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What do you view as your lab’s most valuable asset? An argument 
can be made for numerous things, such as specialized equipment, 
your staff, or even your time. But buzzwords like “data” and “analyt-
ics” have become such a high-priority focus across all industries, 
that we’ve dedicated our October “Information” issue to discussing 
the importance of  quality data—the best ways to collect and store 
data, how to analyze it, make decisions based on it, and more. 

Scott Hanton, general manager for Intertek labs, who spoke at the 
Lab Manager Leadership Summit this past May, authored our 
cover story article, “Data-Driven Decision Making” with colleague 
Todd McEvoy. Together, they outline the various types of  data 
that most lab managers can rely on to make intelligent, informed 
decisions that are often made based on emotion rather than hard 
facts. As Hanton and McEvoy note, “decision making is a skill at 
which we can all improve.” Turn to page 10 to learn how to incor-
porate data into important decisions such as promotions, capital 
investments, and service contracts.

In our Ask the Expert series (page 44), Mary Jo Lamberti, associate 
director of  sponsored research at the Tufts Center for the Study of  
Drug Development, explains how artificial intelligence (AI) is mak-
ing an impact in the pharmaceutical industry, specifically how it can 
change the way data is handled and used. “AI in pharma has been 
around for a while. However, it wasn’t readily accepted because it 
was a black box phenomenon,” says Lamberti. She also mentions 
how there can be a fear or mistrust of  AI technologies that are per-
forming tasks or learning systems once done by humans. Now that 

AI methods are becoming more accepted, AI is being used to drive 
precision medicine, drug discovery, and more. 

Coincidentally, Software-as-a-Service (SaaS) was highlighted in two of  
our articles in this issue—the Business Management article on cloud 
data security, and our “Purchasing Considerations for Asset Manage-
ment Software” article on page 28. Stuart Ward, PhD, notes that “many 
data management software solutions are now provided as SaaS.” Ward 
continues to say that SaaS products are appealing because they are 
quicker to deploy and offer an additional layer of  security for the 
customer. Additionally, Suzanne Martinez, vice president of  operations 
and business development at Lab Asset Manager, is quoted in the asset 
management article explaining how the cost of  SaaS options may be 
determined by the specific configuration that is best suited for a certain 
lab. But how do you choose the right SaaS solution for your needs? 
Both these articles offer some tips to help you navigate your options.

And if  you’re still craving more data, we share results from our latest 
Salary and Employee Satisfaction Survey, beginning on page 20. We 
conduct this survey each year to gain insight into the overall state of  
the industry, and gauge readers’ perspectives on crucial issues such as 
job security, compensation, training, and career advancement. Check 
it out to see if  your perspective matches your peers’.

Best,

your most valuable 
asset: data



I n t r o d u c i n g  t h e  n e w  C L A R I O s t a r ®  P l u s

Unbox your potential
Do not be restricted by your reader! The new CLARIOstar® Plus multi-mode 
microplate reader with LVF MonochromatorsTM comes with new features that 
will expand your capabilities in the lab.

· Enhanced Dynamic Range technology allows easy and reliable detection
 of samples at the largest range of concentrations in a   single read - no 
 manual intervention

· Rapid, full-plate autofocus automatically provides the best sensitivity for
 any assay in top or bottom read

· Dedicated detectors improve performance in red-shifted fl uorescence 
 and expand assay fl exibility 

The most sensitive monochromator-based microplate reader got even better!

www.bmglabtech.com
© 2019 All rights reserved. All logos and trademarks are the property of BMG LABTECH. 



10 Lab Manager    October 2019 LabManager.com

L aboratory managers are charged with making many 
kinds of  decisions on a near-daily basis. In fact, deci-
sion making is one of  the key responsibilities of  lead-

ership in any organization.1,2 Even though most laboratory 
managers are leading organizations that create, evaluate, 
and report data as a consistent part of  the delivery of  
their function, many decisions seem to be made from 
opinion and feeling rather than from data. As laboratory 
managers, we can greatly improve the quality of  our deci-
sions by being more aware of  the data available and learn-
ing how to use it effectively in our decision making.

Available data
Fortunately, most laboratory managers have many 

kinds of  data readily available: 
• Operational data that is often included in laboratory 

information management systems (LIMS)
• People data that is often available from human  

resources (HR) systems
• Financial data that is available from budgets and  

accounting reports
• Quality assurance (QA) system data 
• Safety process data
• External customer or internal client data
• Vendor and supplier data

by Scott D. Hanton & Todd M. McEvoy, Intertek
UTILIZING DATA TO SUPPORT SMART BUSINESS DECISIONS

Operational People Financial QA Safety Customer Vendor

Numbers of samples 
analyzed

Staff performance Income Training records Safety incidents Number of  
customers

Cost comparisons

Numbers of tests 
performed

Previous experience Sources Audit outcomes Near misses New customer 
generation

Repair and 
maintenance records

Time required to 
complete tests

Levels of experience Costs Quality investigations Customer 
management

Delivery records

Test turnaround times 
(TAT)

Profit and loss, or 
delta to budget

Instrument 
performance

Customer feedback 
and satisfaction

Market data about 
trends and needs

Data-Driven 
Decision Making

data-driven business

Examples of the various types of data lab managers have  
at their disposal.
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data-driven business

These are sources of  large and important data that can 
be used in decision making. There are many other small 
and isolated sources of  data. One thing we can all do to 
become more data-driven decision makers is to become 
more aware of  sources of  data that are available to us, 
and to teach our staff  where these data are located, and 
how to use them.

Making decisions
Laboratory managers are expected to make rapid, high 

quality decisions every day. Decision making is a skill at 
which we can all improve. One of  the keys to making ef-
fective decisions is to find the objective foundation for the 
decision. There are two key processes to clearly establish 
that objective foundation, effective questions that sharpen 
and focus the actual decision to be made, and objective 
data that can be used to answer specific questions.

Our metaphor for using questions to establish the focus 
for a decision is “fencing the pasture.” We want to ef-
fectively establish the space in which the right decision 
lies—the fenced pasture needs to be big enough to contain 
the best decision, but not so large that we waste time 
exploring low value space. To find the optimum perimeter, 
we use a combination of  open-ended and close-ended 
questions. The open-ended questions enable us to diverge 
and explore the space. Open-ended questions also invite 
other participants to share more freely and more broadly 
in the process, enabling the sharing of  knowledge and in-
formation.3 The close-ended questions enable us to ensure 
understanding and have clarity about conclusions.

Communicating about how the decision will be made 
is also a key element of  the process. Many employees 
aren’t aware of  the different decision making options 
we have as laboratory managers. Communicating about 
these choices and being transparent about the decision 
making process helps to build trust in organizations.1 
While there are many different decision making options, 
there are four that we use most often. The first is that the 
leader requests and receives input and then makes the 
decision—this is an important option for some of  the 
most difficult decisions, like staff  reductions and policy 
changes. The second is a group consensus decision. 
While not requiring full agreement from the partici-
pants, consensus requires that all participants support the 
decision moving forward. The third is group unanimity, 
which requires enough compromise and negotiation so 
that all participants agree with the decision. The fourth 
is majority rule.

Case studies
Data-driven decision making is perhaps best discussed 

through specific examples. The next three case studies will 
show how we can use objective data that most laboratory 
managers have available to improve the quality of  the 
decisions we regularly face. The three examples will cover 
a wide range of  common laboratory leadership decisions.

Promotions
Promotions are an exciting time for most people. How-

ever, too many promotion decisions are made for subjec-
tive reasons, such as: do I like the employee, is the employ-
ee liked by peers and/or is the employee a good worker?

We can use a data-driven decision making process to 
take the mystery out of  most promotions. There can be 
ample objective data available to use in the decision-
making process, such as:
• Has the employee consistently demonstrated an  

increase in responsibility?
 Use QA or HR data to compare actual job  

delivery to the current and next job description 
or role document

 Use operational data to measure the actual  
output of  work

 Compare the actual output of  work to compa-
rable peers

• Has the employee consistently met or exceeded  
expectations?

 Use HR data to compile performance history 
over the past couple of  review cycles

• Has the employee consistently demonstrated the  
required behaviors?

 Use safety and QA data to look for trends 
 Use operational and HR data to see how consis-

tently the individual has been performing

By using the available data in this decision, we can be confi-
dent that the employee is meeting our criteria for the promo-
tion, and perhaps more importantly, we can clearly communi-
cate why this individual was promoted. For staff  who question 

“Many employees aren’t aware of the 
different decision making options we 
have as laboratory managers.”
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the validity of  a promotion, it is very important to point to 
objective data used in making the decision. Using these data 
and communicating their use will also inform peers how these 
decisions are made and encourage them to demonstrate the 
same level of  performance to achieve their own promotions.

Capital Investment
In these days of  do more with less, there can be signif-

icant competition between different labs or functions for 
limited capital investment resources. Using a data-driven 
decision making process can reduce the friction and dis-
content that arises from contested priority decisions like 
this. We can avoid feeling like the manager’s favorites get 
the capital or certain technology areas have important 
friends. Using data can also address the expectation for 
an even distribution of  capital in an uneven world.

Laboratory managers have an abundance of  data that 
can readily inform capital investment decisions:
• Operational data that shows usage rates, growth, or 

decline of  testing, average TATs, and delays 
• Vendor data that shows price and cost of  ownership 

expectations
• QA data that demonstrates reliability, uptime, and 

training issues
• Financial data that works in cost and available funds
• Strategic market assessments show trends and needs

Using these data together to build option prioritiza-
tion and cost realities makes these decisions clearer and 
much easier to communicate to staff. Like the promotion 
example above, pointing to objective data reduces the 
complexity of  personality in the decision-making pro-
cess. It also makes it clearer to staff  desiring more capital 
investment what is expected and what is required to 
improve their project in the organization’s prioritization.

Service Contract
No lab scientist welcomes instrument and equipment 

problems. Scientists desire robust instruments that enable 
their experiments without worry. To reduce the risk of  
equipment problems, many laboratories purchase service 
contracts to ensure that instrument problems are quickly 
addressed and repaired by qualified vendors. However, 
service contracts can have significant costs to the organiza-
tion. There is sufficient data available to enable data-driven 
service contract decisions:
• Operational data to indicate the demand and the aver-

age TAT for specific instruments

• Customer/client data to indicate the importance of  
specific instruments and the TAT expectations

• QA data to measure the reliability and downtime for 
specific instruments

• Safety data to understand any broader issues related to 
instrument failures

• Financial data that balances the cost of  the service 
contracts with the benefits

One approach to using data-driven decision making 
in service contract options is to use data from the past 
12 months and compare the calculated cost and impact 
of  having a service against not having a service contract. 
The calculations can show which scenario generates 
greater value for the laboratory.

A data-driven decision making process uses data that 
is generally available to most laboratory managers. Using 
these data enable laboratory managers to be more objec-
tive in making important decisions. It also provides a 
significant benefit in enabling us to communicate clearly 
to the organization how the decisions are made. That 
transparency brings significant benefits in trust, engage-
ment, and teaching staff  what is expected to get the 
decision they desire.

References:
1. Daniel Coyle (2018) “The Culture Code” New York,  

Bantam Books

2. William A. Cohen (2008) “A Class with Drucker” New York, 
AMACOM

3. Amy C. Edmondson (2019) “The Fearless Organization”  
Hoboken, NJ, Wiley

Scott Hanton is the general manager for the Intertek labs in Allen-
town, PA and Whitehouse, NJ. Prior to his current role, he was the 
laboratory operations manager and chief  scientist at Intertek Allen-
town. He earned a BS in chemistry from Michigan State University 
and a PhD in physical chemistry from the University of  Wisconsin-
Madison. Scott is an active member of  ACS, ASMS, and ALMA.

Todd McEvoy is the laboratory operations manager at Inter-
tek Allentown. He graduated with a BS in chemistry and with 
honors from Shippensburg University (Shippensburg, PA) and a 
doctorate in chemistry from the University of  Texas at Aus-
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microscopic, and electrochemical methods to study charge storage 
processes in electrochromic ion-storage materials.

data-driven business
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labs less ordinary

R eceiving millions of  visitors each year, the Smith-
sonian Museum of  Natural History is one of  the 
most popular museums in the world. Located on the 

National Mall in Washington DC, the museum stands 
out among the many other tourist attractions in the area. 
Visitors can meander through multiple levels of  exhibits, 
from the first floor Sant Ocean 
Hall, up to the second floor 
to learn about life in Ancient 
Egypt, or be dazzled by the Hall 
of  Geology, Gems, and Miner-
als. Each area of  the museum 
educates visitors on how life on 
Earth adapted, survived, and 
even thrived over the course of  
millions of  years, through to 
present day. While you could 
certainly spend hours or days 
experiencing everything the museum has to offer, there’s 
even more interesting work going on behind the scenes.

There are nearly 500 scientists affiliated with the 
Smithsonian Museum of  Natural History who con-
duct research in the on-site laboratories, at the nearby 
Museum Support Center (MSC), or at field sites across 
the globe. The museum’s research is divided into seven 
departments—anthropology, botany, entomology, 
invertebrate zoology, mineral sciences, paleobiology, 
and vertebrate zoology. A collection of  approximately 
145 million specimens and artifacts is cared for by the 

museum, and despite the age of  some of  the samples, 
researchers are still revealing new information from 
them that can be shared to the public, as well as help us 
anticipate the future of  life on Earth. About 40 percent 
of  the collection’s items are stored at the MSC, located 
in Suitland, MD. Samples range from 4.56-billion-

year-old iron meteorites, to 
a 44-foot-long totem pole, to 
microscopic organisms.

As one of  the first such facili-
ties in the world, the MSC was 
designed to address the needs of  
collections storage, conservation, 
and research for the Smithsonian. 
The MSC includes the Bioreposi-
tory, the Laboratories of  Analyti-
cal Biology (LAB), the Smith-
sonian’s Museum Conservation 

Institute, as well as collections storage and office spaces. 
Lab Manager toured these facilities to get a better 

understanding of  how the labs function, and the unique 
challenges associated with studying and preserving such 
diverse, sensitive samples. 

The facilities
The MSC recently installed a BioBubble soft-wall 

cleanroom space where ancient DNA samples extracted 
from bones and plants are first analyzed. The sterile en-
vironment is essential to prevent any contamination of  

The Smithsonian Museum 
of Natural History
AN INSIDE LOOK AT THE 
LABORATORIES THAT SUPPORT A 
WORLD-RENOWNED ATTRACTION 
by Lauren Everett

“The LAB is the  
biotechnology core of 

the museum’s molecular 
research programs.”
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these sensitive samples. HEPA filters purify air entering 
the room, and the research staff  periodically sanitizes 
the space with bleach and applications of  ultraviolet 
lights. MSC is also home to the Biorepository, which was 
established in 2011. It has the capacity to store more than 
four million 2-milliliter cryotubes containing tissue or 
DNA from any type of  sample you can think of—from 
ocean organisms to forest foliage. Storage temperatures 
range from -30 C to -190 C within mechanical and liquid 
nitrogen freezers. There is also an extraction room for 
DNA isolation and Sanger sequencing technology, and a 
designated “meteorite room” where a 3,000-gallon liquid 
nitrogen tank provides nitrogen gas for the museum’s 
meteorite samples. 

On-site at the Smithsonian Museum of  Natural History 
complex is an SEM microscopy lab, and about 20,000 
square feet of  space for the LAB department, including a 
9,000-square-foot post-PCR and general lab workspace. 
The LAB is the biotechnology core of  the museum’s mo-
lecular research programs. Researchers within this group 
can conduct genomic or genetic research in the multiple 
LAB spaces. “The expertise of  our scientists has helped 
the Exhibit Department in developing exhibits such as 
‘Genome’ and ‘Outbreak,’ as well as developing protocols 
and activities for our educational outreach center, Q?rius,” 
explains Jeffrey Hunt, LAB manager.

It is difficult to envision the sheer quantity and diversity 
of  the samples that the LAB researchers have at their 
disposal to study. Hunt notes that the variety of  projects 
going on at a given time is one of  his favorite aspects of  
working at the LAB, but it also presents unique challenges. 
“The biggest challenge we face is making commercially-
available products work for our samples. Most products 
are designed to work with model organisms and we typi-
cally break that model with the wide variety of  organ-
isms the researchers in the lab work on,” Hunt explains. 
“Our researchers have become very good at adapting 
protocols to work with their organisms.” As an example, 
Hunt referenced how many researchers have found ways 
to work with marine invertebrates, which present numer-
ous obstacles during DNA extraction that aren’t typically 
present when working on vertebrate species.  

Cutting-edge research
The Smithsonian Museum of  Natural History has 

collaborations and partnerships with institutions all 
across the globe. One example of  an ongoing collab-
orative research project is the Deep Reef  Observation 

Project (DROP), which was initiated by two Smithsonian 
scientists in 2011. Thanks to a partnership with an owner 
of  a submersible vessel on the island of  Curaçao in the 
Caribbean, researchers are making new discoveries about 
deep ocean reefs, located far beyond scuba diving depths, 
and can monitor changes to the environment over time. 

Shallow ocean coral reefs have become a topic of  
growing concern due to coral bleaching and a warming 
climate, but deep ocean reef  ecosystems have histori-
cally been understudied. “This submersible is unique 
because it is equipped with specimen collecting tools, 
allowing the scientists to collect fish and other organisms 
at a depth ranging from 30m to 300m,” explains Hunt. 
Since 2011, more than 100 fish species have been col-
lected from this area in the Caribbean, about 25 percent 
of  which are new to science. Every specimen collected 
is photographed and processed for genetic analysis by 
the LAB team at the Smithsonian, and tissue samples are 
deposited at the Biorepository. 

Soon after the launch of  DROP, the team began using 
Autonomous Reef  Monitoring Structures (ARMS) to 
further their discoveries. Previously, ARMS were being 
used at various sites around the world in an effort to 
monitor marine diversity in shallower waters, so it was a 
natural fit to expand their use and deploy them through 
DROP. ARMS are made up of  nine stacked plates, with 
a spacer dividing each level to allow marine organisms to 
colonize and live on the plates, reminiscent to the struc-
ture of  condo or hotel buildings. “After a set amount of  
time, the structures are retrieved and the organisms are 
collected and cataloged,” says Hunt. “The encrusting or-
ganisms on the plates will be scraped off  to extract their 
DNA where we will use next-generation sequencers to 
determine all the species that colonized the ARMS.” The 
ARMS structures have been deployed in the Caribbean 
since 2012, and researchers are developing a multi-year 
comparative dataset on temperature and biological 
changes on the vertical reef  profile.

labs less ordinary

“Our researchers have become 
very good at adapting protocols  
to work with their organisms.”
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Another long-term research program at the Smithson-
ian, referred to as the Bird Strike Project, identifies bird 
species involved in bird-aircraft collisions. When these 
incidents occur, the FAA, US Navy, or US Air Force will 
send samples to Smithsonian researchers for processing. 
The Smithsonian’s Feather Identification Lab can then 
ID the type of  bird that was hit. Knowing the species of  
bird involved reveals insight into its behavior, its migra-
tory routes, and other key pieces of  information that can 
be used to develop preventive measures to avoid similar 
outcomes in the future.

During migration periods, hundreds of  birds may be 
hit by planes in a single week. In 2009, US Airways Flight 

1549 was a key example of  the potential dangers bird 
strikes can cause. The pilots of  the aircraft were forced to 
land in the Hudson River near Manhattan, NY after the 
plane struck a flock of  Canada geese shortly after take-off.

Depending on the condition of  the remains of  the bird 
sent to the Feather Identification Lab, researchers will 
either compare physical characteristics to bird specimens 
in the Smithsonian Museum collection, or may need to 
use more complex measures such as microscopic analysis 
or DNA analysis. Prior to the infamous US Air Flight 
1549 landing, only about 20 percent of  bird strikes were 
reported. Since then, reports have greatly increased, 
leading to more identifications and baseline data that can 

1. 3. 

4. 

2. 
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help build avoidance programs and habitat management 
near airfields. Through this project, researchers have also 
been able to build a reference library for every known bird 
species in North America—about 800 in total. They did 
this by “barcoding” each species, or taking a fragment of  
DNA, that can be used to match samples from bird strikes 
that have minimal material for identification.

What comes next?
Just like the exhibits on display at the Smithsonian 

Museum of  Natural History, work in the labs is con-
stantly evolving. Over the years, the facilities at both the 
MSC and at the museum have expanded, undergone 

renovations, and acquired new, innovative equipment, 
and this will continue to be the case in the future. In the 
short-term, one of  Hunt’s primary goals is to further 
develop protocols and services for working on envi-
ronmental DNA, metagenomics, and their associated 
bioinformation services. 

If  you have the opportunity to visit a Smithsonian 
Museum, take some time to engage with the expert staff  
and appreciate the cutting-edge research being done out 
of  public sight in the laboratories.

Lauren Everett, managing editor for Lab Manager, can be 
reached at leverett@labmanager.com or 973-721-4070.

1. Smithsonian Institution National Museum of Natural History in Washington 
DC. Credit: Donald E. Hurlbert, Smithsonian  2. The Smithsonian Institution’s 
Museum Support Center, located in Suitland, MD. Credit: Donald E. Hurlbert, 
Smithsonian 3. Andrea Marroquin, left, and Logan Kistler, curator in Human 
Ecology and Archaeobiology, Department of Anthropology, National Museum 
of Natural History, Smithsonian Institution, seen in the LAB analyzing plant 
microfossils as sources of ancient DNA for deep-time. Credit: James Di Loreto, 
Smithsonian  4. The Laboratories for Analytical Biology post-PCR space in the 
Smithsonian’s National Museum of Natural History located in Washington DC. 
Credit: James Di Loreto and Kate D. Sherwood, Smithsonian  5. Roxie Lay-
bourne, founder of the SI Feather ID Lab, seen in one aisle of the SI Division of 
Birds specimen collection. This collection, with more than 625,000 speci-
mens, is the third largest bird collection in the world. Credit: Chip Clark, Smith-
sonian  6. The BioBubble cleanroom, located at the Museum Support Center, is 
a specialized, inflatable cleanroom primarily for ancient DNA processing steps. 
Credit: James Di Loreto, Smithsonian  7. The Biorepository at the Smithsonian 
Institution’s Museum Support Center. Credit: Donald E. Hurlbert, Smithsonian
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FROM PAPER TO PIXELS:  
THE FUTURE OF COLLABORATION  
AND DISCOVERY IS BRIGHT

 A s the world around us continues to evolve, so 
too does the laboratory environment. Mod-
ern laboratories are no longer operating in 
isolation, and fostering collaboration between 

laboratory personnel as well as between entire laboratory 
groups has accelerated innovation through shared ideas 
and resources. There are many ways to support collabo-
ration, and transitioning from paper laboratory note-
books to an electronic laboratory notebook (ELN) with 
integrated inventory management is an essential step. 

MORE THAN A LAB NOTEBOOK
Ranging from drug development by large pharma-

ceutical companies to mechanistic research in a small 
academic lab, and everything in between, preparing to 
run an experiment involves selecting the appropriate 
protocol, tracking down the necessary supplies, and set-
ting up equipment. Time spent searching the laboratory 
for supplies or reagents, or worse, realizing the supply 
has run out in the middle of  an experiment, costs valu-
able time and creates an inefficient laboratory. Inventory 

The laboratory environment has evolved to focus on collaborative research. 
With the right tools to support this shift, collaboration has enormous 
potential for innovation and discovery



management software enables users to track reagent qua-
nity, location, and consumption, and operates as a central 
platform to re-order and track orders from multiple sup-
pliers. When inventory management is integrated with 
an ELN, users have all the necessary information at their 
fingertips prior to beginning an experiment. 

Optimally-functioning instruments are also critical to 
successful experiments and high-quality data, however, 
routine service and calibration is often overlooked. The 
resulting malfunctions can bring a workflow to a grinding 
halt. Integrating instruments into a single platform with 
ELN and inventory management capabilities provides 
users maintenance reminders, calibration log storage, and 
enables equipment scheduling to maximize productivity.

BETTER NOTES FOR CONSISTENT 
EXPERIMENTS 

Accurate, detailed notetaking is a valuable laboratory 
skill. Anyone who has had to decipher a protocol jotted 
down in a notebook as an afterthought will attest to the 
value of  clear, detailed notes. Good notes not only save 
time and frustration, they are also essential to ensure ac-
curate, reproducible protocols and SOPs. 

An ELN offers users the ability to create a compre-
hensive experiment that includes important concepts, 
diagrams, images, and videos in addition to a protocol, 
and prevents important information from being dis-
persed across multiple lab notebooks. This consolida-
tion simplifies experimental setup, for example, with the 
inclusion of  images of  cable connections or instrument 
positions and settings. It also improves reproducibility, as 
the ability to share this protocol with multiple scientists 
provides each colleague with access to the same, most 
up-to-date version. This is an enormous advantage for 
large laboratories, or those with multiple sites, as the 
same information may be accessed from anywhere. 

Protocol availability also contributes to consistency. 
Unlike a paper lab notebook which may be misplaced or 
lost when a current staff  member leaves the laboratory, an 
ELN offers a repository for protocols and notes to ensure 
consistent methodology throughout staffing transitions. 

REAL-TIME COLLABORATION AND 
IMPROVED DATA QUALITY

The shift toward more collaborative environments 
relies on clear and frequent communication. Waiting 
days or weeks to discuss progress and results at the next 
lab meeting is inefficient and archaic. ELNs enable rapid, 

real-time collaboration and data review, so that collabo-
rators can spot and address problems sooner, for better 
experimental outcomes and fewer wasted resources. 

Many labs rely on a combination of  paper notebooks 
for documentation, and locally stored data and file serv-
ers, posing challenges for adherence to Good Scien-
tific and Laboratory Practice. Alternatively, an ELN 
introduces digital standards and offers structured data 
capture to increase accountability via data audit trails. 
The ability to manage user roles and permissions, and 
e-signature capabilities support laboratories in achieving 
and maintaining FDA 21 CFR Part 11 compliance.

Further, locally stored data and manual transcription 
are no longer sufficient to support improved technol-
ogy and instruments capable of  generating enormous 
amounts of  data. The emergence of  internet-connected 
instruments enables integration of  data input to an ELN, 
reducing potential data loss and transcription errors, 
and allowing team members to access data at any time. 
This approach also enables secure data encryptions and 
backups to protect data assets. 

THE FUTURE OF COLLABORATION
Collaboration is undoubtedly the future of  scientific 

research. However, it is challenging to select the right 
tools to support this changing approach, especially with 
so many suppliers in the life science industry. Qual-
ity and integrity are fundamental to good science, and 
working with companies that prioritize these attributes 
ensures superior products and support. MilliporeSigma 
is invested in science, with decades of  experience and 
the expertise to support your research. With innovative 
solutions like BrightLab, the cloud-connected ELN with 
integrated inventory management and instrument sched-
uling, the future of  collaboration is bright.  

 

To learn more about how BrightLab 
simplifies lab work through experimental 

design, data capture, and inventory 
management, visit: brightlab.com

in focus | MilliporeSigma

http://www.brightlab.com
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W e asked Lab Manager readers to tell us about 
their current employment status, available 
benefits, professional development oppor-

tunities, and future prospects. A total of  691 individuals 
responded, with almost half  of  respondents holding 
positions as lab managers. About 28 percent of  these 

survey respondents are working in research and develop-
ment while almost 20 percent are working in the clinical 
industry. Close to one-third of  those surveyed work at 
universities or colleges.

The survey results show stability within the industry, 
despite losses in employee benefits. Looking at median 
salaries, Lab Manager readers earn more than the median 
US salary. While bonuses are available to the majority of  
survey respondents, more than one-third are unclear on 
how bonuses are actually determined. Most respondents 
are satisfied with their job-specific training opportunities, 
but the opportunities for mentoring and career develop-
ment within their organizations are lacking.

Longevity in the lab
Looking at career span, almost 50 percent of  those 

surveyed have been working in their industry for 20 
years, while approximately 25 percent have been work-
ing for their current employer for at least 20 years. 
These numbers show that Lab Manager readers have 
experienced long-term job security in this industry. 

salary and employee satisfaction survey

The 13th Annual Salary and 
Employee Satisfaction Survey
HOW SATISFIED ARE LAB MANAGER READERS WITH THEIR CURRENT BENEFITS 
AND TRAINING OPPORTUNITIES?  by Catherine Crawford-Brown

“These numbers show that Lab 
Manager readers have experienced 
long-term job security in this industry.”

Which of the following best describes your job title?

Lab Manager/Supervisor/Director 46.08%

Research Scientist 12.35%

Technician 7.41%

Chemist 5.38%

QA/QC Manager/Director 5.23%

Academic Professor 4.36%

Principal Investigator 2.76%

Academic Student 1.74%

Consultant 1.74%

Safety/Risk Manager 1.60%

Facility Manager 1.45%

Corporate Manager 1.31%

Project Manager/Director 1.16%

Engineer 0.73%

Purchasing Agent 0.29%

Other 6.40%
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When reviewing future prospects, more than 70 percent 
of  individuals reported that they will be working for 
the same company in the same position this time next 
year, indicating job stability. This steadiness is further 
exemplified by the 88 percent of  survey respondents 
who are working permanently in full-time positions.

However, a small proportion (approximately 1%) of  
respondents reported that they are anticipating job losses, 
or they do not know the status of  their job for next year. 
Most of  these individuals have been in the industry for 
more than 20 years and have been at their companies any-
where from three to more than 20 years, suggesting that 
seniority doesn’t necessarily protect you from downsizing.

Salary and gender
According to the US Bureau of  Labor Statistics, 

the median salary in the US in the second quarter of  
2019 was $47,372. Lab Manager readers are making well 
above this, reporting a median salary of  approximately 
$75,000. About 40 percent of  survey respondents are 
earning between $45,000 and $85,000 annually.

Unfortunately, a gender bias still exists among Lab 
Manager readers in terms of  salary. For those who iden-
tify as female, 63 percent hold managerial roles while 
their median salary was approximately $70,000. This is 
much lower than the $85,000 median salary reported by 
those who identify as male, especially considering that 
only about 55 percent of  these individuals hold manage-
rial positions. The discrepancies in salary seen in this 
survey based on gender are just a small representation of  
the larger battle for wage equality that is currently hap-
pening in the fields of  science.

Bonuses
Approximately 60 percent of  those surveyed are of-

fered bonus incentives. Almost half  of  these bonuses are 
valued at less than $500. The most common determi-
nants for bonuses include meeting team goals or objec-
tives (35.4%), meeting financial or revenue goals (32%), 
or meeting individual goals or objectives (29.6%), 

Which of the following best describes the field of research or 
industry in which you currently work?

Medical/Clinical 13.14%

Biological Science 8.61%

Molecular/Cell Biology or Genetics 8.18%

Environmental Science 7.59%

Clinical Diagnostics 6.28%

Chemistry 5.99%

Pharmaceuticals/Biopharmaceuticals 5.84%

Biotechnology 4.23%

Chemicals/Plastics/Polymers 4.09%

Microbiology 3.94%

Foods/Beverages 3.21%

Pathology 2.77%

Biochemistry 2.04%

Agriculture 1.90%

Animal Science/Veterinary Medicine 1.90%

Engineering 1.90%

Forensics 1.75%

Consumer/Durable Goods 1.46%

Energy/Petroleum 1.31%

Informatics/Bioinformatics 0.73%

Instrumentation Design/Development 0.73%

Processing/Bioprocessing 0.73%

Other 11.68%

What is your annual salary, not including bonuses?
All respondents Male Female

Less than $25,000 6.94% 6.56% 6.37%

$25,000 - $34,999 6.33% 6.56% 6.05%

$35,000 - $44,999 5.88% 3.28% 6.69%

$45,000 - $54,999 10.56% 7.38% 12.74%

$55,000 - $64,999 10.41% 10.66% 11.78%

$65,000 - $74,999 10.71% 9.02% 12.42%

$75,000 - $84,999 11.92% 8.61% 14.33%

$85,000 - $94,999 7.99% 9.02% 7.32%

$95,000 - $109,999 11.61% 15.16% 8.60%

$110,000 - $124,999 5.88% 8.20% 4.46%

$125,000 - $149,999 6.33% 6.97% 6.37%

More than $150,000 5.43% 8.61% 2.87%

salary and employee satisfaction survey
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Interestingly, many individuals are unclear on what 
the criteria actually is for bonuses. More than one third 
of  those who are eligible for bonuses reported that they 
don’t know how individual bonuses are determined. This 
is a missed opportunity to boost your salary. Speak to 
your supervisor about their expectations and how you 
can work toward a bonus.

Healthcare benefits suffer
More than 75 percent of  survey respondents have 

access to benefits including vacation or paid time off, 
health insurance, and sick or personal days. Less com-
mon benefits include dental insurance (70.1%), life 
insurance (60.2%), and vision insurance (59.3%). A 
minority of  respondents listed pension contribution as a 
benefit and a meager five percent of  employees reported 
assistance with childcare.

Approximately 18 percent of  survey respondents 
reported a change in their benefits over the last year. 
While not all were bad, more than 40 percent of  these 
changes resulted in either increased out of  pocket costs 
to the employee for health insurance, or decreased 
health insurance coverage. This is especially troubling 
for employees in the US where chronic illnesses such 

as diabetes are almost unmanageable without adequate 
health insurance.

Career and personal development are lacking
While survey respondents feel prepared to do their 

jobs competently, they still desire further professional 
development. Approximately 89 percent of  individuals 
agree that their experience and skills are adequate for 
their current position, but 42 percent would like more 
on-the-job training for their current positions. A further 
58 percent of  respondents are planning on seeking ad-
ditional on-the-job training on their own. 

In terms of  training and resources, more than 40 per-
cent of  employees agree that their organizations provid-
ed them with adequate initial training and are providing 
adequate ongoing training. Almost two-thirds of  survey 
respondents also agree that their organizations provide 
them with the information, equipment, and resources 
needed to do their job well.

Where employees are lacking resources is in the area of  
career and personal development. Close to 40 percent of  
respondents think that their organization does not provide 
them with opportunities to explore other options within 
the company or does not provide mentorship and career 
development opportunities. Close to one-third of  survey 
respondents do not think their organizations provide 

Which of the following employer-provided benefits are you  
currently receiving? 

Vacation or paid time off 86.28%

Health insurance 81.55%

Sick or personal days 76.83%

Dental insurance 70.12%

Life insurance 60.21%

Vision insurance 59.30%

401K matching 50.61%

Pension contribution 41.92%

Wellness programs 41.62%

Tuition reimbursement 27.13%

Stock options 7.47%

Profit sharing 6.25%

Childcare assistance 5.18%

Car allowance 2.74%

Other 6.10%

Please reply to the following statements on training and 
resources provided by your organization

Disagree Agree

This organization provided as much initial 
training as I needed

28.37% 44.20%

This organization provides as much ongoing 
training as I need

28.07% 42.43%

This organization provides the information, 
equipment, and resources I need to do my 
job well

18.03% 63.17%

This organization provides training or  
experiences to help me explore other  
opportunities within the company

37.27% 30.97%

This organization provides training or 
education to help me balance my work and 
personal life

30.93% 37.21%

This organization provides mentorship and 
career development opportunities

37.99% 32.50%
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This is an ad for...
Simplicity, because your 
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No more preventative
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Our new DynamicFilter™ System is 
preprogrammed to change the air filter 
automatically once per month over a two 
year period and can be adjusted to suit your 
operating environment.  This will relieve 
you of the burden of preventative air filter 
maintenance and eliminate downtime from 
unnecessary service calls due to improper 
maintenance.

DuraChill®

Changing the world of Chillers...again.

salary and employee satisfaction survey

education to help them balance their work and personal lives. Train-
ing in these particular areas will help keep your employees engaged 
with their work and teach them how to work more efficiently, which 
ultimately benefits organizations.

Leadership training is especially important as approximately 78 
percent of  survey respondents are responsible for supervising other 
employees in their roles. More than 30 percent of  these individu-
als are supervising one or two employees. Another 17 percent are 
supervising between 10 and 24 employees. Incredibly, almost two 
percent of  respondents are supervising more than 100 employees. 
Close to 40 percent of  those who have supervisory roles are super-
vising students in their labs or offices. Leadership training will help 
these individuals be more effective supervisors.

Recruitment
There is a discrepancy in where individuals are looking for jobs 

versus where employers are recruiting. More than two-thirds of  
those looking for opportunities seek them within their personal or 
professional networks. In contrast, just over 40 percent of  recruiters 
consult with their personal or professional network when looking 
for candidates. The most common place employers are search-
ing for candidates is internally, through their HR department or 
through internal job postings. This means it might be difficult for 
external applicants to break into a company.

Conclusions
Overall, there is job stability within the industry, with less than 

one percent of  individuals anticipating job losses in the coming year. 
However, employees are experiencing other losses, particularly when 
it comes to benefits. Clarifying the criteria for bonuses might help 
these individuals recoup some of  these losses. 

In terms of  salary, there continues to be a gender bias among Lab 
Manager readers, with those who identify as male earning more than those 
who identify as female, despite having more women in management roles. 

Most importantly, the survey results emphasized the need for more 
employer-implemented career and personal development training to 
help keep employees engaged and well-balanced. 

Catherine Crawford-Brown, digital media editor for Lab Manager, can be 
reached at ccrawford-brown@labmanager.com.

“Where employees are lacking resources  
is in the area of career and personal  
development.”
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The pharmaceutical market continues to grow and 
organizations are looking for innovative ways to 
manage the ever-increasing amount of  data. For 

many laboratories, the data collected from experiments 
and processes performed is the most valuable asset  
they have and underpins the business decisions they 
make. Therefore, it is crucial that the data is collated  
and stored in a manner that keeps it secure, but also 
allows it to be efficiently used to support the various 
business objectives.

For the purposes of  this 
article, the concept of  security 
covers the following broad areas: 

1. Data collected is a true record 
of  what has been performed 
and has not been tampered 
with. This is very important 
when the data is being used to 
make decisions and/or being 
used to back up submissions to  
regulatory authorities.

2. Preventing loss of  the data (asset), either through the 
data being removed from organizations through improper 
means or information becoming no longer available. 

A strategy to deal with large data sets 
Data volumes are increasing, and organizations are 

looking for flexible data storage that can continue to 
meet business needs.

The amount of  data that is being created, and conse-
quently stored and used securely within organizations and 
laboratories, is increasing. One of  the reasons for this in-
crease in data storage is the fact that many laboratories are 
now using electronic data management solutions, which 
make it easier to capture and analyze data efficiently. Such 
solutions include electronic laboratory notebooks (ELNs) 
and laboratory information management systems (LIMS). 

These systems have changed the end user’s behavior 
from capturing the minimum 
amount of  data for a given 
experiment (because it is time-
consuming to insert the data into 
a paper-based document), to cap-
turing all of  the data available. 
An electronic solution stream-
lines data capture and analysis, 
since many of  the processes are 
automated. This also means the 
end user, whether they are a sci-
entist or a researcher, can perform 

their responsibilities in a more effective and efficient man-
ner. It’s a win-win for organizations as well as the users. 

In addition, it’s widely accepted that electronic data 
management solutions, which are integrated into corpo-
rate user identity management systems, provide a high 
level of  security for an organization’s most treasured 
asset: their data. 

Many of  these electronic-based data management 
systems are deployed using an organization’s infrastruc-
ture; for example, using servers that are hosted within an 

business management

Cloud Computing
USING DATA IN THE CLOUD—WHAT IT MEANS FOR DATA SECURITY  
by Stuart Ward, PhD

“Many laboratories 
and organizations are 
asking, ‘Is the use of 
the cloud secure?’”
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on-premise data center. This has meant that as the amount of  cap-
tured, analyzed, and stored data increases, so does the need for more 
infrastructure, such as servers. The processes that many laboratories 
and organizations need to go through to obtain this extra infrastruc-
ture can be extremely time-consuming. Subsequently, the ability to 
quickly adapt to the changing business requirements can be lost. In 
addition, if  laboratories then stop the program of  work that requires 
this extra resource, the organization is left with this infrastructure not 
providing any benefit to their business. So, laboratories and orga-
nizations are now turning to technology providers that can deliver 
infrastructure and/or software in a flexible way, which can adapt to 
the ever-changing business needs and/or the desire to capture and 
use increasing amounts of  data.

The answer for many laboratories is to use the cloud to provide 
this flexible infrastructure and, in many cases, software resources. 
The pharmaceutical cloud computing market is expected to grow at 
a Compound Annual Growth Rate (CAGR) of  20.9 percent between 
2018 and 2022, reaching an impressive $12.1 billion. Clearly, cloud 
technology is here to stay. 

However, many laboratories and organizations are asking, “Is the 
use of  the cloud secure?” Is it the right place to store such an impor-
tant asset, especially when the data is going to be used for regulatory 
purposes? One reason for this is that some people are not confident 
with what the cloud, especially “public cloud,” means and provides.

“Does using the ‘public cloud’ mean that my data is available to 
everyone?” The short answer to this question is no! The data is not 
available to everyone. The public cloud just means that the service the 
public cloud vendor is providing can be made available to everyone. 

In reality, security is at the forefront of  everything that a public 
cloud vendor does since it would be very detrimental to the third-
party vendor if  the security of  any data that was stored in their 
public cloud was compromised. Therefore, public cloud vendors have 
large numbers of  security professionals and systems, compared to 
organizations’ on-premise setups, which are continually monitoring 

“Organizations are turning to cloud  
technology, and in many cases using  
software as a service (SaaS), to further  
reduce their operational burden and  
drive increased efficiency.”

business management
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and acting upon perceived security threats in addition to 
actual threats. This also includes keeping the systems up 
to date in terms of  infrastructure and software updates. 
Therefore, the systems that the cloud vendor is provid-
ing are always in top condition and ready to adapt to a 
customer’s needs. 

On top of  this “secure” platform, a cloud-deployed 
system can also provide organizations with an auto-
mated and flexible backup process, which generally 
includes the ability to back up in different locations, to 
ensure that the risk of  data loss due to system issues 
is extremely small. The cloud also provides a scalable 
infrastructure resource that can easily be increased or 
decreased as organizational needs change; for example, 
the increase or decrease of  users on the system or the 
volumes of  data being stored.

Providing this same level of  flexibility, security, scal-
ability, and resilience for an organization’s on-premise 
deployed system is extremely costly and time-consum-
ing. So, organizations are turning to cloud technology, 
and in many cases using software as a service (SaaS), 
to further reduce their operational burden and drive 
increased efficiency.

How does SaaS help customers deliver their 
business objectives faster?

Many data management software solutions are now 
provided as SaaS. This is because organizations are 
focusing on the capabilities of  what the software pro-
vides—does it meet the business need? SaaS products 
also tend to be quicker to deploy since setting up and 
maintaining the infrastructure to run the software is the 

http://www.labmanager.com/lab-and-instrument-monitoring
https://www.labmanager.com/setting-up-a-cannabis-lab
https://www.labmanager.com/webinars
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business management

responsibility of  the vendor providing the service. Another advan-
tage of  SaaS is that there’s a clear separation of  responsibilities 
between the customer using the software and the vendor providing 
the service/software. This approach adds a layer of  security in that 
it would require both the vendor and the customer to conspire to 
tamper with the data. The likelihood of  that is extremely small. 
The vendor is focused on ensuring that the software/service is 
running to provide the best experience for the customer, and that 
the data is captured and stored in a secure and resilient manner. 
This means that the customer can focus on their business needs 
and adapt or change as required. For example, the ability to eas-
ily increase or decrease their use as business objectives change and 
keep the organization nimble and competitive, while keeping their 
data secure, always.

How to choose the right SaaS solution
The selection process of  a SaaS solution should not vary signifi-

cantly from any other software purchase: the software must be able 
to meet the business need(s) it’s being selected for. Other consid-
erations, if  not one of  the primary needs, should be the flexibility 
the sofware will provide so that it can address the anticipated future 
needs and deliver a seamless end user experience. For example, can 
the SaaS solution be easily integrated with other systems and busi-
ness processes to make it easy for end users to perform the work? It 
should be, as this will help drive adoption and maintain usage.

Since SaaS solutions are generally licensed using a subscription-
based module, the other important consideration and question 
to ask is: what happens to the data when the contract to use the 
software is terminated? SaaS solutions generally have interfaces 
that enable customers to extract their data when the software is no 
longer used but it’s worth confirming this.

Historically, software deployed on-premise offered “one-size-fits-
all” solutions, sometimes denying users the level of  flexibility their 
businesses required. Choosing the right technology means catering to 
organizations’ unique needs, challenges, and strengths, while increas-
ing efficiency across all teams. SaaS solutions, underpinned by cloud 
technology, have the ability to address industry concerns and provide 
the flexibility to adapt to ever-changing business needs, while provid-
ing the necessary security for the most valuable asset: the data.

Stuart Ward is head of  Business Analysis at IDBS, and is responsible for 
ensuring that company products meet the needs of  customers. He has grown 
the Business Analysis team so that it can provide the necessary domain 
experience required by the agile development teams to create software that 
can facilitate R&D. Prior to working at IDBS, Ward completed a post-
doctoral fellowship at the NIH and then worked for Ionix Pharmaceuticals. 
He obtained his PhD in pharmacology from the MRC National Institute 
for Medical Research (University of  London).
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Part of  running a laboratory is planning for the future. 
Data indicating how often a piece of  equipment 
is used, its condition, and service history is highly 

valuable and helps guide future purchasing decisions. 
Asset management software compiles this information, 
and other data, to produce an up-to-date status report on 
laboratory assets. It is also a valuable tool to support com-
pliance efforts, as maintenance notifications and archived 
service and calibration records simplify inspections. 

Asset management software may be customized to 
meet the needs of  different labo-
ratories, but its overall function is 
to “allow the user to manage their 
assets by keeping track of  loca-
tion, condition of  assets, serving 
as a repository for service re-
cords, keeping track of  service or 
maintenances schedules, aiding in 
the disposition of  the assets, and 
more,” explains Suzanne Marti-
nez, vice president of  operations 
and business development at Lab Asset Manager. 

It “helps organizations gain a 360° view of  the usage 
and throughput of  their lab instrument assets so they 
can make more informed, data-driven decisions,” says 
Steve Morandi, portfolio director, Global Technology 
Services at PerkinElmer (Waltham, MA). Some software 
allows users to schedule time to use specific equipment, 
along with advanced capabilities, “like factoring in input 
(such as temperature and humidity) from other con-
nected IoT devices, supporting mobile user interface 

interaction and input, and enabling machine learning/
AI-driven decision making,” says Morandi.

According to Martinez, “laboratories of  all sizes can 
benefit from implementing asset management software,” 
especially “organizations with a broad spectrum of  in-
struments in their labs, which may also be geographically 
dispersed,” says Morandi. “These companies are typi-
cally looking to streamline processes by gaining a better 
understanding of  what is happening across their enter-
prise labs.” Given the variety of  benefits and features to 

choose from, it is important to 
select a software best suited to 
your laboratory’s needs. Martinez 
advises those comparing different 
products to look for “flexibility so 
that it can grow with the chang-
ing needs of  the company. It is 
also important to have an efficient 
solution across departments and 
functions so the information 
gathered by all departments is 

accessible and transparent.” She adds that a challenge 
for life science companies is “finding a software that is 
specific for the workflow of  the lab environment.” 

Morandi recommends starting by “identifying the criti-
cal factors of  operation that you want to address with asset 
management software. Consideration should be given to 
the type of  lab, (e.g. GxP, type of  research/science being 
conducted, etc.) regional vs. global capture, size of  the 
analytical instrument install base, variety of  multi-vendor 
instrument providers and modalities, expected throughput 

asset management

Purchasing Considerations for 
Asset Management Software
UNDERSTANDING THE SPECIFIC NEEDS OF THE LAB PRIOR TO PURCHASE 
IS ESSENTIAL  by Michelle Dotzert, PhD

“Laboratories of all 
sizes can benefit from 
implementing asset 

management software.”
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and criticality of  the specific lab workflow, importance of  lab environ-
mental data capture, data security/cyber resiliency, and a view of  the 
service/outsourcing model, to name a few.”

After gaining a thorough understanding of  the laboratory’s needs, it 
is valuable to consider what other features are useful, “things like mobile 
access, Software-as-a-Service (SaaS) options, ease of  use, dashboard and 
visualization layer features, how scheduling optimization works, the ability 
for analytics leverage from AI and machine learning to drive recommenda-
tions, data integrity, and price/performance,” suggests Morandi. It may also 
be worthwhile to evaluate whether the software may be integrated with any 
other data systems, especially laboratory information management systems. 

Despite its value for managing laboratory assets, there are challenges 
associated with implementation. “Some company challenges include 
not having an accurate and/or full list of  inventory,” says Martinez. In 
addition to such logistical challenges, “user acceptance and tapping into 
the full benefits of  the software can be challenging at first,” explains 
Morandi. “Some lab members may gravitate toward business as usual—
preferring to continue to use familiar, traditional processes. Users may 
also only look to learn and stick to a few functions, where tapping into 
more capabilities could be beneficial.” Looking for a manufacturer that 
offers training and support in the early stages may help to navigate 
some of  the logistical challenges as well as address apprehension.

As for the cost of  implementing asset management software, labs can 
expect to pay for “getting software set up for a company’s specific needs 
and then to get all the data entered in,” explains Martinez. Many options 
are offered as an SaaS model, where the investment will be determined by 
the specific configuration best suited to the lab. “As with any software or 
technology purchase, future investments will need to be made to provide 
optimized results over time,” says Morandi.

Asset management software may be a valuable addition to any 
laboratory that wants to gain a better understanding of  instrument 
performance and lifecycle. This data may be used to guide purchasing 
decisions, improve productivity, support compliance efforts, and man-
age operations. When selecting asset management software, one size 
does not fit all. Begin the process with a thorough understanding of  the 
laboratory’s needs to ensure the best fit.

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

“After gaining a thorough understanding 
of the laboratory’s needs, it is valuable to 
consider what other features are useful.”
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T here are many views regarding a laboratory’s interac-
tions with the organization’s information technology 
(IT) group. However, the general consensus is that 

the best approach is to nurture a team atmosphere, with 
both the laboratory and IT staff  working together to ac-
complish a common goal. As the laboratory manager, one 
of  your jobs is to work to build this team spirit and mini-
mize any conflicting issues generated by others. Sometimes 
this goes smoothly, other times you must be more creative. 
In the following discussion, we’ll 
examine some of  the potential 
problems you might encounter 
and a few ways of  dealing with 
them—hopefully before they 
become major issues.

As the lab manager, if  you are 
not a specialist in the field that the 
laboratory operates in, it behooves 
you to immerse yourself  in the 
operational function of  the laboratory. That is, you need 
to have a solid understanding of  the work the laboratory 
performs, the resources it requires, and the type of  support 
that it needs from the rest of  the organization before you 
can effectively protect and nurture it.

Almost as important is developing a close working rela-
tionship with the organization’s IT support group. While 
this includes you personally developing a good working re-
lationship with the IT director, ideally it helps if  the entire 
lab staff  develops a good working relationship with IT as 
well. The optimal situation is to work to develop a partner-
ship, with both sides becoming familiar with at least the 

general functionality and needs of  the other. Frequently, IT 
groups work behind the scenes, dealing with the infrastruc-
ture supporting the entire enterprise, and are only contact-
ed directly when there is a problem. This typical “out-of-
sight, out-of-mind” mentality is a problematic approach to 
take, as it limits the opportunity to reach out to them and 
develop a relationship. No matter the type of  laboratory 
that you are managing, it is increasingly true that if  the 
network or other informatics systems are down, the entire 

workflow of  the laboratory stops. 
If  you haven’t done the work 
ahead of  time to develop a close 
team mentality between the staff  
of  the laboratory and the IT 
department, so that IT personnel 
are invested in the lab, this can 
result in less resilient operations 
and longer down times.

While the groups are inter-de-
pendent in terms of  the overall operation of  the organiza-
tion, you need to ensure that both groups are playing to 
their strengths. For example, laboratory personnel should 
normally not be the primary people dealing with basic 
IT-related maintenance issues, as this is the IT group’s 
specialty and what they are paid to do. At the same time, 
with the highly automated equipment used in many of  to-
day’s laboratories, it is also prudent to be able to recognize 
situations where correcting the issue optimally requires a 
collaborative approach between the two groups1.

You can inculcate this by working to develop a sus-
tained interaction between the two groups. This allows 

leadership & staffing

Building Laboratory and IT Teams
DEVELOPING COLLABORATIVE RELATIONSHIPS WITH IT ENSURES A PRODUCTIVE 
ENVIRONMENT FOR YOUR LAB  by John Joyce, PhD

“Most IT and laboratory 
groups effectively speak 

different languages.”
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both groups to develop a much clearer understanding and apprecia-
tion of  both the unique needs and capabilities within the two groups, 
allowing them to view each other as collaborative resources. What may 
well come as a surprise to some, is that there is frequently an overlap of  
interest between the two groups. Particularly in more automated labs, 
there tends to be more of  a shared “geekiness,” or common appreciation 
of  the technology and science involved. Another approach is for each 
group to invite the other to attend some of  their technical seminars to 
learn more about the work that the other group actually performs. There 
is an abundance of  webcasts available in IT and a wide range of  scien-
tific fields, and most are not overwhelmingly technical. This interaction 
can be nurtured by including a laboratory informatics specialist (LIS) on 
your team. Ideally, this person is familiar with both computer operations 
and the science that the laboratory specializes in. While IT would be 
involved with the initial setup and maintenance, this person would also 

be the admin for any specialized servers in the laboratory, such as your 
laboratory information management system (LIMS), chromatography 
data system (CDS), or proteomics system in the lab. A working knowl-
edge of  electronics for interfacing instrumentation would be useful 
as well. However, in terms of  our topic, one of  their most important 
functions is performing the task of  translator between the two groups, 
as most IT and laboratory groups effectively speak different languages. 
This can easily result in requirements being missed simply because one 
group didn’t know that they needed to ask a specific question. In any 
field, it is difficult to know what you don’t know!

IT might need to know how readily available data needs to be, as well 
as the amount of  data generated in an analysis, both of  which might 
determine how the data is stored and retrieved. This in turn can affect 
the response time for retrieving data from the system. What one person 
considers highly responsive might be unacceptably slow for another. 
This is particularly true if  one group is used to dealing with real-time 
processing while the other is used to having batch processing of  data 
running overnight.  

All project teams that interact with major customer groups for which 
the majority of  analysis requests come in electronically and analyti-
cal results are returned the same way should contain members of  both 
groups. This dual presence helps keep things anchored and prevents 
any of  the participants from overpromising on what they can deliver. 

“As IT becomes more familiar with what the 
lab is trying to do, the better they can suggest 
novel solutions to improve the process.”

leadership & staffing
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the microscopic workforce
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Microbes including yeasts, bacteria, and viruses may be small, 

but they are important for the production of food and beverage 

products, pesticides, chemicals, fuel, and even medical 

products. From a benchtop petri dish to a large industrial 

bioreactor, microbial culture has many applications.

Microbes are capable of producing chemicals used in industries such as 

pharmaceuticals and textiles, among others. Metabolically engineered 

microorganisms are capable of producing renewable energy sources such 

as biofuels, through the conversion of biomass.

Various bacteria and fungi have applications in sustainable agriculture. 

These microbes have pesticidal, herbicidal, and nematicidal effects and are 

not harmful to mammals. Other growth-promoting bacteria increase 

growth through several direct and indirect mechanisms.

Pathogenic microbes cause illness and disease, necessitating 

antibiotic and antiviral treatment. However, microbes are used to produce 

vaccines and antibiotics, as well as hormones and vitamins.

MICROBES

MICROBES
USED FOR CHEMICAL 
& FUEL PRODUCTION

MICROBES
USED IN AGRICULTURE

Saccharomyces cerevisiae (yeast) 
is commonly used for alcoholic 

fermentation in wine 
production. It is also used 

for fermentation and 
leavening in breadmaking.

Lactic acid is used in food, 
pharmaceutical, and textile 

industries and may be produced 
using Lactobacillus spp., 

Rhizopus sp., and 
Saccharomyces 

cerevisiae.

Biogas (a combination 
of methane, CO2, nitrogen, 

H2S and other gases) is produced by 
a community of microbes including 

Proteobacteria, Chloroflexi, Firmicutes, 
Bacteroidetes, Actinobacteria, 

Bacteriodes, Acidobacteria, 
and Spirochetes.

Dextrans are used to 
manufacture molecular 

sieves and are produced by 
Leuconostoc mesenteroides 

and Leuconostoc 
dextranicum.

MICROBES
USED FOR MEDICINE

Colletotrichum 
gloeosporiodes and 
Puccinia canaliculata 

have herbicidal e�ects.
Cry and Cyt endotoxin proteins 

are synthesized by Bacillus 
thuringiensis, a soil bacterium. 

They are used to control 
pests in cabbage, potato, 

and grain.

Avermectin metabolites 
produced by Streptomyces 

avermitilis, and 
Myrothecium verrucaria 
metabolites are e�ective 

against nematodes.

Corynebacterium glutamicum 
is used for the industrial 

production of L-glutamate and 
L-lysine used in animal feed and 
as a pharmaceutical ingredient.

Trichoderma spp. are e�ective 
against other harmful 

fungi including Fusarium, 
and Verticillium. 

Lactobacillus and 
Bifidobacterium 

are used to produce 
fermented dairy products. 
They are also being used 

in probiotic foods.

Not all microbes associated with food cause spoilage 

or foodborne illness. Many microbes and their products are 

safely used to enhance the appearance, taste, texture, 

and aroma of foods as well as to aid in fermentation.

Together, Aspergillus niger
 and Pycnoporus 

cinnabarinus synthesize vanillin, 
used as a flavoring agent.

Amylases from 
Aspergillus niger or 
Bacillus subtilis are 

added to wheat flour 
to improve baking.

Dunaliella salina (microalgae), 
and blakeslea trispora (fungi) 
produce an orange pigment, 

β- carotene.

Microalgae, 
fungi, and bacteria 

produce various pigments 
used as food colorings:

Haematococcous pluvialis is 
a microalgae that produces a 
pink-red pigment, Astaxanthin.

 

Arthrospira sp. (cyanobacteria) 
    produces a blue pigment, 
      phycocyanin.

Scleroglucan is produced 
by Sclerotium glucanicum 

and Sclerotium rolfsii and is 
used to stabilize latex 

paints and printing inks.

Aspergillus niger is used for the 
production of citric acid from 
fermentation of glucose, beet 

molasses, cane molasses, 
and corn starch.

Various cyanobacteria 
are capable of producing 

hydrogen, including 
Gloeocapsa alpicola, 

Arthrospira (Spirulina platensis), 
and Anabaena cylindrica.

Escherichia coli may be 
metabolically engineered to 

produce liquid biofuels.

Aspergillus niger 
and Rhizomucor miehei 

produce extracellular lipases 
that are added to dairy 

products, as they 
hydrolyze milk fat.

Cladosporium sphaerospermum, 
Penicillium chrysogenum, and 

Trichoderma viride fungi produce 
various cellulases and pectinases, 
used to reduce viscosity in juices.

Plant growth-promoting 
rhizobacteria (PGPRs):

Rhizobia spp. and Azospirillum spp. 
are capable of nitrogen fixation to 

supply plants with nitrogen.

Phosphate-solubilizing bacteria solubilize 
and mineralize phosphorus for plants. 

Bacteria synthesize siderophores (with a 
high a�nity for Fe+3) and membrane 

receptors required to bind the Fe-sidero-
phore complex for increased iron uptake.

Some PGPRs produce cytokinins 
and gibberellins, hormones involved 

in growth and di�erentiation. 

Biocontrol bacteria produce enzymes 
with activity against pathogenic fungi 

including Botrytis cinereal, Sclerotium rolfsii, 
Fusarium oxysporum, Phytophthora spp., 
Rhizoctonia solani, and Pythium ultimum. 

Attenuated (live vaccines) 
use attenuated pathogens, 
including mumps, rubella, 

measles, and smallpox.

Inactivated vaccines use 
inactivated or fractionated 

pathogens, or their 
antigenic components. 

Inactivated vaccines 
include hepatitis A, rabies, 

cholera, and influenza.

Vitamins:

Riboflavin is produced by the 
ascomycete Ashbya gossypii.

Vitamin B12 is produced by Pseudomonas 
denitrificans, Bacillus megaterium, and 

Propionibacterium freudenreichii.

Escherichia coli is used 
for insulin production via 

heterologous expression. 
Calcitonin, parathyroid 

hormone, and glucagon 
may be produced with 

similar methods. 

Taxol, a biopharmaceutical 
with antineoplastic activity is 

synthesized by the endophytic 
fungi Metarhizium anisopliae 

and C. gloeosporioides.

Antibiotics:

Griseofulvin is produced by 
Penecillium griseofulvum.

Bacitracin is produced 
by Bacillus subtilis.

Polymyxin B is produced 
by Bacillus polymyxa.

Amphotericin B 
is produced by 

Streptomyces nodosus.

Centrifuges

Biological 
Safety Cabinets

LAB TOOLS

Microbial 
Culture Media

The culture medium is an aqueous 
solution with added nutrients to support 
microorganism growth and reproduction. 
The mixture may be liquid, or solidified 

with the addition of agar, a 
natural polysaccharide.

Depending on the class (I-III), BSCs are 
designed to protect the operator and laboratory 

environment from pathogens, and to 
protect samples and cultures 

from contamination.

Plastics
Plates, flasks, dishes, 

and filters are essentials in 
the microbiology laboratory.

Centrifuges enable pelleting of 
yeasts and bacteria, and are also 
used for large scale production 

of vaccines and biofuels.

DNA vaccines carry plasmids 
with genes encoding 

immunogenic antigens, such 
as HIV, hepatitis B, and HPV.

These incubators work within the 
biological range of 5°C to 70°C, 

and are used for growing and
storing bacterial cultures.

Microbiological 
Incubators

Bioreactors
Bioreactors are designed to control 

environmental conditions such as pH, temperature, 
and pressure, to support microorganism growth. 

Bioreactors are available in many sizes, 
ranging from small shake flasks to
large scale production bioreactors
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An added benefit of  a close relationship between groups is the synergy 
created. As IT becomes more familiar with what the lab is trying to do, 
the better they can suggest novel solutions to improve the process2.

Similarly, whenever the laboratory purchases new informatics soft-
ware, such as a replacement LIMS or an electronic laboratory notebook, 
you should include at least one member of  the IT group on the selec-
tion team. Here, you may find yourself  constrained by corporate policy, 
but I highly recommend that for projects like these, you should try to 
ensure that the laboratory “owns” them, not the IT group. As before, 
the lab normally has a better idea of  the functionality that it needs than 
the IT group does. But IT does need to be on the team as they will be 
handling its integration into the rest of  the network. You will also find 
them invaluable in terms of  recommending the servers to purchase 
to run these systems, and to ensure that they are sufficient for future 
growth. They will also be able to ask insightful questions of  the ven-
dor’s sales team regarding system configurations and responses under 
situations that the lab members may not have the expertise to ask. This 
also gives the IT group insight into the data transfer requirements that 
the network and storage systems will have to handle.

Conversely, it is prudent to include lab personnel on any IT teams 
working on projects that affect the lab. This allows the lab to provide 
input into the hardware installed, to ensure that it does not conflict with 
the laboratory’s requirements. While the IT group will be responsible 
for configuring and maintaining any network switches affecting the 
laboratory, it is prudent to require IT to provide copies of  all equip-
ment passwords as a protective escrow.

In many IT support organizations, the staff  are generally rotated 
and assigned to a specific task as needed. In a best-case scenario, it is 
worth it to coordinate with the IT director to get particular staff  as-
signed permanently to support the laboratory, so they become familiar 
with its unique needs. If  you are particularly lucky, you might be able 
to have IT staff  with a science background assigned to your support 
team. This would give them a significant head-start in supporting 
laboratory operations.  

References:
1. benjispotify. First Things First, Trust Each Other. Spotify Labs (2016). https://labs.

spotify.com/2016/12/05/first-things-first-trust-each-other

2. Llopis, G. 5 Ways Leaders Enable Innovation in Their Teams. Forbes (2014). 
https://www.forbes.com/sites/glennllopis/2014/04/07/5-ways-leaders-enable-
innovation-in-their-teams

John Joyce, PhD, is a laboratory informatics architect based in Richmond, 
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gmail.com or by phone at 804-601-0211.
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THE NEXT GENERATION OF MONOCLONAL 
ANTIBODY THERAPEUTICS FOR CANCER

 Ongoing research investigating new therapeu-
tics continues to improve survival rates and 
quality of  life for cancer patients. The use 
of  therapeutic antibodies as immunotherapy 

for hematologic cancers and solid tumors has shown 
promise as an effective treatment strategy. This is due, in 
part, to the greater specificity of  monoclonal antibodies 
(mAbs) compared to other treatments. There are hun-
dreds of  clinical trials underway to examine the efficacy 
of  mAbs for treating various forms of  cancer. Next-gen-
eration antibodies including antibody-drug conjugates 
(ADCs), engineered antibodies, and bispecific antibodies, 
are a key area of  research and development, with poten-
tially significant clinical implications.  However, prior to 
entering the clinical setting, mAb development begins 
with significant pre-clinical research. Successful mAb 
discovery and development relies on information-rich 
technologies for rapid identification and characterization 
of  candidate molecules. 

ANTIBODY-DRUG CONJUGATES 
DELIVER POTENT AGENTS

Antibody-drug conjugates (ADCs) consist of  a mAb 
attached to a biologically active drug with a linker that 
is stable in the circulation. The highly selective mAb 
targets tumor-associated antigens, enabling delivery 
of  chemotherapeutic agents, some of  which have high 
systemic toxicity. Upon binding, the ADC is internalized 
and the cytotoxic agents are released by lysosomal deg-
radation. ADC development is complex, as it is crucial to 
ensure rapid internalization to prevent systemic release 
of  cytotoxic agents, however this may dampen antibody-
dependent cell-mediated cytotoxicity (ADCC). As such, 
it is necessary to evaluate internalization and ADCC, in 
addition to other cell health and phenotypic parameters 
during development. 

Several ADCs have been approved by the Food and 
Drug Administration (FDA) for various indications. 
Among them, brentuximab vedotin is a CD30-specific 

The discovery and development of next-generation monoclonal antibodies for cancer 
immunotherapy relies on rapid, information-rich solutions that offer deeper biological 
insights than current strategies



mAb linked to an antimitotic agent. It is approved for 
classical Hodgkin lymphoma, systemic anaplastic large 
cell lymphoma, and other CD30-expressing T-cell lym-
phomas. For the treatment of  HER2-positive metastatic 
breast cancer, ado-trastuzumab-emtansine targets HER2 
and consists of  the monoclonal antibody trastuzumab 
covalently linked to cytotoxic agent DM1.

ENGINEERING FOR ENHANCED 
CYTOTOXICITY

Monoclonal antibodies contain an antigen-binding 
fragment (Fab) and a crystallizable fragment (Fc). 
Many mAbs exert their effects through immune cell 
recruitment, which relies on the interaction between 
the Fc domain and its receptors. Fc engineering confers 
greater affinity for immune effector cells, resulting 
in greater cytotoxicity and phagocytosis.  Glycoengi-
neering and site mutagenesis methods modulate the 
Fc-FcγR (Fc region of  IgG) and FcRn (neonatal Fc 
receptor) interactions. One such example is obintu-
zumab, a glycoengineered mAb FDA approved for use 
in combination with bendamustine and obinutuzumab 
monotherapy for patients with follicular lymphoma. It 
is a successor to the type I CD20 antibody, rituximab, 
and demonstrates enhanced binding affinity to the 
FcγRIII receptor on immune effector cells. 

Antibody modifications achieved through Fc en-
gineering can have significant effects on activity and 
specificity. Several assays are essential in the develop-
ment of  Fc engineered antibodies to assess antibody-
receptor binding affinity as well as Fc-mediated 
immune effector function. FcRn and FcγR binding 
are frequently assessed via ELISA and flow cytometry 
methods. ADCC and antibody-dependent cellular 
phagocytosis (ADCP) assays, along with complement-
dependent cytotoxicity (CDC) assays provide insight 
into the mechanism of  action. 

IMMUNE CELL RETARGETING WITH 
BISPECIFIC mAbs

The first description of  bispecific antibodies dates 
back to the 1960s, when they were developed with the 
hybridoma technique. Unlike a monospecific antibody, 
that has two identical antigen-binding sites, bispecific an-
tibodies have two unique antigen-binding sites. Bispecific 
mAbs are capable of  binding a CD3 receptor to activate 
cytotoxic T lymphocytes on one antigen-binding site, 
and a tumor antigen (CD20, HER2, etc.) on the other, 

enabling cross-linking and simultaneous activation of  
tumor and effector cells. For example, catumaxomab, 
which now has FDA orphan drug status for EpCam posi-
tive gastric and ovarian tumors, binds EpCAM, CD3 on 
T cells, and the Fc portion recruits immune cells. 

Bispecific antibodies pose several challenges for devel-
opment. It is necessary to determine which Fab inter-
faces may be combined without compromising function 
or affinity of  either arm, and their specificity toward 
multiple targets necessitates substantial characteriza-
tion to ensure efficacy. In addition to binding affinity and 
specificity, assays are necessary to determine target cell 
lysis by effector cells activated by the mAb. 

IN-DEPTH INSIGHTS FOR NEXT-
GENERATION ANTIBODY 
DEVELOPMENT

Developing novel next-generation antibodies is a com-
plex process that requires in-depth analysis and char-
acterization of  candidate molecules to identify optimal 
candidates. Often, this is achieved with time-consuming 
assays to assess phenotype, activation, cytotoxicity, cell 
health, etc. New technology has improved the speed and 
accuracy of  analyses to identify candidates with the de-
sired biological outcome based on multiple parameters. 
The IntelliCyt iQue3 with ForeCyt® software enables 
simultaneous analysis of  cell-mediated cytotoxicity, cell 
health, function, activation, and more in each microplate 
well. The ability to multiplex assays (such as ADCC and 
bead-based assays to measure secreted cytokines), as well 
as rapidly analyze antibody specificity and EC50 mea-
surements, dramatically increases throughput. Offering 
improved speed and greater biological insights, Sarto-
rius solutions accelerate next-generation mAb therapy 
discovery and development.  

 

To learn more about Sartorius solutions for 
mAb therapy discovery and development, 

visit: www.sartorius.com/mab-oncology

in focus | Sartorius
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health & safety

 For most laboratories, respirators would not be a 
piece of  standard equipment. The reason for this 
is that respirators, due to their inherent imperfec-

tions and problems, should be considered last on the list 
of  means for protecting workers. We should use active 
measures and infrastructure like fume hoods and local 
exhaust systems, substitution of  less or non-hazardous 
materials, and finally, admin-
istrative controls to minimize 
or eliminate potential haz-
ards for our employees.

However, situations may 
arise where respirators are 
the only effective means for 
protection. Examples in-
clude a chemical spill or fire 
incident in the lab, processing 
chemical wastes, working in 
a confined space, or dealing 
with routine chemical storage 
in your normal activities.  One 
other “exception” is using respirators on a temporary ba-
sis while other control means are undergoing installation.

There are many misunderstandings and misconceptions 
surrounding the use of  respiratory protection and we often 
get questions on proper use of  respirators. If  you fall into 
this category, continue reading for all the information you 
need to run a successful respiratory protection program. 

 
Clarity on OSHA regulations regarding respirator use

Following the basic premise we opened with on using 
all means available to control exposures prior to using 

respirators, there are two fundamental OSHA require-
ments: first, anyone that must wear a respirator must 
be provided and pass a medical evaluation and second, 
wearers must be fit tested to ensure the respirator pro-
vided will actually offer protection.

OSHA requires employers to ensure respirator users 
are physically capable of  wearing a respirator. OSHA 29 

CFR 1910.134 states: “The 
employer shall provide a 
medical evaluation to deter-
mine the employee's ability to 
use a respirator before the em-
ployee is fit tested or required 
to use the respirator in the 
workplace.”  More impor-
tantly, “Employees that use 
any respirators including res-
pirators such as air supplied 
positive pressure face masks 
or hoods must have a medical 
evaluation before use.”1

After the employee passes the medical evaluation, the 
employer must then demonstrate that the respirator fits 
the wearer. An ill-fitting respirator will give the false 
impression of  protection. There are specific fit test pro-
tocols accepted by OSHA. The following is an excerpt 
from a recent OSHA compliance directive:
1. Respirators must be fit tested.
2. A “test atmosphere” must be applied to assess the  

quality of  fit.
3. The fit test must be applied to each and every  

employee required to wear a respirator.

health & safety

RUNNING A SUCCESSFUL RESPIRATORY PROTECTION PROGRAM  
by Vince McLeod

“There are many  
misunderstandings and  

misconceptions surrounding  
the use of respiratory  

protection.”
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4. The fit testing requirement applies to all negative pressure respirators in-
cluding SINGLE-USE RESPIRATORS.

In essence, anywhere respirators are necessary to protect one’s health 
against respiratory hazards, OSHA requires development of  a respiratory 
protection program in accordance with 29 CFR 1910.134.  If  respirators are 
used on a voluntary basis, fewer program elements are required to prevent 
hazards associated with respirator misuse. If  your organization is using 
respirators, you should have a written program and an administrator well 
versed in this OSHA standard.

Respirator types
Respirators are designed to prevent contaminated air from entering the 

body. There are several basic face piece designs. They are categorized as 
“half  mask” respirators, which cover just the nose and mouth, “full face” 
respirators, which cover the entire face, and “hood” or “helmet” style respi-
rators, which cover the entire head.

Respirators protect the user in two basic ways. The first is by cleaning “dirty” 
outside air that passes through a filter, adsorption bed, or both, when one inhales. 

This type is known as an “air-puri-
fying respirator” (APR). The other 
main type of  respirator protects the 
user by supplying clean breath-
ing air from a remote source. The 
clean air is delivered via a supply 
line (supplied air respirators, aka 
SARs) or the clean air is packaged 
and carried with you in a tank (self-
contained breathing apparatus, or 
SCBA) like a scuba diver.

Respirator limitations
When using APRs, one must 

first have a good understanding 
of  the nature and concentration 
of  the contaminants from which 
one needs protection. Is the haz-
ard a chemical vapor or particu-
late? To purify the air, APRs use 
absorbent media cartridges for 
gases, fumes, and vapors and high 
efficiency filters for solid particu-
lates. Combination cartridges are 
used for multiple hazards. 

Most importantly, one should 
ensure there is adequate oxygen 
(at least 19.5 percent by volume) 
in the air since the APR simply 
cleans the air and will not provide 
“extra oxygen.” If  there is inad-
equate oxygen, as one might find 
in confined spaces, air-purifying 
respirators cannot be used, and 
one must use a supplied air type.

For non-particulate contami-
nants, APRs should only be used 
for compounds that have good 
sensory “warning properties” 
such as odor or irritation. This 
alerts the user to respirator fail-
ure either through seal leakage or 
cartridge overloading.

OSHA requires use of  cartridges/
canisters with “end-of-service-life 
indicators” or establishing cartridge 
change-out schedules to reduce  
the likelihood of  contaminant  
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or hazard containment, are not feasible or are under installation. If  respira-
tors are used, follow the OSHA requirements. Make sure you understand the 
hazards and limitations of  respirator use.
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breakthrough. Your change-out sched-
ule will vary based on the type of  work 
done, the effort expended by the user, 
and the nature and concentration of  
contaminants encountered. The techni-
cal assistance group of  your respirator 
manufacturer can help establish appro-
priate change-out schedules. A certified 
industrial hygienist (CIH) can conduct 
exposure assessments to determine con-
taminant levels and establish change-
out criteria through actual sampling of  
representative processes.

We must emphasize that respirators 
only reduce the amount of  con-
taminants within the breathing air but 
don’t eliminate them all together. Each 
type of  respirator carries an “Assigned 
Protection Factor” which can be con-
sidered as the theoretical amount of  
protection a properly fitted respirator 
might provide. The highest protection 
factor for APRs is only 50 according 
to NIOSH. APRs should only be used 
in relatively low hazard areas where a 
single face-respirator seal break might 
be unpleasant but not dangerous.

For high hazard areas, where atmo-
spheres are oxygen deficient or other-
wise immediately dangerous to life and 
health, the use of  supplied air or SCBA 
is required. The newer pressure-demand 
type regulators provide much better 
protection than the outdated simple de-
mand style units. With pressure-demand 
supplied air, the space within the mask 
is maintained at a higher pressure than 
the outside air (the pressure part). Thus, 
if  there is a break in the respirator seal, 
air should only rush out of  the mask 
preventing the entry of  any contami-
nants. The use of  SCBA is required for 
initial entry into situations where there 
are unknown concentrations of  chemi-
cal hazards that may be present.2

Remember, respirators should only be 
used as a “last defense” when other con-
trol systems, such as adequate ventilation 
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M anufacturing facilities, processing plants, land-
fills, and mining sites are sources of  groundwa-
ter and soil contaminants. Prior to the 1970s, 

not much thought was given to the potential risks these 
processes and their byproducts could pose to the envi-
ronment and human health. Later that decade, the Love 
Canal (Niagara Falls, NY) and the Valley of  the Drums 
(Brooks, KY) gained attention as toxic sites, sparking an 
emergency declaration by President Jimmy Carter, and 
an Environmental Protection Agency (EPA)-conducted 
emergency response, respectively. By 1980, Congress 
enacted the Comprehensive 
Environmental Response, 
Compensation, and Liability 
Act (CERCLA, also referred 
to as Superfund), aimed to 
protect human health and the 
environment through cleanup 
efforts and increased liability 
for those responsible for contamination. The Superfund 
cleanup process is lengthy, beginning with a preliminary 
assessment, followed by feasibility studies, records of  
decision, and remedial action, with the ultimate goal of  
site redevelopment. There are many established environ-
mental remediation methods and emerging technologies, 
including the use of  nanomaterials.

EXCAVATE, PUMP, AND TREAT
The remediation process requires engineers and envi-

ronmental scientists to assess the extent of  environmental 

impairment and to design a program specific to the af-
fected environmental media (soil, groundwater, sediment, 
etc.) and the contaminants. Remediation “may occur using 
entirely physical or chemical means (such as excavating, 
pumping, chemical treatment, or separations) or biological 
means where biodegradation is stimulated in place, or the 
contaminated media is removed in some fashion for bio-
logical treatment,” explains Dr. Mark Wiesner, professor 
of  civil and environmental engineering at Duke Univer-
sity (Durham, NC). 

Dr. Daniel Elliott, a senior consultant at the specialized 
consulting and engineering 
firm Geosyntec, provides some 
examples of  different ap-
proaches. “Impacted soils can 
often be excavated and disposed 
of  off-site relatively quickly” 
and “groundwater remediation 
approaches for much of  the 

past 30 years has involved using a series of  groundwater 
wells and a pumping system to control the migration of  the 
contaminant plume and then direct extracted groundwater 
to an on-site treatment system,” Elliott says.

While effective, these methods are not without their 
limitations. “Cost is usually the first challenge. The cost 
of  excavating or pumping can be very high. The second 
related issue is time,” explains Wiesner. Indeed, remedia-
tion efforts are not a quick fix. The US EPA estimated it 
would take upward of  35 years (2004 to 2033) to clean up 
hazardous waste sites, with an estimated cost of  more than 

industry insights: nanomaterials

Nanomaterials Yield Big Effects 
for Environmental Remediation 
NANOMATERIALS MAY BE AN EFFECTIVE ALTERNATIVE TO MORE WIDELY USED, 
BUT COSTLY AND TIME-CONSUMING METHODS     
by Michelle Dotzert, PhD

“Virtually all environmental 
remediation approaches 

bring trade-offs.”
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$250 billion. “Virtually all environmental remediation ap-
proaches bring trade-offs,” explains Elliott. “Impacted soils 
can be excavated and disposed of  off-site relatively quickly 
but the unit costs of  disposing these soils tends to be high 
and if  the areal extent of  impact is large, the remediation 
cost can be astounding.” The same applies to groundwater 
remediation: “while effective, this in-situ pump and treat ap-
proach can take decades to complete and is expensive both 
from a capital and operations and maintenance standpoint.” 
Cost and time are difficult challenges to overcome in the 
development of  new remediation methods. Nanomaterials 
have unique characteristics that may help to overcome the 
limitations of  existing methods and technology.

NANOMATERIALS FOR SITE 
CLEANUPS

Nanomaterials are particles ranging in size from one to 
100 nm, used in many manufacturing processes, health-
care applications, and found in many products including 
paints and lubricants. Nanoscale remedial agents include 
calcium peroxide, Carbo-Iron, Nano-Goethite, Bionano-
magnetite, and nano zerovalent iron, among others. 

“Nanoremediation refers to the miniaturization of  
injected remediation amendments down to the nanoscale 
size range,” explains Elliott. “Early generation nanore-
mediation amendments included zero-valent iron and 
calcium peroxide.” Smaller particle size significantly 
enhances reactivity, and makes it easier to incorporate 
nanomaterials into water for injection into the contami-
nated material. Among them, “the most widely used 
method is probably the injection of  metal iron (referred 
to as zero valent iron, ZVI) nanoparticles [nZVI] to 

provide electrons for reductive degradation of  some 
contaminants,” says Wiesner. 

Research suggests nZVI effectively reduces perchlo-
roethylene (PCE), trichloroethane (TCE), cis-1,2-
dichloroethylene (c-DCE), vinyl chloride (VC), and 
1-1-1-tetrachloroethane (TCA), along with polychlo-
rinated biphenyls (PCBs), and other metals through 
beta elimination (TCE + Fe0 -> HC Products + Cl- + 
Fe2+/Fe3+) and reductive dechlorination (PCE -> 
TCE -> DCE -> VC -> ethene). 

Dr. Elliott completed his doctoral work under the 
supervision of  Dr. Wei-xian Zhang, a pioneer of  nZVI. 
In 2000, he implemented the first field demonstration of  
this new technology. Later, pilot studies carried out across 
North America and Europe demonstrated nZVI’s effec-
tiveness for contaminated groundwater remediation. These 
studies produced several important findings, including the 
observation that chlorinated solvent concentration was dra-
matically decreased following injection of  nZVI. Testing 
also revealed that nZVI particles travel with groundwater 
away from the injection site, which suggested they could be 
used to treat larger areas. Similarly, in field tests conducted 
by the US Navy, TCE concentration was reduced up to 
99 percent in a well located nearly 20 feet away from the 
target treatment zone, further evidence to suggest nZVI 
particles may travel outside the treatment zone.   

TRANSPORT, DISPERSION, AND 
POTENTIAL TOXICITY

As with all methods, there are challenges associated 
with the use of  nZVI for environmental remediation. 
“In general, in the global remediation marketplace, there 
are concerns associated with the costs for these novel 
materials as well as the quality assurance/quality control 
aspects of  their production,” says Elliott. “In many cases, 
the additional cost of  formulating the nanomaterial does 
not compensate for the relatively lower efficiency of  
conventional materials. For example, ferric oxide pre-
cipitation for arsenic removal, although using more iron, 
is generally cheaper than formulating nano maghemite 
or nano magnetite,” explains Wiesner. 

Transport and dispersion are also challenging. Ac-
cording to Wiesner “in the case of  nZVI, the primary 
challenge remains to formulate a material that provides 
good reactivity and good dispersibility.” In the environ-
ment, nanoparticles tend to aggregate, rendering them 
less effective, and the use of  polymers and coating has 
been suggested to improve mobility. 

industry insights: nanomaterials

nZVI injection and monitoring. Credit: Dr. Daniel Elliott,  
Geosyntec Consultants
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The potential for toxicity is another important consideration. Cur-
rent research suggests nanoparticles pose a low risk to human and 
environmental health, however there are many factors contributing to 
toxicity, such as dispersion, aggregation potential, surface properties, 
etc. Further, though nanoparticles may not be inherently harmful, the 
substances they bind and carry likely are. 

THE FUTURE OF NANOREMEDIATION
Overcoming some of  these challenges may be critical for wider adoption 

of  nanoremediation methods in the future. Compared to the select few 
groups involved in early research on nanoremediation, “there are literally 
hundreds of  research groups all over the world working to develop and 
apply a wide variety of  efficacious nanoremedial agents to tackle a wide 
array of  contaminants to complete these cleanups more quickly and cost-
effectively,” says Elliott. “I think that additional momentum on technology 
development and application will be realized as more studies documenting 
the field effectiveness and costs are published and more widely dissemi-
nated amongst research, regulator, and regulator party communities.”

There is also growing interest in nanotechnology offshoots, such as 
nanobioremediation. “Nano-bio approaches to improving microbial 
degradation of  contaminants appear promising,” says Wiesner. These 
methods rely on nanoparticles synthesized from yeast, fungi, bacteria, 
and plants for remediation. Nanobioremediation is considered by some 
to be a less toxic approach. A current concern is the potential health 
risks of  exposure during nanomaterial manufacturing, which would be 
significantly reduced working with plants, for example. 

Nanomaterials have the potential to improve upon current methods of  
environmental remediation including soil excavation and pump-and-treat 
techniques used for groundwater. Having a smaller particle size, nano-
materials like nZVI offer greater reactivity than larger iron particles, and 
are more easily incorporated into water prior to injection. However, as 
Dr. Elliott notes, “with any new promising technology, there are poten-
tial unintentional consequences,” and further study is necessary to fully 
elucidate the effects of  nanoparticles on human and environmental health. 
As research efforts continue to expand, scientists and engineers are finding 
ways to clean up contaminated environments and showing that work at the 
nanoscale can yield huge results. 

Michelle Dotzert, scientific technical editor for Lab Manager, can be reached 
at mdotzert@labmanager.com or 226-376-2538.
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“Nanomaterials have unique characteristics 
that may help to overcome the limitations of 
existing methods and technology.”
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Q: Tell us about your recent 
study and how you define 
artificial intelligence.  

A: The Tufts Center for the Study of  
Drug Development (CSDD) recently 
partnered with the Drug Information 
Association (DIA) and eight pharma-
ceutical and biotechnology companies 
to form a working group. They sought 
to clarify and understand AI adop-
tion across the pharma industry and to 
gather insights into the initiatives and 
activities included in the definition of  
AI. Members of  this working group 
also provided input and feedback for a 
collaborative study, which included a 
survey that was sent out to lists of  in-
dividuals interested in AI. Results from 
this study were published online in 
June and appeared in the August 2019 
issue of  Clinical Therapeutics.

We had a good cross-section of  small, 
mid-sized, and big pharma represented 
in our survey and we received nearly 
400 responses from more than 200 
unique organizations. We found that 
there is no globally accepted definition 
for AI and some other terms. Since we 
wanted to tailor our definition of  AI 
specifically to pharma, we interviewed 

key experts in AI, and with input from 
the working group, came up with some 
definitions to use in our survey. For our 
purposes, AI can be defined as systems 
or computational models meant to 

augment human cognitions. Algorithms 
augmenting human cognitions are a 
method in which machines identify 
complex patterns, trends, and relation-
ships. We also developed definitions 
for machine learning, natural language 
processing, and computer vision for 
our study.

Q: What are some of the key 
factors that have led to AI-
driven data analytics in the 
pharmaceutical industry? 

A: AI in pharma has been around for 
a while. However, it wasn’t readily ac-
cepted because it was a black box phe-
nomenon. I think a lot of  it was fear or 
mistrust of  the AI methods, where you 
are teaching a system or computer to 
learn and do things, and not using hu-
mans. We did talk to and survey people 
in drug discovery, and they all said that 
increased competition and the need for 
speed and doing things more efficient-
ly, especially in drug discovery, is why 
AI started to catch on. Companies also 
started using AI to look for strategies 
and approaches to hedge against drug 
development risk. AI was also used to 
drive precision medicine and to de-
velop treatments faster, particularly  
for areas like rare diseases. Much of  
what is labeled as AI, but probably is 
closer to machine learning, is be-
ing applied to a broad range of  areas 
including disease identification and 
diagnosis, drug discovery and manu-
facturing, radiology and radiotherapy, 
and electronic health records. Our 
survey found that the top therapeutic 
areas that use AI were oncology, CNS, 
cardiovascular, immunology, and rare 
diseases. We also found that AI use  
in companies was fragmented and in 
silos. Hence, the results showed that 

ask the expert

Mary Jo Lamberti, PhD

Mary Jo Lamberti, PhD, research assistant professor and associate director of sponsored 
research at the Tufts Center for the Study of Drug Development, talks to contributing editor 
Tanuja Koppal, PhD, about artificial intelligence (AI) and how it’s set to change the way 
data is handled and used in the pharmaceutical industry.

ASK THE EXPERT
TOOLS FOR DATA ANALYSIS: 
EMERGENCE OF AI 
by Tanuja Koppal, PhD

“For our purposes, AI can 
be defined as systems or 
computational models 

meant to augment 
human cognitions.”
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organizations varied in allocation 
of  responsibility of  AI. Forty-two 
percent indicated that they had no 
centralized responsibility and that 
various functions or departments, 
including individual business units, 
managed AI and new technologies.

The vendors we talked to said that 
they were providing a lot in terms of  
products and services, but people in 
pharma felt like what was being pro-
vided was not living up to their ex-
pectations. Hence, they were building 
home-grown systems and using ven-
dors only as needed. The interviews 

and data analysis for this study were 
all completed in 2018 and we hope to 
do another study soon to determine 
what’s hype and what’s reality.

Q: What are some of the 
current hurdles to AI adoption? 

A: The culture in big pharma has 
been conservative and risk averse, 
but that is all changing, and they are 
adopting the new methods. There has 
been a shift in mindset in terms of  
embracing AI. There are still some 
silos that do exist, but they are not as 
bad as it used to be 10 years ago. 

However, it all comes down to the 
data—whether it’s the quality of  the 
data or the source of  the data. You 
need good quality, robust data in or-
der to implement AI/machine learn-
ing. The top challenges to implemen-
tation of  AI are lack of  adequate 

staff  and skillsets; the data struc-
ture—data that is too unstructured 
to adapt to AI use; and insufficient 
capital or budgets for investment in 
AI. Identifying the appropriate sets 
of  data to enter into the AI model 
is also crucial. Staffing and hiring 

people with the right skillsets is a big 
issue. There are fewer bench sci-
entists and more data scientists and 
computer scientists being added to 
companies now and we expect to see 
more AI in the future. Even though 
there are many challenges, the only 
way to keep up and succeed is to hire 
more people trained in AI and meet 
the needs within the workforce.

Mary Jo Lamberti is a faculty mem-
ber at Tufts and leads multi-company 
sponsored and grant-funded research 
studies at the Tufts Center for the Study 
of Drug Development (CSDD) at Tufts 
University School of Medicine. She has 
extensive experience conducting re-
search on pharmaceutical and biotech-
nology industry practices and trends 
affecting contract research organiza-
tions and investigative sites. She has 
been a speaker at industry conferences 
and has published articles in trade and 
peer-reviewed journals. She holds a BA 
from Wellesley College and a PhD in 
psychology from Boston University.

Tanuja Koppal, PhD, is a freelance 
science writer and consultant based 
in Randolph, New Jersey. She can be 
reached at tkoppal@gmail.com

ask the expert

“Our survey found that the top therapeutic areas 
that use AI were oncology, CNS, cardiovascular, 
immunology, and rare diseases.”

AI Therapeutic Area Use
Oncoloy

CNS / Neuroscience

Cardiovascular

Immunology

Rare Disease

Metabolic / Endocrine

Hematology

Respiratory

Infectious Disease

Dermatology

Gastrointestinal

Obstetrics / Gynecology

Nephrology

Urology

Transplant
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 39%

 38%

 32%

 30%

 30%

 26%

 22%

 21%

 20%

 19%

 13%

 13%
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10%
Data from the DIA PharmaTech Study, 
2019. Credit: Tufts CSDD

N=112

Tufts CSDD – DIA PharmaTech Study, 2019
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by Angelo DePalma, PhD

Creating functional, productive, recombinant 
cell cultures that behave as advertised involves 
a great deal of  effort in cell line selection, 

transfection, clone-picking, culturing, and testing to 
assure cell population homogeneity. Many companies 
therefore outsource cell line development to concentrate 
on activities considered more urgent or “core.” 

According to Adam Cotty, associate director for project 
management at FlowMetric (Doylestown, PA), contract 
developers validate expression of  the inserted gene 
or the absence of  a knocked-out gene by polymerase 
chain reaction (PCR). “But PCR does not tell you 
where the expressed protein is located, or if  it exists in 
a biologically relevant conformation. Flow cytometry 
can provide all of  that information,” says Cotty.

Monoclonal cell lines are derived from a single cell, 
meaning that every cell within the culture is identical. 
Growing a culture of  trillions of  production-worthy 
cells from a single, genetically modified progenitor cell 
isn’t easy. Cells are first transfected to express the gene 
(and protein or characteristic) of  interest, screened for 
that trait, then grown in a dish to about 50-60 percent 
confluence. Investigators add trypsin to detach adherent 
cells from the surface (and their neighbors as well), 
which is when the fun begins. Through a process known 
as limiting dilution, cells are suspended to a density 
of  less than one million cells per milliliter, then plated 
out to an average density of  about 0.3 cells per well. 
This assures that some statistically relevant number of  
wells contain either one cell or no cells. Flow cytometry 
achieves the same end through single-cell sorting using 
surface markers, and tends to have a higher hit rate 
for positive clones than does limiting dilution: Cells 
deemed “positive” for specific markers are selected and 
seeded into each well. Flow methods can also select for 
productivity, as quantified by expression levels.

Flow cytometers are capable of  identifying 
intracellular markers as well, but not without 
creating pores within cells, thereby killing them. 
This technique confirms identity but is unsuitable 
for cloning. Having no more than one cell per 

well is critical to the process, both for purposes of  
establishing homogeneous cell populations, and 
to reduce the effects of  genetic drift where sub-
populations with varying levels of  expression can 
overtake populations of  desired cells.

Sorting on the basis of  secreted proteins is a common 
exercise when screening cells for protein-generating 
productivity, but it is more difficult than working with 
surface proteins as secreted molecules are free-floating 
and not fixed to a particular location on the cell. One 
technique for overcoming this limitation involves 
staining the cells at 4°C, thus slowing the transit of  
secreted proteins into the extracellular space. Clone 
selection is facilitated by identifying several cell 
markers simultaneously, which requires the cytometer 
to detect multiple parameters or “colors” corresponding 
to fluorescence emissions for various tags. FlowMetric 
uses the flow cytometer FACSAria III, which detects 
and quantifies up to 16 parameters, and can sort cells 
into four distinct populations. This is particularly useful 
in cell-based therapy, where treatments involve specific 
immune cell sub-populations.

“For monoclonal antibodies, we generally look for just 
one target and one color, corresponding to the antibody 
on the cell surface as it is being secreted,” Cotty says. 
“Blood phenotyping can require looking at a large 
number of  markers, specifically referred to as high 
dimensional flow cytometry analysis.” Flow cytometry 
methods have the advantage over immunochemical 
assays in both speed and the ability to quantify multiple 
parameters concurrently. “Western blotting is labor-
intensive, and provides information on only one cellular 
trait at a time,” Cotty says. 

Focus on phenotype
A popular application of  cell line development is 
protein expression, particularly antibodies, reagents, 
and therapeutic proteins. “Whether expressed 
intracellularly or on the cell surface, these proteins 
can be detected by flow cytometry,” says Garret 
Guenther, PhD, senior global support manager for 
flow cytometry at ACEA Biosciences (San Diego, CA), 
a business unit of  Agilent Technologies. 
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FOR ADDITIONAL RESOURCES ON FLOW CYTOMETRY, INCLUDING USEFUL ARTICLES AND A LIST OF MANUFACTURERS, 
VISIT WWW.LABMANAGER.COM/FLOW-CYTOMETRY

“When creating clones, it is important to select the desired 
trait, for example protein production, and to maintain it as 
the clonal population expands over multiple generations,” 
says Guenther. “The same holds for any phenotype. Of  
particular concern for the production of  therapeutic proteins 
are fairly common situations where the coded protein, which 
is foreign to the organism, is toxic or in some way inhibitory. 
One common way around this is to make protein expression 
drug-inducible, so it only occurs when a particular molecule is 
added to the cell culture media.”

Another example is the expression of  these chimeric antigen 
receptors (CARs) in T cells used in the immunotherapy field 
today. It is critically important that these CARs maintain their 
expression in T cells following expansion.

Among its many instrument offerings, Agilent’s NovoCyte line of  
flow cytometers specifically targets cell line development, and its 
fully integrated autosampler handles many plate formats, including 
384-well plates. Agilent also offers the xCELLigence analyzer 
that can monitor cell changes in real-time without the use of  any 
labels.  “Researchers have used xCELLigence to monitor subtle 
differences among clones, to select the cell line that best represents 
what they are trying to achieve,” Guenther adds.

Purchasing considerations
“It’s important that your flow cytometer provides high quality 
data and is easy to use,” says Guenther. “All too often I’ve 
seen expensive equipment not used because it is just too 

complicated, the original users have left that particular lab 
and their replacements are unfamiliar with the instrument. 
A flow cytometer needs to have enough capacity to support 
the experiments you’re running. So, if  you are primarily 
performing multicolor immunophenotyping studies, you need 
an instrument capable of  detecting all the markers that you 
want to evaluate.”

“At the lower end of  the throughput spectrum, if  you’re only 
interested in live/dead cell analysis or counting bacteria using 
just one dye, an instrument capable of  detecting just a few 
colors is all you need.”

Generally, increasing the number for fluorescence detection 
channels increases instrument costs, so acquiring an instrument 
that is upgradable is an option to consider.  

“Additional must-have features include the addition of  an 
autosampler that is sufficiently versatile to run tubes or plates,” 
Guenther adds. “When running multicolor experiments, 
automatic compensation becomes a must-have feature because 
it allows rapid, accurate calculation of  spillover from one 
fluorochrome into other detection channels.”

Angelo DePalma is a freelance writer living in Newton, New Jersey. 
You can reach him at angelo@angelodepalma.com.

“Flow cytometry methods have the 
advantage over immunochemical 
assays in both speed and the  
ability to quantify multiple  
parameters concurrently.”
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product in action

Parker H2PEMPD Series for Critical GC Analyses

SIMPLE TO SERVICE
System maintenance is simple, infrequent, and low cost. Our 

generator only requires a few minutes of service every year, 

allowing labs to operate without inconvenient extended instrument 

downtime. A simple change of the deionizer cartridge and filter 

every six months assures optimum gas production and performance. 

LEADING EDGE TECHNOLOGY FOR THE LAB
Utilizing laboratory-proven PEM cell technology, hydrogen is produced on demand through 

the electrolysis of deionized water. The generated hydrogen then passes through a palladium 

purifier to remove oxygen down to <0.01 ppm, yielding purities over 99.99999%.

FLEXIBLE
Optional high-pressure (175 psi) 

for fast GC is achieved via an 

electrolytic cell utilizing patented 

interlocking gaskets. Additional 

Innovative Control Software allows 

for remote monitoring and the 

flexibility to meet larger flow needs. 

EASE OF OPERATION 
A state-of-the-art user interface controls gas pressure, flow rates, and 

purity settings while tracking hours in operation, gas production, and 

providing service alerts. Color-changing and audible alarms let users 

know when the system needs water. Or, connect your DI water to the 

unit’s automatic water feed for hands-off operation.

BUILT FOR SAFETY 
System meets instrument’s needs at 

low pressures and very low gas 

reserves. Sensing circuits shut the 

generator down if a leak is detected 

and an eight-stage protection system 

ensures complete operator safety. 

The cell is protected by alarms 

detecting low water quality/low 

water levels and an internal pump 

ensures constant cell hydration.

Today’s GC-FID labs facing tight deadlines and limited budgets require reliable sources of  high-purity fuel and 
carrier gases to ensure their constant operation. Using high-pressure gas cylinders or large, inefficient dewars is 
no longer cost-effective. The Parker H2PEMPD Series offers labs a safe, reliable source of  hydrogen on demand, 
capable of  supporting all their GC instruments.

Learn more at labgasgenerators.com
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FOR ADDITIONAL RESOURCES ON GAS GENERATORS, INCLUDING USEFUL ARTICLES AND A LIST OF MANUFACTURERS, 
VISIT WWW.LABMANAGER.COM/GAS-GENERATORS

by Brandoch Cook, PhD

The expanding roles of  proteomics and 
metabolomics in precision medicine and 
drug discovery highlight the power of  mass 

spectrometry-based techniques to identify, define, and 
quantify novel biomarkers, molecular interactions, and 
expression patterns. The popularity of  these fields has 
consequently brought the associated technology to the 
individual laboratory both in terms of  accessibility 
and cost. A prerequisite to an accurate analysis of  the 
proteins in a sample is thorough separation, which is most 
frequently accomplished via gas chromatography (GC) 
or liquid chromatography (LC). Both methods require 
a reliable supply of  highly purified gas, of  one kind or 
another based on preference for the sake of  variables such 
as efficiency, expense, and safety. 

In GC, the mobile phase consists of  a carrier gas through 
which the solute can move from the stationary phase. 
Several gases are appropriate—including hydrogen, 
nitrogen, and helium—but each has intrinsic diffusivity 
and viscosity properties that make it more or less ideal as 
a carrier. The comparatively low diffusivity of  nitrogen 
impacts efficiency and therefore throughput, while the high 
viscosity of  helium necessitates high inlet gas pressure and 
therefore longer separation columns. Additionally, although 
helium is atmospherically abundant, it is largely released 
as a byproduct of  commercial natural gas exploration, 
and dissipates rapidly upward into space unless purposely 
sequestered. As the Federal Helium Reserve curtails its 
operations, a worldwide shortage is becoming dire and its 
price is becoming dear, while nitrogen and hydrogen are all 
around us, all the time, for the taking. 

Hydrogen also serves as a fuel gas for flame ionization 
detection in GC-MS. A small laboratory intermittently 
running a single GC-MS setup can often justify 
using a single, interchangeable hydrogen cylinder. In 
larger operations that dedicate significant space, time, 
and resources to multiple GC-MS devices running 
simultaneously, the use of  cylinder gas requires oncurrent 

employment of  multiple bundled tanks. Such elaborate 
setups necessitate automatic manifold-based switching 
mechanisms. They are often subject to zoning laws and 
principles of  common-sense self-preservation placing 
them outside the laboratory space, making them prone to 
leakage and other disruptions that require the input of  
professional repair services. Bundling several hydrogen 
tanks under high pressure can be disastrous because of  the 
potential for explosion or rapid displacement of  ambient 
oxygen and possible asphyxiation.   

Operational costs even for one apparatus can add up 
quickly. For example, if  a 100-liter hydrogen cylinder 
lasts 10 days and costs $200, then replacement costs 
alone will exceed $7,000 per year, without factoring 
in equipment rental and delivery. Moreover, supply 
is disrupted when a cylinder empties, potentially 
affecting experimental planning and results. Hydrogen 
generators mitigate many problems with cylinder-based 
supplies. They retail from around $10,000 upwards, 
potentially realizing a savings within a year of  use, even 
to replace a single tank. Generators can run constantly, 
producing an uninterrupted and highly pure source 
of  hydrogen, usually with minimal operational and 
repair costs beyond continued use of  an electrical outlet 
and a supply of  deionized water. Additionally, they 
produce and store only small amounts of  hydrogen 
at comparatively low pressures, eliminating the 
catastrophic hazards associated with cylinders. Finally, 
a diminutive footprint allows them to be maintained 
within the laboratory space, often on or under benchtops.

Hydrogen generators function via water electrolysis or 
methanol reformer processes, although most commercially 
available units for GC applications use electrolysis. The 
essential engine of  the generator is an electrolysis cell, 
across which a constant voltage drives a reaction that 
removes electrons from water at the anode and adds them 
back to hydronium ions at the cathode across a proton 
exchange membrane. This membrane is approximately 
worth its weight in gold, because it is most often composed 
of  palladium, a transition metal listed on commodities 

BYOG: HYDROGEN AND NITROGEN GAS GENERATORS IN GC-MS 
AND LC-MS
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exchanges. Additional use of  a platinum 
catalyst increases the purity of  the resulting 
H2 gas to levels above 99.999 percent, a 
baseline for many GC-MS applications. 

If  hydrogen generators can improve 
GC-MS in terms of  cost, efficiency, and 
safety, then what about gas supply solutions 
for LC-MS? Although LC-MS is used 
to examine liquid or solid analytes, a gas 
source is required to eliminate solvent in a 
sample before it enters the detector from 
an ion source. Nitrogen most frequently 
serves this purpose and acts as an ionization 
aid in both electrospray and atmospheric 
pressure-based LC-MS setups, and serves 
as a curtain gas to enclose nebulized ions at 
high temperature as they enter the detector. 
In a nitrogen generator, N2 is purified 
from ambient air, which is compressed and 
subjected to pressure swing adsorption. This 
procedure functions on the principle that 
gases are attracted to adjacent surfaces under 
high pressure. After adsorption, swinging 
the system to low pressure releases the 
collected gas of  interest. Because different 
surface materials have intrinsic attractions 
for different gases, constituent gases can be 
selected using different adsorbents. 

Because the volumetric demands for 
nitrogen in LC-MS can exceed a cylinder 
per day with constant use, switching to a 
generator system can provide a savings 
benefit within less than a year after 
purchase, similar to a hydrogen generator 
for GC-MS. Nitrogen generators cost 
more, however, starting at around $15,000, 
and often come separate from attachments 
such as air compressors. There are several 
leading suppliers that offer a range of  
generators of  both types, in addition 
to zero air generators, which remove 
hydrocarbon impurities from ambient 
air. Zero air has common applications in 
both GC-MS and LC-MS, especially in 
analysis of  aromatic hydrocarbons. Among 
commercial offerings, Peak Scientific 
(Billerica, MA) supplies the Precision 

line of  hydrogen generators and the Genius line of  nitrogen generators. 
F-DGSi (Evry, France) supplies the elegant, space-saving series of  Modular 
Alliance stackable generators, which can provide hydrogen, nitrogen, and zero 
air simultaneously with a small benchtop footprint. These and other suppliers 
including Parker (Haverhill, MA) and PerkinElmer (Waltham, MA) offer ranges 
of  generators with different capacities. With such an array of  options, you can 
easily bring your own gas to your GC and LC operations, no matter how small.   

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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FOR ADDITIONAL RESOURCES ON LAB OVENS, INCLUDING USEFUL ARTICLES AND A LIST OF MANUFACTURERS, VISIT 
WWW.LABMANAGER.COM/LAB-OVENS

by Mike May, PhD

Lab ovens get used in many processes, often lasting 
for hours, which can add appeal to remote operation. 
Remote features are included with some ovens and 

some features can be added. Across this market, many options 
exist, but there’s room to grow in terms of  use.

On some lab ovens, a scientist can use remote control 
to manage all of  the options: from controlling the 
temperature and starting and stopping programs to logging 
data and setting up text alerts. Although labs of  any size 
could benefit from an oven with remote control, Beran 
Peter, CEO of  Associated Environmental Systems (Acton, 
MA), says, “Labs with large footprints typically require 
this type of  oven so that the team using it can remotely 
monitor their tests without needing to walk across a large 
lab or even come into the office or lab.”

Adding options
Many lab ovens come with various options that can 
provide remote capabilities. As an example, Germany-
based Memmert’s Universal Oven UN30 comes with 
a flexible Pt100 sensor and two more can be added. 
These sensors can be monitored with the company’s 
AtmoCONTROL software.

From Minneapolis, MN, where the winters can be brutal, 
Despatch makes lab ovens that scientists could control 
without leaving a cozy home. For instance, the company’s 
LAC benchtop oven can be operated with The Despatch 
Protocol Manager software, which allows remote computer 
operation and monitoring via RS485 communication. 
Just offering remote operations, though, doesn’t ensure 
that scientists will want them. As an example, scientists 
can purchase industrial test chambers—basically, 
superpowered lab ovens—from Dongguan Mentek Testing 
Equipment in Dongguan City, China, that come with 
a range of  remote options. According to sales director 
Aiden Zeng, “All of  our test chambers are available 
with remote operation and monitoring upon request, 

and this function is realized in three ways: an RS485 
or RS232 communication port connected to a PC; an 
Ethernet connection to a PC; or a mobile app.” Despite 
that variety of  ways to go remote, Zeng adds, “Currently, 
few customers request those options.”

Controlling the future
For some scientists, remote control of  a heating device might 
lie ahead. In Gary, IN, for example, scientists and engineers 
at Chemcoaters develop economical and environmentally 
friendly coatings for steel surfaces. This company uses 
heating in various ways. Although Chemcoaters is not 
using remote control, new product development manager 
Brit Capizzano says, “We’ve been very interested in how 
companies monitor their ovens when off  site.” Such remote 
capabilities could benefit Chemcoaters, which runs an age-
testing box at about 38°C around the clock. 

One option is upgrading an existing oven with a controller, 
such as an Internet of  Things option from Engineering 
Product Sales Corp. (Santa Ana, CA). With this, many 
ovens can be controlled through a smartphone.

When asked what a customer should look for when 
shopping for a lab oven with remote control, Peter points 
out many things, but starts by asking: “Is there free and 
easy phone support for the life of  the product?” He also 
encourages customers to look for ovens with “independent 
satisfaction ratings of  products and service.” 

Although some scientists might expect more maintenance 
on an oven with remote control, Peter says, that’s not 
typically the case. He adds, though, that an oven with “a 
Windows or Linux controller can need security patches 
and operating system updates.” Remotely controlling and 
monitoring a lab oven or other heating device can make 
life easier in labs and companies. So far, though, not all 
scientists seem convinced.

 Mike May is a freelance writer and editor living in Texas. You 
can reach him at mike@techtyper.com.
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FOR ADDITIONAL RESOURCES ON MILLS AND GRINDERS, INCLUDING USEFUL ARTICLES AND A LIST OF 
MANUFACTURERS, VISIT WWW.LABMANAGER.COM/MILLS-GRINDERS

by Angelo DePalma, PhD

Consistency is the lifeblood of  laboratory work. 
A consistent process or operation is predictable, 
well-controlled, and amenable to troubleshooting 

when things go awry. More products than one may realize 
depend on the consistent pulverizing, micronizing, or 
particle size reduction of  raw materials, followed by their 
uniform dispersion into the product matrix. 

According to Andreas Stummer, business line manager for 
dispersion at BYK-Gardner (Columbia, MD), sample viscosity 
is one of  the leading factors influencing consistency in particle 
size reduction and dispersion. “How the material moves 
through the mill, and ultimately how easily it disperses within 
the formulated product, is critical to obtaining consistent 
milling results. Other factors include milling bead size, bead 
filling ratio, bead material, type of  bead mill, and dwell time 
within the mill.” BYK’s core business covers a multitude of  
grinding and dispersion applications, with specialization in 
paints, pigments, and inks. The company sells horizontal 
and vertical bead mills, basket mills, plus instruments for 
measuring temperature, color, and other characteristics of  
both raw materials and final products. BYK also maintains 
a state-of-the-art testing lab in Wallingford, CT where it 
provides demonstrations and trial runs for potential customers.

Temperature factors into product quality due to the 
significant mechanical energy applied during all stages of  
milling. In keeping with the notion of  consistency, milling 
should occur at a uniform temperature consistent with 
efficient particle size reduction, and which will not harm 
the product. Biological samples, particularly animal tissues, 
can be susceptible to heat damage. “We use several ways to 
control temperature,” Stummer says. “Our basket mills, for 
example, are double-wall jacketed to allow water cooling.”

Milling time is another factor. Users should take care to 
time each step involving sample contact. Milling or grinding 
typically involves several steps. Pigments typically exist as 
agglomerates, which consist of  heterogeneous particles held 
together through chemical, mechanical, and weak attractive 
forces. These are first wetted, then broken down into simpler 
aggregates, through simple shear forces (e.g. a milling disk), 
before serious particle size reduction can occur. Milling 
reduces these to primary particles— the product—which 

themselves are susceptible to aggregation. Once primary 
particles form, additives are required to keep them suspended.

“It’s important to remember that the goal is particle size 
reduction, not particle destruction,” Stummer says.

Other factors to consider during the initial predispersion 
step are the blade and milling vessel geometries. Sample size 
should also be appropriate for the vessel’s volume. Operators 
have several work-arounds for suboptimal combinations 
of  the above; for example, the ability to use additives to 
improve wetting and dispersion, and to inhibit flocculation.

Many options exist for grinding high-purity chemical or 
biological samples for extraction. Michael Steinert, product 
marketing manager for biosciences at Cole-Parmer (Vernon 
Hills, IL), advises purchasers to confirm that samples are 
compatible with whatever mill you are considering. “For 
smaller samples, a simple benchtop mill will do the trick or 
even a small hand operated solution. For a larger capacity 
of  material, a jar mill will usually provide the most efficient 
solution.” Among its many offerings, Cole-Parmer sells jar 
mills, which employ hard media to pulverize samples. As the 
jar rotates, particles are reduced to fine powder. 

“It should not be difficult to find a jar mill compatible with 
your samples, but you need to make sure that the grinding 
media and jar are compatible,” Steinert adds. “If  you are 
using stainless steel balls you should use stainless steel jars, 
which come in a large number of  sizes. The jar mill works 
not just for large quantities, but smaller batches as well, as 
the jar does not need to be filled to capacity to operate. “

For uniform particle sizes, Steinert suggests using a sieve shaker 
with appropriate sieve sizes. “This ensures the most consistency 
and also that you are only using the particles called for in your 
application. However, with whatever option you choose, make 
sure it meets the criteria in terms of  particle size, accuracy, 
chemical/hardness compatibility, and batch size.”

“Many options exist for achieving consistent particle size 
reduction,” says Stummer. “It’s of  course possible for things 
to go wrong, but many of  those options will lead to success.”

Angelo DePalma is a freelance writer living in Newton, New 
Jersey. You can reach him at angelo@angelodepalma.com.
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COMPACT INVERTED MICROSCOPE
• Compact, lightweight, and robust inverted microscope is tough 

enough for use inside an incubator

• Accommodates a petri dish, allowing observation of cells and 

organisms to be achieved using standard laboratory procedures 

rather than having to prepare a slide sample

• A simple Wi-Fi connection enables images to be stored on  

a tablet, mobile phone, or laptop and shared instantly with 

collaborators anywhere

ioLight 

www.iolight.co.uk

technology news

technology NEWS

SWIR IMAGING CAMERA
FLIR A6260
• Offers improved sensitivity and linearity across the full dynamic range, making it 

ideal for radiometry and temperature-calibrated applications

• Records full-frame data at 180 fps and can be synchronized with other instruments, 

enabling precision stop-action recording of high-speed events

• Equipped with a high-performance Indium Gallium Arsenide (InGaAs) detector 

optimized to the 0.9 – 1.7 µm or 0.6 – 1.7 µm SWIR wavebands

FLIR Systems 

www.flir.com

PCR SAMPLE PREPARATION PRODUCTS
Xdrop™
• Enable single molecule resolution and bias-free enrichment 

of genomic regions longer than 100 kb from as little as  

1 ng genomic DNA

• Technology fits seamlessly with any sequencing platform 

and works equally well with both short-read and long-read 

sequencing systems

• Comprise an Xdrop™ instrument for cartridge control,  

different microfluidics cartridges, and several molecular  

biology consumables

Samplix 

www.samplix.com
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AUTOMATED PEPTIDE SYNTHESIZER
PurePep™ Chorus
• Enables production of even the most challenging 

sequences at the highest possible crude purity 

and yield

• Features a modular design, enabling in-lab 

upgrades aligned with the growing needs of 

peptide researchers

• Employs flexible programming and Single-Shot™ 

additions, to eliminate the need for priming while 

minimizing waste when using special amino 

acids and reagents

Gyros Protein Technologies 

www.gyrosproteintechnologies.com

BENCHTOP FT-NMR SYSTEM
XFourier 80
• Designed for organic or medicinal chemistry research,  

routine analysis, teaching, or synthesis verification in any  

chemistry laboratory

• Equipped with a novel, ultra-stable 80 MHz permanent magnet

• Requires no cryogens, magnet power supply, water cooling,  

or special laboratory infrastructure

• Provides excellent lineshape, resolution, and sensitivity  

in 80 MHz homonuclear 1H or heteronuclear  

H/13C FT-NMR experiments

Bruker 

www.bruker.com

technology news

LABORATORY FURNITURE
UniLine
• Offerings include base cabinets, wall cabinets, countertops, sinks, 

fixtures, base-tables, mobile workstations, specialty storage cabinets, 

and peg boards

• HEMCO’s casework groupings are designed to incorporate their 

most popular casework styles in a complete package

• Services can also include a complete turnkey installation

HEMCO 

www.hemcocorp.com
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Linda's Lab
Staying on Budget
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Update spending categories as 
projects and needs change to 
keep your lab on track.

Lenny, we need to stick 
to our budget! Here are 
some tips to keep you 
on track for next time.

Where did all these 
boxes come from?

You needed 10 
years’ worth of 
pipette tips??

Oh, you know,
I needed some 
supplies.

Only order 
as much as 
you need, 
especially 
with 
time-sensitive 
reagents.

Record all of your 
orders and spending 
in a database or 
spreadsheet.

With our updated 
budget, we can 
either keep you or 
your boxes.

Can someone 
help me take 
these back?

Today’s laboratories on average dedicate 30 percent 
of  net space to technology. Because of  this trend, 
among others, “wet” lab areas are shrinking and tran-
sitioning to more “dry” spaces. 

With the addition of  new technologies comes new 
capabilities, such as gathering and analyzing larger 
amounts of  data. Consider how a layout with more 
"dry" spaces equipped with computers, desks, and of-
fices will influence the workflow of  your lab.

Forward-looking lab designs are those that can be 
easily reconfigured to accommodate different kinds 
of  research and help scientists perform their stud-
ies as quickly as possible. How can you provide your 
staff  with the most optimized lab layout for current 
needs, while keeping it flexible enough to adapt to 
future needs?

Mobile casework and unassigned workspaces make for 
easy transition and changes. Additionally, retractable 
electrical cords can be installed in the ceiling and tech-
nical infrastructure into movable facades so workspaces 
are not limited to fixed walls. Another trend that is 
here to stay is dedicating space for casual interactions 
and collaborations. This allows staff  to converse in a 
comfortable setting and brainstorm new ideas. 

The design of  your laboratory directly impacts staff  
morale and productivity. Consider how emerging 
trends, introduction of  new technologies, and changes 
in research focus alter the needs of  your lab’s layout.

quick tips

QUICK TIPS FROM LINDA
FUTURE-FRIENDLY LABS

DID YOU KNOW:

FOR MORE INFORMATION, VISIT:  
LABMANAGER.COM/FUTURE-LABS
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Contact: Adam Equipment
(203) 790-4774 | sales@adamequipment.com | www.adamequipment.com 

Remarkable precision for highly detailed testing
Adam Equipment’s Equinox balances combine impressive precision and 
an intuitive touchscreen display into a single device. Equinox is ideal 
for research, QA, science education, precision counting, production, 
and general laboratory applications. The range includes semi-micro 
dual-range models with 120g/220g capacity and 0.01mg/0.1mg 
readability, while the analytical models offer 120g-510g capacities 
with 0.1mg readability and the precision models feature 360g-8200g 
capacities and readabilities of 0.01g and 0.001g.
• 5” touchscreen with icon-driven menus
• Built-in applications for complex weighing tasks
• 3,000-item database to store data for ingredients, sample weights, 

and check weight limits
• Standard USB and RS-232 interfaces

EQUINOX SEMI-MICRO, ANALYTICAL & PRECISION BALANCES

The Advertisers Index is provided as a reader service. Although every attempt has been made to make 
this index as complete as possible, the accuracy of all listings cannot be guaranteed.

ADVERTISER INDEX
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Adam Equipment Inc. www.adamequipment.com 57

BMG LABTECH www.bmglabtech.com 9

Brookfield AMETEK www.brookfieldengineering.com 59

DWK Life Sciences www.dwk.com 3

Huber / Chemglass Life Sciences www.cglifesciences.com 2

LabX www.labx.com 57

Miele www.meileusa.com/professional 39

MilliporeSigma www.brightlab.com 18-19

Parker www.parker.com 48, 49

Peak Scientific www.peakscientific.com 60

PHC Corporation of North America www.phchd.com/us/biomedical 5

Plas-Labs www.plas-labs.com 38

PolyScience www.polyscience.com  

  23, 25, 27, 29, 31, 33
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PLACE YOUR PRODUCT PROFILE AD TODAY!
REACH YOUR TARGET AUDIENCE, ENGAGE YOUR BRAND,  
AND OPTIMIZE YOUR ADVERTISING IMPACT.
Deliver your message and position your products and brand in front 
of more buyers and key decision-makers in print and online than any 
other resource available today. 

For more information visit www.labmanger.com

Time to Purchase or Upgrade 
Your Water Purification System?
LabManager.com/purchasing-a-water-purification-system
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LabManager.com

lab manager online

LM ONLINE

Keeping track of  your lab’s resources—from chemicals and equipment to personnel—is 
a key responsibility for all lab managers. Proper resource management helps keep the 
lab running smoothly and minimizes unexpected costs, but considering all the variables 
involved, this can be a complicated task. Editorial will outline some common budgeting 
and management mistakes, as well as tools that can keep you organized.

1 Reimagining Lab Design with 
Immersive Technology
Imagine a time in the future when we can 
quickly design any number of  lab layout 
options on a mobile device, evaluate each 
proposed configuration quickly and eas-
ily, and select the optimal layout to sup-
port workflow, efficiency, sustainability, and 
safety. That time is here! The combination 
of  advanced software-based capabilities 
and intuitive user experiences now opens 
up the lab design and layout world to dra-
matic time and cost improvements.

Read more at LabManager.com/tech-lab-design

2 Trending on Social Media: 
How to Handle Methylene 
Chloride 
As of  September 12, Lab Manager’s top Sep-
tember issue article posted to social media 
was our Health & Safety feature that pro-
vides vital safety information on one of  
the most widely used laboratory solvents. 
Methylene chloride is a clear, colorless 
liquid with a moderately sweet aroma. The 
primary exposure route for the solvent is 
via inhalation, although absorption through 
the skin is also a concern.

Read more at LabManager.com/methylene-chloride

3 Most Popular Webinar
Our most recent top webinar on LabMan-
ager.com with 170 registrants was “Automat-
ed Sample Preparation.” This Tech Trends 
webinar discussed the recent technological 
developments that are making automated 
sample prep even easier than ever before. 
Attendees learned about how to choose the 
right automated sample prep solution for 
their needs, as well as how to integrate auto-
mated sample prep technologies into exist-
ing workflows. Though it ran on August 22, 
you can still register to watch on-demand.

Read more at LabManager.com/auto-sample-prep

We look back at our web content since the September issue and look forward to what’s in store for the November issue.

1 2 3

Managing Resources





The smallest laboratory-grade hydrogen generator in its class, Precision SL produces hydrogen 
gas at the push of a button. Simple to operate and maintain, featuring advanced fail-safe 

technology, Precision SL is the safer way of supplying hydrogen for your GC detector flame. 
Streamline your GC workflow with Precision SL

{image almost to scale}

Smaller. Simpler. Safer.

Introducing the smallest and easiest to 
use hydrogen generator for GC-FID

www.peakscientifi c.com/precisionSL


