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platform with desktop CFX Maestro 
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provides a secure, modern, connected 

workflow for the instrument. Get the 

most out of your instrument by setting up 
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minimizing time needed at the instrument.

To learn more, visit: www.Bio-Rad.com/qPCRCFXOpus
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Laboratory leaders often have to wear multiple hats—from 
knowing how to manage people to making business decisions 
to overseeing research projects. While the layout and design of  
the lab is a critical aspect for success, many lab managers are not 
design experts—and rightfully so. While renovations, new builds, 
and other complex design projects should be led by the experts, it 
is still important that lab managers and their teams are vocal about 
their needs and vision for their space. 

The March issue discusses this concept, as well as other critical 
talking points revolving around laboratory design. The cover story 
(page 10) explains all the factors that need to be considered before 
deciding whether to continue work through a renovation, or seek 
a new space. Lab design editor MaryBeth DiDonna offers tips 
to navigate the different options, and stresses the importance of  
communication between lab leaders and the chosen design team, 
regardless of  the type of  lab design project. “A good, solid team 
with a lab manager that understands their operations and under-
stands the interface between the design team and the construction 
manager is vital to a successful lab renovation project,” she writes. 

The theme of  effective communication and collaboration between 
labs and design experts continues in our Business Management 
article (page 18). Elizabeth Cook, AIA, LEED AP, outlines fi ve strat-
egies that can help ensure a successful lab design project. As Cook 
explains, many of  the same tips we share in Lab Manager’s leader-
ship and management coverage and virtual events—such as active 

listening, building trust, and informed decision-making—can all be 
applied when working with design professionals as well. “Successful 
laboratory research facility projects are inherently complex and take 
a long time from concept to completion. The strategies outlined will 
help project teams problem-solve throughout the process, create a 
shared understanding of  the project, and inform design solutions 
that have buy-in from all stakeholders,” concludes Cook.

Our Labs Less Ordinary series for this issue profi les the Washington 
Animal Disease and Diagnostic Laboratory (WADDL), and some 
of  the challenges the lab design-lab management team overcame 
during a lab expansion project. As the article states, WADDL’s test-
ing demand increased more than 250 percent since the 1970s, with 
about three million tests conducted in the last 10 years. This rapid 
increase in demand resulted in the development of  a new wing that 
could accommodate the workfl ow needs, as well as modern biosecu-
rity requirements. The team at WADDL worked with lab planners 
at Perkins + Will to bring their vision to life. Read more on page 14.

Other design talking points featured in this issue include steps to 
take the days and weeks after you move in to a new lab space; spe-
cifi c requirements for cleanroom design; and factors to consider 
when choosing fl ooring materials for your lab. 

challenges of 
modern lab design
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manager minute

MANAGER       MINUTE

Three Keys to Improve Change 
Management in the Lab
by Scott D. Hanton, PhD

T he world around us is constantly changing. The 
events of  2020 and early 2021 prove that you 
never really know what change is around the next 

corner. As the environment around us changes, we need 
to adapt and change to grow and thrive. Change can be 
hard for lab staff. We get comfortable with our current 
science, work habits, and colleagues. However, one of  
the important roles for the lab manager is to navigate 
the changes, and lead the rest of  the lab through them. 
While leading change can be diffi cult and frustrating, 
here are three tips that will help you to make change in 
your lab a little easier.

#1 – Share the vision
Create a crisp and clear vision of  the future state 

that will be born with the change. This vision needs to 
include why the change is important, the benefi ts of  the 
change, and the risks of  the current status quo. Shar-
ing the vision of  the change helps lab staff  understand 
why they are being asked to change as well as the overall 
benefi ts. This clear vision replaces the foggy unknowns 
around change and provides a foundation for staff  to 
take on the discomfort associated with the change.

#2 – Build support
Talk to people about the change. Listen to their 

concerns. Engage with them about the right ways to 
implement this change. Lab staff  can be a great source 
of  innovation about how to manage the change. Taking 
their ideas into account can reduce the fragmentation 
during the change, and help the lab return to effi cient 
operations sooner after the change. In a typical change 
environment, 25 percent of  the staff  will be early adopt-
ers, 50 percent will sit on the fence watching, and 25 
percent will actively resist the change. Focus your efforts 
on the 50 percent on the fence. Once they are convinced, 
they’ll convince those who are resisting.

#3 – Sustain the change
Beware of  declaring victory too soon. Implement-

ing the change is often insuffi cient to make the change 
permanent. You can better sustain the change by embed-
ding it in the structure, process, policy, or execution of  
the work; providing training and encouragement to the 
staff; and creating metrics to measure the improvement 
and document the benefi ts. Another important change 
management activity is to eliminate ways to backslide 
and return to the old ways of  working. This might mean 
removing the things in the lab that were associated with 
the old process.

In the end, as Charles Darwin said, “It is not the stron-
gest species that survive, nor the most intelligent, but the 
most responsive to change.” It’s the same for labs.

Thanks for reading. I hope you can use this information. I am very interested 
in hearing from you. If you have feedback or comments on this set of tips, 
or suggestions for future Manager Minutes, I’d love to hear from you. Please 
reach out to me at shanton@labmanager.com. I’m looking forward to 
our conversations. Thanks.



RENOVATING THE 
OCCUPIED LAB
Cost, safety, and logistics are key considerations when deciding whether
to continue work during a lab renovation, or to move to a new space  
by MaryBeth DiDonna

Science and research are advancing at a high pace,
and laboratory facilities need to keep up with 
these new innovations. Many labs choose to tear 

down their existing, outdated facilities because they 
pose a safety hazard or because they would rather 
have modern labs with up-to-date equipment and a 
future-proof design. However, a new build isn’t always a 
feasible option, for a number of reasons, including a lack 
of suffi cient funding, time limitations, or environmental 
factors on the project site. 
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renovating the occupied lab

Renovations make more sense than new builds in cer-
tain situations. Lab buildings with “good bones” might 
just need some updating or expanding to accommodate 
modern research and development. A renovation may be 
an easier method than a new build for project teams to 
identify and address all associated costs. One of the big-
gest challenges facing a lab renovation is how to protect 
and preserve the work that goes on in the lab, and the 
people who perform that work, while the renovation is 
actually taking place. Moving an entire operation to a 
new building is a huge undertaking, and may present 
a risk to research, product, or even people, so in some 
cases, it’s more benefi cial for work to continue in a lab 
while spaces are expanded or updated. 

Communication between teams is key 
When deciding whether it’s best to undertake a new 

build or a renovation, the key is communication, ex-
plains Bill Sayles, director of life sciences with Columbia 
Construction, based in North Reading, MA. “The extent 

of the renovations should be discussed with all the lab 
users as well as the design and construction manager 
in order to get all parties that will affect the outcome 
working together,” he says, noting that considerations 
to be discussed include the extent of the renovations; 
the duration of the project; the complexity required for 
the upgrades; the lab equipment to be moved, relocated, 
stored, and/or revalidated; how this will affect current 
lab operations/business goals; and the cost impact for 
both scenarios. From there, the project team and lab 
management can determine whether it’s most benefi cial 
to move into a new facility or to renovate the existing 
facility. If a renovation is the best route, then it can also 
be determined if lab staff can safely stay put while the 
renovation takes place. 

“What’s the extent of the renovation…are you just 
moving some lab benches around? Are you moving 
some fume hoods? Are you actually taking walls down 
and ceilings? Understanding the extent is really im-
portant because it drives the complexity of the design 

1. A renovation of a lab at Arbor Biotechnolo-
gies, located in Cambridge, MA. Credit: John 
Horner  2. Tufts University’s Biology Col-
laborative Cluster lab required an occupied 
renovation, a project undertaken by Columbia 
Construction. Credit: Richard Mandelkorn  
3. Project teams can use a RACI matrix to de-
fi ne each team member’s role and help others 
understand what their colleagues are respon-
sible for in an occupied lab renovation project.  
Credit: Columbia Construction

1. 

3. 

2. 
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renovating the occupied lab

team and it drives the complexity of what has to go in 
place to protect current operations,” says Sayles. “Dura-
tion is important as well—understanding how long will 
that certain section of the lab be down. Somehow, in some 
way, shape, or form, their lab operation may be impacted, 
so knowing that is important too, to let them know that. 
Like, ‘OK, you’re going to be down for six months to put 
in eight benches,’ and they’ll know that that’s not going to 
work. That might make them decide, ‘OK, I’ll just move 
my entire operation someplace else’ or ‘I’ll lease tempo-
rary lab space someplace else.’” 

Timing is everything when renovating an occupied 
lab, according to Sayles. Some companies are able to 
temporarily stop work during a project, but for others it’s 
vital that the work continues uninterrupted. “The key 
advantages to keeping an operation up and running while 
modifi cations are happening … it’s all about their busi-
ness goals,” says Sayles, citing the example of medical 
and healthcare companies. “All these companies are in 
the market to make a profi t and obviously to help human 
beings—it has to be a balance of both.”

Moving lab operations to an entirely new facility 
can be a tricky undertaking, says Sayles, especially 
when the new site is unknown to the lab staff. “The 
cost for moving an entire operation to a new location 
can be complicated, costly, and sometimes even risky. 
Many times, the full extent of the cost required for the 
move is not fully realized, producing more risk. The 
cost of renovating an existing lab can be less expensive 
depending on the complexity of the scope of work. It is 
easier to identify the total cost of work for a renovation 
as the existing space is available for review.”

Trust your partners 
The best way to understand budget and time-

line is for lab managers to get early feedback from 
design/build professionals, says Sayles. “Engage 
with a design fi rm and/or a construction manager 
(CM) early in the discussions in order to determine 
budget and schedule. Be sure to vet out and engage 
with a qualifi ed lab design or construction profes-
sional to provide the most accurate information. 
Most times, the CM or design fi rm will offer up 
budget and schedule and estimates [at] little or no 
cost,” he says, adding, “It’s free money—why would 
you not consult with a professional? It’s absolutely 
the smartest way to do it.” He continues, “If the lab 
is to remain in operation during the renovations, 
engaging with a construction manager is critical to 
defi ne logistics and work-around plans to renovate 
and continue lab operations.”

Once the lab management team knows who they’ll 
be working with to renovate their facility, a sit-down 
meeting (whether in-person or virtual) should be 
planned right away. “Identify early on the roles and 
responsibilities of each player on the lab and project 
team. Engage both teams in a project goals kick-
off meeting, so everyone knows the desired result, 
identify what is important and what is not important 
for the project,” says Sayles. “Lab operations will be 
shared with the project team so that all parties have 
a roadmap of what the current operations entail. 
Understanding the lab operation constraints allows 
the project team to prepare work-around plans to 
keep operations up and running. This kickoff meet-
ing helps to develop a relationship between the two 
teams and ultimately makes the project a success.” 

Sayles adds that his team uses a RACI matrix 
(RACI stands for responsible, accountable, consulted, 



and informed) to help everyone understand the roles 
of their fellow team members during the design 
and construction phases of a lab project. The RACI 
matrix is a chart of important activities or decisions 
that the team anticipates for a project, and it outlines 
roles and responsibilities of each team member for 
the activity. The goal of the RACI matrix is to pre-
vent any ambiguity in the decision-making process.

Lab managers should come to this kickoff meet-
ing prepared with the necessary information for 
the project team to effectively do their jobs. When 
talking to their lab staff about their “wish list” items 
for a renovation, it’s important for a lab manager to 
keep expectations reasonable, and properly com-
municate these requests to the design/build team 
to come up with a plan that’s truly feasible. The 
lab manager also needs to be ready to provide the 
required completion dates and the budget to the 
project team, along with a thorough understanding 
of the current status of the lab’s design plan so that 
appropriate modifi cations can be planned. There 
also needs to be a list of any specialty equipment 
that will be installed as part of the renovation, 
along with product-specifi c cut sheets, design crite-
ria, and the lead times of such equipment.

“The lab manager should openly discuss the 
reason for the proposed renovations from a busi-
ness standpoint, so the project team approaches 
the project [in] a more effi cient manner. Un-
derstanding the end game is critical to reduce 
ineffi ciencies,” says Sayles. “The reason being is 
that some companies only want to spend money to 
get a business ready to be sold; others may better 
function in a limited space.” 

A good, solid team with a lab manager that under-
stands their operations and understands the interface 
between the design team and the construction man-
ager, says Sayles, is vital to a successful lab renova-
tion project. He cautions against the “try it yourself 
at home” approach and instead stresses that lab 
management needs to communicate with qualifi ed 
professionals to get the job done right. “Lab people 
are great at science, and we’re great at construction, 
and neither of us are great at both,” he laughs, “so we 
should work together to make it happen.”

MaryBeth DiDonna is lab design editor for Lab Man-
ager. She can be reached at mdidonna@labmanager.com.

renovating the occupied lab
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W ashington State University is home to the 
Washington Animal Disease Diagnostic 
Laboratory (WADDL), a state, regional, and 

national reference laboratory that performs animal dis-
ease detection in all species, and advocates for regional 
and international trade through “proof of negative” 
testing for animal industries. As the only internationally 
accredited veterinary diagnostic laboratory in Wash-
ington State, WADDL protects against emerging and 
foreign diseases and food borne illnesses, and provides 
fi rst alerts for disease outbreaks. The research and test-
ing done at WADDL involves many types of animals, 
including livestock, poultry, and fi sh, as well as pets. 

The WADDL program, created in 1974, is of vital impor-
tance to the mission of the Allen School for Global Animal 
Health, originally The School for Global Animal Health, 
which was established in 2008 following the largest private 
grant in WSU history, courtesy of the Bill & Melinda Gates 
Foundation. The Paul G. Allen Family Foundation donated 
$26 million in 2010 to establish the Paul G. Allen School 
for Global Animal Health, with a focus on the health of 

animals as a means of improving the health of humans 
and the environment. Some of the work undertaken by the 
school includes the development of a model for zoonotic 
disease surveillance and detection in Sub-Saharan Africa, 
to examine disease spread between animals and people to 
develop current and future preventive programs. WADDL 
has also performed extensive research and testing related 
to classical swine fever, bovine spongiform encephalopathy 
(mad cow disease), and avian fl u, among other diseases. 

WADDL has been housed in WSU’s Bustad Hall in 
Pullman, WA since 1978 (the program also contains the 
Avian Health Laboratory, on the campus of the Western 
Washington Regional Extension Center in Puyallup, 
WA). The following year, it became the fi rst laboratory 
in the western US to achieve accredited full-service 
laboratory status under the auspices of the American 

Washington Animal Disease 
Diagnostic Laboratory

Phase II as of 12-09-2020: A new wing of the Paul G. Allen 
School for Global Animal Health at Washington State University 
will house the WADDL program, a lab performing animal disease 
detection and proof of negative testing services. Credit: WSU 
photographer Henry Moore Jr.
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labs less ordinary

1. The Aquatic Health Laboratory in the GAH2 building 
at Washington State University provides health screen-
ing and diagnostic testing for marine and freshwater fish, 
including ornamental species.  2. A view of the doors to 
cold room storage from the necropsy suite.  3. A view of 
the necropsy, high windows, and overhead crane system 
in the GAH2 facility, a unique feature to this building.

Credit for all images: Bouten Construction Company

3. 

Association of Veterinary Laboratory Diagnosticians, 
and it’s been re-accredited continuously since. The lab 
provides bacteriology, parasitology, pathology, serology, 
toxicology (through the Analytical Sciences Laboratory, 
University of Idaho), and virology services. Its services 
cover all of Washington State, much of Idaho and the 
Pacific Northwest, plus Alaska and Hawaii. Not only 
does WADDL serve the private sector, it also provides 
support for the WSU veterinary teaching hospital, uni-
versity herds and flocks, WSU laboratory animal pro-
grams, and the Field Disease Investigation Unit (FDIU). 

“There's four basic things that we do,” says Timothy 
Baszler, executive director at WADDL and associate di-
rector of disease surveillance at the Paul G. Allen School 
for Global Animal Health. “We diagnose animal diseas-
es—all kinds of them—from companion animals to agri-
cultural animals to wildlife, to snakes and salamanders, to 
cattle, dogs, and everything. Then we diagnose zoonotic 

disease, so we deal with public health—those diseases 
that animals and people share.” He continues, “We do a 
fair bit of promoting of economies, so we promote trade. 
Our clients make products that they pass all over the 
world. So, for example, in Washington, the salmon fish 
industry is quite big and they sell eggs all over the world, 
and they can't move those eggs unless they're free of very 
particular diseases. So, we do a lot of what we call proof 
of negative testing. You've got to prove you don't have 
something before another country will accept it. I think 
every diagnostic lab in the country does that. The last one 
is just food safety testing. For example, we have a chicken 
industry in Washington where they mostly sell eggs. To 
sell those eggs, you have to test and they have to be free 
of salmonella and certain diseases that you can catch from 
food. So, it's not only the animals you test, but the prod-
ucts that come from the animals that are sold somewhere. 
That's kind of the basic function of the lab.”

1. 2. 
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High demand leads to lab expansion
WADDL’s testing demand has increased more than 250 

percent since the 1970s, with about three million tests 
conducted in the last 10 years. The university in 2018 
approved plans for the Global Animal Health Phase II 
Building (GAH2), a new wing on the Paul G. Allen School 
for Global Animal Health, to accommodate the WADDL 
program and its modern biosecurity and workfl ow needs. 
The site will contain diagnostic laboratories, research and 
development laboratories, and an instructional laboratory 
utilized by veterinary students, post-DVM and other health 
professionals, and both graduate and undergrad students.

Moving between the original and new areas of the 
building presents unique challenges, says Baszler, noting 
that a concern was how to mesh not only the architec-
ture of the existing building and the new wing, but how 
to properly integrate their func-
tions as well. He credits the design 
team with helping him and his 
staff see that reality. Susan Clark, 
a lab planner with Perkins+Will, 
was a member of that team. “It be-
came a really interesting problem 
to solve. We had everything from 
giant horses down to dogs and 
smaller animals—potentially the 
specimens would be coming in in 
all different ways,” she says. “So, it 
was kind of, in some ways, just like 
a human facility, except exclusive-
ly for diagnostics for animals.”

Energy and light also posed a challenge to the design 
team. Labs are well-known “energy hogs,” and biosafety 
labs use an especially large amount of energy. “We had 
initiatives like reducing the amount of lighting that was 
needed in the building. We had a lot of daylight. The 
labs are day lit through having very, very open, glassy 
areas—you can use borrowed light into the labs. We had 
active chilled beams to help with energy, radiant heat-
ing, and some zone heating and recovery,” says Clark. 

Alex Clinton, also a lab planner with Perkins+Will, 
comments that the necropsy suite, which is a high bay 
space, is a major energy hog. “You’ve got a huge room 
volume there. You've got odors to deal with that you 
need to make sure you take account of. So that's one of 
the things we certainly looked at—trying to really intel-
ligently design and lay out the HVAC so that we had a 
good laminar fl ow,” he says. 

Baszler is an auditor for labs around the country, 
and says that the natural lighting in the new WADDL 
facility is something that really stands out among 
all the other labs he’s seen. The bridge crane that 
WADDL will utilize is also a unique aspect that will 
be a great help to those who work in the lab. Video 
screens mounted throughout the facility announce 
the sample fl ow to the labs, so people know when they 
need to pick up their samples from testing or perform 
other tasks. Clark adds that the original facility had a 
lot of gowning and un-gowning that had to happen as 
people moved in and out of the BSL-2 areas, and her 
team “worked really hard to make it so that didn't have 
to happen” in the new lab, she says, by implementing 
separate stairwells and elevators for different zones. 
“Between where the specimens come in, everything 

is in the BSL-2 zone. And when 
you come out into the offi ce, then 
you're in a quasi zone. But then 
everything fl ows from that sample 
processing. We spent a lot of time 
talking through that and how all 
the samples get up to the labs, so 
that was as seamless as possible 
and there wasn't this transfer from 
one zone to another.”

The vision of the two buildings, 
says Baszler, was to foster collabora-
tion between different researchers 
doing different jobs. “It’s not often 
that diagnosticians doing everyday 

surveillance and researchers doing bench research and 
discovery mix. Now we have two buildings adjacent to 
each other where we want them to mix. So, these lunch and 
break areas and courtyards that are accessible to both…our 
hope is that it fosters some very unique, personal inter-
actions,” says Baszler. “Kind of a different way to think 
about getting rid of the silos in research and diagnos-
tics and getting them together, because they 
can get siloed.”

That sense of cooperation carried over to the proj-
ect team planning out the site expansion, adds Clin-
ton. “Overall, the whole team just worked really well 
together,” he says. “You can’t put a price on it—it just 
makes such a difference in the whole process.” 

MaryBeth DiDonna is lab design editor for Lab Manager. 
She can be reached at mdidonna@labmanager.com.

labs less ordinary

“It’s not often that 
diagnosticians doing 
everyday surveillance 
and researchers doing 

bench research and 
discovery mix.”
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Successful design and delivery of research and devel-
opment facilities are the result of extensive planning, 
collaboration, and coordination between the design 

team and all affected stakeholders. These facilities often 
include many specialized environments. Some need to be 
customized for a specific type of research. Others need to 
be extremely flexible to accommodate different types of re-
search. And still, others need to be modular and replicable 
across a broad swath of real estate so activities can be scaled 
up or down, depending on the research priorities at a given 
time. Given this complexity and the high cost per square 
foot for state-of-the-art science and technology spaces, 
good project execution can significantly influence the 
return on investment of the proposed space. An organized, 
collaborative project management and delivery approach 
gives all stakeholders the confidence that they are getting 
the best outcome for their efforts and their investment. 

Here are five strategies for successful project team
communication and collaboration:

1. Get the right people in the room
Before the project gets underway, make sure the right 

people are in the room to participate and give input into 
the design. From the R&D institution, representation 
from scientific program leadership, corporate real estate, 
research teams, operations, and engineering is critical. 

Ideally, participants should include people who:  
• Understand the science: This should not necessarily 

be limited to leaders of the research programs. Users 
who can paint a clear picture and provide vivid details 
about their day-to-day work should also be included. 

• Are committed to the future of the company or in-
stitution: Design charrettes and meetings can easily 
dissolve into territorial discussions about who gets 
what space and where. Ideally, all participants should 
understand, and buy into, the long-term goals and 
objectives of the R&D institution and how the project 
fits with those goals. 

• Have the authority to make decisions: If decision makers 
are actively engaged in the process, they will make more 
informed decisions, because they have a solid under-
standing of the data, input, and information being incor-
porated into proposed design decisions and solutions. 

2. Actively listen, observe, and participate
All team members—whether from the R&D insti-

tution or the design team—should come prepared to 
fully engage in the design process and contribute to the 
dialogue. Lab design projects are often on tight timelines 
that require efficient decision making to keep moving 
forward. This may limit stakeholders’ opportunities to 
give input on a topic. To use time wisely, all project team 
members should consider the following: 
• Provide and read pre-meeting material
• Always include a meeting agenda, and distribute and 

review it ahead of time
• Ignore other devices: One hour of your focused time 

will prevent multiple hours of redo

business management

Lab and Design Team Collaboration
FIVE STRATEGIES TO ENSURE A SUCCESSFUL LAB DESIGN PROJECT  
by Elizabeth Cook, AIA, LEED AP

The plan for the Procter & Gamble Beauty Innovation Center 
in Mason, OH was achieved through an organized, collaborative 
project management and delivery approach. Please note: photo 
was taken prior to the COVID-19 pandemic. Credit: HDR © 2019 
Dan Schwalm. 
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• Ask questions: While an answer might not be available 
immediately, it should be eventually.

See the sidebar (page 21) for some tips on how to 
actively engage in virtual project meetings, which are 
increasingly the norm. 

All project team members—especially project leaders 
and managers—should make a conscious decision to be 
impartial and to actively listen to what all project team 
members are saying. This is especially important during 
initial project meetings, as it is often in the early stages 
of a design project that priorities become apparent.  

Information is discerned from listening to a person’s 
tone of voice, observing group dynamics, and evaluating 
stakeholder body language. For example, from stakeholder 
comments on a recent joint venture research lab project, 
it became clear very early in the design process that the 
academic client was not as accustomed to the federal 
agency’s more hierarchical and less consensus-focused 

decision-making process. Recognizing this, the project 
manager reconfi gured the programming sessions to allow 
more discussion and interaction before fi nal sign-off was 
required. In this way, listening, observing, and adjusting 
accordingly helped facilitate decision making. 

3. Use visioning sessions to articulate the future
Designing a state-of-the-art research facility can be 

daunting, as it requires consideration of not only current 
needs but future research requirements. Establishing a 
project vision is one of the most important steps in any 
project. The visioning process engages stakeholders 
and leadership by identifying project priorities that will 
serve as a consistent thread throughout the design pro-
cess. A strong, shared vision should be both realistic and 
aspirational as well as measurable, actionable, and clear. 

The most successful visioning sessions engage a broad 
spectrum of constituents. This allows participants who 
may not frequently interact with one another to better 
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understand the challenges and issues their colleagues 
face. A variety of visioning exercises, including photo 
montages, word clouds, and empathy mapping for dif-
ferent user personas, helps groups reach a shared project 
vision. These exercises enable participants who often 
represent diverse backgrounds—from scientists and 
administrators to architects 
and engineers—to find a 
common language. The 
resulting vision statement 
should be specific enough to 
help the team make decisions 
along the way when options 
must be selected. Placing the 
vision statement in a promi-
nent location can help ensure 
it stays front of mind for 
project team members for the 
duration of the project. 

The visioning statement 
also helps inform guiding 
principles for planning and 
design, including items 
such as targets for efficiency, adaptability, and flexibil-
ity of space, user experience, incorporations of technol-
ogy, etc. The guiding principles should be referenced 
when making decisions to ensure that all decisions 
align with the project’s goals and objectives.

4. Build trust between the R&D institution and the design team
Based on client surveys conducted by HDR, stakehold-

ers begin to fully trust the design team approximately 35 
to 40 percent through the project. The design team can 
jump-start the trust-building process by being transpar-
ent and communicative. The more design team mem-
bers demonstrate there are no hidden agendas, the more 
comfortable the entire project team will feel trusting 
each other. R&D institutions should expect that issues 
inherently arise during any design process; however, they 
should also expect their architecture, engineering, and 
construction team to take a proactive, comprehensive ap-
proach to help come up with a resolution. 

The design team’s project manager should acknowledge 
when there is a problem and be prepared to come to the 
table with potential solutions. On a recent project, the lead 
structural designer identified an issue that had a signifi-
cant impact on lab module size well into design develop-
ment. The project manager convened a multidisciplinary 

team meeting and developed three solutions to solve the 
issue and presented each to the client, clearly identifying 
the cost and schedule implications for each. 

A responsibility matrix articulates who is responsible 
for each decision and can be a useful tool for building 
trust. When established at the beginning of the project, 

the team understands deci-
sion responsibility, and trust 
is not eroded at a later date 
when solutions can lead to 
differing opinions that are 
not easily resolved otherwise. 

Another good strategy for 
building trust is to incor-
porate sufficient time for 
reflection during the design 
process, especially for 
stakeholders who come from 
a scientific background. Re-
searchers are accustomed to 
scientific problems that they 
investigate in a highly struc-
tured, rigorous manner and 

where decisions are considered thoughtfully in a timely 
and prioritized way that minimizes surprises. Building 
design takes on a similar process. A strong project man-
ager understands how to translate the scientific approach 
to the design approach—where stakeholders can consider 
multiple options and have time to reflect on which one 
they think is best—so that it benefits the whole team. 

5. Break down silos
A silo mentality can be a serious threat to an R&D facil-

ity project’s success because it prevents groups from coming 
together around a project vision. Focusing on open commu-
nication and emphasizing collaboration can prevent prob-
lems associated with a silo mentality. Part of this process is 
being aware of how people share and consume information. 
For example, millennials are often more willing to share in-
formation than older employees who are more familiar and 
comfortable with a more formal decision-making process. 
Additionally, some people are visual learners who prefer to 
read information rather than listen to it. 

The project team should be willing to use different 
methodologies to help users understand the programmatic 
or design issues being discussed. That may mean bringing 
in dynamic, technology-driven tools that can be manipu-
lated in real time to visualize hard data and associated 
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“All project team members— 
especially project leaders 

and managers—should make 
a conscious decision to be 

impartial and to actively  
listen to what all project  

team members are saying.”
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ramifications behind different design decisions. For 
other project team members, it will be more helpful 
to conduct a hands-on activity, such as cutting out 
representative shapes for different pieces of equip-
ment and laying them out on an exploded floor plan 
in different configurations. And for others still, a 
full-scale mock-up will be the most helpful. 

Framing a project issue that requires stakehold-
ers and design team members to collaborate to 
develop a solution can also help break down silos. 
On a recent interior renovation at a pharmaceuti-
cal research facility, existing conditions limited 
the floor-to-floor height, resulting in an extremely 
tight above-ceiling restriction to distribute engi-
neering services. The project manager scheduled 
an “all-hands-on-deck” charette with members of 

the client’s facilities group, the construction manager, and 
the design team, who were able to collaborate to devise an 
innovative solution. A detailed layered approach to distribu-
tion was used to stay within the existing condition. With the 
construction manager as part of the discussion, the design 
team was able to address constructability proactively during 
design rather than reactively during construction.

Foundation for success
Successful laboratory research facility projects are inher-

ently complex and take a long time from concept to comple-
tion. The strategies outlined above will help project teams 
problem-solve throughout the process, create a shared 
understanding of the project, and inform design solutions 
that have buy-in from all stakeholders. These strategies, 
combined with traditional project tools like comprehensive 
minutes, critical path schedules, and stringent cost and qual-
ity control programs, will help ensure a successful research 
laboratory facility project.  

Elizabeth Cook, AIA, LEED AP, is project principal with HDR.

VISIONING GOES VIRTUAL
The COVID-19 pandemic has changed the 

design process and the way project teams 
meet throughout the process. In most cases, 
project teams are meeting virtually, and 
project managers and leaders have to figure 
out how to evolve a process that is reliant on 
in-person engagement into a new format. 

Here are a few best practices that each 
project team member should follow to do 
their part: 

1. Engage: Ask questions, have opinions, 
and use the chat box to let the design 
team know if they are on target or need 
to rethink the solution.

2. Turn your camera on: Expressions 
are one of the fastest ways for the de-
sign team to know if they are heading in 
the right direction or are off base.

3. Be courteous: Not all virtual meetings 
can happen in short periods and you may 
need to step out for a bit. Letting the rest 
of the team know when you do helps them 
be aware that they might need to wait 
on a significant decision or catch you up 
later. The chat box is a great tool for this.
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Your old lab, finally, is closed. Everything from your 
most sophisticated instruments to your routine 
reagents has been boxed and transported to the new 

location. You’re ready to work. Right?
The answer is often “no.” The day after a physical move, a 

lot of work remains before your lab is fully functional again.
“The day after the physical move can be something of

a madhouse,” says George Rohlfing, president of labora-
tory relocation specialist BTI. “Vendors are walking over 
vendors to get things done. Once the freezers are online, 
lab managers are trying to get things into place, trying 
to get instruments calibrated, and ensuring the items are 
hooked up to power, vacuum systems, and gas. It can be 
chaotic.” Your relocation plan, therefore, should include 
the days or weeks after the move, too.

Ideally, you will open your new lab with an accurate 
inventory of literally every item in the lab. RFID is the gold 
standard for inventory management. RFID tags can tell you 
not only which items left the old lab and arrived at the new 
site, but their serial numbers and their qualification, calibra-
tion, and temperature mapping requirements. If your lab isn’t 
set up for RFID, use bar codes and scan each item as it enters. 
At the very least, designate someone to monitor the door and 
check off each arriving item from the inventory list. This is a 
starting point for smooth functioning going forward. 

Lab relocation experts advise:
• Scheduling time to unpack and ensure packing materi-

als are removed promptly. The time required depends 
on the complexity and the scale of  the move

• Checking equipment positioning. This involves more than
physical fit or workflow optimization. Depending on the 

instrument, thermal heat from windows or the cycling of  
heating or cooling vents may affect its performance

• Placing temperature monitoring systems on freezers and 
refrigerators, as well as for lab specimens waiting for those 
coolers to reach proper temperatures

• Ensuring vendors are on-hand to connect, recalibrate, and 
certify that equipment is operating optimally. This often 
requires coordinating with multiple vendors even when 
your logistics company has multivendor engineers onsite

The time this takes varies with the complexity of the lab. 
Getting one or two instruments up and running again could 
take a day or more. But, “the post-move portion for labs with 
thousands of instruments could take one or two weeks,” says 
Angelo Filosa, portfolio director of OneSource, PerkinElmer’s 
lab services division. Instrument recalibration and requalifica-
tion is a key issue. The US Pharmacopeia segments equip-
ment into three tiers. Tier one includes centrifuges, balances, 
and other equipment that require no or minimal calibration. 
Tier two includes HPLC, mass spectrometry, and UV and IR 
Fournier transfer equipment, which needs benchmarking and 
may need qualification and partial validation to meet Good X 
Practices. “Tier three is similar to tier two, but involves more 
complex instruments, such as nuclear magnetic resonance and 
some mass spec machines,” says Filosa.

Knowing which tier your equipment falls into will help you 
better estimate your lab’s relocation recovery time. Once the 
equipment is recalibrated and functional, benchmark it and 
compare the results from those conducted before the move. 
This assures users that performance is unchanged or that 
any changes are documented. Therefore, you can ensure that 
recalibration doesn’t introduce errors into the data. 
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What to Do the Day After  
Your Lab Moves 
GETTING THE LAB UP AND RUNNING TAKES COORDINATED EFFORT 
by Gail Dutton
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One of the biggest “day after” issues is whether the new lab 
is actually ready to receive the equipment. “By ‘ready,’” Filosa 
says, “I mean whether the utilities that are required for rein-
stalling the instruments not only are turned on, but are in the 
right place. For example, mass spectrometers require 220-volt 
power, so is that available where the machine will sit? Such de-
tails often aren’t coordinated well,” and can affect day one plans.

Another common surprise for lab managers is that, 
“equipment doesn’t fit where it is expected to go,” Rohlf-
ing says. As a result, instruments may be situated in less-
than-optimal positions.

Despite preplanning, sometimes unexpected details 
arise that require renovating the lab space after move-
in. “Once, we had to have a crane bring in instruments 
through the window,” Filosa recalls, “when the freight 
elevator couldn’t handle the lab’s larger equipment.” That 
lab manager’s “day after” plan had to then factor in con-
struction to repair the hole in the side of the building. 

In another example, Rohlfing says, “a client outfitted new 
lab space, but used copper drains rather than fiberglass. That 
shut down the lab for a month.” Day one, therefore, should in-
clude determining whether the new lab needs any unplanned 
renovation work. “Sometimes we have to pivot,” adds Rohlf-
ing. “Depending on the size of the lab, it probably will take a 
week to feel comfortable after a move,” Rohlfing says.

Sometimes, relocations run smoothly. In 2020, Michigan 
Technological University (MTU) relocated its CLIA-certified 
COVID-19 testing laboratory over the weekend and was up 
and running on Monday. That was possible because it was a 
small lab. The PCR area is about 600 square feet, with a 1,200 
square foot extraction lab, and a 100 square foot office.

“It helped that we created the lab a few months before, so 
the sequence of events was fresh in people’s memories. We 
also had generic wind-down/ramp-up checklists for labs on 
campus, David Reed, PhD, vice president of research, says. 

Originally, “We set up in the biomedical engineering 
teaching lab and thought we’d be operating for two months. 
That didn’t happen. By summer, it became clear we couldn’t 
have the lab in a classroom space if students returned to 
campus.” The lab moved a quarter mile to the Great Lakes 
Research Center. This interdisciplinary space featured a 
rapid lab configuration infrastructure that allowed utilities 
to be dropped where they were needed fairly inexpensively, 
as well as a wet lab that had been used for K-12 outreach. 

Relocating to that space meant moving biosafety cabinets 
and the centrifuges and vacuum plates within them, as well 
as the PCR instruments, freezers, HIPAA-compliant lab 
computing system, and the pipettes and reagents.

 “We got the infrastructure ready first, qualified the 
cabinets, and set up the computer system and freezers." 
Sunday, the PCR and RNA extraction equipment moved 
to the new space. On Monday, the lab was taking patient 
samples in the new facility. "There was no downtime," 
Reed says. That said, “our personal protective equip-
ment was stored in the hallway, and we had to find the 
pipette tips (among the boxes).”

The move went smoothly, he says, “because we had a 
project manager who had lots of experience in laboratory 
logistics as well as lab analytics. That person, Mike Abbot, 
laid out the schedule, ensured electricity was dropped in, 
and coordinated the entire move.” Without tight coordi-
nation, it’s almost impossible to avoid interruptions.

Larger labs, though, often move in stages, during sev-
eral weeks. That requires planning to operate portions 
of the lab in multiple locations until everything is at one 
site again. Therefore, consider workflow and staffing as-
signments to minimize day one disruption. 

Some locations also require goods to be quarantined 
prior to entering the lab, Rohlfing says. Items for bio-
safety level (BSL) 1 and 2 labs usually can be brought 
directly into the lab, but BSL 3 and 4 may need to be 
quarantined offsite or wiped down or misted to ensure 
there is no contamination. “Blood-borne pathogen and 
virus labs are two examples. Lab managers can easily 
miss that detail when trying to get everything packed 
and relocated.” 

MTU side-stepped that concern because the SARS-
CoV-2 RNA isn’t infectious once it is extracted from the 
viral particles, according to Reed.

To make day one in the new lab space go smoothly, 
Filosa advises stringent project management and a con-
tingency plan to deal with any and all glitches. 

Therefore, designate one individual to track progress 
within your own lab for the physical move and to ensure 
you have the proper governance structure and coordina-
tion. Coordinate with vendors, the construction team, 
and even the architect to ensure that their plans actu-
ally meet your needs. “When things go wrong, it’s often 
because project managers aren’t in place,” he says. 
 
Gail Dutton has covered the business of biotech since the industry’s
early days, writing features, white papers, and other communications. 
She has presented comments at the National Defense University and 
the Genopole Conference near Paris, and writes regularly for the EBD 
Group, GEN, and other publications. Contact her at gaildutton@
gmail.com or follow her on Twitter: @GailLdutton
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Increasing demand for remote diagnostic and sup-
port services has been spurred largely by the ongoing 
global pandemic, which necessitates physical distanc-

ing and limits the number of people permitted within 
the laboratory environment at a given time. In addition 
to ensuring safety, this service model offers unique 
advantages that can continue to benefit labs upon the 
return to normal operations. 

The traditional approach to analytical instrument 
service and maintenance necessitates a technician or 
engineer onsite to assess the problem and perform the 
necessary work. Downtime and delays may vary from a 
few hours to a few days, depending on several factors such 
as travel time to the laboratory. Once the technician or 
engineer arrives and assesses the problem, they may not 

have the necessary parts, which creates further delays as a 
subsequent visit is required to complete the work. When 
essential instruments are offline, lost productivity quickly 
translates to lost costs. For most routine maintenance, 
minor repairs, and troubleshooting, remote diagnostic and 
support services offer an efficient alternative. 

“Downtime issues that can be resolved with a simple main-
tenance procedure, and that customers can perform with 
remote assistance, negates the need to have a support engi-
neer onsite,” explains Jason DiFraia, associate vice president, 
services product management at Agilent Technologies. Using 
remote service tools, laboratory personnel can dramatically 
cut down on the time to achieve a resolution. According to 
DiFraia, new advances in “augmented reality” tools bring 
remote services to a level of effectiveness not possible with 
previous technologies. The service engineer and user are able 
to look at the same view of the equipment in real time, and 
the ability to mark up and annotate the shared image further 
increases efficiency in problem solving. 

If the issue involves a maintenance procedure, it can be 
relatively easy to solve by the instrument user with as-
sistance from a remote support engineer, eliminating the 
need for an onsite visit. For example, overdue consum-
ables replacement, cleaning, or calibration can often be 
resolved in this way.   

Remote diagnostic and support services are also 
invaluable for laboratories located in more remote loca-
tions that are less easily accessible, such as oil rigs and 
mining sites. Many of these instruments have smart 
functionality to alert laboratory staff of any issues. 
DiFraia explains that once an issue is identified, the 
resolution can be fast-tracked with remote services and 

asset management

Remote Diagnostics and  
Support Services 
REMOTE TOOLS CAN OVERCOME THE CHALLENGES OF TODAY, WITH LASTING 
BENEFITS FOR THE FUTURE  by Michelle Dotzert, PhD

“Downtime issues that can  
be resolved with a simple  
maintenance procedure, and  
that customers can perform  
with remote assistance, negates  
the need to have a support  
engineer onsite.”



support. In the event that a repair is too complex to be 
resolved remotely, these services can facilitate more ef-
fi cient onsite visits. “If a service visit is required, remote 
service tools can be used to troubleshoot the problem 
more accurately, so that the engineer arrives with the 
right parts, and knowledge of exactly what procedures 
are needed beforehand,” explains DiFraia.  The repair 
can usually be completed in a single visit.  

Factors to consider when purchasing remote 
support services 

When considering remote diagnostic and support ser-
vices, there are a few things to keep in mind. First, some 
repairs should only be performed by a skilled service 
technician onsite. These include complicated repairs, 
work that may pose a safety risk to an untrained indi-
vidual, or repairs that could potentially damage costly, 
sophisticated instruments. If the laboratory does not have 

internet connectivity, this can limit the ability of the 
service provider to connect remotely to instrumentation. 
Further, if wireless technologies are being used, as in the 
case with augmented reality remote servicing, laboratories 
should consider wireless bandwidth availability, as poor 
Wi-Fi or cellular service will limit the effectiveness of 
these tools. “Additionally, in some cases, the laboratory’s IT 
policies may limit the use of remote service due to security 
concerns,” says DiFraia. As such, it is worth checking IT 
guidelines to ensure the lab would not be in violation.

Remote diagnostic and support services are valuable
tools for laboratories adapting to current safety and physical 
distancing requirements. These tools are also being more 
widely adopted to enhance effi ciency and productivity—two 
important benefi ts that will remain relevant in the future.  

Michelle Dotzert, scientifi c technical editor for Lab Manager,
can be reached at mdotzert@labmanager.com or 226-376-2538.
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Lab management is a complex and challenging role. 
Every lab is different, and every lab presents new 
and different challenges. One of the most diffi cult 

aspects for any lab manager is addressing confl ict ef-
fectively. Most lab managers are scientists by training 
(and nature), and have signifi cant technical knowledge 
and experience. While that technical training provides 
a solid basis for technical debate around the merits of an 
experiment or the details of the interpretation of results, 
it is often insuffi cient to address the people or organiza-
tional confl icts that inevitably arise around the lab.

There are many different approaches to managing con-
fl ict.  One of the most important aspects of confl ict man-
agement was developed by Thomas and Kilmann.  This 
approach developed a set of confl ict management styles 
based on the relative assertiveness and cooperativeness of 

the participants in the confl ict. Assertiveness in the con-
fl ict is related to the stakes involved for the participants.  
Cooperativeness in the confl ict is related to the degree of 
common interest among the participants. 

Consensus
Consensus is an agreement that the various partici-

pants can support, even if they don’t fully agree with it. 
Consensus is very different from a unanimous agreement, 
where everyone involved fully supports the agreement or 
outcome. Building consensus can be an effective tool for 
confl ict management because it takes advantage of both 
the compromise and collaboration confl ict management 
models. To effectively build a consensus, the participants 
need to be suffi ciently involved to have some stake in the 
confl ict, and have enough common interest to come to a 
mutually agreeable decision, solution, or outcome.

leadership & staffi ng

Managing Confl ict through Effective 
Consensus Building
TAKING A CONSENSUS-BUILDING APPROACH TO MAKE IMPORTANT DECISIONS
MITIGATES POTENTIAL CONFLICT AND ENABLES EVERYONE’S VOICE TO 
BE HEARD  by Scott D. Hanton, PhD

Figure 1 shows a representation of the Thomas and 
Kilmann model. Credit: Kenneth W. Thomas and Ralph H. Kilmann

“Building consensus can
be an eff ective tool for conflict 
management because it takes 
advantage of both the compromise 
and collaboration conflict 
management models.”
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Consensus building
Consensus building is a very interesting process. 

Like a favorite family recipe, it requires several impor-
tant ingredients, including trust, listening to under-
stand, patience, ability to ask questions, willingness to 
speak candidly, and a desire to find the best outcome 
for the lab. The lab manager often needs to play a 
central role in consensus building to get the other 
participants to come together with open minds and to 
facilitate the discussion.

If consensus building is the goal, it is very important 
that the lab manager lead the discussion and prompt 
input, questions, and ideas from all of the participants. 
If the lab manager is planning to simply use authority 
to make the decision they want, regardless of the input 
from others, then the consensus building meeting will 
be viewed as a sham, and the lab manager will lose 
trust and respect from the lab staff.

1. Trust
Trust needs to be built over time. It is always needed 

around the lab to get things done. Building trust cen-
ters around having alignment between your words and 
your actions, and being dependable. As the lab man-
ager, it is important that you understand the impact of 
your words and actions, and that they are consistent 
with the culture and purpose of the lab you lead. By 
modeling these behaviors, you can demonstrate trust-
worthy behavior, teach lab staff how to improve trust, 
and raise the overall trust levels in the lab. Without 
trust, consensus building, compromise, and collabora-
tion are impossible.

2. Listening to understand
There is a huge difference between listening to 

understand and listening to reply. Too many times we 
are thinking about our next statements more than we 
are really focused on what the other person is saying. 
Listening to understand means using all of our active 
listening skills, like focusing on the speaker, avoiding 
interruptions, enabling them to say everything they have 
to say, accepting their perspective, seeking underly-
ing meaning, having an open mind, and being curious. 
When we can integrate new ideas and alternatives, we 
are opening the door to compromise, collaboration, and 
consensus building. The beauty of diversity in the lab is 
the exposure we get to new and different ideas. We need 
to be open to them to find the best solutions for the lab.

3. Patience
“Patience is a virtue.” We’ve all heard it.  How many of 

us have done it? Being patient in the face of big, awkward, 
or difficult decisions is very challenging. There is so much 
pressure on the lab manager to make the best decisions for 
the lab immediately, that being patient often feels like a 
luxury we can’t afford. However, to get the best decisions, 
we need exploratory conversations that enable everyone to 
contribute. To get consensus, we need sufficient discussion 
to address the key worries, fears, and anxieties participants 
may have, so they can feel comfortable supporting the deci-
sion. The lab manager must model this patience and find 
the right balance between the desire to get the best solution 
and the urgency to deliver. Finding that balance is difficult 
and only comes with experience and practice.

4. Asking questions
Asking questions is a great way to learn. To build 

consensus, each participant needs to feel sufficiently 
safe to ask the questions important to them. Getting 
those answers will enable them to confidently support 
the consensus position. Creating a lab culture of emo-
tional safety will provide the environment for lab staff 
to ask the questions important to them. It is important 
for each person to feel supported during the discussion, 
and know that their concerns are valued by the team. 
Suppressing, ridiculing, or refusing to answer questions 
destroys emotional safety, and erodes trust.  The lab 
manager can ask their own questions, actively request 
questions, and support a respectful conversation around 
questions to help build a consensus.

5. Speaking candidly
Candid conversation enables the lab to reveal the reality 

of the situation from different perspectives. This is very 
different from brutal honesty. Candid discussion enables 
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“If consensus building is the goal,
it is very important that the lab  
manager lead the discussion and 
prompt input, questions, and ideas 
from all of the participants.”
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everyone to tell their truth and be supported, 
whereas brutal honesty will tear people down 
trying to fi nd a truth. To get the best outcome, 
the lab needs as clear a picture as possible of 
reality. Some of that reality may not be pleasant 
or optimal, but we can’t drive for improvement 
and best outcomes if the decisions are clouded 
by bias, fantasy, or lack of objectivity. The lab 
manager can lead this discussion by thanking 
staff for sharing their perspective and valuing 
each speaker’s views.

6. Finding the best outcome
Mixing the ingredients above will generate 

a real opportunity for the team to fi nd the best 
outcome around which to build consensus. The 
best outcome may come from one individual, or it 
might be a synthesis of ideas from several partici-
pants. It also might not deliver everything that is 
needed or wanted, but it is the best choice of the 
alternatives available. Once this outcome is identi-
fi ed, it is time to agree to the consensus decision.

Consensus agreement
After the discussion and the identifi cation 

of the best outcome, the team needs to con-
clude the consensus with an agreement. Each 
participant needs to commit to supporting the 
consensus decision, even though there may be 
elements of the decision with which they don’t 
fully agree. If for any reason someone can’t 
support the decision or outcome, then consen-
sus has not yet been reached. Once everyone 
leaves the meeting, they need to actively sup-
port the consensus and help it be implemented.

Consensus is an important element of confl ict 
management. It provides a mechanism for the 
team to use compromise and collaboration modes 
to reach the best decision for the lab. Reaching 
consensus requires trust, listening, questions, pa-
tience, candid ideas, and a desire to fi nd the best 
solution. Once consensus is reached, all of the 
participants need to be able to actively support 
the overall outcome, despite having some reserva-
tions about any specifi c elements.

Scott Hanton, editorial director for Lab Manager, 
can be reached at shanton@labmanager.com.
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H ow often do you think about the floor in your lab? 
As a lab manager, you should probably be thinking 
about your flooring more than you do—particularly 

when you consider the ergonomic impact on your staff and 
the impact flooring can have on your back or feet after a 
long day of standing; or if there’s a spill or some other risk 
of contamination; perhaps even more so if an expensive 
piece of lab equipment is damaged by the static electricity 
in the lab. Then flooring becomes extremely important.

Flooring experts can assist in the decision-making 
process, and will typically ask a litany of questions 
before making a recommendation. The categories of 
consideration cover operational, installation, aesthet-
ics, and maintenance concerns. Here are some of the 
more critical questions a lab or facilities manager should 
answer prior to making a decision.

Operational
Do you require special slip resistance?

You don’t want anyone to slip in your lab, so obvi-
ously you want to select a tile with slip resistance. Some 
environments may, however, need greater slip resistance. 
If your facility requires a greater level of slip resistance, 
then you will want to steer clear of slick materials like 
epoxies. Seek out products that provide more secure 
footing. For example, tiles that utilize a coin-top texture 
can offer better slip resistance. 

Do you require comfort, ergonomic, or anti-fatigue properties?
Quite simply, some floorings are better for humans to 

stand on for long periods of time than others. For example, 
epoxies are hard. The same holds true with glued-down 

vinyl flooring. Unfortunately, the more ergonomic and 
comfortable the floor, the higher the cost. Going the extra 
mile can provide a return on investment in that lab or 
cleanroom workers who are more comfortable will be 
more productive and miss less time due to standing-relat-
ed injuries, like plantar fasciitis. Fewer injuries and more 
comfortable work conditions also improve staff retention. 

What are the VOC and particulate requirements of the room?
Some floors are better for cleanroom labs than others; for 

example, epoxies and vinyls. Cleanrooms and labs will have 
their own standards to adhere to and that’s something the 
flooring dealer should review with customers. For example, 
some products generate particulates when you scrub. This 
requires a sealant to be applied to prevent that from happen-
ing. Again, this should be part of a review with the flooring 
company to ensure the flooring meets your requirements. 

As a lab or cleanroom, it’s possible your facility might 
employ chemicals that can impact the material used on the 
flooring you select. Having a detailed conversation about 
your operation is critical to making a wise selection. If there 
are chemicals in your work environment, there are some 
possible solutions; for example, resistance to certain chemi-
cals, such as solvents or acids. Vinyl is resistant to many 
chemicals and is generally a good choice. Rubber is good 
for other chemicals, like chlorinated solvents. If possible, get 
a sample of the flooring that you are considering and test it 
against the chemicals that you have in your lab. 

What chemicals should you test your lab floor for?
The SEFA guide—Scientific Equipment & Furniture 

Association SEFA 8-M-2010 Recommended Practices for 

lab design

Questions About the Floor, from the Floor
WHAT TO ASK WHEN CONSIDERING NEW FLOORING OPTIONS FOR YOUR 
LAB OR CLEANROOM  by Thomas Ricciardelli
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Metal Laboratory Grade Furniture, Casework, Shelving 
and Tables—refers to 49 chemicals to test for your lab 
furniture, casework, shelving, and tables. A chemical can 
splash on the floor as easily as any of those surfaces, right? 
But does that mean you have to test your flooring for all 49 
chemicals? Yes and no. It really depends on your comfort 
level and current and future work being done in your lab. 
If you think it’s possible your floor could be exposed to a 
certain chemical now or down the road, test for it.

Do you require the floor to be portable for reconfigurations  
or future moves?

Expansions, downsizing, or relocation to a new facil-
ity are just some of the reasons why companies want a 
flooring they can move. When you choose a glue-down 
option for flooring, you sacrifice portability. Glued down 
tiles can’t, and shouldn’t, be removed and used again. 

There are flooring products available that utilize an in-
terlocking system so flooring can be moved should your 
lab or cleanroom need to move to another location. 

Installation
Does the underlying concrete pass moisture tests?

If concrete is beneath your existing flooring, mois-
ture could be an issue and will need to be checked first, 
particularly if the flooring you’re considering needs to 
be glued. In this scenario, it’s also not advisable to glue 
the new floor onto the old floor. It should be installed 
onto the underlying concrete. If you are planning to use 
interlock flooring, first test the old flooring for asbes-
tos. Removing flooring with asbestos is a very detailed 
process. Areas of the floor need to be sectioned off with 
plastic as air pressure is used to contain any dust. 

If new concrete, can you wait for the 90-day cure period?
If you can’t glue on concrete with moisture issues, it stands

to reason that newly installed concrete floors must cure before 
you can glue down new flooring. Ninety days is the recom-
mended amount of time. In some cases, due to weather and 
other local conditions, the time to cure can be even longer.  
Projects can be significantly delayed because of this issue.  

If there is an existing flooring, do you want to install  
without removing it?

One of the beauties of interlock flooring is that it 
can be installed over existing flooring. Some facilities 
managers prefer flooring that requires an adhesive. In 
that scenario, removing the old flooring first is recom-
mended. You can choose not to take on the expense of 
floor removal. It’s just not preferable. 

Can your facility tolerate the dust generated from a  
sub-floor preparation?

When you rip out the old flooring, it will generate some 
level of dust. Will that have an impact on your equipment, 
electronics, and HVAC systems at your facility? That must 
be considered and assessed. It could have an impact on your 
decision to go with a glue-down flooring or interlock. 

There are other considerations and questions to ask be-
fore making your final selection. Things like operational 
considerations, maintenance requirements, aesthetics, and 
of course, cost. If you start with these three major areas, 
the choice of flooring for your lab becomes clearer.

Thomas Ricciardelli is the president of SelecTech, Inc.

The College of Dental Medicine at Nova Southeastern Universi-
ty employed a reconfigurable flooring, used over access flooring, 
for their lab. 

Brigham and Women’s Hospital in Boston, MA needed flooring 
to go over an access floor in an MRI suite with cut-in lines and 
area designations. Credit for all images: SelecTech 

lab design
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Electricity has long been recognized as a serious 
workplace hazard. However, because electricity has 
become such a familiar part of our daily lives, we 

tend to overlook the hazards electricity poses, and fail to 
treat it with the respect it deserves.  

Today's laboratories rely on a vast array of electrically 
powered equipment. Examples of equipment that are 
routinely used in day-to-day operations include:
• Vacuum pumps
• Stirring and mixing devices
• Heating devices (e.g., hot plates, heating mantles, 

ovens, etc.)
• Electrophoresis devices
• UV lamps
• Centrifuges
• Refrigerators and freezers

These and all electrical devices used in the lab setting 
present a potential danger of injury due to electric shock, 
electrocution, burns, fi res, explosions, and falls. Most 
incidents are a result of unsafe work practices, improper 
equipment use, and faulty equipment.

Effects of electric shock
The signifi cant hazards associated with electricity 

are electrical shock and fi re. Electrical shock occurs 
when the body becomes part of the electric circuit. The 
effect of an electric shock may range from a slight tin-
gling sensation, to severe burns, to immediate cardiac 
arrest. The severity and effects of an electrical shock 
depend on four main factors:
• The current’s path through the body

• The amount of  current fl owing through the body
• The length of  time the current passes through 

the body
• Whether the skin is wet or dry

Even if the electrical current is too small to cause 
injury, a person’s reaction to the shock may cause 
them to fall, resulting in bruises, lacerations, broken 
bones, or even death. In addition to the electrical shock 
hazards, sparks from electrical equipment can serve as 
an ignition source for fl ammable or explosive vapors or 
combustible dust.

Electrical safety 101
Laboratory personnel can signifi cantly minimize electrical

hazards by following basic safety guidelines. Workers should 
always maintain awareness of the condition of laboratory 
equipment and ensure that it is in operable condition. Equip-
ment with frayed or damaged cords, missing ground prongs, 
cracked tool casings, etc., should be removed from service 
immediately. Defective equipment should then be tagged and 
repaired by a qualifi ed electrician or discarded and replaced.

Ensure that all electrical outlets are properly grounded
and can accept three-prong plugs. All electrical equipment 
should have a three-pronged, grounded plug or be double-
insulated. Do not use 3-to-2 prong adapters.  

Minimize the potential for water or chemical spills near
electrical equipment. Ensure that any outlets near sinks 
and potentially other wet locations have ground-fault 
circuit protection. Ground-fault circuit interrupters (GF-
CIs) disconnect current if a ground-fault is detected and 
protect the user from electric shock.   

health & safety

ELECTRICITY POWERS NEARLY EVERYTHING USED IN THE LAB, BUT THE 
ASSOCIATED HAZARDS SHOULD NEVER BE OVERLOOKED by Ira Wainless
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Electrical outlets, wiring, and other electrical equip-
ment—whether integral to the building or used in the 
laboratory—should only be serviced and repaired by 
qualified trades personnel or other qualified electri-
cians. Repair work on hardwired equipment must 
only be carried out by qualified individuals who have 
received Lockout/Tagout training.

Circuit protection
Fuses, circuit breakers, and ground-fault circuit inter-

rupters (GFCIs) are three well-known devices designed
to automatically cut power when 
certain dangerous situations 
occur. Fuses and circuit break-
ers are designed to protect the
laboratories’ electrical systems 
from overheating and fire, and 
control the electrical current for 
a specific outlet or room. If too 
much current flows (based upon 
the wire’s diameter and resis-
tance rating), the wire may get 
hot and start a fire. To prevent 
this, fuses or circuit breakers 
detect when too much electric-
ity is flowing and will blow fuses 
or trip circuit breakers. 

All of a laboratory’s fuses or breakers are located in a 
main breaker or panel box. Every breaker box also in-
cludes a master switch, which cuts power to the entire 
laboratory at once. This overload protection is benefi-
cial for equipment left on for extended periods or when 
too many devices are plugged into the same outlet. 
Overloading not only can cause overheated wires and 
arcing, but can cause electrical shock and fire.

In contrast to fuses and circuit breakers, a GFCI is a 
specialized outlet with a built-in breaker. These devices 
are designed to prevent shock in the event an electrical 
device comes in contact with water. If the equipment 
were to contact with water, the breaker inside the GFCI 
would trip, automatically switching off the current. All 
power outlets that could be exposed to wet conditions, 
such as near a sink or where a leak or spillage could oc-
cur, should be equipped with GFCIs.

Grounding and bonding
Electrical grounding and bonding are essential safety

practices for preventing static discharge and reducing 

the possibility of a fire. The bonding and grounding 
process can be defined as providing an electrically 
conductive pathway between a dispensing container, a 
receiving container, and an earth ground. This pathway 
helps eliminate the buildup of static electricity by al-
lowing it to dissipate into the ground safely.

All flammable liquids [defined by the fire code as hav-
ing a flashpoint of less than 100°F (38°C)] need to be 
bonded and grounded during dispensing. Transferring 
a liquid from one metal container to another may result 
in static electrical sparks. It is important to bond metal 

dispensing and receiving 
containers together before 
pouring to prevent the 
buildup of static electric-
ity and prevent sparks from 
causing a fire. 

Bonding is accomplished 
by making an electrical 
connection from one metal 
container to the other. This 
ensures that there will be 
no difference in electrical 
potential between the two 
containers, and, therefore, 
no sparks will be formed. 
Grounding is done by con-

necting the container to an already grounded object that 
will conduct electricity. This could be a buried metal 
plate, a metallic underground gas piping system, metal 
water pipes, or a grounded, metal building framework.

Lab refrigerators electrical safety
Whenever a refrigerator or freezer is needed to store 

flammable liquids, a UL-listed flammable materials 
storage refrigerator or freezer is required. Flammable 
material refrigerators and freezers are designed to pre-
vent the ignition of flammable vapors inside the storage 
compartment, as these units do not have any internal 
ignition sources. 

When refrigeration or freezing of flammable materi-
als is needed, and the air outside the refrigerator might 
be explosive, explosion-proof refrigerators are required. 
Explosion-proof refrigerators are designed to prevent 
the ignition of flammable vapors or gases that may be 
present inside or outside the storage compartment. It is 
generally used in a work area where flammable liquids 
will evaporate, and vapors can build up inside or outside 

health & safety
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the unit. A good example would be a location such as 
a solvent dispensing room where an explosive atmo-
sphere may develop at some time in the room.

All ordinary domestic refrigerators and freezers 
should be labeled with the phrase, “No materials with 
a flashpoint below 100° F (38°C) may be stored in this 
refrigerator/ freezer,” or “Not for flammable storage.” 

Explosion-proof models require special hazardous-
location hardwiring rather than simple cord and plug 
connections. This refrigerator type is not plugged 
into a wall receptacle but hardwired directly into the 
building's electrical system. Standard use refrigerators 
cannot be used to store flammable materials.

Be prepared 
Know the location and how to operate shut-off 

switches and circuit breaker panels so that power can 
be promptly shut down in the event of a fire or electri-
cal accident. Be sure to always leave at least a three-foot 
clearance around electrical panels for ready access.

 Plan for what steps will be taken in the event of a 
power loss. Loss of electrical power can create haz-
ardous situations. If fume hoods cease to operate, the 
hoods may release flammable or toxic vapors into the 
laboratory. If a refrigerator or freezer fails to work, 
harmful vapors may be emitted as stored chemicals 
warm. If magnetic or mechanical stirrers fail to oper-
ate, safe mixing of reagents may be compromised.

 
Emergency procedures 

All laboratory workers must be trained in, and be 
familiar with, applicable emergency procedures [29 
CFR 1910.1450(f)(4)(i)(C)]. They should be able to 
safely respond to a laboratory fire and electrical shock 

incidents, and be able to evacuate personnel and call 
for emergency assistance. Employees should know the 
location of the fire alarm pull station, fire extinguish-
ers, main panel box, exits, shower/eye wash, first aid 
kit, and emergency telephone numbers.  

 OSHA standard 1910.151(b) requires the employer 
to ensure prompt first aid treatment for injured em-
ployees. Emergency medical services can be provided 
either onsite by a person trained in first aid, or by 
ensuring that emergency treatment services, such as an 
infirmary, clinic, or hospital, are in near proximity to 
the workplace.

OSHA standards address electrical safety
Employers are responsible for complying with the 

Occupational Safety and Health Administration’s 
(OSHA) general industry electrical safety standards as 
published in 29 Code of Federal Regulations (CFR), 
1910 Subpart S -Electrical. Subpart S addresses electri-
cal safety requirements for the practical safeguarding 
of workers in their workplaces. 

OSHA’s electrical standards are based on the Na-
tional Fire Protection Association standards (NFPA), 
NFPA 70, National Electrical Code (NEC), and NFPA 
70E, Standard for Electrical Safety in the Workplace.

Ira Wainless, B.Ch.E., PE, CIH, is a former senior indus-
trial hygiene engineer for the Occupational Safety and Health 
Administration (OSHA). His career spanned 42 years in 
industrial hygiene, and he is currently a freelance writer living 
in Spring field, Virginia.
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Vaping devices have become increasingly popular 
since their introduction to market in the mid-
2000s, especially among teenagers and young 

adults. According to the US Centers for Disease Control 
and Prevention National Youth Tobacco Survey, just 
over 53 percent of high school students report having 
tried a tobacco product, with electronic cigarettes (also 
referred to as e-cigarettes, vape pens, and hookah pens) 
being the most common. These products are designed 
to resemble traditional tobacco cigarettes, containing 
fl avorings, solvents, and often nicotine. The rising popu-
larity of vaping devices has been met with an increase 
in lung injuries and hospitalizations, as well as grow-
ing concern over the potential long-term health effects. 
A major reason for the widespread popularity of these 

products among teenagers and young adults is the wide 
variety of fruit, candy, and other fl avors available. While 
many of these chemicals are considered safe for inges-
tion, they are now being investigated for their inhalation 
toxicology and effects on human health. At the Center 
for Inhalation Flavoring Toxicology at the University 
of Rochester Medical Center (CIFT), Irfan Rahman, 
PhD, CIFT director, and his colleagues, are conducting 
research to understand these effects. 

INGESTION VERSUS INHALATION
Vaping devices often contain nicotine, and more re-

cently, tetrahydrocannabinol (THC), along with fl avor-
ing chemicals such as pulegone and eucalyptol (menthol 
fl avor), diacetyl (buttery fl avor), and cinnamaldehyde 

Inhalation Toxicology of 
Vaping Products
SEEMINGLY INNOCUOUS FLAVORS HAVE ADVERSE EFFECTS ON THE RESPIRATORY SYSTEM  
by Michelle Dotzert, PhD
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(cinnamon flavor), as well as propylene glycol and vegeta-
ble glycerin as base liquids. These flavoring chemicals and 
base liquids are generally considered and regarded safe—
for ingestion. This is not always the case for inhalation. 

“Lungs do not have the capacity to metabolize and 
eliminate these products to the same degree as the intes-
tinal-hepatic metabolism, as the enzymes (CYP enzyme 
systems) differ,” explains Rahman. Cytochromes P450 
(CYPs) enzymes metabolize xenobiotic substances, such 
as these flavoring chemicals. CYP3A and CYP2C9 are 
most widely expressed in the small intestine, whereas 
CYP2E is prevalent in the respiratory tract.

Rahman also explains that vaping devices are designed 
to heat propylene glycol, vegetable glycerin, and THC 
oil-containing products, and that thermal degrada-
tion produces numerous toxic compounds including 
aldehydes (formaldehyde, benzaldehyde, and acrolein) 
that exceed safe levels of exposure. Worse still, “gener-
ated products form adulterated vape cartridges include 
vitamin E acetate, silicon-conjugated products, butane 
derivatives, terpenes, and heavy metals,” he says. 

VAPING PRODUCTS AND LUNG INJURY
Once inhaled, these toxic compounds promote oxidative 

stress and inflammation in the lung epithelium and alveoli 
where gas exchange occurs, resulting in a form of pneu-
monia characterized by “lung leakiness with ground glass 
opacities and patches known as EVALI”, explains Rahman. 
EVALI (e-cigarette or vaping product use-associated lung 
injury) is a relatively newly coined term, resulting from an 
outbreak of lung illness in the United States in August 2019. 

Symptoms include shortness of breath, cough, chest pain, 
fever, diarrhea, vomiting, tachycardia, and tachypnea. 

“During the EVALI epidemic, many patients were di-
agnosed with lipoid pneumonia, organizing pneumonia, 
and eosinophilic pneumonitis,” says Rahman, adding, 
“these cases were predominantly related to illicit vape 
cartridge use.” However, the health risks associated with 
vaping are not exclusive to illicit or adulterated products, 
as the constituents of legal, widely available products 
have also been associated with adverse health effects. 

Exposure to flavoring chemicals, such as 2,3-Pentane-
dione and diacetyl can produce a range of health effects, 
from mild respiratory irritation, to more severe pulmo-
nary effects such as bronchiolitis obliterans (popcorn 
lung disease), explains Rahman. “Our research has 
demonstrated significant toxicity by cinnamaldehyde, 
menthol, and vanillin-containing e-liquid,” he says. 

A MULTI-FACETED APPROACH 
Rahman and his colleagues at CIFT aim to understand 

the inhalation toxicology of the flavoring chemicals used 
in vaping products to provide updated toxicity infor-
mation for emerging flavoring chemicals to the FDA 
and NIH, and to inform schools and researchers of the 
associated risks. This is achieved with a combination of 
pre-clinical and clinical research, and the center works 
closely with a variety of experts in inhalation toxicology, 
environmental sciences, lung biology, cancer research, and 
public health sciences, as well as pulmonologists. 

An important aspect of this research is the characteriza-
tion of the vapor and aerosol phase constituents, which is 

A selection of emerging vaping products. Credit: Irfan  
Rahman, PhD, CIFT director.

Irfan Rahman, PhD, director of CIFT at the University of  
Rochester Medical Center.
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achieved with gas-chromatography and mass spectrom-
etry (GC-MS). The physiochemical characteristics of the 
aerosols, including particle concentration and size distri-
bution as well as lung deposition are also important. 

Using real-time, live cell analyzers, CIFT researchers 
are able to assess cell barrier function, reactive oxygen 
species production, and mitochondrial function. Assays 
are also used to quantify infl ammatory mediators such as 
interleukin-6 and interleukin-8 released by cells exposed 
to fl avoring chemicals. 

To examine exposure effects in vivo, the team uses a 
compact inhalation exposure device which enables nose 
or whole-body exposure to aerosols. Following exposure, 
several lung function parameters are assessed, including 
compliance, elastance, and resistance, along with lipi-
domic assessment of bronchoalveolar lavage fl uid. Lung 
imaging using luminescence- and fl uorescence-based 
techniques is also performed. 

Using non-invasive techniques, researchers can assess 
the health effects of vaping products in human subjects. 
“In human studies, spirometry is performed to assess 
lung function of e-cigarette/cartridge users and normal 
subjects,” says Rahman. “Their exhaled breath conden-
sate, plasma, saliva, and urine are used to determine ex-
posure and disease biomarkers.” Nitric oxide measured 
in a subject’s breath, for example, is an indicator of lung 
infl ammation, particularly in asthma. 

ADVERSE EFFECTS IN VITRO
AND IN VIVO

This combination of in vitro and in vivo research at
CIFT produces valuable insights into the inhalation 
toxicology and human health effects of emerging fl avor-
ing chemicals used in vaping products, with implications 
for consumers and regulators. 

In a study designed to assess the immuno-toxicologi-
cal and oxidative stress effects of fl avoring chemicals on 
human monocytic cell lines, the team identifi ed cinnam-
aldehyde, vanillin, and pentanedione as having the most 
toxic effects on monocytes, stimulating the secretion of 
pro-infl ammatory cytokines. 

Rahman notes these are not the only fl avoring chemicals 
of concern. “In an acute three-day exposure with menthol 
and tobacco fl avors, we have seen signifi cant changes in dif-
ferential cell counts of neutrophils and T-cells, and changes 
in infl ammatory mediators,” he says. “These data suggest 
that fl avors can cause pulmonary infl ammation and lead to 
acute lung injury and pathogenesis.” 

There is also evidence to suggest these harmful effects 
are amplifi ed when individuals inhale a variety of dif-
ferent fl avors, which is not uncommon in social settings. 
When the team at CIFT exposed cells to equal propor-
tions of ten different e-liquid fl avors mixed together, the 
cytotoxic effects were enhanced. 

These and other deleterious cellular effects can 
translate into serious health effects among consumers. 
“Our data suggest that exposure to fl avors, fl avoring 
chemicals, and vape cartridges can cause function-
ally altered immune cells,” he says, which results in 
dampening of the immune system and infl ammatory 
response. According to Rahman, adverse airway and 
respiratory effects such as hindered lung function and 
lung remodeling (a form of fi brosis) are also possible, 
as is the development of respiratory diseases such as 
asthma, bronchitis, interstitial lung diseases, acute 
respiratory distress syndrome, or EVALI. 

As the world grapples with the ongoing COVID-19 
pandemic, numerous epidemiological studies aim to 
identify factors and pre-existing conditions associated 
with COVID-19 susceptibility, as well as severe disease 
outcome and mortality. Unfortunately, there are several 
mechanisms that may contribute to increased COVID-19 
susceptibility among smokers and vapers. 

Smoking and vaping affect the tight barrier junction 
leading to enhanced epithelial permeability, increas-
ing susceptibility to infection. By increasing oxidative 
stress, smoking and vaping also have an adverse effect 
on angiotensin-converting enzyme 2 (ACE2) receptor 
expression, increasing the number of potential binding 
sites for SARS-CoV-2. A weakened immune response 
may also contribute to a greater risk of a hyperinfl am-
matory response to infection, as well as lung remodeling, 
resulting in damaged lung tissue. 

Given the widespread use and increasing popularity 
of vaping products, understanding the inhalation toxi-
cology and health effects associated with the fl avoring 
chemicals these products contain is essential to reduce 
the risk of acute injury and respiratory disease devel-
opment. Ongoing research at CIFT aims to provide 
accurate data for regulatory bodies, and inform con-
sumers (particularly teenagers and young adults) that 
an appealing fl avor does not necessarily guarantee a 
safe product. 

Michelle Dotzert, scientifi c technical editor for Lab Manager,
can be reached at mdotzert@labmanager.com or 226-376-2538.

industry insights: toxicology
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the big picture

W e’ve all heard the buzz in recent years sur-
rounding the perks of laboratory automa-
tion. However, it can be overwhelming to 

navigate through all the options and determine what 
aspects of automation technology may be most useful 
for your lab. You may also be saying to yourself, “my 
lab operates just fi ne, why change a good thing?” 

Automating tasks in a lab can be a large investment, 
but if done properly, can also have enormous benefi ts 
and long-term savings. The latest Big Picture series 
offers a deep-dive into the concept of lab automation. 
The series will cover questions like, “when is the best 
time to automate my lab?” and “what are the greatest 

benefi ts of lab automation technologies?” Through a 
variety of articles, infographics, and other insightful 
content, readers can also learn about automation in 
regulated labs, and how to increase speed and effi cien-
cy, among other topics of interest.

The Big Picture is a digital series produced by the Lab 
Manager editorial team. Each month, the series features 
a collection of in-depth articles, expert insight, and 
helpful resources, covering a specifi c industry, trend, 
or challenge. To see the lab automation and other Big 
Picture series, please go to Lab Manager’s website at 
www.labmanager.com/big-picture.

To see this and other Big 
Picture series, please go 
to Lab Manager’s website: 
LabManager.com/
big-picture.

The BIG Picture
TACKLING THE TOPICS THAT MATTER 
MOST TO LAB MANAGERS
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D iverse microbial communities are found all over 
the planet, from ocean and soil ecosystems, 
to our own respiratory and intestinal systems. 

Only a small proportion of microbes are disease-causing 
pathogens, whereas many are commensals that regulate 
important processes, such as nutrient and energy cycling 
in natural ecosystems, and metabolism, aging, and disease 
susceptibility in humans. All of these microbial effects 
are driven by viruses that infect and co-evolve with the 
microbe, and several technological advances are enhanc-
ing scientists’ ability to “see” and study these viruses.

SEQUENCE-BASED APPROACHES
It is estimated that our planet contains 10^31 viruses, most

of which infect microbes as opposed to living things we can 
see such as plants, animals, and humans. However, only a 
few hundred species with medical relevance are well-stud-
ied, explains Dr. Matthew Sullivan, professor of microbiol-
ogy and director of the Center of Microbiome Science at 
Ohio State University. “This is due to most microbes, and 
therefore their viruses, not being in culture,” he says. 

A very small percentage of bacterial species on Earth 
are culturable; however, virtually all species can be 

identified based on the 16S ribosomal RNA (16S rRNA) 
sequence contained within their DNA. “Notably, the 
16S gene can be used to amplify that gene marker from 
uncultured cells from the environment, and is a way to 
‘see’ virtually all of the bacteria in a complex system,” 
says Sullivan. Unlike bacteria, there is no single gene 
shared among all virus species. The inability to culture 
viruses, combined with the lack of a universal “barcode” 
gene makes them especially challenging to study.  

 “To better understand viral roles in complex com-
munities, sequence-based approaches have emerged 
since viral sequence space is so much larger than what we 
can culture,” explains Sullivan. “Further, metagenomic 
sequencing techniques, including shotgun sequencing or 
community genomics, are powerful for identifying and 
studying new viruses and their roles in the ecosystem,” he 
says. “This is because viruses do not share a single gene, 
so there is no ‘16S’ or ‘barcode gene’ to use, which means 
we have to sequence as much of the genomes as possible.”

According to Sullivan, “the process is becoming more 
systematic, and largely involves using either in silico tools 
to identify and then study virus sequences in existing 
bulk metagenomic datasets, or preparing virus-enriched 

industry insights: virology

New Ways of ‘Seeing’ Viruses
SEQUENCE-BASED APPROACHES ENABLE SCIENTISTS TO INVESTIGATE THE ROLES  
OF VIRUSES IN COMPLEX MICROBIAL COMMUNITIES  by Michelle Dotzert, PhD
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or virus-purifi ed particles (for example, through fi l-
tration and/or density gradients), and then applying 
metagenomic sequencing.” 

Initially, researchers were limited in their ability to quan-
titatively evaluate the impacts of viruses on microbial eco-
system functions. Other than for a few cultivated viruses, 
and double-stranded DNA (dsDNA) genomes that were 
captured in quantitative viral metagenomes (viromes), the 
ecology of non-dsDNA viruses including single-stranded 
DNA (ssDNA) viruses was largely unknown. 

Using mock viral communities including ssDNA and 
dsDNA viruses, Sullivan and his colleagues evaluated the 
capability of a sequencing library preparation approach 
for quantitative amplifi cation of both ssDNA and dsDNA 
templates. This approach not only confi rmed existing 
library preparation methods were biased for ssDNA 
templates, but when the new approach was applied to viral 
DNA from freshwater and marine samples, it provided a 
fi rst estimate of ssDNA abundance in these systems. 

Another challenge arises when metagenomics is ap-
plied to samples that yield only a few nanograms of 
DNA for library construction. These types of samples 
necessitate a DNA amplifi cation step before or after 
adapter ligation to create a sequencing library; however, 
many of these approaches have been shown to produce 
strong amplifi cation biases. Sullivan and his colleagues 
identifi ed a strategy that combines read deduplication 
and a specifi c assembly algorithm to optimize de novo 
genome assembly from PCR-amplifi ed metagenomes.  

Sullivan notes that the majority of viruses that result 
from sequencing studies are new, and that novel analytical 
approaches have been developed to address the unknown 
sequence space (for example, protein clustering and gene-
sharing networks). Sullivan and his colleagues have been 
working on democratizing a “viral ecogenomic toolkit” 
through iVirus, a collection of software apps, database 
resources, and computing all wrapped up in the NSF 
CyVerse collaborative cyberinfrastructure. 
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This toolkit also addresses some of the analytical chal-
lenges posed by newly generated metagenomes: the combi-
nation of large volumes of data, analytical tools that neces-
sitate signifi cant computational training, and the distribution 
of metagenomic datasets across a variety of repositories. The 
resource is designed to aid researchers in using viromics tools 
to study the ecological effects that they have on microbes. 

ACCURATE INFERENCE REQUIRES 
STANDARDS

The increasing popularity of viromics techniques neces-
sitates a set of bioinformatics standards for accurate analysis. 
Using in silico mock viral communities, Sullivan and his 
colleagues evaluated the sequence-to-ecological-inference 
pipeline, including read pre-processing and metagenome as-
sembly, thresholds to estimate viral relative abundance based 
on read mapping to assembled contigs, as well as normalization 
methods. To create a mock community, the team randomly se-
lected viral genomes of viruses infecting bacteria or archaea in 
the NCBI RefSeq database. Virome sequencing was then simu-
lated for each mock community using the Next-generation Se-
quencing Simulator for Metagenomics (NeSSM). The simula-
tor is designed to generate metagenome sequencing reads using 
parameters set by the user. Based on the simulations, they were 
able to determine benchmarks for selecting analysis cut-offs, to 
support accurate inferences from viral communities.  

A SINGLE-CELL APPROACH
“Though under-recognized, virus infections in natural 

systems are often going to be ineffi cient as a natural vi-
rus will rarely meet its optimal host, with optimal physi-
ology, in the wild,” explains Sullivan. To understand the 
mechanisms underlying sub-optimal virus-host interac-
tions, researchers may turn to single-cell approaches.

According to Sullivan, single-cell approaches are valu-
able for determining whether the lack of a successful lytic 
infection resulted from lysogeny, a process by which the 
virus integrates into the host genome for passive replica-
tion, or from stalled lytic growth, by which the infecting 
phage takes control of host cell machinery. “However, 
multi-omics have been invaluable for understanding the 
many ways that infection effi ciency is altered either on an 
alternate host or suboptimal growing conditions,” he adds. 

TOOLS TO SUPPORT DISCOVERY-
BASED SCIENCE

As the vast majority of bacterial species, and therefore
the viruses that infect them, are not amenable to traditional 

culture methods, Sullivan notes that traditional hypothesis-
driven experimental science can be diffi cult to achieve. 
“That shows up time and again in reviews from researchers 
that might not work with complex communities,” he says.

A discovery-based approach may be an effective alter-
native, supported by more recent advances in technology 
and analytics. “I think we’re at a critical infl ection point 
in science where the toolkit has changed so drastically 
that the discovery-based science empowered by scalable 
measurements, such as sequencing and analytics (machine 
learning, for example) is arguably as important as more 
traditional disciplinary experiments,” says Sullivan.

Indeed, machine learning methods have been ap-
plied to identify viral sequences in metagenomic data 
using deep learning, a method that relies on algorithms 
inspired by the structure of the human brain. DeepVir-
Finder, for example, is a reference-free, alignment-free 
machine learning method, and MARVEL (Metage-
nomic Analysis and Retrieval of Viral Elements) is a tool 
designed to predict dsDNA phage sequences in metage-
nomics bins.  Sullivan and his colleagues have also 
recently released the updated VirSorter2 tool to leverage 
machine learning and capture dsDNA viruses, ssDNA 
viruses, RNA viruses, and giant viruses.

Ultimately, Sullivan believes that in broadly appre-
ciating both hypothesis-driven and discovery-based 
science, innovation will fl ourish. Going forward, he 
hopes to apply the viral ecogenomics toolkit he and his 
colleagues developed to study viruses in the wild and 
in their ecosystem context. “With that toolkit in hand, 
we are now excited to apply it to diverse ecosystems to 
answer questions ranging from improving human health 
outcomes to quantifying speciation rates in hundreds of 
thousand-year-old viruses, to understanding how viruses 
of microbes impact ocean, soil, and other ecosystems.”

Recently, Ohio State has launched a new Center of Mi-
crobiome Science and an NSF-funded EMERGE Biology 
Integration Institute. “Together, these new collaborative 
efforts are helping push the boundaries of ‘genes to eco-
systems’ science, to bring understanding to how microbi-
omes and their viruses impact the planet,” says Sullivan. 

Certainly, with advanced sequencing-based approach-
es and powerful analytical tools, researchers can gain a 
deeper understanding of the multitude of viruses that 
affect our natural world and our physical selves.  

Michelle Dotzert, scientifi c technical editor for Lab Manager,
can be reached at mdotzert@labmanager.com or 226-376-2538.

industry insights: virology
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LM ONLINE

Check out what else LabManager.com
has to offer—from the latest research and 
industry news, to product resource guides, 
educational webinars, exclusive online 
content, and much more. 

The fi rst presentation of Lab Manager’s 2021 Management Matters we-
binar series, “Optimizing Your Training Investments,” was led by Scott 
D. Hanton on February 10. Hanton discussed the importance of viewing 
training programs as an investment to ensure labs are getting the most 
value out of them.  Like all other investments, training requires plan-
ning, justifi cation, and budget to be successful. 

Attendees learned how to prioritize training with other needs of the lab, 
how to successfully execute training programs, and how to balance inter-
nal and external training options. If you missed the live event, visit www.
labmanager.com/training-investments to view the webinar on demand.

The next Management Matters webinar event will take place May 4, 
2021, and cover the topic of Effective Development Plans.

What’s new at LabManager.com? 
Optimizing Your Training Investments Webinar
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Q: Can you discuss your 
ongoing research in the field  
of aquaculture?

A: I am deeply passionate about my 
current research at UCSC to solve the 
enormous sustainability challenges 
that the aquaculture industry is con-
fronting today. My research involves 
shifting aquaculture to sustainability 
by redesigning the aquaculture feed 
composition. To accomplish this goal,
my team recently received two grants 
to execute this type of experiment, 
which is an exciting opportunity. Our 
current focus is to develop a more
ocean-friendly feed formula for farm-
raised rainbow trout, which accounts 
for most of the fishmeal and fish oil 
used in aquaculture fish feed. The
grant will allow my team to develop 
fish-free feed—eliminating fishmeal 
and fish oil from the aquaculture 
diet—for rainbow trout by combining
marine microalgae.

We recently published a major break-
through, the first proof of concept 
to develop fish-free feed for farmed 
tilapia combining marine microalgae. 
We demonstrated high performing 
sustainable tilapia with fish growth, 
economic viability, and nutritional 

value for human consumers. So, now 
we can redesign the diet for trout. 
We need several stepwise experi-
ments to make very good conclu-
sions about whether we can achieve 
the goal to develop fish-free feed for 
rainbow trout. 

Q: What are the main 
limitations of current fish feeds? 
Why is a fish-free alternative 
needed?

A: Aquaculture is the fastest-growing 
food production sector globally, and 
now it produces over half of all fish
for human consumption. This is a 
very young industry, but growing 
rapidly. To meet the demand for fish, 
there needs to be sustainable expan-
sion of this industry. This requires 
reducing the use of ocean-derived, 
wild-caught fishmeal and fish oil 
from foraged fish—small to interme-
diate fish like anchovies, mackerel, 

sardines, herring—that are currently 
being used for fishmeal and fish oil in 
aquaculture feed. These fish are very 
important as ocean food sources.

It is very unfortunate that today, 
about 19 million tons of wild fish—20 
percent of the total global catch—are 
destined for fishmeal and fish oil 
every year, even though 90 percent 
of these harvested fish are good for 
human consumption. Analysts project 

that the current rate of fishmeal and 
fish oil consumption that aquaculture 
demands could outstrip the supply of 
foraged fish by 2037. This will have 
disastrous consequences for food 
security of millions of humans around 
the world, and for sea birds, mam-
mals, etc. that forage on these fish. It is 
important that we replace the wild-
caught fishmeal and fish oil-produced 
aquaculture feed. It’s unfortunate this 
has become the status-quo. We must 

ask the expert

Pallab Sarker

Pallab Sarker, associate research professor in the department of environmental 
studies at the University of California, Santa Cruz (UCSC), discusses the importance 
of shifting the industry of aquaculture toward more sustainable practices. One way 
to accomplish this is through the development of feed that uses marine microalgae to 
eliminate the need for wild-caught foraged fish for feed ingredients.

ASK THE EXPERT
SUSTAINABILITY IN AQUACULTURE 
by Lauren Everett

“Aquaculture is the fastest-growing food
production sector globally, and now it produces 
over half of all fish for human consumption.”
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do better, and we have an obligation 
to do better for our planet.

Q: What impact could the 
introduction and wide use of 
microalgae feed have across the 
aquaculture industry?

A: It would have a huge impact because 
microalgae is an excellent source of 
proteins, minerals, and vitamins. Micro-
algae can cultivate in nonarable land and 
produce many times more biomass per 
unit area than terrestrial crop plants. Mi-
croalgae are excellent sources of protein,

lipid, essential amino acids, minerals,
vitamins, and omega-3 fatty acids (EPA 
and DHA) that meet the nutritional 
requirements of fish. Microalgae are 
able to convert phosphorus and nitrogen
nutrients (organic wastes) into a valuable 
biomass and will not compete for hu-
man and other animal food. Microalgae 
show promise as possible replacements
for fishmeal, fish oil, and plant protein 
in feeds for tilapia and other finfish and 
crustaceans. Several leading aquafeed 
companies recently have already realized
the potential and have started microal-
gae production for aquaculture feeds.

Q: Can you explain the process
of making the microalgae feed?

A: First, we examine the biochemical 
composition of microalgae and then de-
termine how well fish could digest specific 
varieties of microalgae. Then, we formu-
late the diet based on digestible nutrient 
content. Finally, we conduct separate
series of experiments to see how well fish 

grew using these individual ingredients as 
replacements for either fishmeal or fish oil, 
or combining these microalgae.

Q: What can aquaculture 
professionals learn from 
traditional agriculture?

A: Industrial agriculture is facing tre-
mendous environmental challenges now, 
from pollution, to loss of arable land, emis-
sions, etc. Now, the aquaculture industry 
is young. If we don’t do our job carefully, 
cautiously, thoughtfully, then unsustain-
able aquaculture practices only exacerbate

these challenges. We need to be careful of
the current practices of aquaculture and 
aquaculture feed and need to simultane-
ously conduct environmentally sound and 
socially acceptable practices.

Q: What other aspects of 
aquaculture are being studied to 
make the industry more efficient 
and sustainable? 

A: I am highly interested in developing 
integrated aquaculture and agriculture,
which is one of the guiding principles of 
sustainable aquaculture. Now my team 
is working to develop ecological aqua-
culture principles and practices at the
Center for Agroecology & Sustainable 
Food Systems at UCSC. For example, we 
conduct research on the integration of 
recirculating aquaculture systems with
fish-effluent-raised vegetables (aquapon-
ics and soil-based) and will quantify the 
effects of such integration on nutrient 
cycling, plant growth, disease suppres-
sion, financial performance, and life 

cycle environmental impacts. Our results 
will stimulate and inform research on 
circular economy concepts to recycle
the aquaculture effluent for organic 
vegetable production. This sustainable 
integrated aquaculture and agriculture 
system will enhance the local food (fish
and vegetables) production. 

Q: What emerging or future 
trends do you envision for the 
aquaculture sector? 

A: Future innovations I am looking 
forward to seeing include more tech-
nological advancement in aquaculture, 
like using artificial intelligence, for 
aspects like developing feeding man-
agement systems. We must continue to
move away from unsustainable aquacul-
ture, and create more sustainable feed.

Pallab Sarker, associate research profes-
sor in the department of environmental 
studies at UCSC, is a sustainable aqua-
culture scientist. His research interests 
involve shifting aquaculture, the world’s 
fastest growing food sector, to sustain-
ability by redesigning the composition of 
aqua-feeds because they drive life-cycle 
environmental effects of aquaculture, 
both inputs and emissions (pollution). 
Shifting aquafeeds to more sustainable 
ingredients is a key part of sustainable 
aquaculture. He is interested in develop-
ing ecological aquaculture principles and 
practices. The main focus of his current 
research is to develop a fish-free and 
crop-free aquaculture diet by combining 
different species of micro- and macro-al-
gae and developing targeted biochemi-
cal manipulations to maximize the diet’s 
nutrient quality, economic viability, and 
benefits for environmental conservation.

Lauren Everett, managing editor for   
Lab Manager, can be reached at
leverett@labmanager.com.

ask the expert

“We must do better, and we have an obligation 
to do better for our planet.”
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by Brandoch Cook, PhD

Perhaps the popular view of a cleanroom is 
as a stark, cold antechamber where brave 
biocontainment specialists don slightly trimmed 

versions of spacesuits and battle novel pathogens 
threatening to escape clandestine BSL-4 facilities. In 
the movies, and sometimes in real life, that may be 
true. However, cleanrooms pervade research, testing, 
and industrial facilities, with prominent roles in 
pharmaceutical and semiconductor manufacturing, 
food safety, immunosensitive research and clinical 
care, and mobile or temporary applications that require 
pop-up and tear-down capabilities. Consequently, they 
run the gamut from moderately restrictive additions 
within permissive facilities, to isolated and sterile 
environments that function like giant, single-purpose 
biosafety cabinets. 

Although the precise mission of a cleanroom 
may vary depending on the materials, protocols, 
and personnel inside, its basic function is static 
and clearly defined. A cleanroom controls the 
concentration of airborne particles, including dust, 
aerosols, and microbes, and must therefore be 
designed to minimize their introduction, retention, 
and generation while also maintaining temperature, 
humidity, and pressure commensurate with rigorous 
standards. Cleanroom standards are defined by 

ISO 14644-1, and they guide design, testing, and 
certification from the most restrictive class (ISO 
1) to the least (ISO 9, equivalent to normal room 
air). The ISO cleanliness scale, like an inverse of 
the Richter scale, indicates a shift of an order of 
magnitude for every unit change, such that an ISO 3 
room (equivalent to the former designation Federal 
Standard 209-E Class 1) allows 8.3 one micron-sized 
particles per square meter, while an ISO 4 room (209 
Class 10) allows 83. 

Design strategies to clean air of particles incorporate 
airflow inside the room as a first principle, and the 
desired cleanliness class of the room itself will dictate 
the geographical positioning of many structural and 
functional elements. This includes fans and filtration 
systems that can either be subsumed within, or 
placed externally to, ceilings; and floor, wall, and 
seam/junction designs that facilitate the requisite 
airflow current pattern and face velocity. Depending 
on positioning of these elements, airflow can be 
conventional and turbulent, semi-laminar, or uni-
directional in vertical or horizontal paths. Airborne 
particles are reduced by dilution and filtration, 
with frequent outward ventilation of unclean air 
and recirculation through a series of increasingly 
restrictive filters, ending with HEPA or ULPA filters. 
HEPA and ULPA filters themselves employ differential 
mechanisms to stop large and small particles 
sequentially through straining/sieving, impaction/
impingement, interception based on van der Waal’s 
forces, diffusion via Brownian motion, and finally, 
electrostatic attraction for the smallest particles, down 
to the size of some virions. The placement of less 
restrictive household filters antecedent to HEPA and 
ULPA prolongs filter lifespan and mitigates the need 
for disassembly and maintenance.

The net effect is to not only clean the air, but also 
exchange it more frequently and move it at greater 
speed than is achieved with normal building HVAC 
systems. For instance, while a normal unrestricted 
room may recirculate air 10 times per hour, an ISO 

FLEXIBILITY IN DESIGN OF PERMANENT, MODULAR, AND MOBILE 
CLEANROOMS IS SECOND TO RIGOROUS STANDARDS  
OF CLEANLINESS CLASS
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“The net effect is to not only 
clean the air, but also exchange 
it more frequently and move 
it at greater speed than is 
achieved with normal building 
HVAC systems.”
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7 cleanroom will often undergo up to 60 air changes, and ISO 
2-5 rooms between 240-600 changes. High-velocity HEPA fi lters 
can move air up to 500 feet per minute, depending on cleanliness 
class requirements, which for higher classes can require consistent 
velocities of over 100 fpm, with complete ceiling fi ltration coverage. 
These considerations take precedence over, for instance, overhead 
lighting, which must be adequate, but should not compete for space 
with the fi ltration required to maintain class.

Cleanroom class is additionally maintained by positive pressure 
in relation to outer spaces, usually with a differential of greater 
than 5 Pascals, so that air is fl owing outward, even when doors 
are briefl y open. Therefore, for complex facilities with several 
competing regulatory requirements, there is often an onion skin 
design to cleanrooms, with a central room at the most stringent 
class, and progressively more permissive ones radiating outward. 

Doors, walls, windows, and fl oors all need to incorporate 
the desired ISO standard into their design, such that 
particulates are minimized and cleanliness class is maintained. 
Consequently, airlocks primarily function to maintain the 
appropriate pressure differential between the cleanroom and 
external rooms that adhere to different ISO ratings. The doors 
allowing entry should avoid rubber foam or brush seals, in favor 
of neoprene or similar materials that will not fl ake or degrade 
over time. There are arguments for maintaining air-tight seals 
to block two-way particle travel, versus maintaining small 
gaps under doors to stabilize and cheapen the maintenance of 
pressure differentials. Regardless, there should be safeguard 
mechanisms in place against having two doors open at once, or 
opening a door while a cleanroom is in active use. 

Walls function analogous to the skin of the whole structure, 
and are thus composed of smooth, seamless materials resistant 
to fl aking, fi ssure, or opening via bolts or rivets, or other surface 
imperfections where microbes can colonize. Additionally, 
where there are seams or imperfections, assiduous attention 
should be paid to proper application of silicone or polyurethane 
sealant. A typical cleanroom wall can be composed of coated 
steel or aluminum, or even gypsum paneling as long as it 
is epoxy-sealed to avoid exfoliation. Latex or acrylic paints 
should be avoided, although walls are often painted white with 
epoxy, polyurethane, or baked enamel, because when it gets 

dirty, one can easily see it needs to be cleaned. Cleanroom walls, 
especially in modular designs meant to be quickly erected and 
disassembled, can be made of lap seam-sealed polyurethane; 
its transparency facilitates observation from without, allowing 
certifi cation and quality control measures that might otherwise 
disrupt airfl ow and cleanliness. In hard-walled cleanrooms, 
windows can serve this function, but should avoid features 
normally common to windows like sloped sills that complicate 
cleaning and certifi cation, and increase cost with each individual 
window. Flooring should be designed to coordinate with 
whatever airfl ow current is associated with desired cleanliness 
class, and is often raised, with channels and vents to facilitate air 
changes. Floors are often composed of heat-sealed vinyl or epoxy 
over a concrete base. For modular, soft-walled rooms, fl ooring is 
more commonly contiguous with polyurethane walls. 

Finally, cleanroom plans should be clearly communicated 
to all associated contractors, so that elements like electrical 
and security installations are properly concealed without 
disrupting seals and airfl ow patterns.

In research and manufacturing, at permanent or temporary 
sites, there is a wealth of options for cleanroom design, which 
may facilitate their unique functions. However, function is 
subservient to standards, no matter the design.

Brandoch Cook, PhD, is an assistant professor in the Weill Cornell 
Medicine Department of Surgery in New York City. He can be reached 
at brandoch.cook@gmail.com.
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by Aimee O’Driscoll

H igh performance liquid chromatography (HPLC) 
is an incredibly useful analytical technique with 
a broad range of applications. HPLC involves a 

column of adsorbent material (such as silica beads) through 
which a sample is passed under pressure. Each component 
of the sample mixture will interact differently with material 
in the column, and as such, have a different flow rate. As 
a result, the various components will leave the column at 
different times and can be collected separately. Qualitative 
and quantitative analysis can determine the identity of each 
component and the composition of the sample.

HPLC is considered a crucial tool in a variety of 
pharmaceutical applications, including evaluating 
formulations, checking purity, and monitoring changes 
due to process adjustments or during scaleup. 

When using HPLC, it’s important to know what factors 
to consider for each application. For example, there 
are many different HPLC methods to choose from. Of 
particular concern with pharmaceuticals are regulatory 
requirements that may determine which equipment and 
specifications must be used. These are often specified by 
the United States Pharmacopeia. 

Read on to discover the main use cases for HPLC in 
pharmaceutical applications and the main factors to consider 
when determining the optimal setup for your application.

Use of HPLC in  
pharmaceutical applications

HPLC is one of the most useful analytical methods in 
the development and manufacture of pharmaceuticals. 
Its applications are not confined to just one area and it is 
instrumental in a number of critical steps necessary for 
robust pharmaceutical analysis.

Jade C. Byrd, a director in the Liquid Phase Separation 
Division (LPSD) at Agilent Technologies, notes that, 
“HPLC is a very versatile technique that can help (bio-) 
pharmaceutical researchers and manufacturing facilities 

fully characterize potential drug or treatment candidates, 
and ensure the medicines are manufactured in a safe 
and consistent way.” According to Byrd, typical research 
experiments might include understanding the chemical 
properties of small molecules or potential biotherapeutics, 
ranging from assessing the hydrophobicity of a particular 
molecule to the sugar structures on a monoclonal 
antibody that affect immune response.

One specific use case is ensuring the consistency of 
active pharmaceutical ingredients (API). HPLC can 
provide quantitative analysis of select molecules, 
so you can confirm the correct dosage of active 
ingredients. “For QA/QC testing, HPLC can be useful 
in ensuring critical quality attributes such as strength/
concentration, content uniformity, the detection and 
quantification of impurities, and the quality and identity 
of raw materials,” notes Byrd.

Impurities can pose a serious safety risk to patients, 
and their detection and identification is often 
facilitated by the use of HPLC. Standard HPLC 
techniques may be combined with highly efficient 
detection methods (such as UV detection) to provide a 
complete and accurate impurity profile.

In a similar vein, HPLC can be vital in evaluating the 
stability of pharmaceutical products. The composition 
of formulations can alter over time due to a variety of 
environmental factors, such as exposure to humidity, 
oxygen, heat, and light. HPLC can assist in the 
identification of degradation products as well as 
determine the extent of change over time.
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“HPLC is one of the most useful 
analytical methods in the  
development and manufacture 
of pharmaceuticals.”

HPLC IS A POWERFUL TOOL IN THE DEVELOPMENT AND  
PRODUCTION OF PHARMACEUTICALS  
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Indeed, Byrd notes that HPLC can also be useful in 
determining shelf life; “for example, some biotherapeutics are 
sensitive to aggregation over time, or if not stored properly, and 
HPLC can be used to monitor this aggregation.”

Factors to consider when using HPLC

Although HPLC is extremely useful, the right methods and 
equipment must be chosen for each specifi c application. There 
are several major factors to consider here. In pharmaceuticals in 
particular, regulatory requirements will determine the right methods, 
equipment, and specifi cations to use. For example, the Food and Drug 
Administration (FDA) provides a guidance document, titled Validation 
of Chromatographic Methods, which covers various types of HPLC 
methods. Other regulatory bodies that may dictate how products are 
tested in their respective regions include Health Canada and the UK’s 
Medicines and Healthcare products Regulatory Agency.

Byrd explains that “There are many factors that affect the 
quality of the separation (instrument design, column and 
mobile phase chemistries, injection parameters, and column 
temperature),” and these variables need to be well understood.

HPLC is not a one-size-fi ts-all method and there are several 
options to choose from. Two common approaches are normal 
phase and reverse phase; in both, the separation is based on 
polarity. In normal phase HPLC, the adsorbent material is polar 
and the solvent non-polar (typically an organic liquid), resulting 
in fewer polar components of the sample being eluted fi rst. 
Reverse phase involves the opposite setup, so the more polar 
components will exit the column quicker.

Other types of HPLC include ion-exchange (based on ionic 
charges) and chiral (for separating enantiomers). In the 

latter, the stationary phase material has pores that slow down 
smaller molecules. There’s also ultra-high performance 
liquid chromatography (UHPLC), which uses a smaller 
column and smaller particles than HPLC, ultimately 
resulting in a more effi cient process.

HPLC is incredibly versatile, especially when combined with 
different detectors, such as UV-Visible spectroscopy (UV-
Vis), mass spectrometry (MS), and fl uorescence. For example, 
UV-Vis can help determine the concentration of molecules 
following elution from the column. A highly specifi c detection 
method is MS, which can help measure a molecule’s mass-to-
charge-ratio and thus its molecular weight. Fluorescence can 
be particularly sensitive for the right kinds of analytes with 
parts per billion (ppb) detection limits. 

There’s no doubt that HPLC plays an important role in 
pharmaceutical analysis. Its accuracy and versatility make 
it a suitable tool for many stages of the development and 
production of biotherapeutics. While there are a number of 
factors to take into consideration when designing an HPLC 
analysis, the technique’s innate fl exibility, including its 
compatibility with multiple advancing technologies, makes it 
an excellent choice for a broad range of applications.

Aimee O’Driscoll, BSc, MBA, has a decade of experience as a
development chemist and is a seasoned science writer. She can be reached 
at aimee@aimeeodriscoll.com.

“HPLC is not a one-size-fi ts-all 
method and there are several 
options to choose from.”
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by Andy Tay, PhD

Water is a main solvent of many biological 
experiments and assays. Depending on 
the source (tap, de-ionized, or ultra-

fi ltered), water purity can differ signifi cantly, which 
can lead to downstream differences in data reliability 
and reproducibility. Water purity is particularly 
important for spectrophotometry applications that 
make use of transmitted or refl ected light to quantify 
and characterize biomolecules like oligonucleotides and 
proteins that are typically suspended in liquid media. 
Spectrophotometry is an important technique in the lab 
for detecting and characterizing biomolecules and water 
purifi cation is an essential step to generate accurate and 
reproducible data from spectrophotometers.

A spectrophotometry primer

A spectrophotometer works by sending a beam of 
light of a specifi c wavelength into a cuvette containing 
the sample of interest suspended in a water-based 
solvent. Transmission spectrophotometers project 
light through the sample, and detectors measure 
the wavelength and quantity of light that pass 
through. Refl ectance spectrophotometers project 
light onto samples and measure the percentage that 
is refl ected. When transmitted or refl ectance light 
heats a photodetector, it is converted into a current 
that is electronically amplifi ed, and values such as 
absorbance or concentration are then generated. 
Spectrophotometry techniques work with different 
types of light such as ultraviolet, visible, and infrared 
light, although the latter is less common. 

Spectrophotometry requires 
highly pure water

Water purity is important for spectrophotometry 
applications because it is the main solvent in which the 
biomolecule or sample of interest is being dissolved 
or suspended. Poor quality water may contain 

contaminants such as bacteria, endotoxins, and 
proteases. When water purity is inconsistent, it leads 
to inaccuracies and poor reproducibility on two levels. 
First, transmitted or refl ected light passing through 
the cuvettes will differ signifi cantly across different 
samples. Secondly, the presence of contaminants at 
different levels may lead to various degrees of sample 
degradation. Therefore, high purity water is important 
for reproducibility in spectrophotometry applications.

What to look for in water 
purifi cation systems

The purpose of water purifi cation systems is to 
remove contaminants from tap water, including 
inorganic ions, organics, colloids, gases, bacteria, and 
proteases. There are a variety of water purifi cation 
techniques to choose from to ensure high quality 
water for spectrophotometry applications. 

Distillation methods utilize heat to evaporate water 
and collect the condensate, which aids in removing 
most contaminants except those with lower boiling 
points than water. Activated carbon is most effective in 
removing chloride ions and organic compounds that 
preferentially bind to carbon. Ultrafi ltration makes use 
of membranes with pores approximately three nm in 
diameter to remove large particulates, while reverse 
osmosis makes use of membranes with pores less than 

product focus | water purifi cation systems

“When water purity is 
inconsistent, it leads 
to inaccuracies and poor 
reproducibility on 
two levels.”
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one nm for more stringent removal of contaminants like 
bacteria that are larger than the membrane pore size. 
Ultraviolet radiation is useful to eliminate potential 
living organisms like bacteria. Most products utilize two 
or more techniques to achieve different levels of water 
purity, and are most effective in removing different types 
of contaminants. 

The fi rst step in choosing a water purifi cation system is to 
consider the water purity requirement. According to the 
National Committee for Clinical Laboratory Standards, 
spectrophotometry and other analytical applications 
require Type I water.

There are a variety of water purifi cation products on the 
market including MilliporeSigma’s Milli-Q® Ultrapure 
Water System, Thermo Fisher Scientifi c’s Barnstead 
System, and ELGA’s Veolia Purelab® Quest System to 
meet the needs of your lab. For a lab with limited space, 
physical footprint is an important consideration and 
products that are mobile and do not have to be mounted 
are more suitable. Scalability should also be considered, 
as the water purifi cation system has to be able to meet the 
demand for purifi ed water at a suffi cient throughput. For 
instance, products from Thermo Fisher can provide fl ow 
rate from 0.1 L/min (Pacifi c TII) to 4L/min (Harvey 
DI+). Some spectrophotometry experiments such as 
immuno assays to detect proteins in blood samples can be 
sensitive and, in that case, clinical grade water may even 
be required, and products such as the ELGA MEDICA® 
Pro-R would be suitable. 

Andy Tay is a freelance science writer based in Singapore. 
He can be reached at andy.csm2012@gmail.com.
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by Mike May, PhD

Millions of tons of microplastics—pieces less than 
fi ve millimeters long—pollute the world’s oceans, 
and differential scanning calorimetry (DSC) can 

identify this debris. In fact, DSC can be used in a range of 
studies of polymers and plastics. Effectively applying DSC, 
though, depends on a combination of hardware and software. 
Today’s platforms offer many advances, including higher 
sensitivity, which allows measurements on smaller samples, 
built-in autosamplers that provide automation, and various 
analytical packages.

One example of DSC used in the study of microplastics 
is research conducted by scientists in Egypt, in which 
the technology was applied to water samples from the 
Mediterranean coast. With their DSC-based screening 
method, the researchers identifi ed 10 types of microplastic in 
the samples. Similarly, scientists in Brazil analyzed hospital 
waste with DSC and found that polymers made up almost 99 
percent of the waste produced from medical devices. These 
studies provide just a glimpse of how DSC can be used.

DSC can also be applied to a variety of more general tasks. 
As examples, César Leyva Porras, a tenured technician at the 
Centro de Investigación en Materiales Avanzados (CIMAV) 
in Chihuahua, Mexico, mentions using DSC to determine 
the melting temperature and heat of fusion to calculate the 
degree of crystallization in polymers and the glass transition 
temperature (Tg) in carbohydrate polymers. When asked 
what features matter most in a DSC device, Leyva Porras 
points out temperature and signal stability, temperature 
range for determining Tg below room temperature, and 
modulated features. For instrument advances, Leyva Porras 
would like to work with modulated DSC combined with 
thermogravimetric analysis.

Seeking better software

Beyond hardware, DSC requires software to analyze the 
data, and most vendors provide analysis packages. As 

an example, Mettler Toledo’s STARe software provides 
six methods for determining a sample’s specifi c heat 
capacity. Some vendors even run training sessions on 
making the most of their software packages. 

In addition, commercial software packages can be enhanced 
with add-ons. As an example, TA Instruments (a Waters 
company) developed its TRIOS software for DSC, and the 
company offers various add-ons for thermal kinetics, such as 
a rheology polymer library. Some DSC software also focuses 
on simplifi cation. With Hitachi’s NEXTA DSC platforms, 
for example, the software guides users through the process 
to make it easy even for beginners when using standard 
methods of DSC.

Still, some scientists prefer to develop their own analytical 
tools. At the Institut Laue-Langevin in Grenoble, France, 
for example, scientifi c coordinator of the Partnership of 
Soft Condensed Matter PSCM Leonardo Chiappisi and 
Aline Cisse, a PhD student in his group, created their own 
DSC software called pyDSC to handle a large amount 
of data in a short time. This simple Python-based script 
automatically performs much of the basic DSC analysis. 
The authors describe the script’s capabilities as basic 
corrections of raw-DSC, including the correction for the 
blank and solvent signal. Plus, anyone can use this free 
and open-source software, which works on any operating 
system running Python.

Identifying and characterizing plastics and polymers 
applies to so many areas of research and industry that 
many scientists and engineers benefi t from advances 
in DSC—from the device itself to its related analytical 
software. It is promising to see scientists like Chiappisi and 
his colleagues writing scripts that make it easier to use this 
thermoanalytical technique. Such scientist-driven projects 
can further expand where and how DSC gets used, such as 
in tracking microplastic pollution around the world.

Mike May is a freelance writer and editor living in Texas. 
You can reach him at mike@techtyper.com.
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HIGH CONTENT ANALYSIS PLATFORM
Endeavor
• Images 10 times the biology in a fraction of the time, acquiring

every cell, every time

• Combines exceptionally fast, full-well imaging with sub-half micron pixel

resolution, generating high-quality, high-resolution data

• As no training is required, the platform makes high content analysis

comprehensive, fast, and easy

• Intelligent tools allow users to generate quality results quickly and

confidently, reducing the time needed for drug discovery

Araceli Biosciences 

www.aracelibio.com

COLD FIELD EMISSION CRYOELECTRON MICRO
SCOPE
CRYO ARM™ 300 II
• Developed based on the concept of “quick and easy to operate and

get high-contrast and high-resolution images”

• Offers high-speed imaging achieved by optimal electron beam control

• Features improved hardware stability for high-quality image acquisition

• Provides higher operability through system improvement

JEOL USA 

www.jeolusa.com

MICROFLUIDIC DEVICE
OMEGA-96
• Enables researchers to conduct 48 individual  

experiments in parallel on a single plate while fully  

taking advantage of existing automated drug  

screening infrastructure

• Specifically designed to recreate the natural polarity of 

neurons as they exist in the nervous system

• Unique open-top well design allows researchers to have 

direct access to their cultures and can accommodate tissue 

explants as well as self-assembled 3D cultures

eNUVIO 

www.enuvio.com
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HIGHCONTENT IMAGING SYSTEM
ImageXpress® Confocal HT.ai
• Offers faster image acquisition and multiplexing flexibility 

with high-performance lasers

• Enables researchers to quickly uncover new insights that 

are provable and repeatable with clear, accurate data

• Provides up to double the throughput speed for 3D 

organoids and spheroids while helping the scientific  

community overcome roadblocks when working with 

complex cell models

Molecular Devices 

www.moleculardevices.com

INLINE XRF ANALYZER
Vanta™ iX
• Designed to operate 24/7, this analyzer streamlines quality 

inspections for metal fabrication and geo processing

• Provides clear material and grade ID in seconds

• Can deliver pass/fail results or full material chemistry

• Able to test a wide range of alloy and metal grades, including  

light elements

Olympus 

www.olympusamerica.com

SAMPLE MANAGEMENT SOFTWARE UPDATE
LabKey Sample Manager
• Now includes robust freezer management capabilities in a  

full-featured sample tracking and workflow management system

• Intuitive application allows laboratories to register and track 

their samples and collaborate—all in one place

• Gives laboratories the power to use the freezer  

management features in a way that matches their lab and workflow 

requirements by taking a “sample-centric” approach

• Flexible and easy to use

LabKey 

www.labkey.com
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THE NEXT EVOLUTION IN CHROMATOGRAPHY
Universal Liquid Chromatograph Solution
ACQUITY™ PREMIER Solution
• Mitigates loss of metal-sensitive analytes to yield higher 

quality data with less time and effort 

• Novel MaxPeak High Performance Surface 

technology eliminates the need for system and column 

passivation and improves analytical sensitivity and 

assay-to-assay reproducibility 

• ACQUITY PREMIER system and column chemistries work 

together to provide enhanced analytical data quality 

and greater confi dence in separation results

Waters

www.waters.com

PRODUCT SPOTLIGHT

CORE IMAGING FACILITY SOFTWARE
Athena
• Simplifi es the management, traceability, and sharing of 

data for core imaging facilities dedicated to materials 

science research

• Ensures that experiment data from multiple imaging instruments can 

be accessed at every step of a workfl ow, remotely, and in the lab

• Facilitates collaboration among researchers from multiple 

locations and organizations

•  Allows core imaging facilities to give materials scientists access 

to centralized imaging data via a secure, intuitive interface

Thermo Fisher Scientifi c

www.thermofi sher.com

HIGHVOLUME 24WELL FILTER PLATES
AcroPrep™

• Enable laboratories to continually work within a 24-well 

format from cell growth, harvest, and biomolecule isolation 

to fi nal analysis

• Provide higher throughput, fewer work steps, less sample 

loss, and reduced processing times

• Available with a variety of high-performance membranes

• Designed for use in biotechnology and pharmaceutical 

laboratories

Pall Laboratory

www.pall.com
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