocity and 
Control Level ( Hood 8 ) 

Position Face Velocity 
( fpm) 
Top,Center,Bottom 

Control Level ( ppm ) 
1 min 2 min 3 min 

Left 95 68 46 
Worker/Source 

0.2 0.4 0.7 

Center 100 106 96 1 1 2 

Right 90 92 53 2 2 2 
Left 107 70 59 2 2 2 

Center 96 70 54 
Worker/Source 

2 2 2 

Right 95 102 53 2 2 2 
Left 105 76 60 2 2 2 

Center 102 117 91 2 2 4 

Right 79 70 49 
Worker/Source 

5 5 5 
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Table G-IX. Effect of Worker/Source on Pace Velocity and 
Control Level ( Hood 9 ) 

Position Face Velocity 
(fpm) 
Top, Center, Bottom 

Control level (ppm) 
1 min 2 min 3 min 

Left 
Worker/Source 

50 49 48 2 0.2 0.2 

Center 105 99 98 0.2 0.2 0.2 

Right 102 106 102 0.2 0.2 0.2 
Lett 96 104 103 0.4 0.4 0.4 

Center 
Worker/Source 

57 66 42 0.7 0.7 0.7 

Right 103 106 100 0.7 0.7 0.7 
Left 108 105 103 0.2 0.2 0.2 

Center 106 103 99 0.4 0.4 0.4 

Right 
Worker/Source 

61 60 59 1 1 1 

Table was taken from Trial 1 of the reproducibility of the 
C/K method. 



Table G-X. Effect of Worker/Source on Pace Velocity and 
Control Level ( Hood 10) 

Position Face Velocity 
(fpm) 
Top, Center, Bottom 

Control level (ppm) 
1 min 2 min 3 min 

Left 
Worker/Source 

57 38 34 1 1 1 

Center 95 97 103 0.7 0.7 0.7 

Right 93 92 60 0.7 0.7 0.7 
Left 100 96 87 1 1 1 

Center 
Worker/Source 

51 46 43 2 2 2 

Right 95 87 62 2 2 2 
Left 101 97 80 1 1 1 

Center 87 85 83 1 1 1 

Right 
Worker/Source 

50 36 38 2 2 2 
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APPENDIX H 

Hood Parameters and Performance Rating Methods Expressed as 
a Function of Measured control Levels 
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Figure H-I. Traffic. Traffic is rated as 1 = no effect; 2 
= slight effect; 3 = significant effect. The graph 
indicates that there is a positive linear relationship 
between leakage and traffic. 
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Figure H-2. Diffuser Velocity. There is a negative weak 
relationship between leakage and diffuser velocity. 
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Figure H-3. Equipment in the Hood. There is not a linear 
relationship between leakage and the percentage of hood 
occupied. 
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Figure H-4. Variation in Face Velocity. There is not a 
linear relationship between leakage and variation in face 
velocity. 
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Figure H-5. Face Velocity and Scott. The graph indicates a 
positive linear relationship between face velocity and the 
Scott method. 
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Figure H-6. Face Velocity. The graph indicates that there 
is a negative linear relationship between leakage and face 
velocity. 
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Figure H-7. Scott. The graph indicates that there is 
negative linear relationship between leakage and Scott. 
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APPENDIX I 

General Hood Description 

Hood 1 was equipped with a horizontal and vertical sash 

and was generally used for storage and vortexing. It was 

located on the back wall adjacent to another hood. The hood 

was 3 ft. from a major aisle with a ceiling diffuser 

positioned 7 ft. to the right of the hood. The rating was 

3.84 AU 94. Tables indicating spillage for each position at 

the hood can be found in Appendix G. Some of the field 

results can be found in Table 1. 

Table 1-1. Field Results 

Hood# Open Area Face Velocity Face Velocity Rating 
( in .  X  in . )  ( fpm)  %CV 

1 (50X30)  41 19.05 3.84 AU 94 
2 (49  X 27)  45 25.64 3.84 AU 27 
3 (52X31)  48 28.5 3.84 AU 88 
4 (62X30)  102 4.01 3.84 AU 6 
5 (50X31)  51 4.43 3.84 AU 188 
6 (51X31)  65 . 24.86 3.84 AU 4 
7 (62  X 30)  72 17.39 3.84 AU 4 
8 (61X30)  77 12.38 3.84 AU 5 
9 (36X32)  102 5.59 3.84 AU1 
10 (51X32)  87 10.68 3.84 AU 2 

The control level (ppm) was the highest average value from 
any of the three test positions ( source + worker). 
Rating = xx AU yyy 
where xx = tracer gas release rate (L/m) 
yyy = level of control of tracer gas (ppm) established 
AU = As Used 
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Hood 2 was equipped with a horizontal and vertical sash 

and was used for storage of chemicals. It was located along 

the left wall on a minor aisle. A diffuser was positioned 6 

ft. to the right of the hood. There was also a door open on 

the aisle. The greatest spillage rate was produced at the 

center position and the rating was 3.84 AU 27. 

Hood 3 was equipped with a horizontal & vertical sash 

and was used to store animals and chemicals. The hood was 

located on the back wall of a major aisle. A ceiling 

diffuser was located 14 ft. in front of the hood and there 

was a door on the aisle that was occasionally opened. The 

greatest spillage occurred in the right position and the 

hood rating was 3.84 AU 88. 

Hoods 4 and 5 were both used for storage of chemicals 

and equipment and were located in different areas of the 

room. Hood 4 had a vertical sash and hood 5 was 

horizontally and vertically operable. Hood 4 was on the 

back wall of the room on a minor aisle and the diffuser was 

9 ft. away. The right position produced the greatest 

spillage and the hood rating was 3.84 AU 6. Hood 5 was on a 

major aisle and faced a door that was frequently used. The 

hood was also located near a busy office area. The highest 

leakage rates occurred in the center position and the hood 

rating was 3.84 AU 188. 
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Hood 6 was utilized for the storage of chemicals and 

the sash was horizontally operable. It was located on the 

right wall in the lab on a minor aisle. The highest leakage 

occurred in the right position and the hood rating was 3.84 

AU 4. 

Hoods 7 and 8 were located in different rooms but had 

similar characteristics. They were both located on the back 

walls of the rooms and were on major aisles. Both sashes 

were horizontally and vertically operable and the diffusers 

were 7 ft. in front of the hoods. The greatest leakage for 

both hoods occurred in the right positions. The ratings 

were 3.84 AU 4 and 3.84 AU 5 respectively. 

Hoods 9 and 10 were identical hoods but were also in 

different laboratories. Both hoods were adjacent to another 

hood with two similar hoods on the opposite side of the 

room. The hoods were also both located on minor aisles with 

horizontally operable sashes. The greatest leakage for both 

hoods occurred at the center potions. The ratings were 3.84 

AU 1 and 3.84 AU 2. 
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