
Designing the Next Generation Instrument Lab
By Hixson’s Science + Technology Team

Instrument laboratories per forming analy t ical 
chemis t r y  us ing mass  spec trometers ,  l iquid 
chromatography  and  o the r  equ ipment  and 
techniques are critical-use areas within any modern 
laboratory. Laboratory design criteria for these 
spaces are driven in part by equipment requiring 
specif ic environmental ,  uti l i t y,  and ergonomic 
configurations, in addition to personnel demanding 
efficient work flows and lower lifecycle maintenance 
costs. Too often instrument labs are not purpose-
built. Instead, laboratory space is re-purposed for 
instrument lab use, resulting in sub-optimal layouts, 
poor environmental control, and inef ficient utility 
delivery. While many facilities do the best with what 
they have, unfortunately, compromised lab spaces 
can result in higher maintenance and operational 
costs and lower throughput. 

In contrast, lab spaces designed specif ically for 
instrumentation analy tics of fer the opportunity 
to match spatial, environmental and utility needs 
from day one, if proper programming is performed 
at the onset. In addition to matching the mechanical 
requirements of the lab space, lab programming also 
should include consideration to work flows, growth, 

f lex ibil i t y  and maintenance.  A comprehensive 
programming ef for t between the lab manager, 
maintenance staf f, and lab designer is a crucial 
component of the long-term operational costs and 
efficacy of the lab. In the remaining sections, we’ll 
explore what you need to consider when designing 
an optimal instrument laboratory.

THE PHYSICAL LAB SPACE: 
LOCATION, LAYOUT AND ACCESS 

CONSIDERATIONS 

One of the first details to consider when planning 
for an instrument lab is the location of the room 
itself. Instrument lab locations should maximize 
adjacency to users and to vertical transportation 
(in multi-story buildings), allow convenient access to 
utility systems (gasses, purified water system, HVAC, 
etc.), provide for the appropriate and/or streamlined 
disposal of solid/liquid wastes, and allow vendors 
easy access (if required). Furthermore, it may be 
benef icial  to consider consolidating all  of  the 
facility’s analytical instruments/requirements into a 
single or clustered lab(s) due to unique layout, HVAC, 
and utility requirements found in instrument labs.
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Once the ideal location for the instrument lab within 
the facility is determined, it is time to look at the 
layout of the room itself. It is important at this stage 
to build f lexibility into the instrument lab. Once 
all the equipment is in place, it can be dif ficult to 
make changes. Capacity can be added, but moving 
things around will probably not be possible. New 
procedures in old labs will create challenges for 
things such as ergonomics and disposal. Building 
f lexibility in from the beginning will keep those 
future challenges to a minimum. Several factors help 
drive room layout, including ease of maintenance, 
accessibility of equipment, HVAC requirements, and 
ergonomics. Consider, for example:

• Locate  a series of long benches back-to-back, 
with circulation around the perimeter, to avoid 
having instruments on or near walls, which can 
limit the access for maintenance and calibration 
from the rear.

• Place benches used for sample preparation, 
administration, logging, write-up space, etc . 
around perimeter walls to improve access and 
work flow.

• Determine the appropriate bench height and 
depth to accommodate ergonomic use of the 
instruments and consider adjustable bench tops 
to provide for future flexibility.

• Adhere to proper equipment access guidelines, 
e.g., maintain a clear space in front of benches 
of approximately.  44”-60” and maintenance 
space behind benches of 24”- 36”. Remember, 
instrument lab modules will be larger/wider than 
typical labs to accommodate the deeper benches 
and additional access aisles.

• Group the appropriate instruments together 
considering the sizes (height and depth) and 
function (e.g. , liquid or gas chromatograph) of 
equipment. The latter component can also serve 
to streamline utility requirements and waste 
flows. Also consider grouping equipment with 
intensive heat rejection to isolate/localize HVAC 
requirements.

The ability to physically access the lab should 
also be determined during the review of the layout. 
Consider the sizes of largest possible equipment 
to properly size lab doors and determine an access 
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path from the exterior of building. Larger and/or 
wider doors, or double doors with an inactive leaf 
are some possible solutions.

MAKING THE LAB WORK: 
COUNTERS, CABINETS, AND FLOORING

When it comes to instrument labs, it ’s all about the 
equipment. . .the highly calibrated, very expensive, 
and sometimes very large and/or heavy equipment. 
All the design elements, but particularly the cabinets, 
counters, and flooring, need to be designed with the 
equipment in mind.

• The base cabinets selected for instrument labs 
must be able to remain level ,  and maintain 
stability to allow for the precise calibration for 
which some of these machines are known. They 
may need to be designed at non-traditional 
he ights  to  accommodate  the  e rgonomic 
operation of the equipment.

• Proper cabinets helps keep things out of the 
way in the instrument lab. If upper cabinets are 
needed, avoid placing them over any pieces of 
equipment. If this is unavoidable, be sure that 
upper cabinets do not inhibit access or operation 
of items on the lower counter. Depending on 
the equipment, there may be associated pumps. 

Loud and/or high-vibration pumps may be 
located in properly vented, sound-absorbing 
cabinets, but physical isolated from the cabinet 
itself. And have you ever been in an instrument 
lab  that  has  was te  conta inment  buckets 
everywhere? In many labs, it is not uncommon 
to see waste piped to containers or buckets that 
sit in an aisle. Instead, consider designing so 
that containment is underneath in cabinets, with 
proper disposal procedures in place. (See “The 
Gas Delivery System.”)

• Just as the equipment used in the instrument lab 
helps determine the selection of cabinets and 
counters, it also plays a role in flooring selection. 
Flooring should be highly cleanable, and static 
dissipative (or at least non-charge building) 
because of the sensitivity of equipment.

• Best of all, unlike many activities in chemistry 
labs, most processes occurring in instrument 
labs are typically contained within the machines 
themselves ,  reducing the risk/frequency of 
spillage and potentially the need for heavy duty 
(and therefore more expensive) counters and 
flooring. For example, instead of using epoxy-
resin counter tops , they can be made from 
phenolic resin, a money-saving alternative.
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CONDITIONING THE SPACE

Once the layout is set and the lab components 
are in place, it is time to consider the air itself. In 
an instrument lab, there are f ive key aspects of 
conditioning the space: airflow, outdoor ventilation 
a ir,  temperature  and humidi t y  requirements , 
operations, and room pressurization.

In a lab environment, airflow is critical whether the 
room is occupied or not. In instrument labs, designing 
the optimum air change rates to create the proper room 
conditions should be based on the worst case scenario 
of these three factors:

• Heat load of equipment. Typically this factor is the 
worst case due to the high concentration of heat-
producing equipment.

• Equipment exhaust requirements. Some equipment 
requires direct exhaust connects, some require 
indirect exhaust connections (via a snorkel or a 
hood), and others just dissipate the heat into the 
room and need to be factored into sizing the HVAC 
cooling load. For example, mass spectrometers may 
use a vacuum pump which can be directly exhausted, 
ventilated into the room, or even located in a cabinet 
and vented to a fume hood above the cabinet.

• Maintaining appropriate air change rates. There 
are industry guidelines as to the air change rate, 

however there are no code minimum or maximum  
requirements. Hixson has often used these guidelines 
as a check to determine whether the air change 
calculations created (based on the equipment heat 
gain and equipment exhaust requirements) are too 
low, too high, or on target for the space. 

Outdoor ventilation air must be provided for occupants 
and for make-up of exhaust air. Depending on the three 
airflow criteria noted above, the lab may be 100% outdoor 
air, or a mix of outdoor air and recirculated air. Each 
lab is different and each lab needs to be evaluated to 
determine if 100% outdoor air is required. Considerable 
energy savings can be realized if 100% outdoor air is 
not required.

Lab temperatures and humidity are also important. The 
room conditioning design must incorporate the optimal 
temperature and humidity needs of the lab equipment 
in the room. Whether the room needs to be humidified 
or de-humidified will be dependent on the sensitivity of 
the equipment and the geographic location of the lab.

In terms of operational time, the instrument lab can be 
set to run on a 24/7 basis. For those labs that do not 
need that level of access, night setback is something to 
consider during the design phase. During night setback, 
airflow can be reduced, re-circulated air can be enabled 
(versus 100% outside air), and/or the room temperature 
can be set to an unoccupied mode, settings which can 
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result in valuable energy savings. Particular attention 
must be given to what equipment is in the lab and in 
operation at any one time.

Finally, if room pressurization is critical to your instrument 
lab, consider implementing a system that can monitor, 
maintain, and/or alarm if pressurization goes out of  
spec. These systems can simply monitor and alarm if  
pressurization changes, but some can also modulate 
the supply and/or return/exhaust airflow to adjust to the 
correct pressure should it fluctuate.

IN WITH THE GOOD: 
THE GAS DELIVERY SYSTEM

Compressed lab air and lab gasses are essential to 
the operations of an instrument lab. Primary ways to 
deliver compressed gasses to the lab environment 
and distribute throughout are:

• Central  compressed gas systems with gas 
cylinders located in the area outside of the 
main lab environment. Gas is delivered to the 
lab through gas pipe distribution systems.

• Point-of-use compressed gas cylinders are 
located inside the lab. These must be properly 
secured to the benches or wall and must be 
clearly labeled.

• Central systems using gas generators as an 
alternative or as a backup to the cylinders (for 
some gasses).

Gas piping can be routed above and below ceiling. 
While most of it can be hidden away above ceilings, 
f lammable gasses, such as hydrogen, cannot be 
concealed or covered by the sur face of wall or 
ceiling, and must be installed with access for visual 
inspection per the International Fuel Gas Code. 
Once the gas is in the lab, it must be able to be 
accessed by the lab technicians. To provide easier 
maintenance access and eliminate the trip hazards 
found in many existing instrument labs, the gas 
piping should be surface-mounted at the back of lab 
benches or on utility racks with valve connections 
and with flexible cords if required.

OUT WITH THE BAD: 
HAZARDOUS LIQUID WASTE DISPOSAL

While many lab waste materials can go into the 
traditional municipal system, hazardous waste 
requires special handling. Collected waste can be 
sent to an appropriate container, separated by waste 
type, labelled appropriately as hazardous waste, 
and stored in a designated satellite accumulation 
area within the lab. Another way lab waste can 
be removed is through the use of a central waste 
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collection unit . In this method, tubing from the 
equipment generating the waste is connected via 
a sloped, waste collection pipe routed behind a lab 
bench. The pipe then discharges the waste into a 
waste collection container. Once the containers 
are full , they will be removed from the lab by an 
authorized service.

ELECTRIFYING THE LAB WITH 
LIGHTING AND POWER

Programming for light and power in the lab is 
definitely worth the time and consideration during 
the design phase .  L ighting design should be 
driven by light delivered to the top and front face 
of the analytical equipment – making it as easy 
as possible for personnel to see data, gauges, etc. 
Light levels may vary between 50-75fc at the top 
of the instrument and 15-20fc at the vertical face 
of the instrument. Placement of fixtures along the 
front edge of the lab bench will reduce shadowing 
from personnel and provide ease of access by 
maintenance personnel .  Lighting levels should 
be maintained at full brightness during occupied 
conditions but may be step-dimmed or turned off 
with simple occupancy sensors programmed to 
time off after a set length of time. Lighting controls 
coupled with LED f ix tures will  of fer the lowest 
lifecycle cost available.

In the U.S., instrumentation power for equipment is 
typically supplied at 120v-1 phase or 208v-1 phase. 
A single station of analytical equipment may require 
3-7 circuits depending on the final configuration of 
accessories and the manufacturer’s requirements 
for dedicated circuits. Larger instrument labs often 
require multiple electrical panelboards to drive 
a single instrument lab. Dedicated panelboards 
should be located immediately adjacent to the lab 
to reduce circuit length and isolate the electrical 
loads from other laboratories. To meet the circuiting 
requirements, it is common practice to use surface 
raceway. Raceway provides the opportunity for 
multiple circuits, and secondary pathway for data 
cabling and the ease of future configuration changes. 

Plugs of varying voltage and phase configurations 
may be provided within the compartment to meet 
equipment requirements .  Programming should 
weigh the expense of future modifications and the 
disruption of adding or changing circuits within the 
raceway. Recent product introductions of plug-in 
surface busway deliver point of use over current 
protection for devices on a highcapacity busway to 
match instrument requirements.

Consider the implementation of an Uninterruptible 
Power Source (UPS) for the equipment. A UPS-backed 
circuit will protect the instrument by reducing voltage 
fluctuations, harmonics, surges and dips while providing 
ride through of temporary outages. UPS systems are 
typically sized for short-term outages typically lasting 
15 minutes or less: Larger UPS systems could maintain 
power for extended periods, but are often cost prohibitive. 
If an Instrumentation lab is critical to business operations 
and 24 hour run-time is required, a UPS backed by an 
optional standby generator with an appropriate fuel 
source could provide power indefinitely.

SAFETY FIRST: FIRE PROTECTION, 
PERSONNEL SAFETY AND LAB 

SECURITY

A variety of choices exist when it comes to keeping 
the occupants and the very expensive equipment in 
instrument labs safe from fire, accidental chemical 
spills, and intruders. For example, there are three 
pr imary f i re  protect ion systems avai lable  for 
instrument lab use:

• The most basic and least expensive option is the 
traditional wet sprinkler system. However, this 
water f illed system is generally not preferred 
in instrument labs as it brings the potential for 
false discharges, leaks and breakage that can 
damage equipment.

• With Pre-action systems, a smoke detector and a 
sprinkler must activate before water is released 
into the system. If an individual sprinkler fails or 
breaks due to mechanical damage, the system 
will not release water into the pipe without a 
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detector in alarm coupled with LED fixtures will 
offer the lowest lifecycle cost available.

• Clean-agent fire suppression systems are either 
Halocarbon clean agents or Inert gases. Both 
systems are designed based on volume of the 
hazard and the required design concentration. 
Both systems are “total flooding” suppressants, 
and require “enclosure integrity.” Pre-discharged 
warning signals and manual discharge stations 
wil l  be required .  Addit ional  space wil l  be 
required for clean agent cylinders.

From a safety perspective, the lab must be designed 
to support current and/or new safety procedures and 
protocol. Safety showers and eye wash stations should 
be located in every lab, and be properly identified, 
maintained in compliance and drained. In terms of 
compliance, the ANSI/ISEA Z358.1-2014 (American 
National Standard for Emergency Eyewash and Shower 
Equipment) standard states that if a combination 
eyewash and lab faucet is used, it should have an on/
off valve that activates within one second or less with a 
single motion. While this can be done, many of today’s 
labs are not in compliance with this standard.

Last but not least, physical access must be considered. 
Because instrument labs often contain many pieces of 
very expensive, highly calibrated pieces of equipment, 
you will want to know who is in your facility, and be able 
to limit those with access to the instrument lab. Once 
your level of risk is determined, the appropriate mix of 

security measures (e.g., badges, cameras, alarms, etc.) 
can be implemented.

IN THE END: BALANCING 
FLEXIBILITY WITH SCALABILITY

Equipment, people and analytical lab space are 
expensive propositions. Failure to plan for current 
and fu ture  needs may resul t  in  sub-opt imal 
performance of the people, equipment and testing 
ef f iciency metrics. The long-term success of an 
analytical lab can be found in the balance between 
flexibility and scalability. While known equipment  
may be quantified and designed for initially, changes 
in utility requirements, processes and other factors 
may vary greatly over the lifecycle of the space. 
Designers and owners must balance the first cost 
of future flexibility and scalability into the lab space, 
while providing a window for expansion at a later 
time. Undertaking a comprehensive, collaborative 
programming effort is a critical step for the creation 
of a next generation instrument lab.

Hixson is pleased to present this and other papers on issues 
important to the clients we serve. We focus on discovering 
the most effective solutions for a given situation, without 

bias. We do not sell or represent any of products presented 
in these papers.


