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Advance your research with the

PARADIGM™ Detection Platform
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LC, GC and MS systems in your lab 

regardless of the name on the instrument.

Agilent Multi-Vendor Services gives 

you one highly qualified engineer, who 
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performing at maximum capacity. That’s why Agilent customers 
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SURVEY SAYS: In our recent Lab 
Manager Magazine 3rd Annual 
Salary and Employee Satisfaction 
Survey, we asked our readers the 
question: “Would you consider 
accepting a lesser role or a lower 
salary to work for a firm with a 
reputation for being environmentally 
friendly, caring about employees 
and caring about outside stakehold-
ers, such as the community?” 7.7 
percent of respondents said they 
“strongly agree;” 29.7 percent said 
they “agree;” 38.9 percent said 
they “disagree;” 12.2 percent said 
they “strongly disagree;” and 11.6 
percent said they “don’t know.”
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LEADERSHIP & STAFFING 

16 Staying on Schedule 
By designing projects to minimize the possibility of delays and taking remedial action should they occur, lab managers can enhance 
the reputation of their laboratories and increase their value to their organizations.

 John K. Borchardt

TECHNOLOGY & OPERATIONS 

22 Cryopreservation  
The use of liquid nitrogen is an effective long-term method for storing viable samples while maximizing energy efficiency and 
providing an environmentally friendly approach to cryopreservation. This innovative freezing method ensures that cells remain 
viable, and indefinite storage is possible.

 Ken Vanoster

26 Protecting Your Gassets  
Following some simple guidelines and general considerations should result in a gas sampling and control system that is delivered 
under budget, that is safe, and that provides extended service life, delivering high purity and consistent process results.

 Larry Gallagher

LAB DESIGN  & FURNISHINGS 

30 Thinking Lean 
The focus of a lean laboratory is to test samples in the most efficient way possible in terms of cost, or speed, or both. Although 
most of the key principles of lean apply in labs, the specific challenges facing laboratories require significant adaptation of 
standard lean tools.

 Tom Reynolds 

BUSINESS MANAGEMENT 

52 Developing a Business Case  
Evaluating a new product’s capabilities with scientific criteria and judging its influence on the laboratory’s efficiency is one thing; 
evaluating that product using financial criteria is another. A business case delivers the financial decision criteria on which various 
financial ratios can be based.

 Johannes Ritter

Social Responsibility 
“I do think that we’re entering an age when scientists are increasingly aware of the social and political implications of their 
work. Many scientists are not just open to the idea of interacting with the public, but see that as an obligation.” - Dietram 
Scheufele, Department of Life Sciences Communication, University of Wisconsin-Madison

F. Key Kidder

46

Perspective On: A Forensics Lab
In contrast to conventional labs that are mostly used for civil cases, crime laboratories are where scientists process evidence seized 
in connection with criminal probes. Another difference between a forensics and traditional lab is that it’s a government organiza-
tion. “We are part of a paramilitary organization, which means being within either the state police or local police agencies.” 

Sara Goudarzi
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popular chemicals in
the fastest time!
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Now you can rely on our most popu-
lar lab reagents being available on
ONE day's notice. Our top items are
always in stock & will be shipped
from our plant within 24 hours.

• Check our website for the most 
up-to-date list.

• No extra rush charges

• Accurate lead times

• Reminders, emails confirm orders

• Live technical assistance

• Web order tracking

• Fixed freight rates
It's all part of our customer-centric 
philosophy, to continually listen to
our customers and add products
and services you need.
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Social Responsibility – Good Deeds or Good PR?
In this month’s cover story, F. Key Kidder looks at how various research organizations 
address the issue of  social responsibility. For some it means actively interacting with 
the local community through educational outreach, for others it’s not much more 
than a PR slogan. “Exactly what constitutes socially responsible scientific behavior 
remains open to interpretation. Some construe it as going above and beyond what the 
law requires. Others think SR is just a question of  adhering to mandates, arguing that 
the FDA and its global counterparts are such forceful regulators that ethical behavior 
equates with compliance. Still others narrow it down to the pursuit of  discovery and 
innovation that benefits society,” says Kidder.

When we asked our readers what importance an organization’s “social responsibil-
ity” record played in choosing where to work, less than 38 percent indicated that it 
mattered, compared to 51 percent who said it didn’t. I suppose that in the hierarchy of  
what constitutes a good place to work, wages, bonuses and benefits trump community 
outreach and “green” practices. Or perhaps it’s generational? What do you think? 

Last month Mark Gibson shared his first-hand experience of  taking his lab through 
the 5S process (“Journey to the Efficient Lab,” July/Aug 2009, p. 40) which, while chal-
lenging in terms of  changing human behavior, ultimately delivered tremendous saving 
from decreased cycle time. In this month’s Lab Design & Furnishings feature (p. 30), 
author Tom Reynolds looks at how “lean” philosophy has been adapted from manufac-
turing to the lab setting. And while life science labs especially face an additional layer 
of  GMP and GLP complexity, that can take attention away from efficiency and pro-
ductivity, Reynolds argues that “there is in fact no inherent conflict between efficiency 
and compliance. Lean processes in a laboratory achieve regulatory compliance in the 
most efficient and productive manner possible,” says Reynolds.

If  you’re poised to purchase a LIMS (laboratory information management system), 
an ELN (electronic laboratory notebook) or a CDS (chromatography data system), 
turn immediately to page 65 where Gloria Metrick takes you, step by step, though the 
process of  deciding what you need and then evaluating products and vendors in order 
to get exactly that. From creating RFPs and vendor lists, to comparing RFQs, to setting 
up product demos, Metrick leaves no step in this important process unexamined.

Or, if  it’s a laboratory automation system you’re in the market for, turn to this month’s 
Business Management feature on page 52, in which author Johannes Ritter explains 
how to build a business case. “A business case that is developed with appropriate 
methods considers the necessary intertwinement of  financial and technical criteria 
so that it is a meaningful decision tool for choosing in favor of  or against investing in 
automation,” says Ritter.

New to the magazine this month is the “Evolution of  Pipettes (p. 44). The first of  our 
“Evolution” series, the piece provides a snapshot through time of  this simple yet criti-
cal laboratory tool. Our next “Evolution of,” which will be published in December, will 
look at scales and balances.

One final note: In our June story “Cross-Training,” we neglected to cite the work of  
Dr. Philip Engler, whose previously published paper, “Critical Skills and Training As-
sessments in an Analytical Laboratory,” (Managing the Modern Laboratory, vol. 5, No. 
3, 2001), introduced many of  the concepts presented in the June article. We apologize 
for the omission.

Kind regards,

http://www.binder-world.us
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COVER STORY 

A half  century ago, in a seminal essay that remains 
required reading at business schools, celebrated 
economist Milton Friedman laid out his singular idea 
of  social responsibility.

There is, said Friedman, “one and only one social 
responsibility of  business—to use its resources and 
engage in activities designed to increase its profits so 
long as it stays within the rules of  the game, that is 
to say, engages in open and free competition without 
deception or fraud.”

But Friedman did not have the last word.
The social unrest of  the 1960s made for a turbu-

lent decade. Conventional ways of  doing business 
were dislodged from orbit, or left tilting. Rachel Car-
son’s Silent Spring was published in 1961, giving birth 
to the environmental movement. Corporate America 
was fair game; comedians poked fun at the Establish-
ment, joking that business ethics was an oxymoron. 
CSR—corporate social responsibility—entered the 
business vernacular.

And medicine, which enjoys a unique social con-
tract, was hardly immune. The social climate de-
manded greater accountability; institutional review 
boards imposed the first ethics review for research in 
the 1970s. The medical industry began to wrap ethics 

into its business strategy. 
The Human Genome Project raised the ethical bar 

still higher. Health care costs climbed, too, right in step 
with an uptick of  media reports about misconduct that 
chipped away at medicine’s social license. The scien-
tific community still struggles to sell its promise to a 
wary public, even as the inchoate, genetically driven 
approach tightens its grip on the traditional method-
ologies of  medicine, industry and agriculture—an 
enterprise collectively called bioscience.

While Freidman’s bottom-line sentiments still 
prevail in many quarters, his rigid conception of  SR 
is generally passé. There is, increasingly, a new coin 
of  the realm—a set of  socially responsible behaviors 
that embrace a more humane global perspective, made 
manifest through bioethics, environmental and energy 
initiatives, community outreach, transparency and data 
sharing, safety and security, affordability and access, 
inclusion, employee rights, and other benchmarks.

And as the social responsibility paradigm matures, 
lab managers and bench practitioners realize greater 
opportunity to act on it.

At Eli Lilly and Company, Assistant Senior Analytical 
Chemist Julie O’Brien recently finished a summer camp 
program—bubble experiments and all—for young children 
in an economically challenged area of  Indianapolis. “It never 
occurred to me that most of  these kids had never played with 
bubbles before. The joy they experienced was just amazing.”

“Science outreach programs allow our scientists to remem-
ber why they went into science in the first place: the joy of  
discovery and learning something new,”  she said. 

SOCIAL RESPONSIBILITY

SOCIAL  
RESPONSIBILITY 
RESEARCH ORGANIZATIONS GROW EVER MORE ATTUNED 
TO THEIR RESPONSIBILITIES TO THE LARGER PUBLIC 
by F. Key Kidder

“MORE THAN EVER BEFORE, 
SCIENTISTS AT THE BENCH ARE MORE 
ATTUNED TO THE RESPONSIBILITIES 
THEY HAVE TO THE LARGER PUBLIC.”

“More than ever before, scientists at the bench are 
more attuned to the responsibilities they have to the 
larger public,” says Mark Frankel, director of  the 
Scientific Freedom, Responsibility and Law Program 
at the American Association for the Advancement of  
Science (AAAS). 

“There is a big world outside the laboratory doors,” 
says Frankel, “and the successful lab manager must 
be able to ‘manage’ public expectations, whether held 
by an employer eager to launch a new product or by 
the local community seeking a solution to nearby 
beach erosion. Such are the social responsibilities of  
those running the nation’s research labs.”

David Lichter, senior research associate in Millennium’s 
molecular medicine group, is a leader of  an employee com-
mittee that helps bring green, sustainable programs to the 
company, such as reducing lab consumption of  plastics and 
other biohazardous materials. He also helps organize events 
at the annual Cambridge Science Festival, giving educational 
demonstrations to visitors from Greater Boston. “We bring 
microscopes and show kids what cancer cells look like com-
pared to normal cells and what we do at Millennium, which 
is develop drugs to treat cancer.”

Some firms plotting a socially responsible course 
of  action do not empower their R&D personnel 
to act on it, so opportunity doesn’t always trickle 
down to the bench science level. “Most of  our social 
responsibility initiatives are done at the management 
level,” said spokesperson Beth Chandler of  Archer 
Daniels Midland Company, where they do things 
“The ADM Way,” laden with social value.

Frankel is a believer in the power of  the crowd to 
drive SR—the mutually reinforcing effect of  profes-
sional organizations that encourages all members to 
improve ethical performance.

The American Chemistry Council encompasses 
roughly 90 percent of  the national chemical manu-
facturing capacity. Member companies are required 
to participate in Responsible Care, a program whose 
objectives include enhanced product stewardship and 
security, integration with sustainable development, 
and improved industry reputation.

Frankel says scientists become oriented toward 
SR during their education. “The most important 
social responsibility of  the academic community is 
to produce the next generation of  scientists, many 
of  whom will work for industry….We expect these 
university labs to produce very good scientists who 
are also knowledgeable about the ethical prescrip-
tions associated with the work they do.

“There’s the greater expectation that universities 
will be more transparent” absent “proprietary claims 
that industry can make,” he says.

Exactly what constitutes socially responsible scien-
tific behavior remains open to interpretation.

Some construe it as going above and beyond what 
the law requires.  Others think SR is just a question 
of  adhering to mandates, arguing that the FDA and 
its global counterparts are such forceful regulators 
that ethical behavior equates with compliance. Still 
others narrow it down to the pursuit of  discovery 

Millennium’s David Lichter demonstrates research 
techniques to members of  the community at the annual 
Cambridge Science Festival.

“THERE ARE SKEPTICS 
WHO ASSERT THAT SR 
INITIATIVES LARGELY SERVE 
TO CLOAK ORGANIZATIONAL 
MISBEHAVIOR.”

http://www.labmanager.com
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volume adjustment

•  “No-stretch” pipette 
button: short 
pipetting stroke 
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•  Covered I.D. label
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for easy tube 
access

•  Built-in calibration 
without tools
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autoclavable
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Transferpette® S 
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SOCIAL RESPONSIBILITY SOCIAL RESPONSIBILITY

and innovation that benefits society.
Then there are skeptics who assert that SR initiatives 

serve nicely to cloak misbehavior, or divert attention. 
Those who artfully spin their environmental practices 
are sometimes said to engage in “greenwashing.”

“Perhaps the most serious challenge for consultants,” 
said Mildred Cho of  Stanford University, a leading 
authority on bioethics consulting, “is that researchers 
will use them to gain an imprimatur of  morality.”

We aim for transparency and lots of  collaboration,”  says 
lab manager Mara Bryan, who harnesses assorted research 
teams, united in a common cause to develop alternative 
energy sources at the Energy Biosciences Institute in Califor-
nia.

At EBI, which draws upon British Petroleum PLC and the 
University of  California, Berkeley for support, teams share 
resources including space, equipment and supplies. “EBI is a 
very diverse place, with people from all cultures and back-
grounds,”  says Bryan. “Researchers are always sharing ideas 
and problem solving.”

While more companies clearly take pains to ar-
ticulate the social value of  their research, they have 
different sets of  reasons for doing so.

For starters, SR initiatives are a talent magnet. As 
competition for skilled researchers intensifies, bench 
scientists are finding greater cultural comfort in 
organizations with pronounced social values.

In a recent poll of  nearly 4,000 life scientists, work-
ers expressed an affinity for employers that demon-
strate SR. As reported in Science magazine’s 2008 sur-
vey of  the most desirable industry employers, SR was 
one of  the leading drivers mentioned by respondents. 
Overall, it was among the three leading drivers for 15 
of  the 20 firms with the best reputations in 2008.

Millennium “regularly receives inquiries during the 
hiring process as to what kinds of  corporate social re-
sponsibility programs we have in place,” said Shannon 
Murphy, senior staffing specialist with the company.

“More and more, our HR department tells us that 
as they screen potential candidates, they are being 
asked about our corporate responsibility and what 
Lilly is doing to be a good corporate citizen,” said 
Carole Puls, senior corporate communications as-
sociate for Lilly.

“The millennials [the highly desirable demograph-
ic born between 1982 and 2001] in particular seemed 
to be focused on corporate responsibility,” said Puls. 
“They want to know about our report card.”

At DuPont, there is “increasing alignment of  our R&D 
efforts to initiatives that do and will have a big impact on 
global sustainability,”  said Melinda Hardie, DuPont Science 
& Technology spokesperson.

“Through ongoing coaching and attention, lab manag-
ers make sure the programs we resource are consistent with 
our overall goals and that our new scientists and engineers 
quickly learn what’s important to us in product design. 

“Then there is a role in coaching their teams on specific ob-
jectives of  each program and the approaches to achieve those 
objectives…Lab managers help the teams make sure that they 
design for sustainability from the earliest stages.”

Up-and-coming nanoscientists evidence similar 
concern for the common good, according to Dietram 
Scheufele, Department of  Life Sciences Commu-
nication, University of  Wisconsin-Madison, who 

co-authored a study of  “the first nationally recognizable assessment of  
attitudes and regulatory views among leading U.S. nanoscientists.”

Data from the nanoscientist survey shows “that more than half  of  all 
scientists ‘strongly or somewhat’ agree that ‘[s]cientists should pay atten-
tion to the wishes of  the public, even if  they think citizens are mistaken 
or do not understand their work,’” said Scheufele.

“I do think that we’re entering an age when scientists are increas-
ingly aware of  the social and political implications of  their work. Many 
scientists are not just open to the idea of  interacting with the public, but 
see that as an obligation. This increased interest in public reactions to 
their work—and its policy implications—is especially noticeable among 
science graduate students,” added Scheufele.

Another benefit of  SR in today’s hard times is cost-effectiveness.
“As we see this shift in the economy, more and more corporations are 

seeking to fill that gap with their philanthropy, perhaps tapping addi-
tional assets in their company,” said Puls. 

“Based on a study Deloitte & Touche did, published in Talent Manage-
ment magazine, 77 percent of  companies believe their volunteer pro-
grams help them to improve their business practices, and nearly half  
said aligning their giving programs, including volunteering, was the 
biggest change in their philanthropy,” said Puls.

Last but not least, SR is good PR.
“We’re having some serious problems in the relationship between sci-

ence and society,” said Alan Lesher, chief  executive of  AAAS, in 2007, 
explaining that as scientific misconduct and conflicts of  interest under-
mine public support, so too does stem cell research and cloning initiatives 
conflict with values many hold dear. Billy Tauzin, head of  PhRMA, has 
pulled no punches about the gap between the industry and consumers.

Campaigns that demonstrate organizational social values help offset 
negative perceptions in the court of  public opinion, and provide am-
munition for public relations battles against issue advocacy groups and 
activists. 

And they have the added value of  being readily comprehensible by 
the general public, which is often ambivalent about the consequences of  
bioscientific technologies that many perceive to be “playing God.”

According to the results of  a 2007 poll published in The Scientist, lab 
practitioners take a generally dim view of  how scientific communica-
tions are processed by lay public upon dissemination.

“EVIDENCE INDICATES THAT BENCH 
SCIENTISTS FIND GREATER CULTURAL 
COMFORT WORKING FOR ORGANIZATIONS 
WITH PRONOUNCED SOCIAL VALUES.”

Energy Biosciences Institute undergraduate researcher 
Deepti Purjare explains her data collection results to EBI 
Lab Manager Mara Bryan, as graduate students Padma 
Gunda (second from left) and Jon Galazka (right) observe. 
(Photo courtesy of  Susan Jenkins, EBI)
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SOCIAL RESPONSIBILITY

Interestingly, bench scientists are inclined to fault scientific commu-
nicators who don’t properly “frame” messages to connect with target 
audiences. Only 15 percent of  “practicing lab researchers” polled think 
“scientists do a good job of  communicating complex technical issues 
to the public,” and more than half  the respondents believe “the most 
important thing is accommodating the message to suit the audience.”

Bioethics is clearly the most controversial aspect of  the nascent SR 
paradigm, and often problematic for researchers.

Besides the difficulty of  establishing benchmarks in a quicksilver 
endeavor such as biotech, the industry must keep other balls in the air—
contending with stakeholders at odds over the social, ethical and political 
implications of  bioresearch, and working on other fronts to invigorate 
eroded consumer trust and shaky investor confidence.

In this uncertain climate, bioethics consultants proliferate. But even 
they are controversial, as the industry struggles to come to grips with 
their role and responsibilities. Are consultants hired guns, public guard-
ians, or whistleblowers?

In 2006, AAAS released results of  a study that provides a snapshot of  
the interactions between the industry and bioethics consultants.

“There was not widespread use of  these consultants,” said Frankel of  
AAAS, “but there did seem to be a great deal of  satisfaction on the part 
of  companies” who retained bioethic consultants, and the consult gener-
ally “had an impact on their decision-making and policies.”

From the AAAS study, the following are the types of  issues on which 
companies received advice and the number of  companies reporting:

 
Data collection, confidentiality, storage and/or disclosure (9)•	
Relationships with media, customers, state/federal agencies or general public (8)•	
Potentially controversial research or product development (7)•	
Product safety (7)•	
Conflicts of  interest (7)•	
Clinical trials (6)•	
Making products more beneficial and/or accessible to disadvantaged groups or •	
low-income countries (5)
Post-marketing phase of  product (4)•	
Potential environmental impact (2)•	

“The biotech industry and the life science world 
have been extremely cognizant of  the need for 
socially responsible science and behavior,” said Mi-
chael Werner, a partner with expertise in biotechnol-
ogy at law firm of  Holland & Knight, “and this drills 
down to individual scientists and lab managers” who 
often engage the public.

Cho, associate director of  the Stanford Center for 
Biomedical Ethics, recommends the flexibility of  a 
team-based approach to address ethical issues in 
benchside research.

“It is increasingly clear that a reactive bioeth-
ics…is not optimal,” wrote Cho in “Strangers at 
the Benchside: Research Ethics Consultation,” 
which reviews her pilot study. (Among the find-
ings, lab researchers worry that ethics consul-
tants lack requisite scientific expertise.)

“The accumulated wisdom practice for clini-

cal ethics consultations holds several lessons 
for a benchside ethics consultation service,” 
she wrote. “One is to expect disagreement.…
Commentators have objected to the role of  the 
stranger at the bedside as an unwanted, unnec-
essary and undesirable intrusion.…Other critics 
have questioned the independence of  most 
institutionally based ethics consultation.…”

Cho concluded with a short list of  “unre-
solved questions” concerning the scope of  a 
consult service, team composition, a consultant’s 
core competencies, conflicts of  interest, and “the 
extent to which the service should be a scholarly 
activity to advance ethics or social science.”

F. Key Kidder left journalism to pursue a career in govern-
ment relations, politics and PR but still likes to keep one hand 
in writing. He may be reached at k2@keykidder.com or by 
phone at 410-828-6529.

“MORE AND MORE, OUR HR DEPARTMENT 
TELLS US THAT AS THEY SCREEN POTENTIAL 
CANDIDATES, THEY ARE BEING ASKED 
ABOUT OUR CORPORATE RESPONSIBILITY.”

“MORE THAN HALF OF ALL 
SCIENTISTS ‘STRONGLY OR 
SOMEWHAT’ AGREE THAT 
‘[S]CIENTISTS SHOULD PAY 
ATTENTION TO THE WISHES 
OF THE PUBLIC.’”
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Speed in completing product and process development 
projects means fewer surprises. There is less likelihood 
that the market has changed when teams complete 
projects and get new products to market quickly. An-
other reason for keeping projects on schedule is business 
executives’ desire to get the new products’ cash flow into 
the current year’s financial statement. For the laboratory 
manager, doing this means that the next year’s proposed 
R&D budget will be considered more favorably.

However, laboratory managers frequently find their 
R&D projects falling behind schedule. They and their 
project managers (who are often team leaders) must 
balance project scope and goals against constraints and 
developments that make the original project timetable 
unrealistic. Common constraints include inadequate 
funds, insufficient resources and scope creep. In addition, 
how the project is structured can make the time allotted 
inadequate. Finally, disappointing results can mean that 
required project goals take longer to achieve.

What are laboratory managers and project managers to 
do in these situations? The task begins with initial project 
planning and later involves identifying why the project 
fell behind schedule in order to take remedial action.

Initial project planning
Careful planning from the beginning can help keep 

projects on schedule. When initially designing the proj-
ect, all project stakeholders must agree upon the project 
goals. Stakeholders include the laboratory manager, 
project leader and staff  members working on the project. 
Stakeholders also include the appropriate people in 
the business functions who will use the results of  the 
research to grow or maintain the organization’s business. 

In the case of  both product and process development 
projects, stakeholders include the appropriate produc-
tion plant manager and plant engineers who will use the 
results of  the research in their plants. Business manag-
ers, marketing specialists and sales personnel who will be 
selling the product also are stakeholders.

Once there is agreement on project goals, a clear 
plan must be developed to reach these goals. This plan 
defines the critical path to the project goals and the work 
required to meet and achieve them. The plan should in-
clude project milestones—intermediate goals that serve 
to define and maintain the project schedule. These mile-
stones serve to define success—success being the readi-
ness to move forward to the next phase of  the project. 
Failure to meet early milestones on time should serve 
as a clear indicator that remedial measures are needed 
to keep on schedule. The earlier the project manager 
understands that the project is falling behind schedule, 
the less time and money are expended before remedial 
measures are taken to get back on track.

PERT (Program Evaluation Review Technique) 
charts1 provide a quickly understood means of  deter-
mining if  a project is on schedule. Gantt charts1 also can 
be used for the same purpose. Project tasks are placed on 
a time line, with tasks that may be performed simultane-
ously indicated and milestones noted. The critical path is 
the longest path through the network of  project activi-
ties. Activities on the project’s critical path cannot be 
delayed without delaying the entire project.

 Figure 1. Example PERT chart: The critical path length is  
A – B – D – E. Estimated time requirement is 11 months.

STAYING ON 
SCHEDULE

“FAILURE TO MEET EARLY MILE-
STONES ON TIME SHOULD SERVE AS 
A CLEAR INDICATOR THAT REMEDIAL 
MEASURES ARE NEEDED TO KEEP 
ON SCHEDULE.”

PROPER PLANNING, ESTABLISHING MILE-
STONES AND SMART STAFFING KEEP PROJ-
ECTS ON TRACK  by John K. Borchardt, PhD 

The project plan serves to define the resources, fund-
ing and staffing required to maintain the schedule and 
achieve project goals. This plan serves both to establish 
clear responsibilities for the various phases of  the work 
to be done and to determine the skill sets required by the 
various project participants. Only after these skill sets 
are defined should laboratory staff  members be assigned 
to the project. By defining clear responsibilities for each 
project participant, each participant knows what he/she 
is responsible for and when.

A good plan also provides the framework for estimat-
ing the resources necessary to accomplish each mile-
stone. This aids the project manager in determining if  
his/her organization has the internal technical and finan-
cial resources necessary to achieve project goals. Insuf-
ficient technical expertise helps define the need for out-
sourcing some phases of  the work. Insufficient financial 
resources can result in the organization borrowing funds 
to support the project or bringing in outside participants 
who financially contribute to the project. It also can mean 
the organization decides not to pursue the project.

In some organizations, business functions take a lead 
role in determining project funding, particularly for 
large projects. In others, it is a senior laboratory manager. 
Both the laboratory manager responsible for the project 
and the project leader must have the courage to voice 
concerns if  insufficient resources are assigned to the 
project. They should do this as soon as it becomes clear 
that the budget and resources assigned to the project 
are insufficient for the task. In addition to stating their 
concerns, these leaders should define what is required to 
meet the project timetable and achieve its goals.

Project scope creep
A well-designed project plan adhered to by all project 

participants is the best insurance against the insidious 
threat of  project scope creep. “Scope creep means add-

ing work, little by little, until all the original cost and 
schedule estimates are completely unachievable,” notes 
Eric Verzuh, author of  “The Fast Forward MBA in Proj-
ect Management.”1 “The scope estimate should describe 
the major activities of  the project in such a way that it 
will be absolutely clear if  extra work is added later on.” 
Scope creep is insidious because adding work usually 
seems like such a good idea at the time.

All the project costs, the resource estimates and the 
schedule are based on the definition of  the project’s scope. 
To obtain agreement on project funding and resources, 
particularly staff, to be devoted to the project, it often 
is necessary to narrow the project scope during initial 
project planning and discussion. It can be very tempting 
to add back the eliminated work later during the project, 
particularly if  things are going well. However, this means 
deviating from the project’s critical path. Unless additional 
funding and resources are assigned to the project, this 
runs the risk of  causing the project to fall behind sched-
ule. Therefore, the project scope initially should be made 
absolutely clear to all project participants.

Project scope creep can be based on sound reasoning. 
For example, if  a product is designed to serve Purpose 
A, later adding the related Purpose B to the project 
scope can seem both desirable and logical. However, the 
delay in project completion can outweigh the benefits of  
broadening the project scope. Only if  it is very clear that 
the benefits of  broadening the scope outweigh the ad-

“BOTH THE LABORATORY MAN-
AGER RESPONSIBLE FOR THE 
PROJECT AND THE PROJECT 
LEADER MUST HAVE THE COUR-
AGE TO VOICE CONCERNS IF 
INSUFFICIENT RESOURCES ARE 
ASSIGNED TO THE PROJECT.”

http://www.labmanager.com
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verse effects of  delaying project completion should the 
scope be expanded. When considering this, laboratory 
managers must not be swayed by emotional consider-
ations. Project staff  members often will argue vehement-
ly for broadening the project scope because it appeals to 
their scientific interests. Sales managers may do the same 
because it expands their commercial opportunities.

However, the better solution is to maintain the original proj-
ect scope and develop a subsidiary project to be pursued after 
the original project is completed and the results commercial-
ized. In the generic case mentioned in the previous paragraph, 
this can mean only later doing the work that demonstrates that 
the newly developed product can be used for Purpose B.

Solutions to project delays
The most effective solution to the problem of  a project fall-

ing behind schedule is to use the PERT chart to identify and 
monitor the critical path of  milestones that must be met for the 
project to finish on time with its goals achieved. This critical 
path defines the minimum time the project will take and the 
required minimum budget. Making sure all critical tasks begin 
and end on time is the surest way of  making the overall project 
end on time and within budget.

Frequent project team meetings serve to emphasize to team 
members the importance of  staying on the critical path and 
to identify schedule problems as soon as possible. If  schedule 
slippage is discovered quickly, shifting people from noncritical 
tasks to critical ones can bring the project back on schedule. 
Noncritical tasks can be performed later.

Rather than shifting people, one can add people and other re-
sources to the project. This actually may be more cost-effective 
than just increasing project costs due to delays. Consultant Brad-
ford Goldense (Goldense Group, Inc.) has noted that, while add-
ing people initially adds costs to the project, finishing the project 
on time rather than late can result in a lower overall project cost.2 
However, before doing this, managers need to be sure that the 
critical tasks actually will be performed more quickly by adding 
people to the project. For example, training new or transferred 
employees added to the project actually could delay completion 
of  a critical task because skilled project participants are spend-
ing their time training the additional personnel.

According to the Goldense Group, Inc., specialists in 
product development metrics, to combat later scope creep, 
laboratory managers can begin to use “proactive measures” 
after a product concept is approved for development 
and before approval of  a product development project.3 
Proactive measures help define the goals and activities 
needed for a project before developing a detailed project 

plan. Predictive measures can begin when data becomes 
available on a partially completed project. These metrics 
can be extrapolated to the anticipated or planned end 
of  an activity or project, or to some point prior to the 
anticipated project conclusion, such as the next mile-
stone. These early data are used to predict a project’s 
final outcomes. If  there are large differences between the 
predicted information and the desired result, corrective 
action may be taken early, with minimal project delays or 
cost increases.

Re-examining your project staffing decisions can improve 
team productivity. For example, putting the same people to 
work on similar tasks requiring related skills that are part 
of  different projects can create internal experts who work 
more productively. Be sure your top performers are work-
ing on critical-path tasks where their high productivity will 
enable shorter project schedules to be achieved.

If  people with critical skills are not available in your 
laboratory, an alternative is to outsource critical-path tasks 
to external experts. Another alternative is to outsource 
some aspects of  the project to suppliers or customers. 
These decisions are best made at the beginning of  projects.

By designing projects to minimize the possibility of  
delays and taking remedial action should they occur, lab 
managers can enhance the reputation of  their laboratories 
and increase their value to their organizations.
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PITFALLS OF SPEED
By John K. Borchardt

“PROJECT STAFF MEMBERS OF-
TEN WILL ARGUE VEHEMENTLY 
FOR BROADENING THE PROJECT 
SCOPE BECAUSE IT APPEALS TO 
THEIR SCIENTIFIC INTERESTS.”

Speed to market is a worthwhile goal and a priority in 
many laboratories. However, there are pitfalls in rush-
ing projects through the development pipeline. The 
conventional wisdom is that the first firm to market has a 
competitive advantage. This isn’t always true, as a second 
entrant may have marketing advantages that enable it to 
catch up quickly. In addition, the second entrant into the 
market often learns from the mistakes of  the first. It also 
may have lower development costs and can produce the 
product at a lower price but at an equal profit margin.

Maintaining project schedules should not come at the 
expense of  doing things right the first time. A quality job 
in all phases of  a project usually saves time and con-

serves resources in the long run. It’s false economy to cut 
corners on key tasks, particularly in the early phases of  
a project.

The opposite of  scope creep is narrowing project 
scope to make it easier to meet deadlines. This also could 
be a false economy. Omitting important product features 
and the work required to develop them may make it 
easier to meet deadlines but result in a less functional 
product. The result could be reduced sales and a later 
decision to perform the work necessary to add the omit-
ted features to the product.
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SCIENCE MATTERS  
LATEST TRENDS SHAPING THE SCIENTIFIC WORKFORCE  By Rich Pennock

One of  the primary responsibili-
ties of  a manager is to develop re-
lationships with employees in order 
to maintain a positive culture in the 
workplace. Along with building re-
lationships with experienced em-
ployees, managers can help new em-
ployees feel welcomed before they 
even begin working with a proper 
onboarding process. Managers’ on-
boarding procedures should begin 
when they first meet prospective 
employees and continue well into 
new employees’ careers as they be-
come assimilated within their new 
organizations. Industry research has 
shown that new employees who have 
consistent, welcoming experiences 
into their workplaces have greater 

productivity and longer careers with 
their companies. 

As new talent is hired that can posi-
tively impact an organization well 
into the future, it is important to have 
the following objectives in mind:

Create an optimistic environment for •	
new employees that will be long-lasting

Strive to help new talent feel welcomed •	
so they are able to excel with the other 
members of  the organization

Help accelerate the performances of  new •	
employees so they can work at their peak 
levels 

Create an optimistic environment 
New employees will perform well 
when they are satisfied with their 
work environments and are passion-
ate and knowledgeable about the 
company’s objectives before they 
even begin working. Since the on-
boarding process begins well before 
an employee’s first day of  employ-
ment, it is important for new em-
ployees to feel optimistic about their 
roles within the organization, as well 
as the organization’s culture, even 
during the first interview. In order to 
ease the onboarding process and cre-
ate optimistic environments, keep 
the following goals in mind: 

Provide job expectations to new talent•	

New talent should be provided with 
clear expectations of  their positions 
before they begin their employment 
to help them prepare for a long-term 
future with the organization. As a re-
sult, anxiety will decrease and new 
employees will have more positive 
attitudes.

Help new talent understand the value of  •	
their positions

By clearly describing the ways in 

which new employees’ positions will 
help the company exceed objec-
tives, new talent will feel that they 
are truly beneficial to the organiza-
tion. As new employees feel value, 
their optimistic attitudes and quality 
work will be witnessed by all team 
members.

Help new talent feel welcomed
So, how do you help new employees 
feel welcomed so they are prepared 
for their futures in an organization? 
Orientation processes should not 
only be insightful, but fun and inter-
esting as well. Post items such as ben-
efits forms, policies and procedures, 
and company perks on a company 
intranet so new employees can eas-
ily access information and feel more 
at ease in the organization sooner. 
Also, provide new employees with 
the items they will need for success. 
New computer software and office 
space will show the employee how 
much he or she is appreciated and 
respected. In the meantime, supply 
new employees with orientation in-

ONBOARDING: 
CREATE AN OPTIMISTIC 
AND WELCOMING WORK 
ENVIRONMENT 

“IT IS IMPORTANT 
FOR NEW EMPLOY-
EES TO FEEL OPTI-
MISTIC ABOUT THEIR 
ROLES WITHIN THE 
ORGANIZATION.”

formation that will be engaging and 
retainable. New staff  should be ex-
cited about the orientation process, 
not relieved once it is completed. By 
engaging new employees and help-
ing them feel welcomed and respect-
ed, their careers will have the proper 
starts that could lead to long-term 
commitments. 

While an insightful and entertaining 
orientation will help new employees 
feel comfortable, assimilation within 
the rest of  the organization will assist 
them as they become accustomed to 
their new roles within the company. 
In order to truly succeed as a team, 
all members must feel welcomed 
within that team. 

Accelerate new talent
Once new staff  has become accus-
tomed to the goals of  the organiza-
tion and familiar with the members 
of  the team, it is a manager’s respon-
sibility to ensure that new employees 
are accelerating through the transi-
tion periods of  their new job. In or-
der to help new employees perform 
to the best of  their abilities, they 
should be provided with resources 

and support before and after they be-
gin working in the organization. By 
following up with new talent, man-
agement will learn the positives and 
negatives of  their work experiences 
in order to find ways in which orien-
tation programs can improve so that 
future new employees’ experiences 
will be as satisfying as possible. 

By creating an optimistic environ-
ment for new talent, accommodating 
and assimilating them within orga-
nizations, and helping them acceler-
ate through the orientation period, 
managers can be confident knowing 
that their organizations’ atmosphere 
will be inviting for years to come. 
Remember, first impressions will al-
ways last. To maintain talent, apply 
onboarding plans before new em-
ployees even begin working. Their 
performance, as well as the perfor-
mance of  all team members, will be 
positively affected.   

Rich Pennock is vice president of  Kelly 
Scientific Resources, a leader in scientific 
staffing solutions. For more information, 
visit www.kellyscientific.com.
http://twitter.com/richpennock

“TO MAINTAIN TALENT, APPLY ONBOARD-
ING PLANS BEFORE NEW EMPLOYEES EVEN 
BEGIN WORKING.”

“NEW STAFF 
SHOULD BE EXCITED 
ABOUT THE ORIEN-
TATION PROCESS, 
NOT RELIEVED ONCE 
IT IS COMPLETED.”

Speed, Performance, Value 

Adam PW analytical top loading balances 
offer a wide range of weighing modes for 
both simple and complex applications. 

Designed to make your job easier, 
these balances feature a large backlit 
display with a capacity tracker, multiple 
communication capabilities, and many        
other smart functions. 

Adam has been producing balances and 
scales for science professionals across 
the globe for thirty five years.

With products that give you the accuracy 
and reliability that you need, balanced 
with features that you want – Choose 
Adam for the Perfect Balance.

For more information call or visit
www.adamequipment.com today.

Adam Equipment, Inc. 
26 Commerce Drive
Danbury CT 06810

Tel. 203 790 4774 | 203 792 3406
sales@adamequipment.com

For more information call or visit
www.adamequipment.com today.www.adamequipment.com today.

http://www.labmanager.com
http://www.adamequipment.com


22 Lab Manager    September 2009 labmanager.com 23September 2009      Lab Manager

TECHNOLOGY & OPERATIONS  

CRYOPRESERVATION

TECHNOLOGY & OPERATIONS 

THE GREENER OPTION by Ken Vanoster

“CONTROLLED-RATE FREEZING BE-
FORE LONG-TERM SAMPLE STOR-
AGE IS A VITAL STEP IN THE CRYO-
PRESERVATION PROCEDURE.”

The cooling and subsequent storage of  frozen cells is a 
vital step in providing a continuous source of  tissue and 
genetically stable living cells for procedures such as bone 
marrow transplant, IVF, and organ donation. Cryo-
preservation works by inhibiting all biochemical activ-
ity, including apoptotic chemical reactions, to prevent 
any damaging cell deterioration. Various cell types can 
therefore be effectively preserved, although cell damage 
during the freezing process must also be minimized in 
order to maintain viability upon thawing.

As a major component of  all living cells, water must be 
present for most chemical reactions to occur effectively. 
Consequently, the extent of  freezing damage is extreme-
ly dependent upon the amount of  free water within 
the living cells. During freezing, cellular metabolism 
is halted and, as ice forms in the extracellular environ-
ment, an osmotic imbalance is created, causing water to 
move out of  the cell. As a result, cellular dehydration 
and shrinkage can occur. There are a number of  ways 
in which these detrimental effects can be minimized, 
such as effectively using cryoprotective agents, using an 
appropriate controlled-rate freezer to control the cooling 
rate, maintaining an appropriate storage temperature, 
and controlling the thawing rate.

Maintaining cell viability
Cryoprotective agents, such as glycerol or dimethyl 

sulphoxide (DMSO), can be used to prevent the forma-
tion of  ice both within the cell and in the extracellular 
environment. These agents protect slowly frozen cells 
via a range of  different mechanisms. These include sup-
pressing high salt concentrations to reduce cell shrink-
age at a given temperature, reducing the fraction of  the 
solution frozen, and minimizing intracellular ice forma-
tion. There are two types of  cryoprotectants available, 
one that acts intracellularly and one that acts extracel-
lularly. Intracellular cryoprotectants permeate the cell 

membrane to effectively minimize cell damage, whereas 
extracellular cryoprotectants work by inducing vitrifica-
tion (the solidification of  water due to increased viscos-
ity rather than crystallization), which does not have the 
same biologically damaging effects as freezing.

Controlled-rate freezing before long-term sample 
storage is a vital step in the cryopreservation procedure, 
since the rate at which cells are cooled has an extremely 
significant influence on cell survival. A uniform cool-
ing rate, ideally of  1°C per minute, needs to be imple-
mented in order to minimize the associated risks of  
thermal shock. Once nucleation (the initial formation of  
ice crystals) has occurred, the state of  the sample shifts 
from a liquid to a crystalline phase. However, as freezing 
is an exothermic reaction, heat (the latent heat of  fusion) 
emitted during ice formation must be released away from 
the materials being frozen. Controlled-rate freezers can 
provide a temperature compensation for the latent heat 
of  fusion, enabling the user to initiate nucleation at a 
given temperature for uniform freezing. Ice formation in 
slowly cooled systems is usually initiated in the extracel-
lular solution, causing the solute concentration outside 
of  the cell to increase. This results in cell shrinkage due 
to osmosis. Optimal slow cooling conditions are defined 
by the cooling rate that permits some cell shrinkage 
without significant amounts of  intracellular ice being 
formed, resulting in maintained cell viability.

Providing an optimized environment
Systems for long-term storage of  frozen cells provide 

a stable, low-temperature environment to optimize the 
life span of  the samples. Typically, lower storage tem-
peratures enable a longer viable storage period. Most 
cells need to be maintained at temperatures of  –130°C or 
below in order to completely halt the chemical reactions 
responsible for cellular degradation. Initiation of  this 
process (formation of  cellular fractures) depends on the 
interaction of  several factors, including the mechanical 
properties of  the samples, solute concentration, tem-
perature gradients, overall temperature, and the rate of  
temperature change. As such, providing an optimized en-
vironment to prevent apoptotic processes and subsequent 
cell damage from occurring is extremely important.

Cryopreservation is an extremely complex procedure 
with many variables that need to remain under strict reg-
ulation. The lengthy process of  slow-rate freezing and 
the subsequent long-term storage of  these valuable cells 
can often be costly, consuming large amounts of  energy 
to accurately maintain such low temperatures. There-
fore, implementing the use of  equipment that consumes 
minimal energy without emitting any waste products, 
such as noise or heat, to the surrounding environment 
provides the user with cost-effective and environmen-
tally friendly cryopreservation.  

The types of equipment available
Precious frozen cells can be stored in one of  two types 

of  equipment: a mechanical freezer or a liquid nitro-
gen dewar. Traditional laboratory freezers are unable 
to attain temperatures low enough for cryopreserva-
tion, so the auto-cascade freezer was developed. The 
auto-cascade freezer is a unique refrigeration system 
that employs an orbital compressor and multiple mixed 
refrigerants to effectively remove heat from the cham-
ber. These mechanical freezers for cryopreservation are 
powered, like conventional laboratory freezers, from the 

supplied electricity to maintain a uniform temperature 
throughout the chamber. However, they often have a 
large footprint and will therefore occupy a significant 
amount of  space within the laboratory. Furthermore, au-
to-cascade freezers are in constant use over long periods 
of  time, so associated electricity costs can easily mount 
up. These high costs are often not accounted for in initial 
budgets, and the constant use of  auto-cascade freezers, 
which also create waste heat and noise pollution, is not 
environmentally friendly. In contrast, liquid nitrogen 
can maintain equally low temperatures independent of  
electricity. At atmospheric pressures, liquid nitrogen is a 
naturally cryogenic fluid that can cause rapid freezing of  
living tissue. Therefore, it can maintain low temperatures 
based on the naturally occurring properties of  a lique-
fied atmospheric gas. 

‘Going green’ with liquid nitrogen
The use of  liquid nitrogen is an effective long-term 

method for storing viable samples while maximizing 
energy efficiency and providing an environmentally 
friendly approach to cryopreservation. This innovative 
freezing method ensures that cells remain viable, and 
indefinite storage is possible.

As “green” methods of  cryopreservation, both liquid 
and vapor phase liquid nitrogen dewars do not consume 
excessive amounts of  electricity. Unlike mechanical 
freezers, which need a constant supply, these storage 
dewars use only 0.8 amps of  energy every two to three 
days to support features such as auto-filling, monitoring 
and alarms. With the ability to consume so little energy, 
liquid nitrogen dewars employ a highly cost-effective 
and economical method of  low-temperature storage, 
minimizing the unnecessary use of  electricity. These 
systems can therefore operate for long periods of  time 
with virtually no deleterious environmental effects, such 
as the production of  ozone. A combination of  small size 
and zero heat or noise pollution makes them suitable for 
convenient placement under the laboratory bench; this 
enables researchers to easily carry out any maintenance 
and complete quick and effective checks on temperature 
or liquid nitrogen levels. 

Liquid nitrogen storage can occur in either the liquid or 
vapor phase, each with different associated costs and benefits.

Liquid Phase
Liquid phase storage accurately maintains a uniform 

temperature of  –196°C. The dewar is filled with liquid 

“TRADITIONAL LABORATORY 
FREEZERS ARE UNABLE TO AT-
TAIN TEMPERATURES LOW 
ENOUGH FOR CRYOPRESERVA-
TION, SO THE AUTO-CASCADE 
FREEZER WAS DEVELOPED.”

Thermo Scientific CryoMed controlled-rate freezers can be tai-
lored to specific protocols, including those for stem cells and cord blood.
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nitrogen, into which the inventory racks are submerged. 
The cells are contained in cryovials, so that they do not 
come into direct contact with the liquid nitrogen itself, 
minimizing the risk of  cellular fractures while still ben-
efiting from its extreme cooling effects. However, there 
is always the minute possibility that these vials may leak 
and allow liquid nitrogen to enter the package, bringing 
with it a range of  potential contaminants. 

Vapor Phase
In contrast, vapor phase storage eliminates the possible 

contamination issues associated with liquid phase storage. 
This is due to the fact that the samples are not submerged 
in the liquid nitrogen but instead benefit from the cooling 
effects of  the nitrogen vapors. However, using the vapor 
phase to maintain low temperatures can often result in a 
temperature gradient, which needs to be closely moni-
tored. The temperature throughout the chamber must be 

kept below –130°C to ensure that all metabolic activity 
remains arrested. Maintaining a raised liquid level or 
adding a conductive liner material such as aluminum 
will significantly minimize this gradient. Also, filling the 
dewar with the maximum number of  racks and using a 
temperature or liquid level monitoring device will reduce 
fluctuations within the storage chamber.

Since liquid nitrogen dewars do not require electricity 
to maintain low temperatures, users have the added as-
surance that even during situations out of  their control, 
such as a power failure, temperatures will be maintained 
and no precious samples will be damaged in an unsched-
uled thawing. 

Thawing
The thawing process, much like the freezing process, 

must be closely monitored to ensure that cell viability 
is maintained. In most cryopreservation procedures, the 
cooling rate is optimized for rapid rewarming, and in these 
circumstances slow rewarming can reduce survival rates. 
However, for some cells, such as mammalian embryos, 
slow warming is essential for survival. During freezing, 
cells can become heavily loaded with solutes, resulting 
in osmotic lysis upon thawing. Slow rewarming allows 
sufficient time for cell rehydration and a gradual loss of  
accumulated solutes, to minimize the risk of  such lysis.

Conclusion
Today’s need to minimize carbon emissions and 

reduce ozone damage means it is important to ensure 
that any laboratory is as environmentally friendly as 
possible. Therefore, providing equipment for long-term 
low-temperature storage that requires minimal energy 
without emitting any noise or heat pollution enables 
researchers to concentrate on the complexities of  the 
freezing process with the knowledge that their cryogenic 
experiments are extremely environmentally friendly. 
Liquid nitrogen dewars enable convenient in-lab place-
ment with no noise or heat pollution. Furthermore, they 
maintain low temperatures for very long storage peri-
ods without consuming electricity. This cost-effective 
method not only saves on laboratory resource, but also is 
extremely friendly to the environment.  

Ken Vanoster, Marketing Product Specialist, Cold Storage 
Products, Thermo Fisher Scientific, can be reached at ken.vanos-
ter@thermofisher.com or by phone at 740-374-1814.

Locator Plus cryogenic storage includes indexed rack and boxed 
systems for quick and efficient sample retrieval.
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PROTECTING 
YOUR GASSETS

TECHNOLOGY & OPERATIONS 

A PROPER GAS SAMPLING AND CONTROL SYSTEM IS ESSENTIAL TO SAFE AND EFFICIENT  
GAS DELIVERY by Larry Gallagher

A discussion on selecting appropriate pressure and flow 
control devices would be incomplete without covering 
the requirements pertaining to a variety of  chemical 
process and quality control applications. These applica-
tions generally require delivering the process, calibra-
tion, or instrument support gas at specific pressures and 

flow rates in as unaltered a condition as possible. In order 
to do this, the diameter of  the piping must be sized 
appropriately. For any piping system under actual flow 
conditions, there will be a pressure drop from the inlet or 
starting point of  the system to the farthest point in the 
system. This pressure drop is dependent on the flow rate 
of  the gas and the distance to the farthest point. In gen-
eral a pressure drop of  no more than 10 percent of  the 
inlet pressure is acceptable. Table 1 gives the maximum 
flow rate of  nitrogen possible with a 10 percent or 5 
percent pressure drop per 100 feet of  the pipe size listed 
for inlet pressures from 5 to 250 psig. 

Table 1.  Maximum flow rate of  nitrogen possible with a 10 
percent or 5 percent pressure drop per 100 feet of  the pipe size 
listed for inlet pressures from 5 to 250 psig. Using a conversion 
factor provides data for specific gases.

To convert this table to the specific gas used, you must 
use a conversion factor that is based on the difference 
between the specific gravity of  nitrogen and the spe-
cific gas. A good general factor to use is the ratio of  the 
square roots of  their specific gravities: 

√nitrogen / √specific gas = factor

Let’s consider what the conversion factor would be for 
helium. For helium: √0.967 (nitrogen)/ √0.138 (helium) 
= 0.983/0.371= 2.649 or 2.65; therefore you can flow 2.65 
times as much helium under the same circumstances as 
you can nitrogen. This, however, doesn’t give the entire 
picture. The source must also be able to flow at this rate 
based on delivery pressure and inlet pressure. Some 
gases are delivered in pipelines direct from a process 
source, while some gases are supplied in high-pressure 
cylinders or from portable or permanent cryogenic tanks. 
The source pressure can be reduced to the piping inlet 
pressure using either a simple single-pressure control 
device, as pictured in Figure 1, or a computer-controlled 
system that has a primary and backup supply source may 
be used, as pictured in Figure 2.

Figure 1 and Figure 2.  A simple single-pressure control device 
or a computer-controlled system with a primary and backup sup-
ply source can be used to reduce pressure to the piping inlet.

Whatever this primary pressure 
control device is, it must be able to 
accommodate the required flow at the 
required pressure. This source and the 
pipeline itself  should be sized with an 
adequate but affordable safety factor to 
allow for peak uses and future growth. 
It is not unusual to apply a safety fac-
tor of  2 times the current anticipated 
flow and anywhere between 1.2 and 
2 times the required pressures. This 
ensures that any future additions or 
changes in process requirements don’t 
leave the facility having to install a 
totally new piping system.

When a pipeline has more than one use point, the flow 
should be calculated based on the total flow of  all use 
points in the system. Using the basis that the total flow 
would occur at the farthest use point from the inlet, you 
can ensure that each point won’t be starved for flow. An-
other way to compensate for differing flow rates at differ-
ent use points is to run the entire pipeline in a loop, thus 
ensuring that no one point is any farther from supply than 
any other point. For large piping systems made with ex-
otic materials this can be cost prohibitive, but for smaller 
systems or critical-use processes this can be the difference 
between a system that works and one that doesn’t.

Another point to consider is that there are some safety 
or supply limitations for specific gases. With acetylene, 
the pipeline pressure cannot exceed 15 psig, as when 
acetylene is accidentally released at pressures over 30 
psig it can spontaneously ignite in air. Certain gases that 
come from liquefied or cryogenic sources are limited in 
their maximum flow capability because the liquefied gas 
must vaporize in or external to the cylinder. In the cases 
of  carbon dioxide, ammonia, chlorine, or liquid hydro-
carbons like propane, the bulk of  the product is actually 
in the source tank or cylinder in a liquid form, and the 
use valve withdraws gas from the vapor phase. This gas 
must be replaced by vaporizing liquid, which is a physi-
cal state change. When this occurs the liquid actually 
loses heat, making additional vaporization more difficult.

Make sure that the bulk supply for these types of  gases 
is appropriately sized either by number of  cylinders 
or by the size of  both the bulk tank and any external 
vaporizing device. An example of  the limitation of  the 
withdrawal rate for propane based on cylinder tempera-
ture and maximum flow from a 100 lb cylinder is listed 
in Table 2.

One gas that typically isn’t recognized as needing spe-
cial care is oxygen. At concentrations above 23 percent, 
however, oxygen can be extremely hazardous, and the 
piping materials must be chosen and installations under-
taken with extreme respect, since even a small amount 
of  a contaminant that would not ignite in air will burn 
or virtually explode when exposed to an oxygen-rich 
atmosphere. Therefore, all oxygen piping systems and 
their components must be certified to be cleaned and 
installed as suitable for “oxygen service.” Many facili-
ties require that piping systems that carry high-pressure 
oxygen (pressures above 300 psig) must be made of  
Monel®, which is highly resistant to promoted ignition in 
pure oxygen. For lower-pressure systems that do not re-
quire high-purity components, copper pipe that is silver 
brazed is typically used. In comparison, copper should 
never be used for an acetylene piping system because the 
acetylene will react with the copper and form hazardous, 
explosive compounds.

In instances where the purpose of  the pipeline is to 
sample a process for composition or purity, the sample 
required is usually very small. For this type of  piping, 
the pipe should be as small as possible. It is not unusual 
for it to be 1/8” OD or smaller. It should also be limited 
in length from the sample valve to the analyzer, with 
pressure or flow control devices that are also minimal 
in internal volumes. This ensures that the sample is as 
consistent with real time as possible.

“WHEN A PIPELINE HAS MORE 
THAN ONE USE POINT, THE FLOW 
SHOULD BE CALCULATED BASED 
ON THE TOTAL FLOW OF ALL USE 
POINTS IN THE SYSTEM.”

“ONE GAS THAT TYPICALLY ISN’T 
RECOGNIZED AS NEEDING  
SPECIAL CARE IS OXYGEN.” 

Table 2. Withdrawal rate for propane based on cylinder tem-
perature and maximum flow from a 100 lb cylinder.
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When it comes to drawing gas samples, the source 
pressure and required inlet pressure of  the analyzer 
need to be considered along with the required sample 
size or rate. For analytical processes, the sample needs to 
be delivered in a gaseous state or at a certain tempera-
ture. To do this for samples that are in liquid phase or 
that have condensable components, a vaporizing pressure 
regulator similar to those shown in Figure 3 and Figure 4 
is normally used.

Figure 3 and Figure 4. Series 452 and 453 vaporizing pres-
sure regulators are used for delivering samples in a gaseous state 
that are in a liquid phase or have condensable components.

Now that we have looked at most sizing consider-
ations, it is time to consider materials. When it comes to 
piping materials, today’s facilities designers or managers 
have more options than ever. New corrosion-resistant 
alloys like Hastelloy® C-22 have greatly improved the 
service life of  process lines in corrosive service. Im-
provements in welding processes, joining techniques, and 
fittings have reduced the labor burden and maintenance 
on many types of  installations while improving leak 
integrity and purity. 

(For information on how to select the appropriate material for your 
piping system, go to www.labmanager.com/articles.asp?ID=324.)

Certain gases require that special processes be imple-
mented to make the process piping suitable. An example 

of  this is piping intended for fluorine, fluorine mixtures, 
or certain fluorine compounds such as HF. In addition 
to selecting high-nickel alloys like Monel®, or for some 
components pure nickel, it is essential to ensure that all 
the components and the piping be “passivated” for fluo-
rine service. This process involves slowly increasing the 
concentration of  fluorine in the system until the internal 
surface reaction sites of  the piping and its components 
have a metal fluoride layer that prevents further reac-
tion with fluorine. Any time a modification or addition is 
made to these systems, no matter how minor, this process 
must be repeated.

Another process that can be valuable to the integrity 
of  highly reactive samples, such as multiple-component 
reduced sulfur samples, is “glass coating,” Silcosteel®, 
or Siltec®/Sulfinert®, an amorphous silicon deposition 
process. This process imparts in the inertness and cor-
rosion resistance of  glass to the material treated. There 
are some limitations with regard to the substrate mate-
rial, but it is suitable for most stainless steels, 316L being 
the most widely treated material. Other than tubing, this 
process can be performed on various other components, 
including valves and pressure control regulators.

The last thing to consider with regard to compatibility 
of  the piping system is pressure. The maximum allow-
able working pressure of  the material selected should 
be sufficiently greater than the maximum expected 
operating pressure, with a reasonable safety factor of  
20 percent as a minimum and 200 percent as a desired 
target. With most wall thicknesses of  300 series stainless 
steels, their working pressure ratings can be as high as 
6,000 psig; however, with copper the typical installation 
is limited to 250 psig.

Now that we have considered the size and materials to 
be used, the last main issue is installation. When it comes 
to installation, only qualified, certified professionals 
should be employed or contracted. The procedures and 
testing that are required to install and certify a high-
purity or hazardous process line are quite specialized. 
Where practical, compression-type tube fittings make 
an installation quick and eliminate the need to purge 

the piping during installation. However, for higher leak 
integrity, welded connections are sometimes used. Spe-
cial care and purging of  the piping must be done during 
any welding or brazing operation to prevent oxide and 
contaminant formation inside the piping. Nitrogen is 
typically the purge gas when brazing copper lines, while 
high-purity argon is required not only to shield the weld 
area but also to continuously purge the interior of  the 
piping until the weld area has cooled. Once installed, the 
system should be thoroughly leak tested, ideally with 
a helium leak detector. Failure to install and test the 
system properly can result in extensive additional costs 
or damage to valuable instrumentation. 

Following these simple guidelines and general consid-
erations should result in a system that is delivered under 
budget, that is safe, and that provides extended service 
life, delivering high purity and consistent process results.

Larry Gallagher is Specialty Gas Products manager for CON-
COA, Virginia Beach, VA. He can be reached at lgallagher@
concoa.com or by phone at 800-225-0473. 

Notes:
Monel® is a registered trademark of  Specialty Metals 
Corporation.

Hastelloy® is a registered trademark of  Haynes Interna-
tional, Inc.

Silcosteel® and SiltecR/Sulfinert® are registered trade-
marks of  Restek Corporation.

“WHEN IT COMES TO INSTALLA-
TION, ONLY QUALIFIED, CERTI-
FIED PROFESSIONALS SHOULD BE 
EMPLOYED OR CONTRACTED.”

“WHEN IT COMES TO PIPING 
MATERIALS, TODAY’S FACILITIES 
DESIGNERS OR MANAGERS HAVE 
MORE OPTIONS THAN EVER.” 

Together, we can 
improve lab safety 
and eliminate  
cylinder handling 
problems.

1-800-343-4048
www.labgasgenerators.com

Gas Generators for:
LC-MS, ELSD, FT-IR, NMR, ICP-OES, TGA/DSC, Sample Evaporators, GC-FID, FPD, NPD, ECD, 
HALL, TCD, MSD, Hydrogenation Reactors, Fuel Gases, Capillary Carrier Gases, ICP Collision 
Gas, Fuel Cell Research, Chemiluminescent Detectors, Emissions Monitoring Equipment,  
AA Spectrometer, and Spectrophotometer.

http://www.labmanager.com
http://www.labgasgenerators.com
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THINKING LEAN
While it might sound like some sort of  fad diet, “lean” in 
the context of  business improvement refers to a spe-
cific methodology that originated in the Japanese motor 
industry toward the end of  the 1980s. Over the decades, 
this lean philosophy has been successfully adopted by 
many companies across a broad spectrum of  industries 
and, more recently, lean thinking has filtered into labora-
tories. The focus of  a lean laboratory is to test samples in 
the most efficient way possible in terms of  cost, or speed, 
or both. Although most of  the key principles of  lean 
apply in labs, the specific challenges facing laboratories 
require significant adaptation of  standard lean tools.

Laboratories are typically faced with more volatility 
and variation in the type and volume of  work they are 
required to perform than are manufacturing operations. 
The life science industry is faced with the additional 
layer of  GMP and GLP complexity. In this context, at-
tention to efficiency and productivity is often secondary. 
However, there is in fact no inherent conflict between 
efficiency and compliance. Lean processes in a laboratory 
achieve regulatory compliance in the most efficient and 
productive manner possible. A lean lab welcomes auditors 
and delights in the opportunity to showcase its process 
improvements along with its capacity to satisfy not just 
regulators, but customers (internal and external) too.

The factors affecting laboratory performance
Performance in today’s laboratories tends to be nega-

tively affected by a number of  issues. These include:

•	 Volatile	incoming	workload

Most labs experience a volatile incoming workload, 
with significant peaks and troughs. This results in low 
productivity during troughs and/or poor lead-time 
performance during peaks. Understanding labora-
tory capacity and resource requirements and leveling 
workloads in a meaningful way is the crux of  “lean-

ing” a laboratory. The surest way to fail is to put more 
work into the lab than it can handle!

•	 Too	much	WIP	(Work	in	Progress)

Samples do not “flow.” While laboratory analysts may 
progress speedily through testing, haphazard sched-
uling resulting from cross-training deficiencies and 
instrument conflicts means that, at a given time, many 
samples are partially tested but few are fully com-
pleted. Lean in the laboratory means performing the 
right test at the right time in order to minimize WIP.

•	 Long	and	variable	lead	times

In an attempt to be more productive, many labora-
tories build up queues of  samples for tests with long 
set-up times (e.g., HPLC or GC). While some group-
ing of  samples is a good idea, this is usually overdone 
and needs to be controlled in order to avoid long and 
variable lead times, equipment conflicts, and imbal-
ance in daily analyst workloads.

•	 Ineffective	fast-track	systems

Labs often attempt to address the unpredictability 
associated with long and variable lead times by de-
veloping a fast-track system to allow urgent samples 
to be dealt with separately. Typically, however, the 
proportion of  fast-track samples increases over time, 
to the point of  being unmanageable. In designing a 
lean solution, laboratories can increase the velocity 
of  every sample, eliminating the need to prioritize. 
This may sound impossible, but it can and should be 
done. If  it is done correctly, the amount of  analyst 
effort required per sample does not change; samples 
simply spend less time in queues. 

•	 Lack	of 	cross-skilling

Training gaps are sometimes attributed to high ana-
lyst turnover; however, lack of  cross-skilling is often 
as much of  an issue in laboratories with low turnover 
where staff  members have become subject matter 
experts and are de facto dedicated to specific tests or 
activities. Labs tend to operate at extreme ends of  a 
spectrum, whereby they are either mimicking Henry 
Ford–style mass production, with analysts repetitively 

AN INTRODUCTION TO LEAN IN THE LABORATORY  By Tom Reynolds

“THE SUREST WAY TO FAIL IS TO 
PUT MORE WORK INTO THE LAB 
THAN IT CAN HANDLE!”                                       

carrying out the same tasks 
day in, day out, or they are 
like “craft producers,” taking a 
sample through its full testing 
schedule whether it is produc-
tive to do so or not. In most 
cases, the optimum resourc-
ing will be in the middle, 
with each analyst having the 
capability of  doing all of  
the testing, but carrying out 
defined combinations of  tests 
that use their time well and 
reproducibly meet demand in 
the most productive way.

•	 Muda,	Mura,	Muri:	Lean	laboratory	pitfalls

The focus of  many lean laboratory projects is almost 
totally on waste reduction (or Muda, to give it its 
Japanese name). Significant time is spent on value-
stream mapping to highlight new “wastes” to work on; 
while some improvements are made, these are often 
not converted into meaningful overall performance 
improvement. 

This is no surprise; waste is easy to see and understand 
whereas the more challenging wastes of  “Mura”—the 
waste of  unevenness (volatile workloads) and “Muri”—
the waste of  overburden (imbalance in daily analyst 
workloads) are often ignored. These are more difficult to 
understand, but effective dealings with them will deliver 
significantly greater productivity improvement than will 
tackling waste alone; indeed, this will provide a context 
in which the benefits of  waste reduction can be “spent.” 

The recipe for success
The most successful lean laboratory projects tackle 

the “leveling” and “standard work” aspects first. The best 
foundation for a lean laboratory is analysis of  historical 
data and forecasts, in order to understand the leveled de-
mand rate of  testing and resourcing so as to adequately 

meet this leveled demand rate. Successful leveling of  a 
volatile load and mix will significantly improve produc-
tivity and/or lead time. The productivity improvement 
can be used to provide additional capacity or converted 
into a cost reduction.

Four Key Components
Level the load and mix into the Lab using a leveling ‘Q’ or 1. 
other Heijunka device.
Apply ‘Pacemaker’ scheduling to the 1st process step down-2. 
stream from the Heijunkja.
Create Standard Work and analyst’s roles that ensures FIFO 3. 
after the Pacemaker (i.e. once a sample is launched into the 
Lab do not let it stop or ‘Q’ again).
Short interval performance management (i.e. review perfor-4. 
mance daily and correct if  necessary). 

Routine testing can be leveled via “rhythm wheels” or “trains,” 
depending on the volatility of  the laboratory in question.

A rhythm wheel is a repeating cycle of  tests with fixed 
quantities of  sample per test. 

The number of  samples to be tested is calculated to 
meet the leveled demand rate, and every test is carried out at a 

“THE MOST SUCCESSFUL LEAN  
LABORATORY PROJECTS TACKLE  
THE LEVELING AND STANDARD 
WORK ASPECTS FIRST.”

“LEAN IN THE LABORATORY 
MEANS PERFORMING THE RIGHT 
TEST AT THE RIGHT TIME IN  
ORDER TO MINIMIZE WIP.”

Leveling in action: Using pacemaker scheduling to level a 
volatile workload

http://www.labmanager.com


labmanager.com

LAB DESIGN & FURNISHINGS 

defined interval. This type of  solution is best where incoming 
volatility is low and sample volume is high.

When volatility is high and sample volume low, a train’s 
solution is employed. This involves defining a pattern of  tests 
to optimize the throughput time of  a group of  samples, with a 
leveling queue being used to allow samples to build up before 
being moved very quickly through the sequence of  testing. 

Due to the complex mix of  samples and tests, laboratories 
are often required to construct creative hybrids of  rhythm 
wheels and trains to configure a best-fit solution. 

When the optimal testing sequences have been defined, stan-
dard work roles ensure that analysts execute their tasks in the 
same order, with the same number of  samples on the defined 
days to reproducibly meet the demand rate.

With the mura and muri under control, muda can be ad-
dressed to further enhance the solution. Laboratories have 
great scope for waste elimination, starting with the housekeep-
ing aspect via 5S and moving on to improvements in training 
systems (to increase the velocity with which a new analyst 
becomes fully productive) and documentation (via lean test 
documentation and “Excellent SOPs”).

The lean journey
The design of  the new lean lab process is only the first part 

of  the journey. A clean, easy transfer from the existing process 
to the new one is not always possible or practical (manufactur-
ing must not be impeded), and operation of  a dual system (for 
a period of  time) may be necessary. Focused management is 
required to ensure that the old system is phased out without 
impacting manufacturing.

The temptation to revert to old habits at the first hurdle…and 
the second…and the third…must be avoided. Tenacity is required, 
as well as frequent communication about the benefits of  change. 

It is important for all concerned to realize that lean in the 
laboratory is about more than a one-off  project. The motiva-
tion to continually improve how the new process works must 
be maintained and performance must be managed and moni-
tored using appropriate KPIs (key performance indicators). 

The results
Depending on the focus of  the lean initiative, results will be 

seen in productivity improvement or increased testing speed—
but often results will be seen in both areas. 

Measurable improvements based on recent lean projects

These measurable improvements (from laboratories that 
have recently completed lean projects) demonstrate what can 
be achieved.

Lab work is not the same as manufacturing, but lean thinking 
can and should be applied in the laboratory environment.

BSM is a leading life science “Lean and Operational Excellence”  
consulting company with offices in the United States, Ireland and the 
United Kingdom. Visit www.bsm-usa.com to learn more.

Tom Reynolds, BSM Operations Practice Director, can be reached at 
tom.reynolds@bsm-usa.com.

To order :  714-578-6000
Fax: 714-578-6020

Low-Cost Solutions for High-Tech Industries

Complex System Integration 
(shown: anaerobic test chanber)

Hundreds of standard enclosures

Mix and match standard process controls for

Gloveboxes

Economical plastic 
chambers start at $819

GBX_4_blue_0509_LM.indd   1 4/13/09   9:44:41 AM
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Product Focus: LABORATORY PIPETTES

MULTIPLE OPTIONS FOR 
MANUAL FLUID SAMPLE 
DELIVERYby Angelo DePalma

Pipettes are familiar to any lab worker who needs to 
transfer small quantities of  liquid. Research and de-
velopment labs in the chemicals, foods, materials, and 
paints industries use pipettes routinely, but the life 
sciences arguably consume the largest volume of  pi-
pettes and related supplies.

Pipettes come in many varieties, and most feature 
plastic disposable tips. Note that syringes serve many 
of  the functions of  pipettes but tend to be less ac-
curate. Syringes typically are used in situations where 
the liquid must be delivered to a closed or sealed sys-
tem, such as a reaction vessel or chromatograph.

While pipettes are handheld, their delivery mecha-
nism may be manual or electronic. Manual delivery 
refers to the operator’s thumb depressing or releasing 
a piston to deliver or withdraw liquid. Electronic pi-
pettes still require the user to activate withdrawal and 
dispensing, but the work is done by an electric motor.

Pipettes are sold in two basic formats: fixed volume, 
which always dispenses the same quantity of  fluid, 
and adjustable volume, which delivers a range of  
volumes. Adjustable pipettes are accurate from about 
10 percent up to 100 percent of  the volume range. 
Single-channel pipettes use one tip at a time, whereas 
multichannel devices hold multiple tips for simulta-
neously delivering fluids to multiple locations. Biolo-
gists who work with microtiter plates, immunoassays 
or polymerase chain reaction probably will be inter-
ested in multichannel pipettes.

“The big advantage of  electronic pipettes is ergonom-
ics,” says Jason March, marketing director at Hamil-
ton (Reno, Nev.). “They also allow you to do more; for 
example, filling the tip once and dispensing multiple 

times.” Those researchers who use pipettes occasion-
ally or who switch volumes often probably are better 
off  with a manual pipette, he advises.

Ergonomics is a huge issue in pipetting. Most ven-
dors, including Hamilton, Mettler Toledo (Colum-
bus, Ohio), VistaLab (Mt. Kisco, N.Y.), Cole-Parmer 
(Vernon Hills, Ill.), and BrandTech Scientific (Essex, 
Conn.), manufacture ergonomic pipettes. “There’s no 
denying that excessive repetitive motion can be bad 
for you, be it in pipetting, typing or other tasks,” notes 
Akbar Anwari, marketing manager at BrandTech.

Pipette manufacturers have tried to minimize the 
forces used in single-channel pipettes in a number of  
ways, as Mr. Anwari explained.

Reduction of  static strain by reducing the pipette’s 
weight and redesigning the device so it drapes over 
the operator’s hand instead of  being held are two fixes. 
BrandTech has achieved these through its Transfer-
pette pipette line, for example.

Another technique is to reduce the force required to 
draw liquids. Most pipettes use “softer” springs or a 
shorter stroke length to reduce these forces. Anwari 
claims that the Transferpette line “harnesses the pow-
er of  the muscles used to move the thumb.”

Tip ejection forces tend to be the largest forces used 
on pipettes, especially multichannel pipettes, where 
tips are ejected eight or 12 at a time. Ergonomic strat-
egies based on lessening these forces reduce the spring 
tension or involve redesigns that minimize contact 
between the tip and the tip cone. “But if  there’s too 
little contact, the tip either will not seal properly or 
will not sit straight on the tip cone.” Manufacturers 

For more information on lab products, please visit www.labmanager.com and click on Lab Product News.  There you will find more lab products and a complete list of suppliers.

have attempted to solve this problem by introducing 
O-rings or V-rings to reduce the forces required to 
obtain a good seal but that allow the tip to be ejected 
more easily. Another innovation for multichannel pi-
pettes involves ejecting tips two at a time rather than 
eight or 12 at a time.

Mr. Anwari also believes that non–ergonomic design 
features can make pipettes easier to use. For example, 
positioning the display so it is not covered by the hand 
during use reduces the need to shift the instrument to 
verify volume settings. Another feature is the ability 
to adjust the volume with one hand without shifting 
the device.

Accuracy and precision are the two major factors that 
play into pipette purchases, says Mark Dostalek, mar-
keting communications manager for Gilson (Mid-
dleton, Wis.). “Customers have to know that they’re 
aliquoting the right volume.” Like other laboratory 

devices, pipettes must be calibrated and validated for 
the type of  work they do, particularly in regulated in-
dustries. Pharmaceutical and biotech work, for exam-
ple, is done under Good Laboratory Practices (GLP), 
which is a regulatory designation. Many end users today 
choose motorized electronic pipettes for GLP work. 
The devices record volumes and number of  cycles and 
even can provide out-of-specification warnings.

“Plus, once you introduce a motor, you can do things 
like mixing within the tip, reverse-pipetting, and in-
terfacing with a computer to track data and calibra-
tion intervals and perform advanced maintenance.”

Angelo DePalma holds a Ph.D. in organic chemistry and has 
worked in the pharmaceutical industry. A full-time freelance 
writer for more than 20 years, Angelo has written nearly 2,000 
trade-magazine articles on pharmaceuticals, biotechnology, 
materials and supporting industries. You can reach him at 
angelo@adepalma.com.

“THE LIFE SCIENCES ARGUABLY 
CONSUME THE LARGEST 
VOLUME OF PIPETTES AND 
RELATED SUPPLIES.”                                    

“PIPETTE MANUFACTURERS 
HAVE TRIED TO MINIMIZE 
THE FORCES USED IN SINGLE-
CHANNEL PIPETTES IN A 
NUMBER OF WAYS.”                                   

PIPETTE MANUFACTURERS
American Master*Tech Scientific Lodi CA 800-860-4073 www.americanmastertech.com 

Biohit Neptune  NJ 732-922-4900  www.biohit.com

BrandTech Scientific  Essex  CT   860-767-2562  www.brandtech.com 

Crystalgen Plainview NY 516-293-1468  www.crystalgen.com

DragonMed  Berlin  CT  860-977-3588  www.dragon-med.com  

Drummond Scientific  Broomall PA 800-523-7480 www.drummondsci.com

 

 

Eppendorf North America  Westbury NY 800-645-3050 www.eppendorf.com

Gilson Inc Middleton WI 800-445-7661 www.pipetman.com

Hamilton  Reno  NV 800-648-5950  www.hamiltoncompany.com/Pipettes 

Heathrow Scientific Vernon Hills IL 800-741-4597 www.heathrowscientific.com

Jencons Scientific  Bridgeville PA 800-846-9959 www.jenconsusa.com

Labnet International Woodbridge NJ 888-522-6381 www.labnetlink.com

Nichiryo America Maryland Heights MO 877-548-6667  www.nichiryo.com

Rainin Instrument Company Oakland CA 510-564-1600 www.rainin.com 

Rice Lake Precision Solutions Rice Lake WI 715-234-3494  www.precisionsolutions.com

Socorex Isba S.A.  Ecublens  Switzerland  +41 21-651-6000  www.socorex.com 

USA Scientific Ocala FL 800-522-8477 www.usascientific.com 

ViaFlo Hudson NH 603-578-5800 www.viaflo.com

VistaLab Technologies Mount Kisco NY 888-652-6520 www.vistalab.com

Wheaton Science Products Millville NJ 800-225-1437 www.wheatonsci.com
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Product Focus: PARTICLE SIZE ANALYZERS

ESSENTIAL FOR MANY 
INDUSTRIES, PARTICLE SIZING 
CONTINUES TO UNDERGO 
INNOVATIONby Angelo DePalma

Particle size measurement has become a critical application 
for chemicals, foods, paints, cosmetics, coatings, materials, 
and many other industries. Particle size, shape, density, and 
distribution affect the physical properties and chemical be-
haviors of  all products comprised of  particles or that use 
them as ingredients: The size of  stationary phase particles 
affects chromatography retention time, pigment particles 
dictate hue and finish in paints, and physical dimension 
imparts mechanical, optical, and electronic properties to 
nanomaterials. Within critical size domains from nanome-
ters to about 10 microns, the physical state can be as impor-
tant as chemical composition.

Numerous technologies have emerged for measuring 
particle size. Sieving and sedimentation, among the old-
est methods, provide quantitative sizing from millimeters 
upward. Optical sizing under a microscope, where par-
ticles are visualized and counted against the backdrop of  
a graticule (grid of  evenly-spaced horizontal and vertical 
lines) and counted manually, is still used for many applica-
tions. Microscope-based sizing has been semi-automated 
through software that counts particles either directly or 
from photomicrographs. 

The most sophisticated particle sizing techniques exploit 
the interaction between light, sound, or electricity and par-
ticle analytes. Electroresistive methods rely on the fact that 
non-electrically-conductive particles reduce the flow of  
electricity through a conductive fluid. The most common 
electroresistive particle sizing instrument is the Coulter 
counter, which quantifies suspended cells. Light- or laser-
based techniques measure dimensions and distributions of  

suspended or, in some cases, dissolved species or particles 
suspended in air. 

Tried and true
Although one of  the oldest methods for particle sizing—
and still the least expensive—sieving still serves many in-
dustries for particles in the size range up to about 4 mm. 
Sieving uses various techniques to get particles through 
the sizing mesh, including oscillation/shaking and sound. 
Several instrument makers offer sieve-based particle sizing. 
Most, including Retsch (Haan, Germany) and W.S. Tyler 
(St. Catharines, ON) and Hosokawa Micron (Summit, NJ), 
also specialize in particle-generating machines.

Hosokawa’s particle-sizing devices employ pneumatic siev-
ing, most notably in the Micron Air Jet Sieve product line. 
The benchtop device, just slightly larger than a test tube 
agitator, measures particle sizes from 20 to 4,750 microns 
and serves primarily the food, pharmaceutical, mineral, 
cement, powder coatings, and chemical industries. “Laser 
techniques work best below about 20 microns,” says Tim 
Calvo, Lab Equipment Product Manager. 

Micron Air Jet particle size instruments use a large air 
volume, up to 97 cfm, to pull a negative pressure on the 
system, which generates an air jet emitted through a rotat-
ing nozzle located below the sieving screen. The air flow 
disperses material atop the sieve and carries the finer par-
ticles through the screen and into the collection apparatus. 
Where systems that rely on oscillating or sound operate 
through a stack of  up to six screens, Micron Air Jet systems 
use a single screen and performs the analysis in anywhere 
from 15 seconds to 5 minutes.

Seeing the light
Particle sizers that rely on dynamic light scattering (DLS) 
serve a sweet spot for particle analysis, between 0.6 nm and 
up to about 6 microns, while laser diffraction operate opti-
mally in the 1-10 micron range.

Noting a maxim of  measurement science, Jeff  Bodycome, 

For more information on lab products, please visit www.labmanager.com and click on Lab Product News.  There you will find more lab products and a complete list of suppliers.

Ph.D. of  Brookhaven Instruments (Holtsville, NY) ob-
serves that “life gets more difficult at the extremes. DLS 
has a broad range for very small particles but once particles 
get too large, it’s hopeless. If  all your particles are larger 
than a few microns, you’re better off  with diffraction and, 
larger than that, with sieving.”

Interest in DLS began in the fine chemical industry, par-
ticularly for latex materials used in paint. Today its princi-
pal markets are biotech, where it characterizes protein and 
protein aggregate solutions, and nanomaterials.

It may surprise that DLS uses light at 637 or 660 nm to measure 
characteristics of  species that are much smaller than the wave-
length. That is impossible to do with conventional microscopy, 
for example, whose limit is objects roughly half  a wavelength 
in size. DLS works because it does not “detect” the molecule or 
particle, but calculates its hydrodynamic radius as a function 
of  its mobility through the solution. “It measures how far the 
particle moves under Brownian motion,” notes Dr. Bodycome. 
Because this effect is a function of  the sixth power of  the hy-
drodynamic radius, DLS picks up species in very low abun-
dance provided they are much larger than the analyte.

Purchase considerations
Purchase decisions for particle size analyzers are based on 
matching the analyte particle with instrument capabilities. 
Users with low- or sub-micron particles will require a light- 
or laser-based system, while those with larger particles can 
usually get by with a much less expensive “sieve shaker.” 
Quality control labs that analyze samples from large vats of  
material should consider purchasing separate sample prep 
equipment, known as a riffler, to improve the likelihood 
that analysis samples will be representative of  the batch. 
Price is of  course a consideration, but users should weigh 
the consequences of  regrinding against instrument acqui-
sition costs, cautions Tim Calvo of  Hosokawa. 

Angelo DePalma holds a Ph.D. in organic chemistry and has 
worked in the pharmaceutical industry. You can reach him at an-
gelo@adepalma.com.

“WITHIN CRITICAL SIZE 
DOMAINS FROM NANOMETERS 
TO ABOUT 10 MICRONS, THE 
PHYSICAL STATE CAN BE AS 
IMPORTANT AS CHEMICAL 
COMPOSITION.”

PARTICLE SIZE ANALYZER MANUFACTURERS
Agilent Technologies Santa Clara CA 877-424-4536 www.agilent.com

Ankersmid B.V.  Oosterhout Netherlands  +31-162-408-910  www.ankersmid.com  

Beckman Coulter Fullerton CA 800-742-2345  www.coultercounter.com 

Brightwell Technologies Ottawa ON Canada 613-591-7715  www.brightwelltech.com

Brookhaven Instruments Holtsville NY 630-758-3200 www.bic.com

CILAS Particle Size Madison WI 608-274-7719 www.particle-size.com

Clemex Technologies    Longueuil PQ Canada  450-651-6573 www.clemex.com 

Dispersion Technology  Bedford Hills NY 914-241-4777  www.dispersion.com

Fluid Imaging Technologies  Yarmouth ME 207-846-6100 www.fluidimaging.com

Formulaction  Wynnewood  PA 610-649-1650 www.formulaction.com

Fritsch  Idar-Oberstein Germany  +49-6784-70-0  www.fritsch.de

Hach Company Loveland CO 800-227-4224 www.hach.com 

Horiba Instruments Irvine CA 800-446-7422 www.horibalab.com 

JM Canty Buffalo NY 716-625-4227  www.jmcanty.com

Malvern Instruments  Westborough  MA  508-768-6400   www.malvern.com

Micromeritics Instrument  Norcross  GA  770-662-3633  www.micromeritics.com

Microtrac Largo FL 727-507-9770 www.microtrac.com 

New Star Environmental Rosewell GA 770-998-0296 www.newstarenvironmental.com 

Particle Sizing Systems Santa Barbara CA 805-968-1497 www.pssnicomp.com 

Shimadzu Columbia MD 800-477-1227  www.ssi.shimadzu.com

Sympatec   Lawrenceville   NJ   609-844-1020  www.sympatec.com

TSI Shoreview MN 800-335-5577  www.tsi.com
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Product Focus: CENTRIFUGES

CONTINUUM OF OPTIONS  
AND FEATURES FOR  
HIGH-USE DEVICES by Angelo DePalma

Centrifuges are among a select group of  laboratory instru-
ments that are as scalable as they are configurable. Individuals 
who have used benchtop centrifuges that handle sub-milli-
liter volumes may be surprised to learn that centrifuges—
some as large as rooms—are used in industrial processing.

Basic centrifuge designs are simple, consisting of  an en-
closed compartment inside which a rotor spins rapidly. Ro-
tors, which can usually be interchanged, contain equally 
spaced openings into which sample tubes are inserted. Sam-
ples will either spin at a fixed angle relative to the rotating 
axis or “swing out” to perpendicular under centripetal force 
as the rotor speed increases. Forces generated as the rotor 
spins cause components in the sample to migrate toward the 
bottom of  the sample tube, according to weight or density. 

Entry-level mini-centrifuges easily fit on a benchtop, operate 
at a single, relatively low speed, generate low gravitational 
(g) forces, and cost only a few hundred dollars. “Minis” are 
used for samples whose components are easily separated by 
density. Most medical and veterinary office centrifuges are 
of  this type. The next level up, compact benchtop centri-
fuges, spin tubes of  up to about 2 mL and create tens of  
thousands of  gs. Researchers use them to separate DNA, 
proteins, and cellular components. 

There are many ways to differentiate centrifuges by type, 
speed, and features. Beckman-Coulter (Fullerton, Calif.), 
for example, divides its product line into three basic plat-
forms: benchtop devices operating at up to about 10,000 
rpm, “washing machine” centrifuges that provide up to 

about 100,000 g, and ultracentrifuges that deliver in excess 
of  one million g. In fact, one could argue that all centrifug-
es exist along a continuum of  features that may be mixed 
and matched, which include g-force generated, sample tube 
size, refrigeration capabilities, rotation angle, computeriza-
tion, and others. 

Michael Rosenblum, marketing VP at LabNet Internation-
al (Edison, N.J.), offers the following considerations when 
purchasing a lab centrifuge:

•	What	size	tubes	do	you	expect	to	run?

•	How	fast	does	your	sample	need	to	spin	to	achieve	the	desired	separation?

•	Is	an	angled	rotor	or	a	swing-out	rotor	best	for	your	application?

•	Does	your	sample	require	refrigeration?

•	What	is	the	range	of 	applications	you	are	likely	to	encounter?

Angled vs. swing-out tube design affects speed and g-force, 
and provides sample collection options (spin-out is slower 
but provides a clean pellet). Refrigeration is desirable be-
cause samples heat up during a long run. It all comes down 
to your expected application range and the likelihood that 
the instrument you buy will be flexible enough to meet 
your needs.

Price was conspicuously absent from the list because lab 
centrifuges tend to be inexpensive compared with other 
high-use lab instruments. The price “sweet spot” of  about 
$300 for unrefrigerated, single-speed mini-centrifuges up 
to about $6,000 for high-speed, refrigerated benchtop in-
struments covers most applications in the life sciences and 
other industries. 

Computerized methods
Because their operation depends on applying physical 
forces to samples by spinning, centrifuges have not experi-

“ONE COULD ARGUE THAT ALL 
CENTRIFUGES EXIST ALONG A 
CONTINUUM OF FEATURES THAT 
MAY BE MIXED AND MATCHED.”

“CENTRIFUGES ARE…AS 
SCALABLE AS THEY ARE 
CONFIGURABLE.”

“[MINI-CENTRIFUGES] ARE 
USED FOR SAMPLES WHOSE 
COMPONENTS ARE EASILY 
SEPARATED BY DENSITY.”

Do it with one glove tied behind your labcoat.

Seal buckets with a simple one-handed snap. It’s just one way 

Thermo Scientific centrifuges make your life easier because they’re

designed for the way you work. With superior performance, reliability

and rotor support built-in–it’s the little things that are no small 

matter when it comes to keeping you happy and productive:

• Innovative and certified ClickSeal® bucket sealing system: glove-
friendly, one-handed snap-on covers replace   screw caps and clips.

• Easy and secure AutoLock® rotor management: exchange rotors 
in less than 3 seconds with the push of a button, switching from 
high capacity to high performance.

• Thermo Scientific Fiberlite carbon fiber rotors: speed, versatility 
and corrosion-resistant design to maximize performance.

Getting the max out of your centrifuge shouldn’t take extra work . 

To learn more about Thermo Scientific general purpose centrifuges,

visit www.thermo.com/centrifuge
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Moving science forward

New! Thermo Scientific Sorvall
Legend XT centrifuges:
Accelerate your research with
increased capacity in the same 
bench space.

GP_cent_LabMan_0909:Thermo  8/13/09  3:41 PM  Page 1
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BASIC LAB

Sample Prep Method Kits 
SampliQ QuEChERS

Simplify sample preparation for analyzing pesticide residue in fruits, vegetables and pro-•	
cessed food products
Use premeasured reagents designed for specific food sample types and screening protocols•	
Include extraction kits and dispersive solid phase extraction clean-up kits•	
Available for the original QuEChERS method, European standard method, and a standard •	
recognized by the Association of Analytical Communities

Agilent Technologies www.agilent .com

Scanning Microplate Reader 
Zenyth 200

Offers a built-in UV/Vis spectrophotometer•	
Designed specifically for Life Science laboratories•	
Able to handle multiple plate formats from cell culture (6-48 well) to 96/384 well plates•	
Features advanced optics capable of endpoint, kinetic, multichromatic, spectral scan-•	
ning and position scanning

Biochrom www.biochrom-us.com

Fiber Optic Switch/Converter 
QuickSwitch® Model 4195

Capable of accessing two separate SC Duplex, Multimode, 100 Base FX ports•	
Fully compliant with the 802.3u 100 Base TX/FX standard•	
In A/B Switch Mode users can switch position manually or remotely•	
In Auto Fallback Mode the unit automatically selects its switch position based on the •	
presence or absence of Send Data

Electro Standards Laboratories www.ElectroStandards.com

PARALLEL EVAPORATION SYSTEM
QUICKLY CONCENTRATES OR DRIES  
SAMPLES WITHOUT SUPERVISION 
The new Genevac Rocket™ parallel evapo-
ration system was developed to allow users 
to quickly process larger volumes of sol-
vent without supervision. A new patented 
technology enables it to dry or concentrate 
as many as six flasks of 450mL and, if 
desired, concentrate the samples directly 
into a 2mL gas chromatograph vial, all 
without user intervention. The evaporator 
uses a two-stage cold trap that provides 
very high levels of solvent recovery and 
the new technology makes it possible to achieve precise temperature regulation and faster 
sample preparation, thus improving laboratory productivity.      

Low temperature, low pressure steam and vacuum dry the samples, and Dri-Pure technology 
prevents bumping and cross contamination. To operate the Rocket, a user simply highlights 
the desired evaporation method and hits start.    

The evaporator is serviceable by the user, including all seals and the easily-accessible pump. 
The Owner’s Manual provides checks the user needs to carry out in order to prolong the 
serviceable life of components and maintain optimal performance levels. The Rocket comes 
with a one year Manufacturer’s Warranty and, for all tasks not suitable for user service, 
service contracts for extended periods are available.

For more information, visit www.genevac.org.  Marketing Coordinator 
Remus Stefan can be reached at remus.stefan@SPINDUSTRIES.com, or by 
phone at 845-687-5303.

Rotational Rheometer Platform 
Kinexus

Built-in adaptive intelligence guides users through set-up, sample loading, measure-•	
ment and analysis
Enables easy access to the most appropriate information•	
Allows users to precisely analyze the rheology of materials•	
Features exclusive ‘plug and play’ cartridges for all environmental controllers•	

Malvern www.malvern.com

Filter Robot for Emissions Determination  
F-A747

Designed to meet the requirements of the automotive industry•	
Allows fast and precise determination of particulate matter with an accuracy as small as 0.1µg•	
Automatically performs all steps without the need to transfer samples•	
Intelligent software controls the workflow and ensures high throughput•	

Mettler Toledo www.mt.com

Digital Radiometer/Photometer 
AccuMAX™ Series

Provides accurate readouts for UV irradiance, visible illuminance and luminance light readings•	
Features specially calibrated readout units for use with a full line of interchangeable  •	
sensor detectors
Microprocessor-controlled with software-driven functions•	
Detectors can be connected directly to the readout unit or by a standard USB cable•	

Spectronics www.spectroline.com

Micro-Ultracentrifuges 
Sorvall MTX 150 and MX Series

Offer improved versatility in rapid, small volume sample processing•	
Provide an expanded volume range, accommodating tubes from 0.2mL to 30mL•	
Cutting-edge drive system provides maintenance-free performance and rotor imbal-•	
ance protection
Ensure years of reliable and dependable performance•	

Thermo Fisher Scientific
www.thermo.com
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High Sensitivity DNA Kit 
Next Generation Sequencing (NGS) Workflow

Designed for use with the Agilent 2100 Bioanalyzer•	
Offers solutions for the analysis of DNA, RNA, proteins and cells•	
Increases the fidelity of sequencing data for double-stranded DNA•	
Enables users to quantify DNA fragments in the lower single-digit pg/µl concentration range•	

Agilent Technologies www.agilent.com

Cell Migration Assay 
Oris™

Amendable to high throughput and high content imaging instruments•	
Offers unobstructed live images of the cells as they migrate•	
Available with tissue culture treated plates, Collagen I coated plates, Fibronectin •	
coated plates, or Tri-Coated plates
Creates a consistent detection zone to monitor 2-D closure•	

Amsbio www.amsbio.com

Plasmid DNA Purification System 
Promega Wizard* SV 96

High-throughput method purifies DNA from pelleted bacterial culture samples•	
Processes up to 96 plasmid samples in 30 minutes or less with consistent results and no •	
detectable cross-contamination
Allows purified plasmid to be used directly for automated fluorescent DNA sequencing, •	
restriction enzyme digestion and other downstream molecular biology processes
Provides rapid isolation of pure plasmid DNA through automation•	

Hamilton Robotics 
www.hamiltonrobotics.com

Colony Counter and Zone Sizing System 
ProtoCOL 2 

Dark screens eliminate ambient light effects and improve imaging results•	
Contains a high resolution camera and red, blue and green LED lighting integrated to a •	
processor and software
Generates high definition, life-like images that enable precise colony counts and ac-•	
curate zone measurements
Touch screen monitor features on screen commands for quick set up•	

Synbiosis www.synbiosis.com

Universal Weighted Lids 
For SBS/ANSI Formatted Microplates

Robotics friendly lids are light tight to protect sensitive assays•	
Designed for in-process assays and short to medium term storage•	
Offer cost-effective gaskets as an alternative to heat seals•	
Reduce the problem of evaporation and offer air/liquid tight well to well seals•	

Matrical Bioscience www.matrical.com

LIMS & SOFTWARE

Electronic Lab Notebook 
Kalabie 4.0

Enables users to automatically import data from a wide range of chromatography data systems•	
Allows users to create templates for entering data into each experiment and reuse data across •	
protocols and experiments
Contains powerful features to facilitate workflow between groups•	
Designed for multiple disciplines including analytical chemistry, biology, and other research •	
environments

Agilent www.agilent.com

HRM Analysis Software for CFX96™ 
and CFX384™ 
Precision Melt Analysis™

Offers a broad range of applications such as mutation scanning, methylation analysis, •	
and SNP genotyping
Enables users to genotype samples based on the thermal denaturation properties of •	
double-stranded DNA
Allows the user to streamline data analysis using the customizable default analysis settings•	
Features multiple data view options to manually assign sample genotypes by tailoring •	
the software to the appropriate analysis

Bio-Rad www.bio-rad.com

Reagent Dispenser Software 
FILLit™

Provides increased user functionality•	
Offers the ability to develop database and transfer dispensing protocols•	
Features an extensive plate list sorted according to manufacturer•	
Allows users to easily select the required format and columns to be filled•	

Thermo Fisher www.thermofisher.com

PUMPS & VALVES

Disposable Valves 
BioValve™

Designed for lightweight and easy manipulation•	
Profiled to minimize flow path turbulence and single-handed use•	
Provide an accurate estimate of flow restriction with a maximum operating pressure of 150 psi•	
Manufactured and packed in ISO Class 7 clean rooms and supplied with full certification •	

BioPure Technology
www.biopuretech.com
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Syringe Pump Modules 
OEM

Include Microliter, Millimeter, Programmables and High Pressure models•	
Offer specially built pumps suited to the user’s research and design needs•	
Feature superior accuracy and precision, as well as smooth flow•	
Available customization of flow rate range, construction material, force, syringe size, •	
control mechanism and more

Harvard Apparatus www.harvardapparatus.com

Syringe Pump 
Pico

Offers infusion and withdrawl capabilities with accurate delivery of picoliter, nanoliter, •	
microliter and milliliter flow rates
Designed to hold two syringes from 0.5µl up to 10mL•	
Combines smoother flow and updated features to create a high performance, afford-•	
able pump
Offers flow range from 1.3 picoliters/min up to 0.8788ml/min•	

KD Scientific www.kdscientific.com

Solvent Pumps 
Extensive selection

Offer a wide range of flow rates and operating pressures to meet demanding  •	
application needs
Well suited to both QC and research applications•	
Ensure high performance, maximum flexibility and functionality•	
Operate up to 10,000 psi and are available in sizes ranging from 5mL to 5L capacity•	

Supercritical Fluid Technologies www.supercriticalfluids.com

Radial Diaphragm Valves 
DR Series

Feature enhanced drainability and system compatibility•	
Available in a wide range of configurations to include •	
multiple valves and ports, and point of use valves
Manufactured from 316L stainless steel with modified •	
PTFE wetted single-piece diapragms
Designed for system pressures up to 150 psig (10.3 bar) •	
and operating temperatures of up to 280˚F (137˚C)

Swagelok
www.swagelok.com

Liquid Handling Pumps 
Cheminert® M6 and M50

Produce a bidirectional pulseless flow with a range of over six orders of magnitude•	
Eliminate the need for refill cycles and syringe changes•	
RS-232 and RS-485 communication protocols are incorporated into the microprocessor-•	
driven controller
Included software controls flow rates, flow direction and metered volumes, and can •	
integrate a multiposition stream selection valve

Valco Instruments www.vici.com

SUPPLIES & CONSUMABLES

Bottletop Burette 
Titrette®

Provides titration within ASTM and ISO error limits for Class A glass burettes•	
Features a magnetoresistive measurement system that detects actual piston rod movement•	
Automatically detects the direction of rotation for seamless transition between filling •	
and dispensing
Eliminates poured transfer by mounting directly on most titrant bottles•	

BrandTech Scientific www.brandtech.com

Custom Label Design 
Tube Labels

Allows users to easily organize and manage their orders•	
Drag-and-drop interface allows users to include information from a variety of sources•	
Features a library of stock designs, or customers can upload their own symbols or pictures•	
Eliminates errors associated with traditional custom label design by linking directly to •	
IDT’s manufacturing systems

Integrated DNA Technologies www.idtdna.com 

Light Sensitive Sample Storage  
Black Tubes

Manufactured using FDA approved carbon-filled polypropylene•	
Offered in a wide range of working volumes (0.5mL, 0.75mL, 1.1mL, 1.4mL, 7.5mL)•	
Available for almost any light sensitive sample storage application•	
Fully compatible with all Micronic storage racks, tube capping systems and tube readers•	

Micronic www.micronic.com

Laboratory Glassware 
Kimble-Kimax

Features superior resistance to heat and chemical attack•	
Beakers, flasks and graduated cylinders available in many styles and sizes•	
All glassware conforms to ASTM Specifications•	
Provides a durable and reliable material for working with harsh chemicals and solvents•	

SKS Science Products www.sks-science.com

• 1947 First Model E analytical ultracentrifuge

• 1950 First Model L preparative ultracentrifuge

• 1963 First titanium ultracentrifuge rotor

• 1984 First tabletop ultracentrifuge

• 1991 OptiSeal™ ultracentrifuge tubes with one-touch sealing

• 1994 Avanti® J Series high-performance centrifuges

• 1998 ARIES,™ world’s fi rst self-balancing rotor

• 1998 Optima™ MAX, fi rst ultracentrifuge to surpass 1,000,000 x g

• 2002 AllSpin™ Rotor enhances labware versatility

• 2003 BioSafe* centrifuge systems

• 2007 Optima™ MAX-XP tabletop ultracentrifuge

• 2008 Non-invasive securing solutions for BSL labs

• 2008 New Optima™ eXPert Software with documentation traceability 

• 2009+ More to come

* BioSafe and BioSafety are terms intended to describe the  
 enhanced biocontainment features of our products.

©2009 Beckman Coulter, Inc.

Genomics    Proteomics    Cell Analysis    Centrifugation    Lab Tools    Particle Characterization    Bioseparation    Lab Automation

centrifuge solutions
for more than60 years.

Leading

We start with a solid foundation: effi ciency, productivity, safety. Then we 
take it a step farther. Our advanced centrifuge systems, superior rotor 
technology and extensive lab offerings deliver powerful solutions that 
keep you and your lab at the forefront of discovery.

Beckman Coulter—your trusted partner in centrifugation since 1947.

Visit us at www.beckmancoulter.com/SpinningForward.

Our history of innovation moves you forward.
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The pipette, along with the analytical balance, 
microscope and centrifuge, is a laboratory 
staple whose history dates back to the turn of 
the century. But when examining the early 
iterations of this important tool, you do not �nd 
much in common with what comes out of the 
box in today’s lab equipment deliveries.

Has the evolution of these essential lab tools 
over the past 60 years shaped modern-day 
research, or have the increasing demands 
scientists place on their instruments been the 
primary catalyst of these innovations?

SCIENTIFIC DEMANDS CONTINUE TO DRIVE THE DEVELOPMENT OF 
THIS ONCE SIMPLE, NOW HIGHLY SOPHISTICATED, TECHNOLOGY

by: John Buie

This article looks at the pipette and how 
increasing demands in microanalysis, lab safety 
and automation have shaped its evolution. We 
also look at particular innovators in the 
manufacturing of scienti�c instruments who, 
with their thumbs on the pulse of research, 
have responded with groundbreaking 
innovations in pipette development.

Carlsberg pipettes also were being used outside of the 
lab by milk inspectors, who would mouth-pipette raw 
milk samples onto a microscope slide for analysis. One of 
these inspectors was G.S. Riggs, who was not fond of this 
practice for obvious safety and e�ciency reasons. Riggs 
�led a patent for a mechanical device that would suck 
the milk up into the tube. Riggs’ patent was referenced 
in the �ling of Warren Gilson’s patent for the 
modern-day mechanical pipette 24 years later.

In the beginning… Larger-than-ideal volumes of liquid 
were transferred using a modi�ed piece of graduated glass 
tube, which often went by the name of the Carlsberg 
pipette. Researchers constructed these in the lab by heating 
a piece of glass tube over a Bunsen burner while pulling at 
one end; then, by repeating this operation close to the tip of 
the tube, a capillary could be pulled. This would allow air 
�ow, but enable users to stop the liquid at the desired 
volume for which they had constructed the pipette.

The pipette manufacturer Capp Denmark A/S (products available through pipette.com) 
responded by inventing the �rst autoclavable multichannel pipette. About 80 percent 
of the pipettes on the market today are now autoclavable. Other pipette innovations 
from Capp included the volume control knob, a patented feature that allows the user to 
turn each pipette from left handed to right handed and adjustable to �xed volume in a 
matter of seconds. The continuously adjustable, smooth micrometer is in the volume 
control knob, typically known as the “thumb knob” in other lines, rather than in the 
body of the pipette. This allows the user to custom design pipettes for his or her 
speci�c use at minimal cost.

Lab researchers, although happy with the functionality of the pipette, were still concerned 
about cross-contamination between samples and bacteria being passed via the pipette.

The worldwide pipette market is expected to grow by 48.27 
thousand units between 2008 and 2012. This growth is 
driven by novel designs, a rise in PCR diagnostic tests and the 
involvement of ultra-micro volumes in laboratories. 
Innovation will continue from companies such as Thermo 
Fisher Matrix Technologies, which has recently introduced 
novel ways of adjusting dispensed volume in the pipette, 
including scrolling presets and voice recognition technology.

Despite being an everyday laboratory commodity, pipettes have 
a history and anticipated future of responding to the demands 
of the scienti�c marketplace with groundbreaking innovations.

With ergonomics, precision and safety becoming the 
buzzwords in the pipettor market, electronic pipettors are 
poised to overshadow gains in the mechanical pipettor market.

VistaLab Technologies focused on a new pipetting approach 
with one goal in mind: to improve upon the pipette and 
reduce the strain it causes on the end user. They tackled this 
project using state-of-the-art ergonomics research 
technology, such as electromyography, which shows the 
external force a pipette user exerts on his or her muscles 
while tipping, aspirating, dispensing and de-tipping. By 
designing a radically di�erent, more natural grip on the 
pipette and changing the user’s arm posture while pipetting, 
VistaLab introduced the �rst Ovation BioNatural Pipette, 
which led the way in pipette ergonomics and reduced the 
risk of CTS as well as other musculoskeletal disorders.

Pipettes already had evolved a very long way in helping protect researchers from coming in direct contact 
with potentially hazardous liquid samples. However, a new side e�ect of prolonged pipetting also evolved: 
Carpal Tunnel Syndrome (CTS). CTS is an in�ammation of the tendons in the carpal tunnel, which can be 
attributed to repetitive use of the hand or wrist in awkward positions.

EMG (electromyogram) testing was used by VistaLab to measure the activity and stresses of pipetting on �ve muscle 
groups when using traditionally shaped pipettes, and then compared to the Ovation design.  This testing was done 

during the development process for the Ovation Pipette in 2001.

Warren Gilson, M.D., founder of Gilson Medical 
Electronics, who 23 years prior manufactured a modi�ed 
Warburg respirator that included a circular format and 
digital readout, invented and successfully patented the 
�rst mechanical adjustable pipette, which bears a strong 
resemblance to the one you use in your lab today. Gilson 
accomplished this by building upon previous German 
pipette designs but providing increased accuracy, 
comfort, digital display and variable volume 
adjustments; the result was the Gilson Pipetman.

With analytical instruments in the �elds of microanalysis 
and biotechnology requiring more accurate measurement 
of liquid volume and variable sample sizes, pipetting 
apparatuses of the time did not meet researchers’ needs.

One of these researchers was a German medical scientist by 
the name of Heinrich Schnitger. By adding a spring to the 
piston of a tuberculin syringe that would stop on cue at a set 
volume level and replacing the syringe’s needle with a plastic 
tip, Schnitger found he could speed up liquid handling in 
many of his experiments. This led to the development of the 
�rst improvised piston-stroke pipette. This version of the 
pipette became known as the Marburg pipette and was 
licensed to the medical supply company Eppendorf in 
Hamburg, Germany.

While developing optical enzyme assays, lab researchers faced 
accuracy challenges while attempting to dispense microliter 
liquid volumes as well as handle the large volume of pipetting 
that was required for this task.

 OF THEPipette
Evolution
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STATE, FEDERAL AND POLICE  
RELATIONSHIPS CREATE  
UNIQUE MANAGEMENT  
REQUIREMENTS by Sara Goudarzi

PERSPECTIVE ON: A FORENSICS LAB PERSPECTIVE ON: A FORENSICS LAB

It’s a little like the hit CBS show CSI: Crime Scene Investiga-
tion—a team of  experts solving crime by examining pieces 
of  evidence from a scene where things have gone wrong. It 
can be as simple as a drug investigation in which a substance 
is seized during a routine traffic stop and analyzed in the lab. 
Or it can be part of  a more sophisticated case where items 
like blood and hair are collected in situations of  homicide or 
sexual assault. Either way, the New Hampshire State Police 
Forensic Laboratory (NHSPFL) is trained and equipped to 
help state officials solve all cases that need examining.

“We’re a relatively small state, [and] there’s only one forensic 
crime laboratory in our state, so every item from every case 
that’s collected would be submitted to our laboratory,” says 
Timothy Pifer, the NHSPFL director.

In larger states, not only is there a state police laboratory, but 
many of  the cities and counties within the states have their 
own independent labs. For example, the New York City Po-
lice Department has its own crime laboratory that evidence 
is sent to, while some of  the state’s larger counties, such as 
Westchester and Suffolk, house their own laboratories.

“In smaller states, it’s more economi-
cally feasible just to have one lab. So, 
for instance, the northern New England 
states—Maine, Vermont [and] New 
Hampshire—each have one crime lab,” 
Pifer says.

The NHSPFL encompasses approxi-
mately 15,000 square feet within the 
New Hampshire State Police head-
quarters. Typically, the lab takes in 
more than 1,000 new cases each month. 
Each job could have an average of  two 
to three evidence items submitted, so 
the lab handles approximately 2,000 to 
3,000 pieces of  evidence each month.

Lab structure
Pifer oversees approximately 47 staff  
members, 40 of  whom are scientists. 
The rest are administrative and support 
staff  and evidence technicians—those 

who deal with the intake of  evidence.

“Out of  40 scientists, we probably 
have 15 different backgrounds,” Pifer 
explains. The lab has medical tech-
nologists, chemists, forensic scientists, 
biologists, molecular biologists and en-
vironmental scientists, among others.

Although the academic background of  
each scientist is important, he or she can be 
taught, within reasonable limits, to master 
an area of  science utilized in the lab.

“There’s so much on-the-job special-
ized training that as long as a person 
has a good foundation in the sciences, 
he or she can be trained specifically in 
an area of  expertise,” Pifer says.

This training can take place on the job or 
at larger U.S. government laboratories.

“A lot of  our laboratory training is not 
only in-house but is augmented by some 

of  the federal laboratory systems, such as 
the FBI, DEA and DTF laboratories.”

However, Pifer does take into consider-
ation the background and formal train-
ing of  each scientist before placing 
him or her in a unit. For instance, those 
working in the DNA unit are required 
to have a strong background in genetics 
and molecular biology.

“So I couldn’t really take a chemist and 
train him in the field without having 
that formalized and institutional back-
ground,” he says.

The staff  works five days a week during 
normal business hours but is on call dur-
ing nights and weekends. However, call 
times have been minimized because Pifer 
and his personnel have trained law en-
forcement officers assigned to those shifts 
to collect evidence for later processing.

“THE LAB HAS MEDICAL TECHNOLOGISTS, CHEMISTS, FORENSIC SCIENTISTS, 
BIOLOGISTS, MOLECULAR BIOLOGISTS AND ENVIRONMENTAL SCIENTISTS, 
AMONG OTHERS.”Forensic scientists assigned to the Firearms & Toolmark  

section conduct examinations on various types of  weapons.

Gas chromatography/mass spectrometry (GC/MS) provides confirmatory 
results in numerous disciplines in the forensic laboratory.  

http://www.labmanager.com
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NHSPFL is divided into two major 
groups: the Toxicology Group and the 
Criminalistics Group. In the Toxicology 
Group, there are three sections, each with 
its own supervisor. Within the Criminal-
istics Group, there are six sections and 
six supervisors. The section supervisors 
report to and regularly meet with Pifer 
to discuss issues within their units. Ad-
ditionally, the entire lab meets once a 
month to discuss any concerns and ques-
tions the staff  might have.

“One of  the biggest successes for us is 
the communication aspect. I communi-
cate very regularly with the entire staff. 
It’s an opportunity to discuss policies 
and procedures and also what’s going 
on with the state and to discuss those 
issues,” Pifer says.

Forensics vs. traditional labs
In contrast to conventional labs that 
mostly are used for civil cases, crime 
laboratories are those where scientists 
process evidence—such as drugs, hair, 
fibers and paint particles—seized in 
connection with criminal probes.

For example, if  during a routine in-
vestigation police confiscate a suspect 
substance, they would send it off  to Pi-
fer’s team for analysis. “If  it’s cocaine 
or heroin, we actually take that, weigh 
it and analyze it to prove that it is in fact 
a controlled drug and we prepare—
[using] state-of-the-art instrumen-
tation—formal analytical reports for 
those police agencies that we serve.”

“And then, at some future date, they 
would take those analytical reports 
and use them either to work out a plea 
agreement or actually go to formal tri-
al,” Pifer explains. “Potentially, we’d be 
called as expert witnesses to testify on 
our results.”

Additionally, the scientists at his lab 
look at computer evidence in connec-
tion with cases such as those that in-

volve identity theft or child pornogra-
phy, among other crimes.

There are, however, several additional 
features of  a forensics lab that distin-
guish it from a traditional lab. The most 
notable difference is that it’s a govern-
ment organization.

“I would say that a large majority of  fo-
rensics laboratories are set up in a simi-
lar way [in regard to the way] in which 
we report. We are part of  a paramili-
tary organization, which means being 
within either the state police or local 
police agencies, so there is a command 
structure in place—a very, at times, 
rigid chain of  command—that must be 
followed in order to get approval [for] 
processes and purchases, as well as [for] 
travel,” Pifer explains.

Another aspect that sets forensics labs 
apart from conventional ones is that a 
majority of  forensics laboratories are 
publicly funded; therefore, the work is 
not for profit.

“We do not charge for services; we have a 
budget that’s set by the state,” Pifer says.

“And obviously it’s tough to forecast 
what next year will bring. We obviously 
can look at the general trends in crime 
but, you know, there have been numer-
ous times when emergency requests for 
additional funding had to have been ap-
proved in order to process cases at the 
end of  a fiscal year.”

The general trend shows that the lab’s 
requests for analyses tend to increase 
between 3 and 5 percent each year.

Hiring, inventory and maintenance
Pifer doesn’t take care of  the inventory 
himself; he has assigned that task to the 
criminalists who note and record the 
needed supplies and take care of  sub-
sequent ordering.

“They’re advanced-level criminalists who 
have a very close working relationship 
with the SOPs [and] the chemicals and 
supplies that are necessary to keep their 
particular work flow going,” Pifer says.

“I approve the orders, but they are the 
ones who actually put the orders togeth-
er and who know the inventory,” he adds. 
“They are senior scientists, but they are 
typically not section supervisors.”

For the more critical instruments that 
work day and night, such as the gas chro-
matography-mass spectrometers—those 
considered production instruments—the 
lab has maintenance contracts through 
the manufacturers. However, the NHSP-
FL staff  looks after any day-to-day 
maintenance itself.

Pifer takes care of  the hiring himself. 
However, because most criminal labo-
ratories are within a state or local gov-
ernment structure, there’s a very low 
turnover in terms of  personnel.

“It’s not like we’re constantly hiring,” 
Pifer says. “I think you’d be able to see 
across the country with crime labs that 
the work is very satisfying, and in spite of  
the recent economic downturn, the jobs 
are generally very stable and very safe.”

Databasing
Although the instruments used are an 
important aspect of  any forensics lab, 
one of  the key tools for solving some 
of  the criminal cases is databasing.

“Our databases are not only within our lab-
oratory, but now they are linked with other 
forensics laboratories in terms of  DNA 
analyses and fingerprints,” Pifer explains.

Information regarding DNA and fin-

gerprints is stored in databases within 
the NHSPFL and also is linked to other 
forensics labs throughout the country. 
“It’s the whole computing-IT database 
feature that really links all or most lab-
oratories together.

“Just a couple of  years ago, I think, we 
actually input a known DNA sample 
from a convicted felon in our state and 
we made a match with an unsolved 
homicide in Alaska from 1994,” Pifer 
says. “If  we were not linked with other 
states, then that case still would remain 
unsolved today.”

The technology behind this type of  
data storage that allows information to 
cross state lines has been able to link 
crime labs from the East Coast to the 
West Coast and has helped solve a lot 
of  crimes over the years, he adds.

Challenges
The stability that comes with a gov-
ernment job doesn’t always mean that 
personnel are immune to the economy 
altogether. Because NHSPFL is linked 
to the state of  New Hampshire’s econ-
omy, any associated budget cuts and 
crises, though typically rare, will affect 
state agencies. In such cases, the lab will 
have to reassess its inventory manage-
ment and also consider possible layoffs.

Pifer says that communication is key in 
these circumstances. He tries to acquire 
as much information as possible regard-
ing any crises and passes it along to his 
staff  to dispel any potential rumors.

“It comes down to keeping the morale 
high and keeping the focus on the mis-
sion of  the laboratory and not spend-
ing as much time worrying about those 
other aspects,” he explains.

This type of  focus, Pifer explains, can 
only be achieved through the exchange of  
information, both among top-level man-
agement and within the entire laboratory.

“You have to be up front with every-

“EFFECTUAL AND CLEAR 
COMMUNICATION IS 
REALLY, I THINK, THE 
FOUNDATION OF COM-
PETENT LABORATORY 
MANAGEMENT.”
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THE POWER OF 
FORENSICS 
SUCCESSFUL FORENSIC ANALY-
SIS REQUIRES HARMONIZED 
OPERATIONS WITH FLAWLESS 
POWER By Raymond L. Hecker

At times, it may seem as if  the deck is stacked against 
forensic scientists due to the very nature of  forensic 
testing. The instruments utilized in DNA analysis are 
expensive, highly automated, and extremely sensitive to 
any operational fluctuation. The collected samples are 
irreplaceable and often extremely limited in volume. 
Test cycles are long. A secondary glitch in instrument 
performance could result not only in costly equipment 
damage but should samples be lost, test reruns would be 
impossible. Such a loss would have profound outcome 
impacts on the accused, the victim(s), and their respec-
tive families. The importance of  accurate and timely 
forensic testing is unparalleled. 

So, how can a forensic science laboratory manager sleep at night?

There are four keys to successfully harmonizing labora-
tory operations: 

Dedicated trained staff  •	

The right suite of  test/analysis instrumentation, •	
including automated sample preparation and informa-
tion management 

Appropriate accuracy and sensitivity of  the  •	
instrumentation 

Stability of  the lab instrumentation, supporting speci-•	
men handling and storage equipment, informatics and 
data storage

The last of  the four elements requires that all critical 
utilities within the lab are managed and stable. Critical 
utility management is paramount and the most com-
monly overlooked utility is electrical power. To achieve 
the precision, accuracy, and low cost reportable results 
the lab manager seeks, the lab must manage the power 
driving all of  its processes. 

The goal in managing electrical power, in addition to 
voltage and frequency regulation, is to manage total 
harmonic distortion (THD) to 2% or less. Since foren-
sic lab equipment is especially sensitive, a single glitch 
can cause irreparable damage resulting in significant 
lost productive time. Only a certified instrument power 
protection system (IPPS) that monitors and reports 
its performance can help the lab achieve its goals and 
manage the challenges posed by the inherent nature of  
forensic testing. 

By protecting electrical power as a critical utility, the fo-
rensic lab manager is protecting what is most important: 
the timeliness and accuracy of  forensic results. 

Raymond L. Hecker, AE, MBA, and Principal, Precision Power 
International (PPI). www.precisionpowerinternational.com.
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one,” he says. “If  it’s a situation where 
you’ve been called in to make a reduc-
tion in operating budgets, you surely 
can make those decisions at your level. 
However, as soon as you are allowed to 
let that information be known—whether 
it be through e-mail or a face-to-face 
[discussion] with your staff—it’s better 
that they hear it from you than read it in 
the newspaper or see it on television or 
the Internet.”

And even at times where there are no 
outside stressors on the lab, Pifer still 
believes that transparency and exchange 
of  information are the biggest tips he 
can give managers in running a well-
organized operation.

“Effectual and clear communication is 

really, I think, the foundation of  com-
petent laboratory management,” he ex-
plains. “I’ve been a bench analyst before, 
and I think the biggest complaint is that 
the management does not communicate 
effectively what’s going on.”

Often what happens is that a laboratory 
may be too large or too busy and top-
level supervisors overlook that aspect 
of  management. But Pifer subscribes to 
what he calls MBWA, which stands for 
“management by walking around.”

“You need to effectively participate in 
that forum where you can actually talk 
to the staff  on a personal, one-to-one 
basis and ask them, ‘How are you doing 
today?’ ‘What’s on your mind in terms of  
your job activity?’”

A new day, every day
Pifer and his team face a new set of  
obstacles and challenges daily. But it’s 
precisely these stumbling blocks and 
the unique snags of  every case that he 
thrives on—whether it be a new case in-
vestigation request, a different type of  
homicide, challenges with new instru-
ments or some new technology about to 
hit the market.

“So I guess it boils down to the fact that 
every day is different. There’s a lot of  
problem solving [and] troubleshooting 
in a forensics laboratory, based on new 
cases or on resources that you need to 
acquire to get the job done,” Pifer says.

Sara Goudarzi is a freelance writer based 
in New York City. Her Web site is www.
saragoudarzi.com.

http://www.labx.com
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DEVELOPING A 
BUSINESS CASE 
TOOLS FOR CHOOSING IN FAVOR OF OR AGAINST INVESTING IN AUTOMATION  by Johannes Ritter

When it comes to successfully managing a laboratory, 
the challenge is to think as a business manager and as a 
scientist at the same time. What seems so obvious—at 
face value—is much more difficult to achieve when it 
comes to evaluating vendors’ products. Evaluating a new 
product’s capabilities with scientific criteria and judg-
ing its influence on the laboratory’s efficiency is one 
thing; evaluating a new product using financial criteria 
is another. It is obvious that a new product’s potential 
improvements to the laboratory’s efficiency and qual-
ity have to be considered when evaluating the costs and 
benefits of  new solutions. The question that remains is 
how to capture the laboratory’s new workflow and poten-
tial performance within its business analysis. 

A business case that is developed with appropriate 
methods considers the necessary intertwinement of  
financial and technical criteria so that it is a meaningful 
decision tool for choosing in favor of  or against investing 
in automation. An actual business case for a medium-
sized food and beverage company that considered 
implementing Laboratory Information Management 
Systems (LIMS) in its laboratories exemplifies a method 
that is applicable to any laboratory automation project. 
The company’s starting point for considering a new 
LIMS was the need to increase throughput in order to 
remain competitive. The efficiency of  the laboratory also 
needed to be increased when, in times of  crisis, testing 
of  raw material was necessary to reassure customers of  
the quality of  a product. The vendor’s proposal included 
all elements the company was hoping for, but the deci-
sion nevertheless could not be made. The investment of  
$500,000 CAD was considered too high and the benefit 
of  the new system too unclear, leaving the decision mak-

ers hesitant. In order to solve the dilemma, in which a 
good solution seemed so near but could not be reached, a 
business case was built.

The business case analysis starts by precisely defining 
the project’s scope. What aspects of  the laboratory will 
be affected, and how can the impact on the company’s 
financial results be measured? In order to understand the 
close link between technical laboratory know-how and 
financial criteria, a project group begins by building an 
influence matrix. In order to define the project-specific 
scope, the influence matrix is a visualization tool that 
lists and structures all elements of  the project (Figure 1). 

Figure 1. Influence matrix

Laboratory automation projects are complex, and in 
order to reduce that complexity, it is useful to differenti-
ate between four categories into which any project can 
be divided: values, scenarios, decisions, and uncertainties. 
The value is the criterion by which it is decided if  the 
project will be launched or not. The food and beverage 
company in our example chose cash flow as the decisive 
value. There are at least two scenarios that are compared 
in any business case: the project in question and the 
business-as-usual scenario, which is the legacy system. 
Comparing the two scenarios answers the question of  
what the difference in financial results will be if  a new 

“THE BUSINESS CASE ANALYSIS 
STARTS BY PRECISELY DEFINING THE 
PROJECT’S SCOPE.”

LIMS is implemented. Decisions and uncertainties are those elements of  
the project that are either controllable or not controllable. Decisions such as 
type of  software and hardware, the scope of  service, and maintenance are 
clearly controllable. Unfortunately, that is not true for either the availability 
of  data or the amount of  analytical effort required in comparison to control 
and documentation efforts. Moreover, personnel and equipment costs are not 
entirely controllable over the next three years. There are uncertainties on the 
benefit side—such as time to release and number of  releases—along with 
those previously mentioned on the cost side. The quantification of  a project’s 
financial impact is often seen as an almost impossible task due to all these 
uncertainties. It is true that there are a number of  unclear variables and that 
they also interrelate, but as this condition cannot be changed, it needs to be 
embraced. That is exactly what the influence matrix does. It not only lists all 
uncertainties, but also illustrates how they are interrelated. 

By having listed and structured the project’s elements, major prepara-
tory work for the financial model has already been done. The structure of  
the influence matrix is repeated in the financial model, and the interrelation 
of  the influence matrix’s elements is captured in simple algebraic formulas 
within the financial model. Basing the financial model on the influence matrix 
ensures that every relevant element is included and that the financial model is 
absolutely specific to the project. When it comes to filling the financial model 
with data, the uncertainties need to be assigned numerical values. That might 
sound counterintuitive at first, but there is a way to combine the necessary 
with the challenge. It would be hardly convincing if, suddenly, the uncertain-
ties were taken for certainties and were attributed a precise number that was 
taken for granted. Instead, the uncertainties are quantified by ranges. A busi-
ness case always evaluates a project with respect to its financial impact in the 
future. As no one can foresee the future, the magnitude of  each uncertainty 
needs to be estimated. Because point estimates are doomed to be inaccurate 
and therefore unreliable, each uncertainty is quantified with a range estimate.

In the case of  the food and beverage company mentioned earlier, the firm 
has a lot of  benchmarking data for the last several years that help to estimate 
narrow ranges, but they still cannot replace the estimates. Therefore, actual 
data is collected in the form of  expert interviews. The best experts are em-
ployees of  the company, specifically the laboratory. They know the proce-
dures well; therefore, their experience allows them to estimate the amount of  
analytical effort that is currently possible as well as the amount that will be 
possible with the new LIMS system. By how much will the documentation 
effort be reduced? By how much will LIMS accelerate the control procedure? 
Specific experts among the company’s employees are asked these questions, 
which they answer by naming a minimum, a most likely, and a maximum 
value. Each uncertainty in the financial model is then populated with these 
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three values. The financial model considers both scenarios listed in the influ-
ence matrix, and therefore, each uncertainty is quantified for both scenarios. 
This procedure allows a first result; the most likely incremental cash flow is 
$6,748,219 CAD. On basis of  that cash flow, the net present value (NPV) at a 
discount rate of  14% is $5,077,269 CAD and the payback period is 1.07 years.

In this first result, the ranges were not considered; however, in order to have 
a reliable result, they need to be. The appropriate solution is found in the 
realm of  statistics, combined with risk and sensitivity analysis. Computer sim-
ulation software considers all values within the stated ranges. The first ques-
tion that needs to be answered is how ‘likely’ the most likely result actually is. 
A Monte Carlo simulation answers this question by selecting one value out Phone toll free  888-LABNET1

Fax 732 417-1750   
Email:  labnet@labnetlink.com
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of  each range at a time, calculating 
each value’s respective interrelation 
with the range, and then running 
100,000 trials to determine whether 
the result has statistical validity. 
With an 80 percent probability, the 
incremental cash flow over three 
years if  the food and beverage 
company installs a LIMS system 
will be between $5,829,153 CAD 
and $7,831,755 CAD (Figure 2). 
With this information in hand, 
range planning can be more re-
alistic. The next important ques-
tion is by which risk factors the 
most likely result of  $6,748,219 
is influenced. A tornado chart, 
the second tool within the risk 
and sensitivity analysis, answers 
this question precisely in dollars 

and cents. Whereas the Monte 
Carlo simulation considered 
the interaction of  all elements 
within the financial model, the 
tornado chart looks at each 
uncertainty separately. That way, 
the biggest risk factors that cause 
the biggest deviation of  the most 
likely result can be identified and 
quantified. In the LIMS project 
being considered in this article, 
the biggest risk factors are the 
number of  releases per year and 
the cost per full-time equivalent 
employee (FTE) (Figure 3). 

The middle axis of  the chart marks 
the most likely value of  $6,748,219 
CAD, while the minimum and maxi-
mum bars name the possible impact 
of  each uncertainty. If  there are 93 
releases per year, the final result will 

increase to $7,249,735 CAD. If  there 
are only 82 releases per year, the 
cash flow will decrease to $5,941,682 
CAD. The cost per FTE is the next-
biggest, yet already less-decisive, risk 
factor. The investment in automa-

Figure 2. Range of  possible results

Figure 3. Greatest risk factors

“THE 
QUANTIFICATION 
OF A PROJECT’S 
FINANCIAL IMPACT 
IS OFTEN SEEN 
AS AN ALMOST 
IMPOSSIBLE TASK 
DUE TO [THE] 
UNCERTAINTIES.”
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tion, on the other hand, has only a minor influence on 
reaching the most likely result. The tornado chart at 
the end of  the business case analysis is often a sur-
prise when the risk factors that were discussed with a 
great deal of  enthusiasm and spirit turn out to be of  
rather minor importance.

After the three steps of  building an influence 
matrix, developing a financial model, and running a 
risk and sensitivity analysis, the business case analysis 
is complete. The business case delivers the financial 
decision criteria in form of  the incremental cash flow, 
on which various financial ratios can be based. That 
all aspects of  the new LIMS system that influence 
the laboratory’s workflow and results are considered 
is guaranteed by the influence matrix. This first step 

prepares the laboratory to translate the product’s 
technical capabilities into the financial impact each of  
them brings. The actual translation takes place within 
the financial model and is statistically validated in the 
risk and sensitivity analysis. Because of  the risk and 
sensitivity analysis that is performed in the last step, 
the business case is more than an economical deci-
sion tool. The knowledge of  the risk factors enhances 
the project’s success because implementation can 
be steered accordingly. For the food and beverage 
company in question, the business case answered the 
decisive questions in such a way that management no 
longer needed to be hesitant. Cost, benefit, and risk 
could clearly be seen, and the new LIMS system was 
implemented shortly thereafter.

Johannes Ritter, Partner Solution Matrix Ltd., can be reached 
at johannes_ritter@solutionmatrix.de or by phone at  
617-249-0722.

“THE BUSINESS CASE DELIVERS 
THE FINANCIAL DECISION 
CRITERIA IN FORM OF THE 
INCREMENTAL CASH FLOW.”
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EVALUATING 
TRAINING

The average laboratory research 
facility contains more than its fair 
share of  hazards.

With a research facility’s typical 
mix of  research laboratories, instru-
ment rooms, chemical storage, waste 
handling and busy receiving/load-
ing docks, a wide array of  hazards is 
always present. Every day, employees 

must deal with these hazards while 
hopefully avoiding accidents and 
injuries. As you will soon discover, 
well-trained employees often do a 
much better job at this than average 
or untrained workers. In this issue of  
Lab Manager we look at how to evalu-
ate your training programs.

In day-to-day operations, we 
constantly encounter potential risks 
to our health and safety. Chemical 
safety, ergonomics, fire safety, hazard 
communication, housekeeping, lock-
out/tagout and material handling 
are a few areas that come to mind. 
If  you haven’t noticed, more than 
100 OSHA standards for the control 
of  hazards in the workplace contain 
requirements for training in order to 
reduce potential for injury. During 
the period between 1980 and 1996, 
80 reports were reviewed in which 
training was used to reduce risk of  
work-related injury1. This review 
found overwhelming evidence 
demonstrating the value of  training 
in increasing worker knowledge of  
job hazards and effecting safer work 
practices. On the flip side, a lack of  
training was found to be a contrib-
uting factor in worker injuries and 
workplace fatalities, further reinforc-
ing the review’s findings. A quick 
read of  this publication should moti-
vate you to take the time to evaluate 
your current training programs. So 
let’s get started.

AN EFFECTIVE OCCUPATIONAL SAFETY AND HEALTH TRAINING PROGRAM REWARDS MANAGERS WITH 
FEWER INJURIES AND A BETTER-EDUCATED AND MOTIVATED WORKFORCE By Glenn Ketcham and Vince McLeod

Whether you are developing a new 
training program or evaluating an ex-
isting one, our maxim is, “Start with 
the end in mind.” By this we mean 
having a clear picture of  what you 
hope to achieve, or what is known in 
the field as defining your performance 
objectives. Ask yourself  these three 
very important general questions: 

Can employees recognize and identify 1. 
hazards in the workplace?

Can employees recognize how these 2. 
hazards result in personal injury, 
property damage or both?

Can employees describe and apply 3. 
appropriate safe work procedures and 
practices to cope with these hazards?

To help answer these questions, 
we suggest first taking a hard look at 
your facilities’ safety record. Pull all 
recent accident and injury reports 
and trace each to its source area. 
Don’t forget to include reports of  
near misses and close calls. If  your 
organization doesn’t have these, seri-
ously consider implementing a pro-
cedure for reporting them. A careful 
review of  this data should help you 

identify areas of  your facility, par-
ticular job tasks or position classifica-
tions in need of  training. From here 
you can prioritize training topics and 
target your audience.

Your next step is to examine your 
current training model using the 
OSHA voluntary training guidelines. 
These seven guidelines will walk 
you through the entire process, from 
development to delivery, and then 
loop back through evaluating and 
improving your training programs. 
The seven guidelines are summa-
rized here2:

Determine if training is needed. 1. 
Should engineering or physical 
controls be used? Should the work 
process be changed, or is it really a 
question of increasing employees’ 
knowledge of safe work practices?

Identify training needs. Examine the 2. 
facilities’ health and safety record. 
Go over your job hazard analyses. 
Another very good means for iden-
tifying what training is needed and 
where improvements can be made is 
to solicit worker or supervisor percep-
tions and suggestions. Also, do not 
forget to include applicable federal 
and state requirements.

Identify goals and objectives. Clearly 3. 
state what the training is intended to 
achieve, and develop explicit, observ-
able evidence that it has been met. 
In other words, a specific objective is 
much better than a vague goal.

Develop learning activities. Good 4. 
instruction that targets well-defined 
objectives should include mental and/
or physical skills required to meet the 
specified needs. Use of actions and 
situations that simulate actual condi-
tions is very effective. It is important 
that the activities allow employees to 
demonstrate that they have assimi-
lated the desired knowledge.

Conduct the training. The teach-5. 
ing format should invite worker 
participation and provide hands-on 
exercises to promote active learning. 
Use of many means of motivating 
and maintaining student interest is 
encouraged—one of the best ways 
to do so is to emphasize the benefits 
of training and relate the training to 
current skill levels and experiences.

Evaluate program effectiveness. 6. 
Determine whether the training has 
accomplished the objectives of each 
training session. Use of student/
trainee opinions and feedback as well 
as supervisor observations and work-
place improvements is recognized as 
effective for this purpose.

Improve the program. Revise aspects of 7. 
the training based on evaluations from 
previous steps. Offer periodic retrain-
ing. Determine course deficiencies and 
identify needed revisions by repeating 
all steps of the training model.

“MORE THAN 100 OSHA 
STANDARDS FOR THE 
CONTROL OF HAZARDS IN 
THE WORKPLACE CONTAIN 
REQUIREMENTS FOR 
TRAINING.”
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“WHETHER YOU ARE 
DEVELOPING A NEW 
TRAINING PROGRAM 
OR EVALUATING AN 
EXISTING ONE, OUR 
MAXIM IS, ‘START WITH 
THE END IN MIND.’”
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LAB SAFETY 

It is clear in the mountains of  literature and heaps 
of  studies performed that the role of  training is funda-
mental to developing and maintaining effective hazard 
avoidance. The issue is not whether safety and health 
training can reduce risks from workplace hazards, but 
rather determining how to maximize these training ef-
fects. Following the voluntary OSHA training guidelines 
will put you on a path to an excellent occupational safety 
and health training program. Cycling through the seven 
guidelines and putting emphasis on the last two, evaluat-
ing the effectiveness and improving the programs, often 
rewards you with fewer injuries and a better-educated 
and motivated workforce.

References
1. http://www.cdc.gov/niosh/98-145-b.html#data—
Assessing Occupational Safety and Health Training, 
NIOSH publication 98-145.

2. http://www.osha.gov/dsg/hazcom/docs/
MTP101703.pdf—Online manual of  OSHA’s training 
model with presentation slides. US Department of  
Labor, Occupational Safety and Health Administra-
tion, Washington, DC.  

http://www.cdc.gov/niosh/mining/products/pdfs/
ic_cmr.pdf—CMR Hazard Recognition Training 
Program, NIOSH publication 1999.
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“A LACK OF TRAINING WAS FOUND 
TO BE A CONTRIBUTING FACTOR IN 
WORKER INJURIES AND WORKPLACE 
FATALITIES.”

AUTOMATED NANOLITER 
LIQUID HANDLER  

Solution: mosquito® HTS, from TTP 
LabTech, is an automated nanoli-
ter liquid handler with a number of  
features that make it especially suitable 
for low volume assay development and 
assay miniaturization:

•	Minimized	wastage:	mosquito®	HTS	
uses a unique system of  disposable 
positive displacement micro-pipettes 
that guarantee zero cross contamina-
tion between samples. These have 
negligible carry-over and reach to 
the bottom of  source and destination 
plates, ensuring minimal dead volumes 
and so reducing compound waste 

•	System	flexibility:	precise	X,	Y	and	
Z plate and head positioning enables 
the pipettes to enter a 1539-well plates 
accurately, an essential requirement 
when miniaturizing assays. mosquito’s 
5 plate deck also enables easy refor-
matting from 96-well plates into 384-
well plates or from 384-well plates into 
1536-well plates. Any SBS standard 
plates can be used as source or destina-
tion.

•	Pipetting	flexibility:	mosquito	is	able	
to accurately dispense, aspirate and 
even mix a wide range of  liquids, for 
example, to provide direct serial dilu-
tions or to create assay-ready concen-
tration-effect curve plates.

•	Accuracy:	mosquito	reliably	touches	
off  drops on the bottom of  the plate 
for dry dispenses or to a defined level 
in the well for wet dispenses and can 
handle a range of  volumes from 50 

nL –1,200 nL (with CVs of  less than 8 
percent at 50 nL). Since each pipette 
contains its own stainless steel piston 
(as opposed to an air gap or system 
liquid) pipetting is extremely accurate, 
even for very low volumes of  viscous 
liquids.  

The process of  assay miniaturization 
can be further facilitated by combining 
the mosquito HTS with an optional 
bulk dispense head. This module 
provides high volume (≥10 µL), non-
contact dispensing from 8 independent 
channels into specific rows of  plates 
on the mosquito deck. High and low 
volume pipetting steps can be carried 
out within the same protocol through 
a common and simple user interface. 
The two components together are 
capable of  performing a variety of  
protocols, including two-step dilu-
tions or creating concentration-effect 
curves, in under 4 minutes. 

The use of  mosquito for 
assay miniaturization 
can result in increased 
throughput, savings on 
compounds, the elimina-
tion of  solvent dilution 
steps and improved ac-
curacy of  dose inhibition 
curves. Furthermore, mos-
quito is easy to integrate 

with a wide variety of  
liquid dispensers and robotic arms for 
plate handling, ensuring it is entirely 
suitable to a screening laboratory.

For more information, visit  
www.ttplabtech.com
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HOW IT WORKS

Problem: The steadily escalating cost of the drug discovery process means com-
panies are continuously looking for ways to increase process and cost efficiency. 
Minimizing the cost of screening can be achieved by miniaturizing assay formats, 
thereby reducing the volumes of the scarce and expensive lead compounds and 
reagents used. Assay miniaturization requires liquid handlers to deliver nanoliter 
volumes accurately and without sample contamination, yet still be flexible enough 
to handle a range of assays. Other invaluable features for maximizing the cost 
benefits include minimizing dead volumes and the ability to cope with a range of 
sample viscosities.

 mosquito® HTS can be fitted with an 
optional bulk dispense head for rapid assay-
ready plate preparation.

 Chart of mosquito precision showing 
actual CVs obtained against instrument 
specification.
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3-D CELL CULTURE 
SIMPLIFIED

Solution: Global Cell Solutions (GCS), 
Charlottesville, VA, has developed a 
new cell culture substrate that enables 
growth in three dimensions while 
streamlining the process. The spheri-
cal Global Eukaryotic Microcarriers™ 
(GEMs) are made out of  a hydrogel 
material with specialized protein 
coatings that encourage optimal cell 
attachment and expansion. The GEMs 
are embedded with magnetic particles, 
creating a vehicle with which to gently 
suspend and manipulate anchorage-
dependent cells. Cell culturing on these 
three-dimensional GEM surfaces yields 
more cells per volume than is possible 
with traditional two-dimensional for-
mats and surfaces. 

The GEM is non-autofluorescent and 
optically clear. Cell-based assays can 
be done while the cells are still at-
tached to the GEM. Because the cells 
remain on the GEM, trypsin, which 
can diminish cell health and metabolic 
activity, is not required. 

The GEMs can be coated with base-
ment membrane or laminin to allow at-
tachment and expansion of  primary or 
stem cells. In addition to the different 
protein coatings, the GEM is porous, 
which allows 360° access to nutrients 
and ions. This leads to in vivo-like cell 

polarization required to study key dis-
eases such as hypertension.

In order to maximize the application 
of  the GEM technology, GCS has 
tapped Hamilton Company’s expertise 
in instruments and robotics. The col-
laborative result is the BioLevitator—a 
benchtop 3-D cell culture instrument 
that increases throughput and reduces 
costs compared to traditional meth-
ods. 3-D cell culture delivers efficient, 
high-density expansion that enables this 
powerful instrument to be packaged in a 
small footprint that fits on the lab bench. 
The BioLevitator holds up to four 50 
mL cell culture tubes. A magnet sus-
pends the GEMs while the tubes rotate 
to homogeneously suspend the micro-
spheres. Impellers and other mechanical 
devices are not required. The substrate’s 
magnetic properties also enable the pel-
leting of  cells for media changes. The 
process flow is streamlined, eliminat-
ing the need to passage cells or wait for 
them to re-adhere to the flask before 
phenotypic expression begins. 

The BioLevitator eliminates traditional 
peripheral cell culture instruments, 
such as incubators and centrifuges, and 
minimizes manual handling. Each of  
the BioLevitator’s four hydrophobic, 
PTFE-filtered 50 mL cell culture tubes 

can produce cell growth equivalent 
to up to ten T75 flasks, depending on 
the cell line. The system features a 
user-friendly touch screen interface 
with real-time monitoring and control 
of  environmental temperature and 
CO2 levels.

Cell lines can be preserved directly 
on the GEM, eliminating the need for 
harvesting prior to cryopreservation or 
reseeding post-thaw. Large batches of  
cells can be grown in the BioLevitator, 
dispensed into aliquots and frozen for 
use in downstream assays at a later date, 
reducing batch-to-batch variation. 

Human adipose stem cell, human 
umbilical vein and mouse smooth 
muscle cells are just a few examples of  
cell types that have been successfully 
cultured using the BioLevitator.

For more information, go to  
www.hamiltoncompany.com

HOW IT WORKS

 T24 (Human bladder carcinoma) cells 
grown on GEMS, fixed in paraformalde-
hyde, stained with Pico Green (Invitro-
gen) and nile red (Sigma) and imaged on 
a Zeiss 510 meta confocal microscope.

Problem: The study of cells and their behavior is growing rapidly in drug discovery 
and disease research.  This has created a huge demand for more efficient methods 
to culture cells. Traditional cell culturing, where cells are grown on two-dimensional 
plastic surfaces such as Petri dishes, flasks or microplates, is time-consuming and 
labor intensive. It also requires large capital investments and vast amounts of lab 
space. Automation has made throughput strides in recent years, but researchers 
still desire a more streamlined solution.

AN AUTOMATED LIQUID 
HANDLING STATION 

Solution: An automated liquid han-
dling station will help to eliminate the 
bottlenecks often encountered at the 
sample preparation stage, speeding up 
the entire process to increase experi-
mental efficiency and productivity. 
The automation of  research workflows 
helps to streamline complex screen-
ing procedures and frees-up scientists’ 
time for other valuable experimental 
processes. The Thermo Scientific 
Matrix PlateMate series of  automated 
liquid handling platforms is designed 
to perform a variety of  liquid handling 
tasks for a wide range of  applications, 
providing added value to any labora-
tory. Furthermore, the use of  a low-
volume dispensing workstation enables 
the laboratory to minimize reagent 
consumption and thus any associated 
costs. All models of  the PlateMate 2x3 
and PlateMate Plus feature the same 
innovative technology to simplify the 
process of  low-volume dispensing and 
increase workflow efficiency.

The Matrix PlateMate 2x3 is available 
in two different models; the stand-
alone workstation operates indepen-
dently of  any other processes, while 
the robotic-friendly model is easily in-
tegrated into larger automated systems. 
With a versatile 6-position deck, this 
workstation is able to automate plate-
to-plate transfers, plate reformatting 

and serial dilutions, making it compat-
ible with a wide range of  applications, 
including vacuum extraction or filtra-
tion and thermally controlled proce-
dures. Compatible with air or positive 
displacement pipetting technology, it 
is able to dispense volumes ranging 

from 0.1 µl to 300 µl, while ensur-
ing excellent data quality is obtained 
through the highly-accurate pipetting 
of  small quantities. For example, 
accurate dispensing of  dimethyl 
sulfoxide (DMSO) is extremely dif-
ficult due to its low viscosity. However, 

the positive displacement pipetting 
head of  the PlateMate 2x3 is able to 
accurately dispense 0.1 µl of  DMSO 
with minimal reagent waste at a coef-
ficient of  variation (%CV) within the 
published specifications for precision. 
The use of  the innovative technology 
of  the proprietary PocketTip D.A.R.T.s 
further reduces the %CV to less than 6 
percent, while enabling the dispensing 
of  accurate volumes as low as 50 nL. 

The Matrix PlateMate Plus is designed 
for medium to high throughput liquid 
handling applications and has walk-
away functionality. With integrated 25 
or 50 plate capacity stackers, this work-
station is able to effectively shuttle 
labware to and from the pipetting head 
using 4 independent microplate stages. 
These stackers also have the capability 
to de-lid microplates to accommodate 
sensitive liquid handling applications. 
This streamlining enables multiple 
processes to be automated on one plat-
form, further enhancing experimental 
efficiency of  complex screening proce-
dures. Furthermore, the incorporation 
of  two software-controlled peristaltic 
pumps enables the reservoir vessels 
or tip wash station fluid supply to be 
replenished automatically throughout 
the duration of  the workflow.

The PlateMate product range provides 
efficient and versatile low-volume 
dispensing systems that enable re-
searchers to benefit from a hassle-free, 
smooth-running workflow, as well as 
reduced reagent consumption. 

For further information, go to  
www.thermo.com/matrix.
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HOW IT WORKS

 The 6-position automated liquid handler 
is compatible with eight interchangeable 
pipetting heads, and a total available vol-
ume range of 0.1 μl to 300 μl. 

Problem: Liquid handling has a pivotal role in a wide range of experimental ap-
plications with researchers worldwide depending on a variety of different pipetting 
methods on a daily basis. One issue often encountered is that accurate dispensing 
is extremely time consuming and ensuring that precise volumes are pipetted across 
all samples is of extreme importance to experimental integrity. Manual pipetting 
can often be laborious and there are many potential sources of error. Therefore, 
manual liquid handling can often create bottlenecks during preparation and han-
dling processes.

http://www.labmanager.com
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NEAR INFRARED 
CHEMICAL IMAGING

Solution: Near Infrared Chemical 
Imaging (NIRCI), as its name suggests, 
combines the advantages of  conven-
tional NIR and advanced optical imaging 
technology to give spatially resolved 
chemical analysis. The technique is non-
destructive, requires no sample prepara-
tion and is suitable for a very broad range 
of  products including: powders, granules, 
tablets and skin tissue. Although it is 
relatively new, made possible by recent 
advances in imaging technology and 
computing power, the capabilities NIRCI 
offers have generated significant interest. 
This is especially true in the pharmaceu-
tical industry where robust, easy-to-use 
commercial systems are proving to be 
valuable tools for counterfeit detection 
and product development.

NIRCI produces not one, but tens of  
thousands of  spectra, with a typi-
cal analysis capturing around 80,000 
spectra. Each spectrum is associated 
with an individual area or pixel, across 
the surface of  the sample. Interpret-
ing the data demands detailed statisti-
cal analysis, but this is facilitated by 
powerful software that makes a range of  

mathematical techniques accessible, and 
provides chemometric and morphologi-
cal tools in a user-friendly format. The 
results identify not only the chemical 
species present but their exact location 
within a sample.

The principal components of  a NIRCI 
analyzer are: a radiation source, a tun-
able wavelength filter and a two-dimen-
sional array detector. Quartz lamps are 
a safe and easy choice for the provision 
of  NIR radiation while the liquid crys-
tal filter enables wavelength discrimina-
tion and maintains image quality. The 

two-dimensional array is a key feature 
of  a true NIRCI instrument since it 
eliminates the need for sample move-
ment during analysis and the ‘step and 
acquire’ mode of  operation associated 
with more basic mapping instruments 
that have a line array or single detector. 
A NIRCI analyzer has no moving parts. 
Consequently it does not require spe-
cialized laboratory benching, and be-
cause there is nothing present that can 
become mis-aligned, there is no need 
for frequent calibration. Also, the optics 
have long working distances that allow 
the analyst to configure for a small field 
of  view (a single tablet or granule) or 
a larger area, such as a complete blister 
pack, at lower magnification.

For exploratory research into, for 
example, inter-component bonding or 
association and its impact on product 
performance, data may be gathered over 
the complete NIR wavelength range. 
However, where the aim is to deter-
mine, say, the abundance of  a specific 
component or blend homogeneity, it 
may be sufficient to simply analyze data 
at one or two pre-determined wave-
lengths. In this case measurement times 
are slashed from minutes to seconds. 
This is a good approach for applications 
such as counterfeit detection where, in 
the first instance, the analyst wants to 
rapidly determine whether the product 
is genuine or not.

By Ulf  Willén, Product Manager Analyti-
cal Imaging Systems, Malvern Instruments

For more information, go to  
www.malvern.com/nirci

HOW IT WORKS

 The SyNIRgi near infrared chemical 
imaging system from Malvern Instruments.

Problem: For some analytical applications it is essential to have a non-destructive tech-
nique that identifies, quantifies and locates chemical species within a sample. This is 
important where product performance or verification depends on the physical loca-
tion of a substance—within a tablet or granule for example—or where the aim is to 
detect “the needle in the haystack.” Near Infrared (NIR) spectroscopy is a widely used 
technique that detects the presence of different chemical bonds through the analysis of 
optical absorption in the wavelength range 700 to 2500 nm. In this range lie absorp-
tion bands attributable to overtones and combination bands of O-H, N-H and C-H 
stretching and bending vibrations, so the technique is suitable for analyzing many or-
ganic molecules. Conventional NIR is extremely useful but it is an averaging analytical 
method, yielding just one spectrum for each sample. Imaging techniques, on the other 
hand, provide spatially resolved information, presenting statistically relevant results 
derived from thousands of individual measurements.

SPOTLIGHT ON SOFTWARE

SMART SOFTWARE 
PURCHASING 
WHAT YOU NEED TO KNOW BEFORE TAKING THE COSTLY PLUNGE  by Gloria Metrick

If  you intend to purchase a major piece of  software to ser-
vice your entire division or organization, or a large labora-
tory, you need to follow a process to ensure that you make 
the right purchase for your situation. For example, if  you 
are purchasing a LIMS (laboratory information management 
system), an ELN (electronic laboratory notebook) or a CDS 
(chromatography data system) on a fairly large scale, it is not 
a trivial purchase. These purchases tend to be relatively ex-
pensive, involve comparing many features between systems 
and usually require a comprehensive understanding of  your 
needs so that you can justify the massive purchase.

Getting started
First, start by deciding what you want to achieve by 

purchasing the software. By gathering a list of  requirements 
and ranking their importance, you will get an idea of  what 
you’re looking for.

If  you haven’t done so already, this is also an excellent 
time to map your processes. Mapping your current processes 
(known as “as is” processes) will indicate what you’re doing 
in the laboratory. Review and understand your process map. 
This task also gives you a good picture to show to others, 
such as your management, in order to be able to point to 
problem spots or areas where you plan to achieve change. 
If  you are replacing software, make sure you note in your 
process map where that software is currently being used.

With a depiction of  the workflow of  your laboratories 
and associated areas as well as a list of  ranked requirements, 
your organization should now have the “big picture” of  what 
you’re looking for in a new software solution.

Creating the “to be” workflow
You can begin to put some work into your desired future 

workflow (known as the “to be” workflow). After all, you now 
have an idea of  where some of  the bottlenecks are in your pro-
cess and what parts of  the process should be modified. However, 
you cannot finish this task until you purchase your software.

Many things can be identified within your process map. 
You will want to indicate where the new software is going 

to be used, but until you purchase software, you will not 
entirely know where that will be. Once you purchase all the 
appropriate pieces of  software, you must come back to the 
process map to decide where the software will be used. For 
example, if  you are purchasing multiple systems, such as a 
LIMS, an ELN and a CDS solution, you will need to make 
decisions on what software is used where and by whom and 
you will note some of  this information on the process map. 
Even if  you purchase a single piece of  software, without 
knowing the brand, you must be cautious about deciding 
what the software will do and, accordingly, knowing what 
features you’re purchasing.

Is this a good time to remap the process?
Absolutely! If  you don’t work on your process design 

when you purchase a major piece of  software, you probably 
won’t get another chance. You can justify this cost along with 
the cost of  the rest of  the project, plus you won’t want to do 
this once you’ve implemented your software and thus have 
to change the software.

While there might be minor process changes to be made 
after implementation that will require software changes, 
your goal is to minimize this by doing a thorough job up 
front. Although this is not an easy task, it is much easier to 
do during the planning stages and before implementing the 
software than after it’s implemented.

More preparation
You now have most of  what you need to create your RFP 

(request for proposal) or RFQ (request for quotation). Think 
of  an RFP as an invitation to a software vendor to propose a 

“IF YOU DON’T WORK ON YOUR 
PROCESS DESIGN WHEN YOU 
PURCHASE A MAJOR PIECE OF 
SOFTWARE, YOU PROBABLY WON’T 
GET ANOTHER CHANCE.”

http://www.labmanager.com
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solution, while an RFQ is asking for a quotation. Sometimes, 
we combine these into one step in the process.

Here are some steps to take to create your RFP/RFQ:
Take your requirements and turn them into questions. Put them •	
into some type of  table format, and give the software vendors a 
place to respond.
Include any IT, legal, support or regulatory requirements that you •	
didn’t gather as part of  your RFP process.
Group the questions into sections. That way, if  a software vendor •	
has a general comment on the section, it can make comments at the 
end of  the section.
Give some background to your project and company.•	
Give specific instructions and deadlines, including a specific •	
contact to whom the software vendor should send its questions, con-
cerns and final response.
Ask questions about any required implementation services, as well •	
as product questions.
Ask about integration with other software if  you think you will •	
integrate this piece of  software with other systems.

Do not include your rankings for your requirements in the 
copy you will send to the software vendors.

Creating a vendor list
While you’re creating the RFP, you should be able to 

start building a list of  software vendors. Unless you have an 
extremely specific situation, you shouldn’t be writing to one 
vendor and waiting to see what it has to offer before writing 
to another. Instead, search for vendors that have appropri-
ate software and start contacting them. Create a list to keep 
track of  which ones you’ve heard from. Keep working on 
this list until you feel you have enough appropriate vendors 
to send your RFP to once it’s created.

Here are some ways to find vendors with which to create your list:
Do a general Internet search.•	
Find an industry website appropriate to the type of  software you •	
wish to purchase, as some of  these websites will have lists.
Attend a conference where these vendors are showing their products.•	
Ask your employees and/or co-workers what they’ve used in other •	
places they’ve worked.
When you’re at your next industry-related professional meeting, •	
ask your competitors what they’re using.

Sending out and comparing the RFP
Whatever the initial list of  vendors you were considering 

looked like, the list you send the RFPs to should be smaller. 
The more responses you get back, the longer the comparisons 
will take you. Unless you’re serious about looking further 

into products, it’s a waste of  both your time and the software 
vendors’ to send them the RFP and ask for a response.

Once you have all the RFP responses in, you will start 
to narrow the final list down to two to three vendors from 
which to get demos. Looking at more products than this can 
be confusing, as they start to blend together when you’re 
trying to compare them. So, keep the number that you’ll 
compare small. You can add another vendor to your demo 
list later if  you need to.

In order to narrow the list down, have your team compare 
the responses from the software vendors and discuss them. 
One way to split this up is to discuss each section sepa-
rately, then come back and summarize the comments for 
each product. Another way to approach this is, if  you have 
someone who is already an expert with the systems you are 
considering, to have that person create a summary docu-
ment that discusses the general pluses and minuses for each 
product, per section. That document can be given to team 
members to assist in their comparison. Be cautious by ensur-
ing that this summary document is based on the impressions 
and facts given by the document as opposed to the personal 

preferences of  the person doing the summarizing.
Seeing product demos

Before you invite the software vendors to give their 
demos, prepare a sample workflow and some sample data 
that represents some of  your key needs and ask the software 
vendors to customize their demos to focus on your situation. 
Also ask them to focus the demonstration based on their 
knowledge of  your industry.

Work with your team to create this sample workflow and 
to create a list of  questions that you will ask during the 
demo. Prepare your team and any additional attendees by 
discussing the background of  what got you to the point 
you’re at and why the vendors being demoed were selected. 
Prepare attendees to view the offerings with a critical eye 
and to write down their impressions either during the demo 
or right afterward.

“BEFORE YOU INVITE THE 
SOFTWARE VENDORS TO 
GIVE THEIR DEMOS, PREPARE 
A SAMPLE WORKFLOW AND 
SOME SAMPLE DATA THAT 
REPRESENTS SOME OF YOUR 
KEY NEEDS.”

After the demo
Bring everyone together to discuss their findings on how 

well each product meets the requirements. Make sure you 
consider the priority of  your needs. Many teams will fill out 
charts grading each product’s ability to meet their needs, and 
then the team will collate these and discuss them.

Check the references. While the other portions of  the pro-
cess are difficult because they can be tedious, this particular 
aspect is just tricky to get useful information from. Although 
companies will usually give you references who they 
think will say good things about their product, you’ll 
be surprised how many of  these references are useless. 
Watch out for these:

References who say nothing but great things about the prod-•	
uct but have no real understanding of  it. Once you realize 
this is the type of  reference you’re dealing with, don’t waste 
any more time with them.
References who say nothing but great things about the •	
product but seem to be quite knowledgeable. If  you dig a bit 
with careful questions, you can sometimes get past the shal-
low answers that the system is “great”  to find out whether it 
truly does anything for this company and, if  so, what it is.
References who have some negative things to say and don’t •	
sound all that impressed. Some people are so realistic that 
they’re actually great representations of  the true experi-
ence you’ll have. Don’t be put off  by this. Embrace this as a 
chance to find out both the good and the bad you can expect. 
You won’t get many of  these chances, so take advantage 
of  it and don’t use it to immediately reject this particular 
software.

I could caution you to beware of  those references 
who have nothing but terrible things to say about the 
software, but you won’t have to deal with many of  
these. Some people know to ask for both positive and 
negative references from each software vendor, but 
almost all vendors will tell you something like “We’d 
be glad to, but that’s so hard because all our customers 
really love us.”

When you’re fairly sure of  the product you’ll select, 
you can start the process of  sharing contracts. De-
pending on the lawyers, this part of  the process can 
take longer than you might expect.

Finally
This is not an exhaustive list of  activities, but it 

should be enough to get you started if  you haven’t 

done this before. For more help on how to do this, especially 
on creating an RFP, there are software packages, books and 
workshops that will specifically take you through some or 
all of  this process. A search at one of  the major booksellers 
or on the Internet should produce a list, or you can post a 
query in an appropriate discussion group. If  you do not wish 
to do this yourself, you can, of  course, find consulting firms 
to work with.

Gloria Metrick is owner of  GeoMetrick Enterprises (www.geomet-
rick.com), which provides consulting services for laboratory infor-

                                                      Specialists in analytical chemistry or allied 

sciences — don’t miss the East Coast’s largest analytical event! Our 

technical program provides must-see presentations, short courses, and 

workshops, highlighting a century of spectrometry plus many more timely 

topics. Our exposition showcases the latest and greatest advances in the 

analytical world, with instruments, software, supplies, and services in 325 

booths. Stay open to new ideas. Visit www.eas.org or call (301) 682-3701.

2009 Eastern Analytical 
Symposium and Exposition
Garden State Exhibit Center 
Somerset, New Jersey

November 16-19, 2009
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CONVERGENT ELN  
THE LATEST ELNS NOW SUPPORT THE CONVERGENCE OF INSTRUMENTS, SOFTWARE AND R&D WORKFLOWS IN AN 
ELECTRONIC LAB ENVIRONMENT  by Trevor Heritage, Ph.D.

Life sciences R&D labs often spend too much time and 
precious resources just managing and making informa-
tion accessible to scientists. Extracting value from data 
(turning experimental results into actionable knowledge 
that drives decisions) is the fundamental challenge for 
lab managers struggling to deal with the enormous 
amount of  information generated by today’s labs.

This challenge is best addressed through an informa-
tion-driven approach to R&D that enables scientists to 
leverage the information and knowledge of  others in 
order to improve experimental design and analysis and 
thus overall R&D productivity. To deliver an optimal 
information-driven R&D strategy, companies are invest-
ing in flexible, multi-disciplinary electronic laboratory 
notebooks (ELNs) that can be used internally across the 
enterprise or worldwide across business ventures. These 
latest-generation ELNs offer centralized data reposito-
ries; infrastructure for capturing, accessing and sharing 
experimental information; improved communication 
between instruments and related software; and workflow 
orchestration tools that support the diverse needs of  dif-
ferent disciplines, without extensive customization. This 
approach is accelerating the documentation and report-
ing of  experimentation while also enabling scientists 
to collaborate effectively on multi-stage projects and 
leverage existing information for improved experiment 
throughput and success.

The latest ELNs serve as a fulcrum supporting the 
convergence of  instruments, software and R&D work-
flows in an electronic lab environment. This convergence 
is enabling scientists to work more efficiently in project 
teams while also better orchestrating daily experimental 

activities involving compound registration, laboratory 
execution and experiment analysis, data collection from 
instrumentation, sample management and tracking, ma-
terials/inventory management, laboratory information 
management systems (LIMS)/scientific data manage-
ment systems (SDMS) and data warehousing systems. 
Today’s systems even reach beyond the lab into business 
information areas such as enterprise resource planning 
and financial reporting.

The evolution of a convergent ELN solution
Michael Elliott, CEO of  Atrium Research & Consulting, 

describes four generations of  ELNs.1 Beginning with first-gen-
eration systems for basic data capture in the late 1990s, ELNs 
have evolved through a second generation that offered specific 
domain functionality such as searchable reaction databases, 
automated stoichiometry calculations and reaction planning for 
chemists, A third generation expanded this chemistry func-
tionality and provided generic capabilities that extended the 
reach of  the ELN to other disciplines, including biology. The 
third-generation ELN systems provided reusable forms and 
templates for consistent data entry as well as the ability to work 
with MS Word, MS Excel and other third-party applications 
directly, greatly improving their ease-of-use.

According to Elliott, today’s fourth-generation ELNs are 
all about convergence. Labs are demanding a single, flex-
ible ELN solution that combines generic, multi-disciplinary 
functionality with mix-and-match, domain-specific modules 
for handling both structured and unstructured information. 
Elliott suggests that this requirement is moving fourth-gener-
ation ELNs directly into territory traditionally inhabited by 
LIMS and SDMS.

In response, vendors like Symyx are partnering with LIMS 
and SDMS providers such as Thermo Fisher Scientific to 
provide out-of-the-box, integrated ELN functionality along 
with enterprise ELN deployment, domain-specific notebook 
configurations and integrated decision support capabilities, 
enabling improvements in:

Documentation of  experimental design and results,•	
Communication of  procedures and information between instruments,•	
Workflow orchestration among project team members and•	
Capture and re-use of  structured and unstructured information.•	

Managing structured and unstructured information
Approximately 20 percent of  lab data is structured—

that is, capturable, storable and retrievable in software 
applications such as LIMS. The remaining 80 percent is 
semi-structured (i.e., the experimental content and context 
typically captured in a lab notebook, including hypotheses, 
chemistry/materials, conditions, parameters, results and 
conclusions) and/or unstructured data (i.e., the mix of  
data from analytical laboratory instruments and business 
applications that typically is archived in an SDMS).

These different information repositories reflect the 
growing complexity and challenges of  today’s R&D 
informatics environment. For example, the SDMS is 
an automated electronic repository for document and 
instrument data. The system automatically captures and 
retrieves raw data files (mass spectrum, chromatography, 
images, etc.) and archives reports in a software-neutral 
format that does not require original source software 
for viewing reports. While the SDMS easily can access 
printed reports from many sources, the system does not 
enable data analysis or comparison as easily. Neither 
does it compute additional results, as the reports are es-
sentially static “snapshots,” not live data.

LIMS are sample management systems 
used to track studies, projects, batches/lots, 
plates and task assignments in a central ana-
lytical facility. They provide study-centric 
reporting functionality but do not facilitate 
cross-study analyses, which can be challeng-
ing and time-consuming.

Information archived in SDMS and LIMS 
systems is useful only if  the information is 
accessible to scientists via powerful data ac-
cess, analysis and decision support software.

Advanced decision support tools are evolv-
ing to help scientists fully leverage struc-
tured and unstructured information captured 
by an ELN. The enterprise notebook lets 
scientists pull back individual experiments 
for reference, enabling cross-experiment 
analysis and reporting using complementary 
decision support tools. The critical capabil-
ity to store structured and unstructured data 
extends notebook functionality, enabling sci-
entists to answer many challenging questions 
they encounter in the course of  R&D work-
flows. What information already exists? What data 
searches or experiments do I need to repeat? What 

can I do to make sure that my first experiment is successful? What 
can I learn from my colleagues’  experiments? What are the best 
results? How can my colleagues’  data help me reach a better deci-
sion or come up with a new approach?  

Indeed, the enterprise notebook is changing the way 
scientists interact with information. Not only is data 
captured in an ELN fully searchable within and across 
experiments, but an ELN also can automatically pro-
vide third-party information to scientists. For example, 
without leaving their notebooks, scientists can look for 
commercial compounds or known synthesis pathways 
and populate the experiment details. As scientists draw 
molecules, their notebooks can automatically inform 
them about in-house and commercial availability.

Delivering convergence for lab software
Informatics providers today are partnering to deliver 

complete workflows that meet scientists’ needs. As previ-
ously mentioned, Symyx and Thermo Fisher Scientific 
are partnering to deliver customer-requested integration 
among LIMS, ELN and decision support software to 
improve the design, execution, analysis and reporting of  
laboratory experiments. Integrating Thermo Scientific 

“TODAY’S SYSTEMS EVEN REACH 
BEYOND THE LAB INTO BUSINESS 
INFORMATION AREAS SUCH AS 
ENTERPRISE RESOURCE PLANNING 
AND FINANCIAL REPORTING 
SYSTEMS.”
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with measuring the business value of technology acquisitions.
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SPOTLIGHT ON SOFTWARE SPOTLIGHT ON SOFTWARE

Watson™ LIMS (and eventually other LIMS systems 
from Thermo) with an enterprise ELN and decision 
support software from Symyx will reduce or elimi-
nate manual transcription and data manipulation that 
can cause costly schedule overruns, process errors and 
regulatory compliance breakdowns. A typical integrated 
workflow might involve setting up Watson DMPK study 
parameters in the ELN, transferring the DMPK setup to 
Watson LIMS, executing the study and analysis in Wat-
son LIMS, and reporting the results back through the 
ELN or a decision support tool that enables cross-study 
comparison and analysis.

Delivering convergence for lab equipment
The enterprise ELN further improves the collection, 

analysis and reporting of  experimental results by inte-
grating with lab equipment such as balances and instru-
ments, including HPLC, GC, LC/MS and NMR. Fur-
ther convergence is achieved through integration with 
third-party applications such as spreadsheets, statistical 
analysis packages, kinetic modeling/data visualization 
tools, and chromatography and scientific data manage-
ment software.

Integration is a two-way street. The ELN can push 
information out to laboratory equipment and pull it 
back into a digital repository, where it is searchable and 
sharable within and across project teams. For example, 
integration with balances accelerates high-volume 
sample analysis by enabling scientists to send weights 
directly from lab balances to the notebook. Other ef-

ficiency boosters include the ability to run daily balance 
checks from the notebook, retrieve up-to-date calibra-
tion information in the context of  an experiment and 
update instrument status on the fly. The ELN further 
simplifies data entry with effective copy/paste, fill-down 
and import/export capabilities.

Delivering convergence for collaborative R&D 
As R&D organizations expand partnerships and out-

sourcing, globally dispersed “virtual teams” are prolifer-
ating. The enterprise ELN facilitates collaboration with 
partners and contract research organizations by supporting

Workflow coordination across geographic and business boundaries,•	
The authoring of  experiments by multiple scientists,•	
Data capture and data access across the globe and between •	
business networks,
Secure control of  read/write access to experiment sections,•	
The agility to move between projects and•	
Streamlined regulatory compliance.•	
The enterprise ELN also streamlines the exchange of  

information among virtual research teams by integrating 
with laboratory operational informatics (LOI) software 
and systems. Integrated LOI capabilities can streamline 
lab operations and improve R&D productivity by con-
solidating into the ELN workflow sample management 
and tracking (i.e., work request management), instrument 
management, inventory management and metrology. A 
work request system manages the submission, assign-
ment, tracking and history of  laboratory work orders, 
enabling the creation, routing, approval and completion 
of  cross-site analytical requests. A materials system pro-
vides the ability to register compounds and search the 
inventory for laboratory materials and their properties. 
An equipment and metrology system manages labora-
tory hardware and tracking equipment status as well as 
calibration and maintenance histories.

The following simple example illustrates how the en-
terprise ELN with integrated LOI capabilities improves 
information capture, analysis and reporting for virtual 
teams. Scientist A creates a synthesis request in LOI 
using ELN messaging or a document workflow. Scientist 
B is able to access the experiment directly from his/her 
inbox. Scientist B checks out the experiment, executes 
the reaction, records the procedure (including search-
ing for chemicals, linking to instruments and viewing 
instrument information in LOI) and creates results and 
conclusions. Scientist B can access any section of  the 
experiment and add new sections during editing to cap-

ture relevant analytical data as needed. In the meantime, 
scientist A, at the requesting organization, easily can 
monitor scientist B’s progress. When the experiment is 
complete, scientist B checks it back into the ELN reposi-
tory and routes it back to the requester. The requester 
then can take advantage of  configurable ELN report-
ing templates to create and distribute required reports, 
further supporting project team collaboration. The result 
is more efficient scheduling and notification, real-time 
access to results, and instant feedback and adjustments—
culminating in better results, decreased costs and im-
proved productivity.

The enterprise ELN is not the hub for capturing every 
piece of  laboratory data. There always will be a need for 
LIMS, SDMS and other informatics repositories that are 
specifically designed to handle structured or unstruc-
tured information. Today’s enterprise ELN is, however, 
leading the way into a new era of  converging function-
alities. Information-driven R&D—a single, unified data 
management solution—is converging around the fourth-
generation ELN described by Elliott to help scientists 
execute experiment workflows and manage structured 
and unstructured information more efficiently. This 
laboratory informatics strategy also is automating and 
better integrating lab workflows around compound reg-
istration, decision support, lab logistics and even LIMS/
SDMS capabilities. Finally, it is improving R&D decision 
making by enabling scientists to access rich, high-value 
scientific content in the context of  their workflows.

Looking to the future, Symyx believes that the fifth-
generation ELN will extend fourth-generation capabilities 
with hosted services, placing the ELN “in the cloud,” so 
that virtual project teams distributed across disparate geo-

graphic locations and business bound-
aries easily can share information 
and communicate using a common 
notebook. The fifth-generation ELN 
will help more companies benefit 
from having an ELN, reduce cost of  
ownership and enhance operational 
agility—enabling organizations to 
expand and contract R&D resources 
and IT infrastructure as necessary to 
meet changing business needs.

References
1. Michael H. Elliott, “What You 
Should Know Before Selecting an 
ELN,” ScientificComputing.com, 

 Spring 2009  

Trevor Heritage, president of  Symyx’s software division, can be 
reached at trevor.heritage@symyx.com or by phone at 925-543-5400.
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In this economy, travel and training budgets are carefully 
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Each year, the LabAutomation conference and exhibition 
brings together more than 250 multi-national companies 
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PARTING POINTS 
Takeaways from this month’s issue:
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Social Responsibility, p.10
“I do think that we’re entering an age when scientists are increasingly aware of the social and political implications 
of their work. Many scientists are not just open to the idea of interacting with the public, but see that as an obliga-
tion.” Benefits of developing a more socially responsible course of action include: 

Brings sustainable programs to the company, such as reducing lab consumption of plastics and other biohazardous materials •	
Bench scientists find greater cultural comfort in organizations with pronounced social values.•	
Volunteer programs help improve business practices•	
Demonstrating organizational social values helps offset negative perceptions in the court of public opinion•	

Staying on Schedule, p. 16
Lab managers frequently find their R&D projects falling behind schedule. Techniques for balancing project scope 
and goals against constraints and developments that could make the original project timetable unrealistic include: 

Careful planning from the beginning •	
Include project milestones—intermediate goals that serve to define and maintain the project schedule•	
Provide a framework for estimating the resources necessary to accomplish each milestone•	
A PERT chart should be used to identify and monitor the critical path of milestones that must be met •	

Protecting Your Gassets, p. 26
Following simple guidelines should result in a gas sampling and control system that is delivered under budget, that 
is safe, and that provides extended service life, delivering high purity and consistent process results:

The diameter of the piping must be sized appropriately •	
Consider safety or supply limitations for specific gases•	
The source pressure and required inlet pressure need to be considered •	
Select the appropriate material for your piping system•	
Only qualified, certified professionals should perform installation•	

Thinking Lean, p. 30
Lean processes in a laboratory achieve regulatory compliance in the most efficient and productive manner possible. 
However, performance in today’s laboratories tends to be negatively affected by the following issues:

Volatile incoming workload•	
Too much WIP (Work in Progress)•	
Long and variable lead times•	
Ineffective fast-track systems•	
Lack of cross-skilling•	

Developing a Business Case, p. 52
A business case that is developed with appropriate methods considers the necessary intertwinement of financial and 
technical criteria so that it is a meaningful decision tool for choosing in favor of or against investing in automation. 
The three steps to developing a business case include:

Building an influence matrix•	
Developing a financial model•	
Running a risk and sensitivity analysis  •	
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