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Introduction

The Laboratory Classification Subcommittee of ASHRAE Technical Commit-
tee (TC) 9.10, the Laboratory Health and Safety Committee of the American
Industrial Hygiene Association (AIHA), and the Division of Chemical Health and
Safety of the American Chemical Society (ACS) have partnered to provide this
document to help facility professionals design and operate laboratories with the
capability of supporting the management of exposures to airborne chemicals gen-
erated during laboratory scale activities. It is important to note that ventilation
alone cannot handle all laboratory chemical hazards and that this document
assumes other control measures, including minimization of chemical risks, good
laboratory housekeeping, and appropriate emergency procedures, are also in
place. There is a hierarchy of controls that is well established in the safety profes-
sion. Laboratory ventilation is a form of engineering controls, which is one layer
in this hierarchy. (See the National Institute for Occupational Safety and Health
[NIOSH] website www.cdc.gov/niosh/topics/hierarchy/default.html for more
information on the hierarchy of controls [NIOSH 2016].)

For the purposes of this document, laboratory scale is defined as a workplace
where hazardous chemicals are used on a nonproduction basis. The Occupational
Safety and Health Administration (OSHA) laboratory standard 29 CFR
1910.1450(b) states:

Laboratory scale means work with substances in which the con-
tainers used for reactions, transfers, and other handling of sub-
stances are designed to be easily and safely manipulated by one
person. “Laboratory scale” excludes those workplaces whose
function is to produce commercial quantities of materials. (OSHA
CFR n.d.)

While this definition does not place limits on the types or severity of chemical
hazards used in laboratories, it does limit the quantity of materials potentially
released into the laboratory environment to about 4 L (1 gal) or less per process.
Mitigating the risk of exposure to laboratory scale generation of airborne chemical
hazards means controlling airborne concentrations below levels known or sus-
pected to cause harm to people, property, or the environment through a combina-
tion of general and local ventilation as well as the other measures referenced
above.

The risk of exposure to unsafe concentrations of airborne chemicals in labora-
tories can range from negligible to extreme, depending on the activities conducted
in the laboratories, the types of hazardous chemicals, the quantities of materials,
the characteristics of generation, the duration of exposure, and the protection
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afforded by the laboratory airflow and airborne contaminant control systems. For
this reason, a risk assessment must be conducted based on the best available infor-
mation about the chemical work to be conducted in the laboratory. The ability to
mitigate the risk to people, property, and the environment depends on providing
an adequate level of protection through proper design, operation, and utilization of
the laboratory; the exposure control devices (ECDs), such as fume hoods; and the
laboratory ventilation systems. Collectively, the ECDs, the exhaust systems, the
air supply systems, and the elements of the laboratory that may affect airflow and
control of airborne contaminants are referred to herein as the laboratory airflow
control system (LACS). The purpose of the LACS is twofold: it must (1) help pre-
vent overexposure to airborne chemical hazards generated during laboratory scale
activities and (2) satisfy the temperature and humidity conditioning requirements
of the occupants and the processes they conduct in the laboratory workspace.

The protective capability afforded by an LACS must be commensurate with
the level of risk associated with the airborne chemical hazards that may be gener-
ated. Tables 2 and 3 provide physical design attributes and operating specifica-
tions for an LACS divided into five laboratory ventilation design levels (LVDLs)
ranging from LVDL-0 to LVDL-4. The attributes and specifications for each
LVDL are intended to provide increasing levels of protection and control of air-
borne chemical hazards to minimize the risk of overexposure. Specifically, an
LACS with attributes and specifications associated with LVDL-0 offers the lowest
level of protection for working with hazardous airborne chemicals, while an
LACS designed and operated according to LVDL-4 recommendations offers the
highest level and control of airborne hazards. It is important to note that this guide
does not provide the tools needed to assess the risk associated with laboratory
scale use of hazardous chemicals. The information contained herein can be used
to evaluate the protective capability of an existing LACS or to help design and
operate an LACS according to the anticipated level of risk or the degree of protec-
tion considered necessary to provide a safe and healthy laboratory environment.
While higher LVDLs may increase the protective capability of the laboratory, they
will also increase the costs of construction, result in greater energy consumption,
increase operating costs, and increase the level of effort required to manage and
maintain performance. These considerations must be carefully considered in the
design and operation of laboratory facilities.

Laboratory safety is an inviolable constraint and must not be sacrificed for
gains in productivity or operating efficiency. Protective measures must be avail-
able and appropriate to provide adequate protection and can include a combina-
tion of administrative controls, personal protection, and engineering controls.

2 Classification of Laboratory Ventilation Design Levels
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Purpose and Scope

This effort is limited to issues related to design and operation of laboratories
and their interactions with LACSs that provide conditioning and control of envi-
ronmental air quality in laboratories. It does not seek to duplicate work under the
purview of other ASHRAE committees or other organizations. Methods and tools
to evaluate hazardous chemical procedures or assign a level of risk of airborne
chemical hazards are also not a part of this effort. As such, adherence to the rec-
ommendations contained in Table 3 may not ensure adequate protection or ade-
quately mitigate risk to all possible hazards without a comprehensive hazard
evaluation by skilled practitioners. A risk assessment is strongly recommended to
determine the appropriate LVDL, design attributes, and operating specifications.

This document provides background information to help classify, design, and
operate LACSs according to the LVDL table included in the appendix (Table 3).
The table describes criteria, design attributes, and operating specifications associ-
ated with each LVDL. The purpose of the LVDL classification system and
Table A are to foster communication between stakeholders when evaluating the
protective capability of an existing LACS or during discussions about design, con-
struction, and operation of a new LACS intended to manage and control airborne
chemical hazards.

The recommendations are based, to a large extent, on concepts outlined in the
American Conference of Governmental Industrial Hygienists (ACGIH) publica-
tion Industrial Ventilation, A Manual of Recommended Practice for Design
(ACGIH 2013), ANSI/AIHA/ASSE Z9.5, Laboratory Ventilation (AIHA 2012),
and ASHRAE Laboratory Design Guide (ASHRAE 2015). Specifically, this docu-
ment addresses considerations likely to be encountered during design, renovation,
or ongoing management of laboratories, ECDs, and LACSs. By limiting the scope
of this document to laboratory scale use of airborne hazards, other guidance for
laboratory facility designers may be necessary to accommodate other hazards
(i.e., biological, radiological, and physical hazards) not considered in this docu-
ment. As such, protective measures for these other hazards that might be encoun-
tered in laboratories must be based on a comprehensive hazard and risk analysis.

This guide does not provide the means to assess the risk associated with air-
borne chemical hazards, the risk of exposure to other laboratory hazards, or the
level of performance required of the systems. The five LVDLs outlined in this
document may not align with the risk and safety levels described by other organi-
zations. However, the classification system described herein can be used as a
basis for design and operation of laboratories and evaluating the protective capa-
bilities of existing laboratories. Health and safety specialists should be consulted
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when investigating and determining the risks associated with hazardous processes
and matching to the appropriate LVDL and the interactions of the LACS with

other protective measures, such as emergency planning and personal protective
equipment.

Classification of Laboratory Ventilation Design Levels
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Related Work by
Other Organizations

The American Chemical Society (ACS) Committee on Chemical Safety
(CCS) documents best practices for safety in chemical activities and provides
guidance, methods, and tools for assessing and controlling hazards in research
laboratories at http://acs.org/safety (ACS n.d.).

For biological laboratories, important references are Biosafety in Microbiolog-
ical and Biomedical Laboratories (BMBL) (CDC 2009) and NIH Guidelines for

Research Involving Recombinant or Synthetic Nucleic Acid Molecules (NIH
Guidelines) (NIH 2016).

Classification of Laboratory Ventilation Design Levels 5
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Laws and Regulations

This guide serves as a resource to help control exposure to airborne chemical
hazards used in laboratories. Elements of this guide are to be implemented in the
absence of, or as a supplement to, respective laws and regulations, standards
developed by authoritative bodies, and site-specific protocols. Where national or
local laws require a higher (specific or additional) standard, they must be fol-
lowed. Where national or local laws require less stringent standards, the facility
guidelines and standards must be followed.

System design and operating requirements must comply with mandatory pro-
visions of related codes and standards unless a waiver is granted. Nothing in this
guide is intended to supersede requirements in codes or standards or the require-
ments of the authority having jurisdiction, nor is it intended to replace the need to
consult with registered design professionals, code officials, and environmental
health and safety specialists necessary to achieve safe workspaces for occupants
and to protect the property or the environment from damage.

6 Classification of Laboratory Ventilation Design Levels
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Key Definitions

The following definitions provide clarity and context for some of the terms
used in this guide.

airborne chemical hazards: Chemicals suspended or mixed in air and which pose
hazards that can be similarly controlled by ventilation strategies. These are pri-
marily gases and vapors from volatile chemicals which present flammability, reac-
tivity, toxicity hazards, or odor issues. Other types of airborne contaminants may
include particulates, fumes, and aerosols. These are likely to require control strat-
egies distinct from those of gases.

emergencies: Situations in which airborne chemical hazards are released in
amounts or at rates beyond those anticipated during typical laboratory scale activ-
ities and processes. These situations require special or extraordinary action to
return the laboratory space to acceptable conditions. The primary emergency
response strategy involves evacuation of laboratory workers, a response by teams
equipped with appropriate personal protection, and either an extended period of
nonoccupancy or the provision of additional ventilation when available.

failure mode analysis: The process of identifying all failures that are possible in a
system and evaluating the effects of those failures.

hazard: Anything in the workplace that has the potential to harm people, property,
or the environment. Hazards can include objects in the workplace such as machin-
ery or chemicals, biological materials, and radioisotopes. With respect to airborne
hazards, the severity of the hazard is inherent in the properties of the material.

laboratories: Spaces in which the use of hazards meets OSHA’s definition of lab-
oratory scale: “work with substances in which the containers used for reactions,
transfers, and other handling of substances are designed to be easily and safely
manipulated by one person” (OSHA CFR n.d.). Laboratory scale excludes those
workplaces whose function is to scale up or produce commercial quantities of
potentially hazardous airborne materials.

laboratory ventilation design level (LVDL): Laboratory and ventilation design,
components, and operating specifications that can be expected to control concen-
trations of airborne chemical hazards generated during laboratory scale proce-
dures.

management of change: The ongoing oversight process that provides a mecha-
nism to detect and respond to changes in laboratory processes and risk. This may
require a reevaluation of the risk and a control banding assignment associated

Classification of Laboratory Ventilation Design Levels 7
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with the work and modification of the systems to accommodate changes in func-
tional or safety requirements.

risk: The probability of contact with an airborne concentration of hazards suffi-
cient to cause harm to people (death, injury, or illness), property (degradation or
corrosion) and the environment (pollution).

control banding: A hazard identification and risk assessment system that orga-
nizes information about hazards and processes into groups based on their rele-
vance to the health and safety scenario of concern. Factors to consider in making
this assignment in the context of laboratory ventilation include chemical hazard,
quantity, and the potential for airborne emissions in the laboratories and building.
It is important to note that some processes may fall outside a specific control
banding system due to unusual hazards or application. Determination as to
whether a specific area, device, or process is appropriate for control banding is the
first step in making a control banding assignment.

ventilation effectiveness: The ability to reduce accumulation of unsafe concentra-
tions through the combined mechanisms of dilution and contaminant removal
throughout a laboratory room. Dilution in a well-mixed environment is a function
of the air change rate, whereas ventilation effectiveness is a function of the airflow
patterns resulting from how the air is supplied and exhausted from the space.
Increasing the air change rate may not have a positive effect on ventilation effec-
tiveness. Both the magnitude of the flow and the resulting airflow patterns within
the laboratory must be considered to maximize ventilation effectiveness.

volatile chemicals: Chemicals that can be readily vaporized at relatively low tem-
peratures (i.e., below 38°C [100°F]). The level of volatility correlates with the
vapor pressure of the chemical and thus is chemical specific. For example, a mate-
rial such as acetone has a high vapor pressure and a low boiling point, which
equates to high volatility.

8 Classification of Laboratory Ventilation Design Levels
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Ventilation for Control of
Airborne Hazards

LACS:s serve as the primary engineering control to reduce potential for harm
to people, property, and the environment by controlling accumulation and migra-
tion of airborne chemical hazards generated in laboratories. The ventilation con-
trol techniques include containment, capture, dilution, and removal of airborne
chemical hazards from the laboratory. LACSs include various types of ECDs such
as fume hoods, snorkel extraction arms, biological safety cabinets, and glove
boxes for local source capture. The LACS also includes the physical layout or
topography of the laboratory that affects airflow patterns within the room, the air
supply and exhaust systems, and the safe discharge of airborne contaminants from
the building. The degree of protection afforded by the LACS depends on the coor-
dinated design, operation, and use of all these elements.

The laboratory and the LACS must be appropriate for the chemical hazards
and capable of providing adequate control and protection when properly designed,
operating, and used by trained personnel. The level of risk and the demand for
ventilation can vary between laboratories and within any laboratory over time
depending on the occupants, the types of hazards, and the processes conducted.
For this reason, management of change procedures are particularly important in a
laboratory setting. A successful management of change program involves a vari-
ety of stakeholders, but the design basis of the laboratory ventilation system
should include consideration of how to support changes in laboratory practices
over time. Laboratory personnel must be trained to use proper work practices,
understand the limitations of the LACS, and recognize when hazardous processes
may exceed the capabilities of the LACS.

As part of this program, the design, construction, and operation of the LACS
is based on potential applications and must be capable of providing adequate pro-
tection over a range of anticipated operating modes with the flexibility to accom-
modate reasonable changes in the demand for ventilation. Many different
protection techniques and technologies are available to address this need and can
be applied to meet the level of control and protection required. However, using the
highest level of control for all laboratories to accommodate all possible current
and future chemical emission scenarios is impractical and costly. Incorporating
features that can be appropriate for all applications results in an LACS that can be
overly complex, wasteful, and extraordinarily difficult to manage and maintain.
As such, the level of control must be defined.

Classification of Laboratory Ventilation Design Levels 9
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Components and Features of
Laboratory Airflow
Control Systems

The design, construction, operation, and use of LACSs affect the ability to
control airborne chemicals, meet safety requirements, and satisfy the demand for
ventilation. LACSs can range from simple, constant-volume (CV), independent
systems to complex, variable-air-volume (VAV), manifolded systems capable of
modulating airflow for multiple spaces over a range of operating modes. Figure 1
and Table 1 depict a complex, modern, VAV exhaust and air supply system capa-
ble of modulating flow in response to changes in the demand for ventilation.

Figure 1 is provided to show and describe the primary components of an
LACS for reference during discussions with stakeholders who may not be familiar
with the various components, attributes, and specifications described in the
appendix.

10 Classification of Laboratory Ventilation Design Levels
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Table 1 Typical Components of a Modern LACS

No. Component/Feature Description

1 Redundant N+1, Dual exhaust fans (N+1) and stacks with continuous power
exhaust fans with backup. Installation of redundant fans enables better system
variable-frequency dependability. The combination of the VFD OABDs optimizes the
drives (VFDs) and ability to reduce flow but maintain sufficient plume discharge
outdoor-air bypass when necessary. Flow control can be optimized by tuning the
dampers (OABDs) sequence of operations.

2 Energy recovery Various types of energy recovery systems can be used depending
system on the hazards in the exhaust. The type can affect efficiency and

the potential for recirculation of exhaust. Options include
runaround loops (least efficient, but safest), heat pipes (more
efficient), and rotary heat exchangers (heat wheels) (most
efficient, potentially least safe).

3 Flow monitors and Exhaust and air supply systems often use flow and static pressure
system sensors sensors. The measurement of total flow in addition to system static
pressure improves system sensitivity flow tracking and enables
reset of static pressure during periods of reduced demand. The
ability to achieve better sensitivity and reduce static pressure can
enable significant additional savings.

4 Building automation = The BAS can monitor operation, detect operational problems, and
system (BAS) trend operation over time to provide useful operating metrics.

5 Contaminant-sensing A network of sensors can be installed to sample air quality and
demand-controlled modulate or increase flow when chemicals are detected, enabling
ventilation (DCV) minimum airflow when contaminants are not detected in the

environment. This improves the ability to increase flow for
additional dilution when necessary rather than increasing flow to
operate continuously for possible spill scenarios.

6 Air-handling unit AHUSs can provide 100% outdoor air or be equipped to recirculate
(AHU) supplying some portion of air supplied to the building. Recirculation is
100% outdoor air prohibited for laboratories that handle airborne hazards.

to laboratories

7  Occupancy sensors Occupancy sensors detect the presence of people in the laboratory
and enable flow to be reduced or set back when laboratories are
vacant. Flow reduction lowers the air change rates, potentially
enabling accumulation of concentrations and exposure upon
laboratory reentry prior to purging.

8 Temperature sensors  Temperature sensors (i.e., thermostats) detect room temperature
and translate signals to air supply discharge temperature control or
another source for maintaining room temperature specifications.

12 Classification of Laboratory Ventilation Design Levels
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Table 1

Typical Components of a Modern LACS (continued)

No. Component/Feature Description

9

Air supply controls
and diffusers

The volume and distribution of room air supply can be critical to
controlling room temperature and dilution and assisting with
contaminant sweep and removal from the space. Improper location
and type of supply diffusers can cause short-circuiting of air that
reduces efficiency or can cause high-velocity cross-drafts that can
interfere with ECD capture and containment.

10

DCYV that detects
airborne contaminants

Chemicals and/or other air contaminants can be accidentally
released in the laboratory. When they are detected by sensors, the
ventilation rate can be increased to promote faster dilution and
removal. The detection of contaminants can be reported through
the building information systems to alert occupants or responsible
stakeholders such as environmental health and safety (EH&S)
personnel.

11

Anteroom with
critical room
pressure monitoring
and controls

Laboratories with a need for isolation to help prevent migration or
escape of airborne hazards to nonlaboratory spaces can be
equipped with anterooms or vestibules that serve as additional
barriers to isolate the space and with room pressure monitors to
indicate the airflow direction and differential pressure.

12

Airborne contaminant
filtration system

Chemicals and/or other air contaminants can be accidentally
released in the laboratory. Filter units can be installed with
different types of media to scavenge airborne contaminants and
assist with air movement and the effectiveness of the room
ventilation systems. Some filter units are equipped with
contaminant detectors and/or sensors to detect and alert users and
responsible stakeholders such as EH&S personnel.

13

Exposure control
devices (ECDs)
(local exhaust
ventilation)

ECDs (local exhaust ventilation) such as ventilated enclosures,
snorkel exhaust arms, and hazardous gas cabinets can be installed
to assist with source capture and reduce risk in the laboratory and
need or reliance on room dilution ventilation as the primary means
of protection. The ECDs must be appropriate for the airborne
hazard and activity.

14

ECDs (VAV
fume hoods)

VAV fume hoods provide a high level of protection and modulate
flow in response to changes in the use of the fume hood. A VAV
fume hood reduces flow depending on sash opening area,
occupancy, or other conditions. The minimum flow must be
sufficient to maintain containment, dilution, and removal of
contaminants generated within the hood under that operating
mode.

Classification of Laboratory Ventilation Design Levels 13
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Table 1 Typical Components of a Modern LACS (continued)

No. Component/Feature Description

15 VAV exhaust flow VAV terminals or valves comprise sensors, actuators, and flow
controller dampers to modulate exhaust flow to satisfy the flow requirements
of the VAV fume hood or other exhaust devices in the laboratory.

16 ECDs (CV CV fume hoods are designed for a constant volume of exhaust
fume hood) flow from the fume hood. CV operation is sometimes necessary

for containment or where high rates of contaminant generation

could cause problems at reduced flow and lower duct transport

velocities.
17 CV exhaust flow CV terminals or airflow control valves are used to maintain a
controller constant flow of air through the exhaust device regardless of

operating mode.

18 Exhaust stack The design height and ejection velocity can be critical to ensuring
adequate discharge of contaminated exhaust air from the
laboratory and ECDs. The height, velocity, and stack design can
affect the dispersion of the contaminated plume and the potential
for exposure of people working on the roof and nearby. A common
problem resulting from improper discharge of airborne hazards is
reentrainment into the air supply systems.

14 Classification of Laboratory Ventilation Design Levels
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Laboratory Ventilation
Design Levels

Estimating risks and the consequent demand for ventilation can help establish
appropriate specifications for design and operation of laboratories, ECDs, and the
overall systems. Similarly, an evaluation of the existing LACS can help determine
the existing level of protection and the inherent potential for protection. Knowing
the level of protection afforded by the LACS can help determine suitability for
applications involving hazardous airborne materials or reveal the need to modify
the design or operation based on the risk and required protection. The protective
capability of an LACS is based on a combination of physical design attributes and
operating specifications such as the air change rates and volume of flow.

This guide categorizes the design and operation of LACSs in five laboratory
ventilation design levels (LVDLs). Each level is associated with a different level
of protective capability by virtue of design features (physical attributes) and oper-
ating characteristics. As shown in Figure 2, an LVDL-0 represents a laboratory
that offers negligible control of airborne hazards and is appropriate for the lowest
risk activities, whereas an LVDL-4 represents an LACS with features, attributes,
and operating characteristics that can offer the highest level of protection. The
level of protection afforded by the LACS is not subject to a single design feature
or operating specification such as air changes per hour (ACH). Rather, the LVDL
and level of protective capability are based on a combination of the components,
features, and specifications that make up the LACS. Higher LVDLs can be associ-
ated with higher costs for construction, greater energy consumption, increased
complexity, higher operating costs, and greater levels of effort to manage and
maintain them.

It is also important for facility owners to recognize that selection of an LVDL
for laboratories during design will impact the type of activities appropriate to be
conducted in the laboratories after they are built. Before hazardous work occurs
in these spaces, a specific review must be performed to determine whether the
work is consistent with the assumptions made during the project planning,
design, and construction processes. Resources for conducting laboratory hazard
and risk assessments are likely to be available in institution-specific information
such as institutional design standards, a Laboratory Ventilation Management
Plan (as required by AIHA/ASSE Z9.5 [AIHA 2012]), or other systems and
guidance documents developed by environmental health and safety (EH&S)
staff. These resources should be consulted early in the design development phase
or when evaluating the suitability of a laboratory for conducting work with air-
borne hazards.

Classification of Laboratory Ventilation Design Levels 15
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Figure 2 Risks associated with airborne hazards and the levels of
protection associated with the range of LVDLs.

Table 2 describes the general characteristics and typical application of labora-
tories by LVDL. The table of LVDL requirements for design and operation in the
appendix provides recommendations for design features, attributes, and specifica-
tions for the different LVDLs.
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Appendix—

Criteria and Attributes for
Laboratory Ventilation
Design Levels

Table 3 provides recommended criteria, operating specifications, and design
attributes for each LVDL. The table is divided into sections based on the general
area of application and recommended criteria for design and operation. Each sec-
tion is further subdivided into individual criteria and a description of each crite-
rion as it applies to each LVDL. As stated previously, LVDL-0 to LVDL-4
represent increasing levels of protective capability, complexity, costs, etc. The
information contained in Table 3 can be used to promote communication between
stakeholders and offer a level of design and operation commensurate with the
actual or perceived level of risk applicable to the laboratory activities.

For existing laboratories, the design and operation of the LACS can be
matched with the criteria and description to assign an LVDL. During design of
new laboratories or when modifying LACSs, Table 3 can be used to determine the
design level appropriate for the anticipated risk. Where there is great uncertainty
as to the types of activities that might be conducted and where the range of risks
may vary widely, it would be prudent to design and operate the LACS according
to LVDL-4 recommendations. However, budgetary constraints and other issues
may warrant designing to a lower LVDL. In these cases, it is necessary to ensure
all stakeholders are aware of the limitations and to ensure the space provides ade-
quate protection in combination with other protective measures. Finally, an LACS
can be designed for higher LVDLs but operate according to lower LVDLs when
appropriate to conserve energy and reduce operating costs. Each laboratory and
LACS should be appropriately and conveniently labeled with both the LVDL
capability and the current operating level at the laboratory, and/or this information
should be available in a central repository for building design information.

Classification of Laboratory Ventilation Design Levels 19
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