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Laboratory ventilation is a fundamental strategy to control exposures to volatile chemicals. However,
laboratory ventilation systems are energy-intensive and developing innovative methods for incorporating
sustainable energy considerations into laboratory ventilation design and operation is an important concern
for successful 21st century laboratory institutions. This paper describes our use of two ANSI standards in the
development of a Laboratory Ventilation Management Program (LVMP) that balances health and safety
priorities with the sustainability goals of Cornell University.

Specifically, this LVMP applies the concept of continuous improvement of system performance described
by American National Standard for Occupational Health and Safety Management Systems (ANSI Z10-
2012) to the design and operational criteria for laboratory ventilation systems identified by the ANSI
Laboratory Ventilation Standard (ANSI Z9.5-2012). Within this LVMP, we identify key stakeholders, their
roles and responsibilities relative to the twin goals for the laboratory ventilation system of worker safety and
environmental sustainability, and indicators of progress that track the success of the system in meeting
these goals.
By Ralph Stuart, Ellen Sweet

THE CHALLENGE OF LABORATORY
VENTILATION

General laboratory ventilation (that is,
engineered air movement outside fume
hoods, local exhaust devices, and che-
mical storage cabinets) is an important
strategy for controlling volatile chemi-
cals used in the laboratory setting. The
OSHA Lab Standard recommends that
general laboratory air ‘‘be continuously
replaced so that concentrations of
odoriferous or toxic substances do not
increase during the workday’’.1 This
strategy relies on dilution to prevent
accumulation of flammable levels of
vapors, odors (see Table 1), and toxic
levels of volatile chemicals outside of
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local exhaust systems, primarily fume
hoods. General ventilation is intended
to manage small sources of volatile che-
micals, suchasexhaust frominstrumen-
tation or bench top use of small
amounts of chemicals in the laboratory.
As a rule, neither general nor local ven-
tilation is intended to address large
releases of chemicals, such as emissions
from spills or leaking chemical contain-
ers;webelieve that this concern isbetter
addressed by appropriate laboratory
emergency planning and response
procedures.

The challenge presented by general
ventilation as a protective strategy is
that laboratory operations use a wide
variety of chemicals in changing
amounts and concentrations on an irre-
gular basis. This means that the risks
associated with volatile chemicals in
the laboratory change unpredictably,
creating an ongoing question with
regard to the design and operation of
laboratory ventilation systems: How
much general ventilation is required
to maintain a prudent level of protec-
tion in controlling chemical hazards?
In recognition of this, the ANSILabora-
tory Ventilation Standard Z9.5-2012
requires the development of ‘‘an
ongoing system for assessing the poten-
tial for hazardous chemical exposure’’
as a means of managing this issue.2
� Division of Chemical Health
With these purposes in mind,
laboratory ventilation design has tra-
ditionally been based on the concept
of ‘‘hood density’’.3 This approach has
often led to laboratories that have ven-
tilation rates more than 10 air changes
per hour, in order to: (1) satisfy the
requirement for supply make up air
for exhaust systems (primarily fume
hoods); (2) control temperature by
removing heat generated by labora-
tory equipment; and/or (3) to main-
tain negative pressure in the room in
order to prevent escape of hazardous
chemicals from the laboratory. This
high ventilation rate also provides a
‘‘safety margin’’ for managing emis-
sions outside areas of controlled
exhaust.

However, because laboratories are
designed to use 100% outside air that
is directly exhausted to the outdoors to
keep contaminants from being circu-
lated into other parts of the building,
the energy cost of ventilating them can
be more than 10 times that of office
spaces per square foot.4 For this rea-
son, various approaches to reduce gen-
eral laboratory airflow rates under
specific conditions have been imple-
mented. For example, some laboratory
designers have distinguished between
occupied, unoccupied and ‘‘purge’’
conditions in the room and developed
and Safety of the American Chemical Society 31
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Table 1. Four reasons chemistry shouldn’t smell.

1. Theoretical: Emissions from a laboratory process indicate a poor atom
economy in the process.

2. Practical: ‘‘Normal’’ laboratory odors can mask emissions which indicate
a more significant leak or spill in the laboratory.

3. Community responsibility: Other people shouldn’t have to smell your work.
4. Prudence: It is a good practice to keep your exposures to chemicals as

low as reasonably achievable to minimize your risk of long term
health impacts.
systems which provide different venti-
lation rates based on this status.

An additional complicating factor is
that the movement patterns of the air
through a laboratory room are as
important as the quantity of air moved
in achieving the goal of controlling
chemical concentrations. Thus, simple
answers to the question of ‘‘How much
general laboratory ventilation is
enough?’’ are not readily apparent,
beyond ‘‘It depends upon both the spe-
cific chemistry and equipment layout
present in the laboratory’’. New man-
agement approaches are called for in
order to operate the ventilation sys-
tems effectively and efficiently.
[(Figure_1)TD$FIG]

Figure 1. Schematic
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KEY ELEMENTS OF THE
LABORATORY VENTILATION
SYSTEM

The primary goal of a laboratory envir-
onmental health and safety program is
to protect laboratory workers from the
hazards associated with the materials
they use while maintaining a flexible
workplace that supports high quality
science. However, in recent years, the
increasing amount and complexity of
interdisciplinary research has pre-
sented new laboratory safety manage-
ment challenges, particularly with
regard to designing and operating
laboratory ventilation systems. At the
diagram of the elements of the laboratory v
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same time, changing environmental
factors at the institutional level have
increased the need to carefully balance
this environmental health and safety
goal with that of conserving energy for
financial and sustainability reasons.5

To address this challenge, Environ-
mental Health and Safety (EHS) and
Facilities professionals have begun to
examine a variety of strategies for redu-
cing laboratory ventilation rates. These
strategies have addressed different ele-
ments of the laboratory ventilation sys-
tem, usually in isolation from one
another.

For example, as illustrated in
Figure 1, some of this work has con-
sidered ‘‘macroscale’’, building-wide
ventilation parameters, such as how
to condition air temperature and
humidity on a building-wide basis,
what air supply rates to rooms should
be, and the air distribution patterns to
the building as a whole.6 Other work
has focused on maintaining fume
hood containment at reduced face
velocities, in order to limit the amount
of uncontaminated air exhausted from
the laboratory space. Compared to
entilation system.
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building wide practices, this perspec-
tive considers ‘‘microscale’’ phenom-
enon in a small section of the
laboratory – primarily, air flow pat-
terns in the hood and its immediate
vicinity.7 Specific criteria for the
management of these elements are
included in the requirements for the
LVMP defined by the ANSI Z9.5 Stan-
dard for Laboratory Ventilation.

An area which has received less
attention to this point is consideration
of the effectiveness of the general ven-
tilation system at controlling chemical
concentrations within the laboratory,
but outside the immediate area of the
hood.8 Traditionally, this ‘‘mesoscale’’
issue is considered primarily at the
design stage of new or renovated
laboratories, as decisions about equip-
ment placement and ventilation sys-
tem configuration are made. The
primary safety parameter of interest
at the mesoscale is the rate at which
air contaminants are introduced into,
moved through, and then removed
from the laboratory; this relates not
only to the ventilation rate of the room,
but also the size of the room, the layout
of furniture and equipment in the
room, and the size of the contaminant
release.9 Thus, this element is a com-
plicated factor to assess and requires
well-informed professional judgment
to properly implement.

It is only by considering the ventila-
tion system at all three of these scales
that the safety value of the ventilation
system as a whole for all of its poten-
tial receptors can be evaluated. As
outlined in Table 2, the elements of
the system at the different scales inter-
Table 2. Comparison of key laboratory ven

Macroscale

Operating parameters Fan size and

Safety factors Maintenance
flowrates and
within the bu

Primary energy impact Fan energy re
heating and c
building air

Operational stakeholders Building desi
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act in continuously variable ways to
form a complex system. We believe
that this consideration requires that
the laboratory ventilation be managed
as a system that includes elements at
all three scales on a continuous
improvement basis. For this reason,
we decided to nest the LVMP defined
by ANSI Z9.5 within the management
system context described by ANSI
Z10.10

BALANCING SAFETY AND ENERGY
CONSERVATION

Cornell’s Climate Action Plan is
designed to move the campus toward
climate neutrality by 2050.11 The key
challenge in attaining this goal is to
balance the far-sighted objective of cli-
mate neutrality with the immediate
need to maintain the health and safety
of today’s laboratory occupants as
they work with a wide variety of
hazardous materials. This challenge
requires striking an explicit partner-
ship between the efforts of two admin-
istrative departments which have
differing foci with respect to laboratory
ventilation systems: the Department of
Environmental Health and Safety,
which relies on the proper operation
of the laboratory ventilation system as
a critical component of control for
health and safety of campus laboratory
workers; and the Energy Management
Office, which is responsible for proper
stewardship of the University’s use
of energy resources. In this role, a
key concern of the Energy Manage-
ment Office staff is identifying
and implementing energy reduction
tilation elements at different operating scale

Mesoscale

speed General ventilation mea
in air changes per hour

of design
pressures

ilding

Half-life of chemical
contaminants in workp

quired; central
ooling of

Local conditioning of a
reheat) supplied to labo

gners Facility operators and
laboratory designers
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opportunities across campus. In order
to manage these different priorities, we
draw on the two ANSI standards to
leverage the expertise of national lea-
ders in organizing our program. This
approach has been a key asset in devel-
oping a laboratory ventilation manage-
ment program for Cornell’s Ithaca
campus that is coherent and relevant.
THE ROLE OF ANSI STANDARDS

The ANSI Z9.5 Laboratory Ventilation
Standard describes specific best prac-
tices for the design and operation of
the components of the laboratory ven-
tilation system. Because the appendix
to the OSHA Lab Standard indicates
the wide range of 4–12 Air Changes
per Hour (ACH) for what should be
‘‘normally adequate general ventila-
tion’’,1 the need for more specific gui-
dance arises. The LVMP outlined by
the ANSI Z9.5 standard includes
recommendations that an employer
train employees in proper hood use;
establish design, commissioning and
monitoring specifications for ventila-
tion controls; and provide criteria for
the control measures of employee
exposure as assessments of ‘‘specific
day-to-day chemical exposure situa-
tions’’. The ANSI Z9.5 also includes
the roles and responsibilities of the
different stakeholders and periodic
program evaluation; and specifically
states in the 2012 revision that the
standard ‘‘also confronts energy con-
siderations, especially where there is a
potential to impact worker health and
safety.’’2
s.

Microscale

sured Fume hood face velocity

lace
Containment of
contaminants within the
hood

ir (i.e.
ratory

Make up air requirements for
local exhaust

Laboratory workers when
determining which
operations to use in a hood
and how well the hood is used
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Figure 2. Schematic diagram of the PDCA model for laboratory ventilation health
and safety issues.

[(Figure_3)TD$FIG]

Figure 3. Illustration of the PDCA model for energy conservation.
In order to address the ventilation of
a laboratory from a more complete
perspective, we have identified a
broader group of stakeholders
involved in laboratory ventilation deci-
sions. While these stakeholders have
distinct priorities and processes, they
share the common goal of providing
safe and efficient workplaces that sup-
port laboratory science while respon-
sibly using energy and therefore
carbon emitted by the campus facil-
ities. The intent of this broader labora-
tory ventilation program is to
systematize the management of labora-
tory ventilation to include this wider
variety of stakeholders while identify-
ing opportunities for improving facility
operations and implement long-term
energy conservation strategies.

Our system is based on the ANSI
Z10 Standard for Occupational Health
and Safety Management Systems and
uses a collection of key indicators to
measure the performance of specific
activities within the system in order
to provide feedback loops of interest
to the various stakeholders in the pro-
gram.12 The ANSI Z10 standard uses
the Plan-Do-Check-Act (PDCA) man-
agement model to support the contin-
uous improvement of the system’s
progress on both goals. This involves
combining the efforts of the EHS pro-
gram related to laboratory ventilation
(outlined in Figure 2) with that of the
Energy Management office for energy
conservation (outlined in Figure 3).
This allows a balanced approach to
the management of the overall pro-
gram to be maintained.

Fortunately, Cornell has a 10 year
history of progressive management of
laboratory ventilation operations.
Each building on campus is metered
for a variety of types of energy use and
data for tracking the impact of building
changes is readily available on the
Facilities Services web site. Preventa-
tive maintenance activities in labora-
tory buildings are organized around
the concept of ‘‘continuous commis-
sioning’’ of laboratory rooms to assure
that the ventilation is operating within
an appropriate range of pressure dif-
ferentials and flow rates. In light
of this, we were able to connect our
newly developed Laboratory Ventila-
tion oversight program with the
34
Energy Management program by
choosing four key indicators to moni-
tor lab ventilation system operations;
two of these represent safety concerns
and two represent sustainability issues.
Figure 4 is a diagram of how the two
programs are connected within the
PDCA framework of the ANSI Z10
standard.

The complete LVMP available on
the Cornell EHS web site identifies
the institutional policies that the pro-
gram is based on and describes the
roles of the various stakeholders
in detail. In the case of laboratory
Journal of Chem
ventilation at Cornell, the manage-
ment system cycle incorporates the
two core goals: the health and safety
of the laboratory workers while low-
ering the laboratories’ carbon foot-
print. The first of these goals is based
on the University’s established Health
and Safety Policy which is the govern-
ing policy for maintaining the safety of
everyone in the Cornell University
community.13 The second goal focuses
on carbon neutrality. This goal was
established by the University President
by signing the College and University
Presidents’ Climate Commitment.14
ical Health & Safety, July/August 2013
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Figure 4. The combined Plan Do Check Act management cycle applied to the twin
goals for laboratory ventilation of safety and sustainability.
OUR SYSTEMS APPROACH

The resulting systems approach to our
LVMP relies on a variety of processes
already in place, such as annual fume
hood certification, continuous ventila-
tion commissioning of laboratory
spaces, and design review of laboratory
construction and renovation projects.
These elements are based on criteria
outlined in the ANSI Z9.5 Standard.

However, two new process indica-
tors were developed to provide addi-
tional operational control and
measurement of aspects specific to
the LVMP. The first is a scoring
method to assess fume hood practices
which we are calling ‘‘Hood House-
keeping’’. The second is the room-wide
‘‘Control Banding’’ which represents
levels of hazards assigned to the entire
space. Control Banding is the generic
sorting of laboratory rooms, based on
the chemistry, into hazard bands and
applying minimum general ventilation
rates accordingly. Laboratories which
host higher hazard chemistry are
assigned minimum ventilation rates
of 8 air exchanges per hour (ACH)
occupied and 4 ACH unoccupied.
The lower rates of 6 ACH occupied
and 3 ACH unoccupied are applied
to labs of the lower hazard bands. It
is important to remember that these
minimum rates may be exceeded when
necessary to maintain proper space
temperature or to supply makeup air
for local exhaust devices.
Journal of Chemical Health & Safety, July/A
These control band assignments are
managed by EHS staff in partnership
with staff in Facilities and departmen-
tal safety representatives, who make
the adjustments and communicate
them to lab occupants. An Energy
Outreach Coordinator within Facil-
ities coordinates and tracks ventila-
tion conservation activities between
these two departments and also man-
ages the temporary decommissioning
of fume hoods, which we call ‘‘Hood
Hibernation’’. The outreach coordina-
tor provides communication to those
affected in the labs beyond what is
offered by EHS and building manage-
ment. This is necessary in order to
maintain support for the overall sus-
tainability efforts of the University and
provide the feedback loops to the Cli-
mate Action Plan.

Upon full implementation of the
program, these indicators will be
located on the Cornell EHS website
along with the other elements of the
program to help inform the various
stakeholders of their laboratory venti-
lation responsibilities. The ventilation
rates recommended for specific labs
that have been assessed will reside in
the database that is accessible to all of
the stakeholders. In this way, it is our
intent to, in the words of ANSI Z10,
‘‘facilitate improved teamwork and
operational performance. . . plac(ing)
less reliance on single individuals
and more emphasis on (the) organiza-
tion’s process and teamwork to
ugust 2013
maintain business functions even as
personnel changes (a person’s
absence) occur.’’ This consideration
is critical in order to sustain the man-
agement cycle and provide continuity
of the monitoring of contaminant
exposure control measures and energy
conservation.

Figure 5 presents schematically the
relationships between the human and
mechanical components of the LVMP.
Operationally, the mechanical equip-
ment to be managed are the fume
hoods and ventilated chemical storage
cabinets as well as the general ventila-
tion system that, in many buildings, are
metered for occupancy patterns, tem-
perature fluctuations, and sash usage.
These elements are managed by a vari-
ety of stakeholders, who are sorted into
four groups based on their roles and
responsibilities relative to the ventila-
tion system and by how the LVMP
will track their laboratory ventilation
activities.

Specific, measurable indicators are
designated in order to track progress
toward the system goals of increasing
energy conservation while maintaining
safety. Figure 6 is a screen-shot from
the building control system that moni-
tors the laboratory ventilation system
of a specific room. In this image one
can see key parameters in identifying
the amount of laboratory ventilation in
cubic feet per minute, such as the hood
sash position and whether the lab was
occupied. For outreach purposes, this
data will be used in a behavior change
campaign designed to encourage occu-
pants to keep the fume hood sashes
closed when not in use.
THE PROGRAM MOVING FORWARD

Moving forward with the development
of this program on this campus
requires establishing SMART goals
using the criteria outlined in Table 3,
developing a variety of training oppor-
tunities for the stakeholders involved,
reviewing and maintaining standard
operating procedures, and establishing
a centralized location for data capture
and performance analysis over time.

Achieving climate neutrality by 2050
is a multifaceted goal and efficient
laboratory ventilation is only one
35
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Figure 5. Diagram of laboratory information elements.
aspect. Specific goals for the stake-
holders impacted by lab ventilation
and measures for monitoring these
have been identified, but timetables
for reaching those goals have not yet
been established. A review of current

[(Figure_6)TD$FIG]

Figu
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program elements indicates that there
are currently standard operating pro-
cedures for many relevant operations,
but they do not necessarily generate
the key indicators required for this
more comprehensive program. The
re 6. Building control system screen-shot.

Journal of Chem
centralized data capturing location is
in the beginning phase of development
and will connect the LVMP with a
Green Laboratories program in order
to make laboratory ventilation perfor-
mance visible on a ‘‘dashboard’’.
ical Health & Safety, July/August 2013



Table 3. SMART goals of the Cornell LVMP.

SMART criteria Explanation Comments relative to Cornell LVMP

Specific Goals must be include clearly
defined outcomes

The Climate Action Plan of climate neutrality is well-defined; lab worker
health and safety is less well defined but manageable within the context
of a research institution.

Measurable The desired outcomes must
be measurable

Data is available to determine carbon emissions associated with
laboratory work; exposure estimates can be used to assess worker health
and safety.

Actionable Specific actions within the
management system must be
related to the goals

The purpose of the LVMP is to define actions related to the system goals.

Realistic The goals must be practical in
the time frame specified

The carbon neutrality goal is aspirational; worker health and safety has
been achieved on an ongoing basis in the past.

Time-oriented There must be a timeframe
associated with the goal

The Climate Action Plan time frame of 2050 is difficult to manage with
short term actions; one of the purposes of the LVMP is to establish
interim goals for carbon emissions while maintaining current health and
safety conditions.
CONCLUSION

Ventilation is a fundamental health and
safety protection strategy in the labora-
tory. The ventilation system’s effective-
ness is integral to controlling airborne
chemical contaminants while main-
taining an environment that can sup-
port a wide variety of laboratory
processes involving hazardous materi-
als. Managing energy intensive ventila-
tion systems and incorporating
sustainable energy considerations into
their design and operation is important
for monitoring the effectiveness of
laboratory ventilation as a health main-
tenance measure.

It is important to remember that
laboratory ventilation and other engi-
neering controls are only part of the
complete strategy to protect laboratory
workers and support staff from chemi-
cal hazards. Identifying less hazardous
chemicals to use; providing training
and oversight of workers; and appro-
priate use of personal protective equip-
ment are all important parts of the
laboratory safety program. Using best
practices in all of these areas reinforces
the value of each practice in managing
hazardous chemicals.

As the operational, financial and
regulatory environment of laboratories
that use hazardous chemicals in
the academic setting evolves, these
Journal of Chemical Health & Safety, July/A
protection strategies should be pru-
dently rebalanced to control these risks.
It is for this reason that we have taken a
systems approach for managing labora-
tory ventilation by using the ANSI Z9.5
enveloped within the ANSI Z10.
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