
S E P T E M B E R  2 0 1 3W W W . C E M A G . U S

TM

Solving the Solvent 
Substitution Puzzle

● IEST’s First Nano Facility RPs 

● Compounding Pharmacy Design Issues

● Touch Technology for Cleanroom Controls

● Installing Test Chambers

● ISPE Product Showcase

ce1309_Cv.indd   1ce1309_Cv.indd   1 9/3/2013   3:18:48 PM9/3/2013   3:18:48 PM

http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=Cover&exitLink=http%3A%2F%2FWWW.CEMAG.US


ce1309FullPage.indd   2ce1309FullPage.indd   2 9/4/2013   10:48:06 AM9/4/2013   10:48:06 AM

http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=2&exitLink=http%3A%2F%2Fwww.biovigilant.com


ce1309FullPage.indd   3ce1309FullPage.indd   3 9/4/2013   10:48:27 AM9/4/2013   10:48:27 AM

http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=3&exitLink=http%3A%2F%2Fwww.sterile.com


20

Controlled Environments SEPTEMBER 2013
Vol. 16 •  No. 8

TABLE OF CONTENTS September 2013 • www.cemag.us4 

   8    Business Continuity Planning to Stay Up and Running
For complex organizations, such as pharmaceutical companies, the importance of 
a disaster recovery strategy can’t be overstated.

18    Tracking Environmental Data
A compounding cleanroom gets a wireless system to monitor temperature, 
humidity, pressure, and particles — and maintain compliance.

20    Design and Certification of Compounding Pharmacies
The wake-up call to compounding pharmacies nationwide means a closer eye on 
design, certification, and operations.

22    Holistic Training
Effective education in handling and sanitizing medical devices can reduce 
contamination and potential hazards to healthcare workers and patients.

24    Working From the Inside Out
Several organizations provide standards and guidance on environmental test 
chamber construction, temperature control standards, and engineering tolerances.

26    IEST Releases First Nanotechnology Facility
IEST’s NANO200 provides technical design criteria and a practical framework for all 
phases of a nanoscience and nanotechonology design/build project.

28    Touch Technology for Cleanroom Controls
A new interface allows cleanroom equipment to be controlled through a touchpad device.

30    ISPE Boston Product Showcase

DEPARTMENTS
  6   From the Editor
32  News

34   Cleanroom Tip
34   Index

8

TM

22

24

Solving the Solvent
Substitution Puzzle

Trade inefficient trial-and-error 
testing for a systematic approach 
to solvent substitution and blends.

10

18

28

32

ce1309_TOC.indd   4ce1309_TOC.indd   4 9/4/2013   9:05:21 AM9/4/2013   9:05:21 AM

http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=4&exitLink=http%3A%2F%2Fwww.cemag.us


ce1309FullPage.indd   5ce1309FullPage.indd   5 9/4/2013   10:48:45 AM9/4/2013   10:48:45 AM

http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=5&exitLink=http%3A%2F%2Fwww.texwipe.com


Controlled Environments
Vol. 16 •  No. 8

6             FROM THE EDITOR September 2013 • www.cemag.us

Mostly Safe Spacecraft

In August, NASA moved the Mars Atmosphere and 
Volatile Evolution (MAVEN) spacecraft into the Payload 
Hazardous Servicing Facility (PHSF) at NASA’s Kennedy 
Space Center (KSC) in Florida. In this large cleanroom, 
technicians and engineers will test and fuel the space-

craft prior to being moved to its launch pad for a scheduled 
November 18 launch. If all goes as planned, MAVEN should 
arrive at Mars next August and begin its mission of surveying 
the Martian upper atmosphere to collect data and test theories 
as to what happened to the early denser Martian atmosphere 
that left the planet now dry and desolate.

The PHSF has seen many spacecraft and spacecraft compo-
nents go through its cleanrooms, including the Hubble Telescope (and replacement parts), 
Mars Science Laboratory (Curiosity), numerous Space Shuttle payloads, and more.

Development of the PHSF at KSC and similar facilities throughout the world 
came about as a result of the United Nations Outer Space Treaty signed by most 
countries in January 1967. Article IX of this document states that “parties to the 
Treaty shall conduct space exploration so as to avoid the harmful contamination 
[of other planets] and avoid adverse changes to Earth’s environment resulting from 
the introduction of extraterrestrial matter.” Procedures for ensuring this protec-
tion were established by the U.N.’s Committee on Space Research and based on a 
five-category scale depending upon their catastrophic potential. Missions to Mars 
are classed as Category III where forward-contamination (Earth microbes invading 
other planets) could occur.

But most current spacecraft are big objects (Curiosity weighs 900 kg and is the size 
of a small car) and impossible to sterilize. Even the PHSF, although categorized as a 
Class 10,000 or better cleanroom, cannot ensure a totally clean environment or steril-
ized spacecraft. Indeed, research performed in a number of spacecraft cleanrooms 
found a wide range of bacteria that survived in harsh environments, high tempera-
tures, high pH, and high levels of chlorine. Most of these bacteria contaminants were 
found to be introduced into the spacecraft cleanrooms by cleanroom personnel, even 
though they were wearing extensive protective gear. And even if they could be purged 
of most bacteria, some species have spent 18 months attached to exterior walls of the 
International Space Station (ISS) where they were battered by cosmic rays and high-
energy particles and, when returned to Earth, they had spores that germinated.

So, spacecraft cleanrooms like the PHSF may be clean, but they’re definitely not 
sterile, nor do they have the ability to sterilize spacecraft. Long-term, high-tempera-
ture sterilizing soaks performed on early spacecraft also cannot be performed on 
current spacecraft—current electronic components and composite materials can-
not withstand those environments.

When informed about the inability to sterilize spacecraft and the threat of contami-
nating extraterrestrial planets with Earth-borne bacteria, NASA’s Planetary Protection 
Group states that their goal is to keep bacteria on a spacecraft below a certain threshold, 
such that the probability of them surviving the radiation and rigors of an interplanetary 
voyage and then being able to proliferate on another planet is effectively zero.
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Business Continuity Planning to Stay Up         
For complex organizations, such as pharmaceutical companies, the importance of a disaster                        

Patrice Galvin
Editor Natural and man-made disas-

ters happen. They happen to 
businesses of all sizes and in 
all geographic regions. While 

the disasters themselves can vary from 
a localized fire to mass power outages 
and beyond, a well-conceived and 
tested business continuity plan can 
minimize the impact and shorten the 
downtime. For complex organizations, 
such as pharmaceutical companies, the 
importance of a disaster recovery strat-
egy can’t be overstated. 

Controlled Environments recently spoke with Chris 
Burgher, Business Development Executive at SunGard 
Availability Services, Wayne, Pa., about how organizations 
can prepare for unexpected business disruptions. Chris is 
an information technology and security and privacy pro-
fessional with over 25 years of experience in the IT indus-
try, and has worked in Information Security and IT Risk 
Management for the past 15 years. He is a CERT Resilience 
Management Model (RMM) Lead Appraiser, and an expert 
in operational resilience.

Controlled Environments: How can healthcare and pharma-
ceutical companies achieve a desired level of “availability” and 
maintain uninterrupted business operations? 
Chris Burgher: Pharmaceutical companies in particular often 
have complex organizational structures and multiple lines of 
business (LOB) which can make high availability a challenge 
when thinking about how to secure the entire organization. 
Based on a recent IDC survey, we know “operational resil-
iency,” defined as “an emergent property of an organization 
that can continue to carry out its mission in the presence of 
operational stress and disruption” (source: Carnegie Mellon’s 
Resilience Management Model CERT-RMM), is the ultimate 
path to achieving continuous availability.

In order to achieve a desired level of availability, pharma-
ceutical companies should:
• Create a strong workforce continuity plan and test it often.
•  Have a plan for re-distributing workload across the organiza-

tion should a facility go down. 
•  Think of the value chain as extending beyond the organiza-

tion’s four walls. If a critical supplier goes down, can your 
operations still run smoothly?

CE: From your experience, what are the greatest business con-
tinuity vulnerabilities pharmaceutical and healthcare compa-
nies are exposed to?
CB: All types of companies are vulnerable to disaster, whether 
manmade or natural. Risk management, security, and business 
continuity are among the leading vulnerabilities. 

For any organization in the healthcare industry, additional 
considerations such as HIPAA and PHI compliance apply. 
And of course, as many healthcare organizations move to elec-
tronic healthcare records (EHR), vulnerabilities surrounding 
the security of distributing EHRs exist as well. Overall, these 
organizations are facing more data protection issues than ever 
before. 

CE: What ISO 22301 business continuity standards should 
pharmaceutical companies be most conscious about?
CB: It depends on the organization. When you look at the 
business continuity lifecycle, many steps are involved.

First step is to develop scope, context, and management 
commitment. After that, a company should define its roles and 
responsibilities — understand every business process within 
the company so assigned staff can define risks and business 
impact to each one.

From there you need to develop strategy, plans, and proce-
dures. This is the step where technology solutions come into play. 

Once in place, you must exercise your plan, putting it to 
test in mock disaster scenarios. It’s important to have stan-
dards in place to ensure strong oversight of the program.

Finally, you must evaluate your progress, audit, and review. 
Ongoing metrics that identify KPIs of the program are key to success. 

CE: There are many pharmaceutical companies in New Jersey. 
How did SunGard AS help them recover their environments 
during Hurricane Sandy? 
CB:  During Hurricane Sandy, SunGard Availability Services 
received 342 alerts and 117 disaster declarations from its cli-
ents. Many of these customers are healthcare organizations 
that experienced technology challenges. For instance, some 
customers’ servers were under water, quite literally. 

For all customers affected by Sandy, we played a vital role 
in helping to restore infrastructure, leveraging our three-tiered 
approach to recovery to get organizations up and running 
after the storm. This approach includes data protection, sys-
tems recovery, and people, process, and programs. 

The last piece of our approach—people, process, and 

8  BUSINESS CONTINUITY Q&A

Chris Burgher
SunGard Availability Services
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        and Running
                        recovery strategy can’t be overstated. 

programs— was one of the most important areas of 
recovery during and following the storm. We deployed 
five mobile recovery units, each equipped with com-
puters, telephones, and all other basic office needs, to 
assist customers who were not able to use their existing 
workspace. There were a lot of lessons learned sur-
rounding workforce continuity. 

Hurricane Sandy exposed a true data center tech-
nology disaster and has companies reevaluating their 
business continuity programs.

 
CE: How should pharmaceutical companies prepare 
for 100 percent availability as we look ahead into 
storm season? 
CB: Disaster recovery planning is a complex challenge 
that covers three major fronts. Looking ahead and 
planning for this year’s storm season, pharmaceutical 
companies need to consider three areas: data protection, 
systems recovery, and people, process, and programs.
•  Data Protection: Hosting your data on-site alone is 

not a proper method of data protection. The first step 
to disaster recovery planning is to have an off-site, 
secure location to protect your data. Depending on 
your region and its proximity to water or to a storm 
or tornado “alley,” it’s usually best if your off-site 
recovery location is 40 to 50 miles away from your 
on-site location. 

•  System Recovery: Are your platforms, servers, operat-
ing systems, backup software and hardware, hypervi-
sors, networks, and storage up-to-date and actually 
ready to recover your applications?

•  People, Processes, and Program: Providing your 
staff with the required workspace, equipment and 
communications is vital to surviving a disaster. You 
should also have a “runbook” that documents the 
steps of your recovery. If a disaster strikes tomor-
row and your staff has to work remotely, would they 
know what to do? It’s important to continually test 
these processes throughout the year.  A disaster recov-
ery/ business continuity (DR/BC) program is ongo-
ing, and requires constant attention including testing, 
analyses, execution of change management, and 
more. Many companies hire a service provider like 
SunGard Availability Services to keep their program 
in tip-top shape at all times. 

La
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Solving the Solvent Substitution Puzzle
Trade ineffi  cient trial-and-error testing for a systematic approach to solvent 
substitution and blends. 

Darren L. 
Williams, Ph.D
Associate Professor of 
Chemistry
Sam Houston State 
University
Huntsville, Texas

The cleaning chemist’s lament:
First, they took my CFCs;
Then, controlled my VOCs.
Now, they want my 225.
Will my company survive?

T his article outlines a systemic evaluation process for 
making solvent substitution decisions. Environmental, 
safety, and health information is extracted from the 
MSDS and is considered along with effectiveness criteria. 

The heart of the process is the effectiveness evaluation that is 
based upon the Hansen solubility parameters. The theory and 
use of HSPs are illustrated in an example of solvent selection 
and solvent blending to remove a silicone-based high-vacuum 
grease.

Although there are many technical subject matter experts 
(SMEs), line managers, and industry personnel who are tasked 
with solvent selection responsibilities, there are also other 
industrial sectors1 that are dealing with solvent substitution 
requirements (e.g. refrigeration, air conditioning, foam blow-
ing agents, fire suppression, explosion protection, aerosols, 
sterilants, tobacco expansion, adhesives, coatings, and inks).

Industrial chemists and engineers have an impressive track 
record of “rising to the occasion” with respect to the increasing 
restrictions on acceptable process solvents. They have respond-
ed with continual improvement to remove ozone-depleting 
(OD) solvents, to reduce hazardous air pollutants (HAPs), to 
reduce volatile organic carbon (VOC), to avoid solvents with 
a high global warming potential (GWP), to reduce flammabil-
ity when feasible, and to enhance worker health and safety. 
Consequently, the process of solvent selection has become 
increasingly complex.

Some good resources
The U.S. EPA has a website for their Significant New Alternatives 
Policy (SNAP) program that reports on the evaluation and 
regulation of non-ozone-depleting alternative solvents. The 
purpose of this program is “to allow a safe, smooth transition 
away from ozone-depleting compounds by identifying sub-
stitutes that offer lower overall risks to human health and the 
environment.” 

The SNAP program is primarily focused on non-ozone-
depleting replacements, but there exists an excellent resource—
the Toxics Use Reduction Institute (TURI)2—that addresses the 
reduction of overall toxicity. Their broad evaluations of regulated 

chemicals and suitable replacements are a valuable resource for the 
cleaning sector as well as other solvent-heavy sectors of industry.

But first, be practical. If a well-established business sector 
has a particular work-horse solvent (e.g. perchloroethylene, n-
Propyl bromide, etc.), the first source of information should be 
the solvent manufacturer. A good relationship with the technical 
representatives is valuable. If a solvent is slated to be phased out, 
the supplier will be devoting a large amount of effort to main-
tain their market share by researching alternatives. 

It may be the case, though, that a different manufacturer 
will have a better replacement and navigating this situation 
can be confusing. If one has a critical performance need or a 
problem soil-substrate combination, then the various manu-
facturers are often willing to test their alternative solvent(s) 
against the critical need. 

However, many SMEs, chemists, and engineers are curious 
by nature, and they want to know what is going on behind the 
scenes in these solvent evaluations. Some will even want to do 
the evaluations themselves to satisfy this curiosity and to instill 
confidence in the independence of the evaluation. 

This article addresses this “need to know” by briefly describing: 

10 SOLVENT BLENDING

Figure 1: A Hansen solubility parameter plot for several popular 
solvents and a particular soil— a high-vacuum grease (HVG). The 
solvents and soil are plotted at coordinates (2δ

D
,δ

P 
,δ

H
) so that the 

interaction region is spherical5. The data points are colored according 
to the relative magnitudes of δ

D
 (blue), δ

P
 (red), and δ

H
 (green) such 

that similar colors interact strongly—like dissolves like.
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1. The Hansen solubility parameters of soils and solvents
2.  The selection of solvents to fit within an environment, 

health, and safety (EHS) profile
3.  The blending of solvents to maximize performance 

within an EHS envelope

Theory 
Solvent-soil interactions
The cleaning solvent and the soil must spontaneously “like 
each other.” It is best if the solvent and the surface spontane-
ously like each other, too, because this allows the fluid to wet 
the surface lifting the soil into the bulk solvent. The thermo-
dynamic property that governs spontaneity (at constant pres-
sure) is the Gibbs free energy, and a negative Gibbs energy of 
mixing (ΔGmix) indicates that the substances like each other 
enough to mix spontaneously.

The ΔGmix can be written (Eq. 1) in terms of the enthalpy 
of mixing (ΔHmix), the entropy of mixing (ΔSmix), and the tem-
perature of the system (T). Notice how increased temperature 
favors mixing by reducing ΔGmix:

 ΔG
mix

  = ΔH
mix  

 - TΔS
mix

The entropy of mixing can be written in terms of the vol-
ume fractions of each of the components (Eq. 2):

  ΔSmix  
= -n

T
R(x

1
1n x

1
 + x

2
1n x

2
)

In Eq. 2, n
T
 represents the total number of moles of molecules 

present in the system, R is the gas constant 8.3145 J mol-1 K-1, V
T
 

is the total volume, and the x
i
 are the volume fractions (vi / VT) of 

the mixture components. It is interesting to note that all the vol-
ume fractions are by definition less than one. This causes all the 
natural logarithms to be negative, resulting in a positive entropy 
of mixing. It is always entropically favorable to form mixtures. 

If substances do not spontaneously mix, it is due to the 
enthalpy of mixing. Hildebrand and Scott coined the term 
“solubility parameter” to account for the enthalpy of mixing 
effect on solubility.3 They define the Hildebrand solubility 
parameter (δT in Eq. 3) as the square root of the cohesive 
energy density in (J/mL)1/2, which is the enthalpy of vapor-
ization (ΔHvap) for a solvent divided by that solvent’s molar 
volume (Vm). (Many tables list the units of the solubility 
parameter as the equivalent MPa1/2.) A solvent’s molar vol-
ume is easily calculated by dividing the solvent’s molar mass 
(M in g/mol) by its density (ρ in g/mL):

         δ
T
 ≡    ΔH

vap
  =    ΔH

vap

                  Vm                    (M / ρ) 

Each solvent will have a Hildebrand solubility parameter and 
these may be compared to yield the enthalpy of mixing via Eq. 4:

  ΔH
mix 

= x
1
x

2
V

T  
 (δ

T,1
− δ

T,2
)2

Therefore, one may predict that mixing will occur if two 
substances have similar Hildebrand solubility parameters. 
Hildebrand, however, used non-polar hydrocarbons in the 
development of his solubility parameters. Later, Hansen 
refined the solubility parameter approach to account for three 
types of intermolecular forces—dispersion (δ

D
), polarity (δ

P
), 

and hydrogen-bonding (δ
H
)—thus creating the Hansen solu-

bility parameters (HSPs).4 They are related to δ
T
 via the geo-

metric mean (Eq. 5):

  δ
T     

≡
   
δ

D    
+

  
δ

P   
+

   
δ

H
 

This has proven to be a very useful system for understand-
ing the interactions of solvents with soils, substrates, and other 
solvents because the  δ

D
-, δ

P
-, and δ

H
-terms can be displayed 

as three Cartesian axes (Fig. 1). The HSPs of solvents and 
soils can be plotted in this three-dimensional Hansen solubil-
ity coordinate space. This sounds complicated, but it is not! 
Rather, it leads to a very easy and intuitive way to select sol-
vents and solvent blends:

The solvent abbreviations in Fig. 1 represent Asahiklin 
(AK225) from Asahi Glass Co. Ltd.; HFE-7100 (HFE71), 
HFE-7500 (HFE75), HFE-7300 (HFE73) from 3M Company; 
Solstice LBA (Sols) from Honeywell International Inc.; the 
cyclic dimethylsiloxane tetramer (D4) from Dow Corning; 
d-limonene (dLIM), toluene (TOL), perchloroethene (Perc), 
n-Propyl bromide (nPB), isopropyl alcohol (IPA), acetone 
(ACE), and trans-dichloroethene (tDCE). The soil in this 
example is a high-vacuum grease (HVG). The color coding 
of the data points follows the coloration of the δ

P
 (red), δ

H
 

(green), and δ
D
 (blue) axes. Similarly colored solvents and soils 

interact strongly—like dissolves like.
Determining the HSPs of the soil may be as easy as an 

Internet search if the soil is a commercial oil or grease. But 
sometimes, a small series of solvent exposure lab tests are 
required. This procedure—detailed in Hansen’s handbook4 
and online5—consists of exposing soiled parts to approxi-
mately 30 solvents that cover a large range of DPH-space. The 
strongly interacting solvents will be clustered within a sphere 
(with radius R

0
) centered on the HSPs of the soil. A numerical 

fitting routine is used to select the interaction sphere parame-
ters (δ

D
, δ

P
, δ

H
, and R

0
) that contain all the good solvents while 

excluding all of the bad solvents.6  Once these HSPs are known, 
solvent substitution and blend prediction may begin.

Solvent and blend evaluation, prediction, and selection
The HSPs of a blend are simply the volume fraction weighted 
sum of the HSPs of the blend components (Eq. 6):

 δ
D,blend 

 
 
= ∑

 
 x

1
δ

D,i
 

In Eq. 6, the δ
D,i

 represents the dispersion Hansen solubil-
ity parameter for the i-th component of the blend. The same 
treatment is used for the δ

P,blend 
 and δ

H,blend 
 parameters.
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Essentially, binary blends are represented in DPH-space 
by a straight line between the two components, and if this 
line goes near the targeted soil, then this is a promising blend 
recipe. Likewise, a three-component blend is represented by a 
triangle in DPH-space, and a four-component blend creates 
a four-sided pyramid-like polygon. If the soil lies close to the 
triangle or within the polygon, then these blend components 
will produce a promising blend. Programs are available that 
will search for the optimum blend recipe given that the HSPs 
of the soil are known.

All processes are subject to “garbage in – garbage out,” 
therefore it saves time to eliminate all unacceptable solvents 
from consideration before predicting blend recipes. If the 
process may only use VOC-exempt solvents, then only VOC-
exempt solvents will be entered into the blend prediction  
model. An excellent overview of cleaning agents, solvents, 
and cleaning systems is available for the SME who wants to 
improve their knowledge in this area.7

Even after this down-selection, there may be hundreds of 
suitable blend recipes for a given soil. Therefore, one must 
determine an overall desirability function for ranking the 
many possible blend recipes. The common criteria are flam-
mability (F), toxicity (H), volatility (Y), and effectiveness 
(E). For the purposes of optimization, each criterion will be 
transformed into a 0 (bad) to 1 (good) scale.

The flammability term (F) uses the Hazardous Material 
Identification System (HMIS) flammability number that is 
found on the MSDS for the solvent.8 The flammability num-
ber ranges from 0 (low) to 4 (high) flammability, and Eq. 7 
converts this to the necessary 0 to 1 range:

         F
i
 = 1 −  HMIS(F)

                    4  

A similar treatment is used for the health rating (H) from 
the HMIS(H) term as seen in Eq. 8.

         H
i
 = 1 −  HMIS(H)

                    4  

The volatility term (Y) is based upon the solvent 
evaporation rate (RER) relative to n-butylacetate.5 
Because the magnitude of RER may vary from near-zero 
to several thousand, the inverted percentile rank of the 
RER relative to the full set of solvents under consideration 
is used. In English, the most volatile solvent will have a 
near-zero rank and the least volatile solvent will have a 
rank near one. However, the non-inverted percentile 
rank may be used if the SME desires fast-evaporating 
solvents in the blend. This percentile rank is based upon 
a normal distribution function which is standard in Excel 
(Eq. 9):

Yi = 1 − Norm.Dist(RER
i
,average(RER)stdev.p(RER),true)

A similar treatment is used to rank the predicted effective-
ness of the solvent against a particular soil. A small Hansen 
distance (Ra, Eq. 10), indicates that a solvent is effective5:

R
a
 =   (2δ

D,solvent
  − 2δ

D,soil
)2 + (δ

P,solvent
 − δ

P,soil
)2 + (δ

H,solvent
 − δ

H,soil
)2 

  
The inverted percentile rank (Eq. 11) is used on Ra to bring 

the effectiveness rating to a range of 0 (bad) to 1 (good):

          E
1  

= 1 − Norm.Dist(R
a,i

,average(R
a
),stdev.p(R

a
),true)

   
The individual rankings are averaged (Eq. 12) to give a 

desirability rating for each solvent:
   

          D
1
 =  Fi

 + H
i 
+ Y

i
 + E

i

                     4  
   
The desirability ratings of the blend components are aver-

aged along with the blend effectiveness rating (Eblend) to deter-
mine the overall blend desirability rating (Eq. 13):

          D
blend

 =    
1

      (Eblend 
+ ∑ D

i 
)

            
N + 1

The N in Eq. 13 represents the number of blend compo-
nents and Di is the desirability rating for each component sol-
vent. The effectiveness of the blend (E

blend
) is calculated using 

the Hansen distance of the blend to the soil using Eq. 11.

Example
To illustrate this process, a silicone-based high vacuum grease 
(HVG) was used as the soil. The Hansen solubility parameters 
were determined to be (16.0, 2.3, 1.4) using the solvent interac-
tion method.6 Fourteen solvents that are commonly used or 
proposed in cleaning applications are shown in Table 1. The 
Hansen distance from the solvent to HVG is shown as well  as 
the other figures of merit used in ranking the desirability of 
each solvent against HVG.

One can see in Table 1 that dLIM is the most desirable 
solvent based upon its low volatility. But this analysis has 
shown that AK225 has superior flammability and health rat-
ings, and it evaporates much quicker. The HFE75 solvent has 
similar volatility to dLIM with less flame and health risk. If 
fast-evaporating non-flammable solvents are desired, then the 
HFE71 and Sols solvents are expected to perform well against 
this particular soil. This treatment allows the SME to balance 
risk and requirements in solvent substitution decisions.

All 91 pairwise combinations of these solvents were com-
puted and Table 2 shows the optimized blend recipes for the 
top 16 binary blends sorted by desirability. Both of the top 
blends contain AK225, and if this solvent is being phased-out 
the next best blend is a mixture of 47% HFE-7100 and 53% 
toluene.

All 364 three-component blends and 1,001 four-compo-
nent blends were optimized, but none of them had desirability 
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ratings above the promising binary blend recipes. 
The most promising blends may now be prepared in small 

vials as a test of miscibility. Godfrey’s M-numbers may be used 
to screen out blends that are unlikely to mix, but at this point it 
is best to test the miscibility of the blend components directly.9,10 
This is an active area of research. Research is currently being 
conducted into an HSP-based model of the Godfrey M-number 

to serve as a screening test for blend miscibility.11

Now that the most-desirable blends or substitute solvents 
have been selected, it is time to perform cleaning effectiveness 
testing. There are many ways to do this from high-fidelity parts 
cleaning to metal coupon dip testing.12 Whatever the method, 
one can be confident that the process outlined in this article will 
save solvent, time, and money by eliminating the wasteful and 

random trial-and-error testing of the past.
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Table 1: A selection of solvents ranked according to their ability to clean a high-vacuum silicone 
grease with the (δ

D
, δ

P
,  and δ

H
) values of (16.0, 2.3, 1.4). The components of the desirability rat-

ing are color-coded green and red for good and bad, respectively.

Solvent δD δP δH
RER HMIS(H) HMIS(F) Ra Fi Hi Yi Ei Di

dLIM 17.2 1.8 4.3 12 2 2 3.8 0.50 0.50 0.77 0.77 0.64

AK225 14.1 3.2 1.0 1415 1 1 3.9 0.75 0.75 0.26 0.73 0.62

HFE71 13.7 2.2 1.0 1501 0 1 4.6 0.75 1.00 0.23 0.49 0.62

HFE75 13.3 2.0 1.0 151 1 1 5.4 0.75 0.75 0.73 0.23 0.61

Sols 15.1 4.1 2.8 3933 2 0 2.9 1.00 0.50 0.00 0.94 0.61

HFE73 13.8 0.2 0.0 499 1 1 5.1 0.75 0.75 0.60 0.33 0.61

D4 12.8 1.3 1.0 15 0 2 6.5 0.50 1.00 0.77 0.04 0.58

TOL 18.0 1.4 2.0 139 2 3 4.1 0.25 0.50 0.73 0.66 0.54

Perc 18.3 5.7 0.0 87 3 0 5.9 1.00 0.25 0.75 0.12 0.53

nPB 16.4 7.9 4.8 582 2 0 6.6 1.00 0.50 0.57 0.04 0.53

IPA 15.8 6.1 16.4 153 1 3 15.4 0.25 0.75 0.73 0.00 0.43

ACE 15.5 10.4 7.0 786 1 3 9.9 0.25 0.75 0.49 0.00 0.37

ACN 15.3 18.0 6.1 211 2 3 16.4 0.25 0.50 0.71 0.00 0.36

tDCE 16.7 7.8 3.3 1186 2 3 6.0 0.25 0.50 0.34 0.11 0.30

x1 Solvent1 x2 Solvent2 Ra Eblend D1 D2 Dblend

0.51 AK225 0.49 TOL 0.06 0.96 0.62 0.54 0.71

0.49 AK225 0.51 dLIM 1.42 0.86 0.62 0.64 0.71

0.47 HFE71 0.53 TOL 0.54 0.94 0.62 0.54 0.70

0.56 dLIM 0.44 HFE71 1.61 0.83 0.64 0.62 0.70

0.43 HFE75 0.57 TOL 0.67 0.93 0.61 0.54 0.69

0.59 dLIM 0.41 HFE73 1.65 0.83 0.64 0.61 0.69

0.61 dLIM 0.39 HFE75 1.76 0.81 0.64 0.61 0.69

0.39 D4 0.61 TOL 0.97 0.90 0.58 0.54 0.67

0.61 Sols 0.39 TOL 1.37 0.86 0.61 0.54 0.67

0.38 dLIM 0.62 Sols 2.16 0.75 0.64 0.61 0.67

0.34 D4 0.66 dLIM 1.97 0.78 0.58 0.64 0.67

0.44 HFE73 0.56 TOL 1.50 0.85 0.61 0.54 0.66

0.54 HFE73 0.46 Perc 1.51 0.85 0.61 0.53 0.66

0.57 HFE71 0.43 Perc 1.76 0.81 0.62 0.53 0.65

0.52 HFE75 0.48 Perc 1.83 0.80 0.61 0.53 0.65

0.47 D4 0.53 Perc 1.73 0.82 0.58 0.53 0.64

0.62 AK225 0.38 Perc 2.10 0.76 0.62 0.53 0.64

0.21 HFE73 0.79 Sols 2.66 0.66 0.61 0.61 0.63

0.24 Perc 0.76 Sols 2.30 0.73 0.53 0.61 0.62

0.06 AK225 0.94 Sols 2.88 0.62 0.62 0.61 0.62

0.06 HFE71 0.94 Sols 2.88 0.62 0.62 0.61 0.62

Table 2: A selection of binary blend recipes that have been optimized 
to target the HVG soil. The blends are sorted by the overall desirabil-
ity rating (Dblend).
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cleanzone
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Tracking Environmental Data
A compounding cleanroom gets a wireless system to monitor temperature, 
humidity, pressure, and particles — and maintain compliance.

Stewart Thompson
Technical Writer
CAS DataLoggers 
Chesterland, Ohio

In order to stay compliant with regulations, cleanroom man-
agers need to have accurate data on the status of the facility. 
This means continual assurances that everything is running 
as it should and being notified when it’s not. An unintended 

or unexpected event can cause damage, downtime, or worse 
if not handled in a timely manner. But how can a manager 
respond unless they have the appropriate tools to monitor the 
space and alert them if something is not within spec? 

Recently, a company in Nashville, Tenn. that stores phar-
maceuticals for several manufacturers addressed this issue. 
Their facility contains two cleanrooms where technicians work 
to compound different types of chemotherapy drugs which 
need to be mixed especially for specific patients based on their 
individual diagnoses and history.

The chemotherapy cleanrooms each measure about 950 ft2

and are housed within a larger warehouse which also includes 
product storage rooms and research areas. Staff members use 
full cleanroom suits to enter and exit through the airlocked 
antechambers, while the cleanrooms are equipped with HEPA 
filters and blower systems in accordance with USP-797 regula-
tions. Additionally, three laser particle counters are installed in 
each cleanroom to scan the HEPA filters.

To ensure their cleanrooms’ integrity and document best 
practices, staff continually log extensive environmental data. Each 
cleanroom’s temperature needs to be maintained at 70°F with a 
variance of +/- 2°F and a relative humidity of about 50% depend-
ing on the drug or product monitored. Within the cleanrooms, 
staff also have to ensure the minimum .03 in. water column posi-
tive air pressure per facility policy in respect to the anteroom envi-
ronment to ensure that particulate matter is blown outside. This 
value is continually measured at a pair of differential pressure 
points located inside and directly outside each cleanroom.

During the selection process for their monitoring sys-
tem, the staff wanted to go with a wireless setup to monitor 
differential pressure, temperature, and relative humidity. 
Technicians also wanted to avoid complications arising 
from the extensive wiring necessitated by Ethernet systems. 
Automated alarm functionality was another major priority 
for the facility — for example, if pouches of these drugs were 
torn or spilled. Continuous alarm sampling was also requested 
to alert staff if the blower system failed or the HEPA filters 
became blocked from long use, either of which would quickly 
compromise the cleanrooms and product safety.

While the staff considered system intrusion from unauthor-
ized parties to be unlikely, they were concerned about the pos-

sibility of users inadvertently modifying or deleting data, so they 
knew that their prospective system’s software would need to 
prevent this.

Equipment for continual monitoring 
After a review of product and equipment options, the staff 
selected a system that addressed their needs. The equipment 
included four wireless temperature and humidity data loggers, 
two in each cleanroom, mounted on wall brackets. The data 
loggers have an external sensor that measures and records both 
temperature and humidity at a temperature range of 32°F to 
131°F, and relative humidity from 10% to 95% RH. 

To monitor differential pressure, four wireless voltage data 
loggers were connected to four commercial pressure transducers 
at two points just inside and outside the cleanrooms. The 0 to 
5V outputs of these sensors were connected to the loggers along 
with current cables. Meanwhile, installers ran tubes to the inside 
and outside of each cleanroom to begin wirelessly recording the 
differential pressure. In the event of an accident, data loggers are 
housed in water-resistant cases and protected by a rugged design.

Two wireless USB stations, one in each cleanroom, were 
also installed to automatically collect the pressure, tempera-
ture, and humidity data from the loggers. The base stations’ 
integrated repeater mode allows users to configure the devices 
to function as a daisy-chainable repeater. This extends com-
munication range and eliminates wireless range problems. If 
necessary, the USB-connected base stations can also connect 
directly to a PC through their integrated USB ports. Wireless 
range for the data loggers extends to a distance of up to 100 
meters in the unobstructed chambers.

After quick configuration and setup, each logger now auto-
matically records and transmits readings to the wireless base 
stations over the Internet, and each can also store readings to 
its 16,000 point memory.

18 CLEANROOM MONITORING

Delphin Technology’s TopMessage Data Acquisition and Control System
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The base stations also include software which is connected 
to the facility’s network and supports data collection functions 
including real-time monitoring and scheduled downloads. The 
software also allows users to print data and create text files, 
tables, and graphs of the data collected by the remote units. 

Users can flexibly set sample rates on the data loggers to 
measure at frequencies from every second up to every hour for 
up to 64 units in one group. The data loggers are set to take a 
reading and perform an alarm check every ten minutes 

Alarms, alerts, and information retrieval
The wireless base stations also send out automated alarm 
emails. Users have configured warning settings so that when-
ever any of the environmental data goes outside the limits, 
email alarms are sent out to all specified addresses. Staff receive 
immediate alerts on their mobile devices and pagers which 
greatly decreases response times. Up to 50 addresses can receive 
these automated alerts. 

The wireless base stations transmit all logger data to the 
manufacturer’s dedicated Internet server for cloud-based 
retrieval. This service lets users remotely access all current 
readings and share recorded data from their browsers.

The online service is regularly accessed via smartphone by 
an onsite worker who periodically checks it for irregularities. 
Additionally, offsite IT support can also access the data in the 
event of emergencies or to zero in on problems. The service 

also prevents accidental alteration or deletion of the data by 
assigning user IDs.

 
Data and compliance
The facility’s cleanroom integrity benefits in several key ways 
following installation of the wireless system. The system’s com-
munication capability spares technicians the trouble of installing 
wiring or having to travel to gather the readings manually. The 
wireless data loggers help staff maintain the cleanrooms’ differ-
ential pressure, temperature, and relative humidity via continual 
monitoring and alarming. The data loggers automatically record 
all these values and then transmit their measurements to the 
wireless base stations in each cleanroom.

Using the base station to aggregate the data, staff can view and 
download the real-time numbers anytime from anywhere, and 
receive an alert when vital parameters suddenly go out of specifi-
cation, eliminating delays. Meanwhile, the off-site service keeps all 
the online data secure from alteration by unauthorized users. 

Due to faster response times and complete data overview, 
the facility’s cleanrooms are now fully compliant with USP-797 
regulations and the facility has online documentation of its best 
practices. The warehouse has since expanded from the initial eight 
data loggers to monitor products in adjacent storage rooms. 

Stewart Thompson is a Marketing Specialist at CAS DataLoggers in 
Chesterland, Ohio. www.dataloggerinc.com
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Design and Certification of      
The wake-up call to compounding pharmacies nationwide means a closer eye                      

Patrice Galvin
Editor C ompounding pharmacies have made news during the 

past year, and it has not been a pleasant time in the 
spotlight. In a dramatic and unfortunate scenario, 
New England Compounding Center’s tainted steroids 

were linked last fall to meningitis and other infections. The 
ensuing surprise inspections of compounding pharmacies 
in Massachusetts uncovered broader problems that ranged 
from citations for minor violations to facility shut downs. In 
all, only 10% passed inspection statewide. The director of the 
Massachusetts Department of Public Health’s Bureau of 
Health Care Safety and Quality said many of the problems pin-
pointed by investigators related to flaws in the design or opera-
tion of the companies’ cleanrooms.

To look further into the issue regarding design and 
control within compounding pharmacies, Controlled 
Environments spoke with Rick Meyer, President, Superior 
Laboratory Services Inc., Pasadena, Texas. Rick has 35 years’ 
experience in the construction, design, installation, consult-
ing, repair, certification, and maintenance of laboratories, 
cleanrooms, and filtration systems. He has designed, built, 

consulted, and certified over 100 USP-797 facilities since 
2004. In addition, Rick has tested/certified over 2,000 clean-
rooms, designed/built over 900 cleanrooms, and certified 
over 75,000 hoods. He is a member of six IEST working 
groups, including HEPA leak testing, nano facility design, 
nano safety, and USP-797 facility design. Rick currently par-
ticipates as a member of the ISO-14644 TAG team to review 
and comment on those standards.

Controlled Environments: How does facility design affect con-
trols? 
Rick Meyer: Poor design will and does lead to potential con-
tamination. Items to watch are:
a) Seals of penetrations

• Lights are sealed ISO-7 cleanroom lights only
• Electrical switches and outlets
• Plumbing drains and supplies
• Fire alarms and sprinkler heads
• Door frames, latch holes, and hinges
• Ceiling tiles and grids
• Floors without integral coving
• Pressure, temperature, and humidity sensors 
• Communication systems

All of the above have the potential to 
allow spiders, ants, roaches, or other 
insects to contaminate the clean-
room from wall cavities.
b) Supply and return air location
•  Supply HEPA should be in the ceil-

ing for first air in the room to 
be clean with no run to con-
taminate—and for ease of 
leak testing HEPA with 
the preferred method of 
scanning the HEPA.

•  The return should be 
located at floor level 
and in all corners about 
six inches off the floor. 
Be sure that returns are not 
near doors or in the ceiling.

•  Door sweeps are never recom-
mended and neither are gaskets on 
the frame; they are just a source of poten-
tial contamination and very difficult to clean. Sliding 
doors have issues as well, and cleaning them is extremely 
difficult (i.e., tracks, roller wheels, gaskets between door 
and walls).

•  Cabinets should be avoided by all means and laminates 
should never be used. Laminates are not smooth, impervi-
ous, free of cracks, crevasses, and/or seams. They also have 
wooden substrates that are not non-hydrophobic as are 
doors. We find our tops and bottoms to be exposed wood 
in many locations and see growth on them regularly.

CE: Can poor design be overcome? 
RM: Not really, for the longer the facility is in operation the 
more you will realize the design flaws.

20  CERTIFICATION

When designing a cleanroom, the size of 

the room and the number of occupants is 

extremely important. Be aware that the 

expansion for pharmacies is a foregone 

conclusion, so be prepared for the inevitable.
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    Compounding Pharmacies
                   on design, certifi cation, and operations. 

CE: What are some of 
the most common prob-

lems that you see? 
RM: No low level exhaust 

in hazardous areas, such as 
chemo and nuclear pharmacies, 

and no low level returns in non-
hazardous or low risk pharmacies. All 

of the responses to the first question are 
common problem areas. And certification 

reports are not detailed enough. 

CE: In order to prevent cross-contamination, is 
the amount of space or the arrangement of the 

space most important? Or is it a balancing act? 
RM: Arrangement of doors, HEPA loca-

tion, and return location will help dra-
matically, but hood and movement 

in the rooms is a critical com-
ponent as well. When design-
ing a cleanroom, the size of 
the room and the number 
of occupants is extremely 
important. Be aware that the 
expansion for pharmacies is 
a foregone conclusion, so be 

prepared for the inevitable.

CE: Should (or can) a facility certify their 
own airflow and room pressure? 

RM: I do not recommend this due to the expense of equipment, 
training of competent individuals to perform the tests, constant 
changes in the standards, and the issue of the fox guarding the hen 
house. There is also instrument calibration and continuous training 
for technicians to keep abreast of new techniques and instruments.

CE: What are the guidelines for appropriate intervals for cer-
tification? 
RM: Every six months for certification is the minimum, and 
continuous monitoring will be required when and if the FDA 
gets their bill in the Senate passed.

CE: Anything else you would like to add?
RM: Gravity is your friend, and all particles larger than five 
microns are affected by it. A person is the dirtiest item that 
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enters your cleanroom. HEPA filters should always be in 
the ceiling for first air, and test ports must be installed 
to accurately scan or test HEPA filters. There shouldn’t 
be cabinets in any room; sinks should be deep to limit 
splash; faucets should be foot pedaled with a tankless hot 
water system. Leave the area below the sink open for ease 
of cleaning and ease of plumbing failure recognition. I 
prefer doors to swing in and use pull handles to exit; this 
makes them hands-free like operating rooms. The room 
shouldn’t have ledges, and always use cleanroom lights. 
Get a competent consultant to work with an engineer and 
architect in designing your rooms—experience counts. 
Interlock supply and exhaust systems are needed if doing 
chemotherapy. And lastly, be sure HVAC systems are con-
tinuously running and are not turned off at night or on 
weekends. 
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CONTAMINATION CONTROL IN AND OUT OF THE CLEANROOM

ccording to the U.S. Centers for Disease Control 
& Prevention, in the U.S., approximately one out 
of every 20 hospitalized patients will contract a 
nosocomial infection, an infection associated with 

the health- care environment. The direct hospital costs were 
estimated between $35.7 to $45 billion affecting 1,735,000 
patients, with 99,000 deaths. This does not include indirect 
and intangible costs such as lost wages, diminished worker 
productivity, short term and long term morbidity, mortality, 
income lost by family members, forgone leisure time, time 
spent by family/friends for hospital visits, travel costs, home 
care, psychological costs (i.e., anxiety, grief, disability, job loss), 
pain and suffering, and change in social functioning and daily 
activities. 

Hospitals should prevent or cure disease—not become sources 
of disease. Given the magnitude of nosocomial infections, train-
ing workers, particularly those involved with medical devices, is 
critical. Reusable medical devices must be thoroughly cleaned, 
sanitized, disinfected, and, in some cases, properly reassembled. 

Avoiding inadequate sanitization or disinfection is a global issue. 
Contamination may be biologic or non-biologic. Contaminants 
may be active or dead. Disinfection and sterilization are not 
enough. Cleaning is essential to assure optimal performance of the 
device and to avoid environments that can promote the growth of 
organisms. Effective training encompasses the correct handling and 
management of medical devices to assure proper operation and 
reduce exposure hazards to healthcare workers and patients. 

 
How not to train
“Canned” training programs are not sufficient. In-print and 
online programs may provide the basics and allow for a quick 
review. Yet, they often do not reflect the literacy, level of educa-
tion, or language of those being trained. Professional educators 
emphasize that better learning occurs when students are engaged; 
tapping a key on a keyboard or viewing a video does not provide 
a meaningful learning experience. A canned program does not 
encompass the reality of a specific work environment. Without 
compelling evidence that the information has to be retained and 
acted on, actual practices and behavior may not change. 

What makes a good training course?
A good course is comprehensive, unambiguous, well document-
ed, integrated, encompassing, and holistic. It “sticks.” Workers 

learn, understand, and apply the material being presented. 
They incorporate the information into their daily activities. 
Therefore, an effective training course has to be appropriately 
designed to reflect the way the students learn.

The right education program involves considering poten-
tial hazards from a number of perspectives. For example, in 
the clinical setting we have to minimize hazards to workers, 
patients, and the environment.

A risk hazard approach
Device manufacturers designing effective training courses 
benefit by going into the field to see how their device is used. 
This exercise starts at the design stage and moves forward. 
It is evident that small refinements can make the difference 
between an easily operated and assembled device and one that 
is prone to malfunction and contamination. For all devices, it 
is enlightening to visit the actual site, to see how devices are 
used, cleaned, sanitized, and disinfected. 

Employee exposure can include inhalation and contact 
exposure. This includes evaluating the impact, individual-
ly and collectively, of all cleaning and disinfecting agents. 
Alternative chemicals that may appear to pollute the air or 
water less may have adverse impacts on the safety and health 
of workers or patients, or vice versa.

Evaluating hazards to the patient is even more complex. A 
chemical may have benign respiratory effects yet may be harm-
ful to the patient. There may be other routes of exposure, par-
ticularly where a device comes in contact with blood or tissue. 
Leachable residue and outgassing must be considered. A device 
that is not cleaned and sanitized correctly may not function 
properly. Cleaning directions have to be clear, concise, practical, 
and achievable. For example, immediate disassembly of a device 
may be highly desirable because the longer a soil is in contact 
with a substrate, the more adherent the soil becomes. In clinical 
environments, patient issues may take priority over immediate 
disassembly and cleaning of the device. This is where the site 
visit can be particularly valuable. By evaluating work flow, it 
is often possible to design an optimal approach that considers 
immediate patient needs and product safety.

Adequate training
The OSHA interpretation of adequate training is one that 
might be emulated for a number of applications.  For example, 

A
E� ective education in handling and sanitizing medical devices can reduce 
 potential hazards to healthcare workers and patients.
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Holistic Training 
instructions for cleaning and reassembly of medical devices as 
well as instructions for safe handling of chemicals should be 
provided in a manner and language the employee understands. 
If an employee cannot read or comprehend instructions, 
written instructions have no value. Even literate, highly edu-
cated technicians and engineers have been known to ignore 
written instructions or to interpret instructions incorrectly. 
In the absence of clear, unambiguous instructions that can be 
followed, technicians are likely to come up with creative, albeit 
unsuitable modifications. In a healthcare setting, this is another 
reason for supervisors and those involved in manufacturing 
medical devices to base instruction on actual observation of 
employee performance. Obviously, illustrations and photo-
graphs should accompany written instructions.

Conducting adequate training includes figuring out what the 
employee actually understands; this requires skill and, sometimes, 
tact. For example, a skilled technician had enviable manual dex-
terity but limited math skills. His job required him to measure a 
component, using a technique he could not fathom. His way of 
coping was to peer at the measuring instrument, then guess the 
measurement by writing a decimal point with a string of zeros 
that looked similar to what his colleagues achieved, followed by a 
few numbers. Eventually, the guessing game was detected. Since 
he was a skilled craftsperson, rather than removing him from the 
job, the solution was to remove the metrics from his job. Could 
an online quiz have caught the problem? Perhaps. Even better, in 
the example of the mathematically challenged employee, observa-
tion of the technician and an assessment of his available skills and 
talents was a more productive solution.

Who controls training?
Matthis makes compelling arguments for moving safety 
training out of the hands of health and safety professionals 
and into the hands of production management. He points out 
that such a move eliminates the artificial boundary between 
safety and productivity. It makes production management 
responsible for employee safety.  It would seem that there is an 
important process in building and maintaining the training 
program; and this involves setting up practical procedures. In 
healthcare, this means a true collaboration among production 
management, workers, product safety professionals, environ-
mental professionals, facilities management, medical device 
manufacturers, and manufacturers of cleaning agents and 
disinfectants. Matthis advocates a culture of safe production. 
Such a culture, it would seem to us, involves replacing training 
with well-designed instruction and education.

If a culture of holistic quality sounds costly, consider the 

costs of the status quo. Training in the healthcare setting can 
be a matter of economic prosperity versus failure for the 
facility, of success versus suffering for the patient, of life ver-
sus death for patients, families, and healthcare workers. The 
unproductive heat of friction generated by department con-
flicts is costly. Changes in reimbursement policies put the onus 
on the facility. The health, financial, and ethical consequences 
of mistakes in healthcare are catastrophic. 
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A
As a facilities engineer, what are my 
key considerations when planning for 
the purchase and installation of test 
chambers?

“Maybe we should always start every-
thing from the inside and work to the 
outside, and not from the outside to 
the inside. What do you think?” 
       ~Aidan Chambers, Postcards from No Man’s Land

W
hen planning for the installation of test cham-
bers, the wise facilities engineer takes heed of 
Aidan Chambers’s words, and plans from the 
inside out. For the test requirement driving the 

installation will also drive the engineering that the facilities per-
son must accommodate.

But before working from the inside out, let’s take a 
100,000-ft. view of test chambers to put us all on the same 
footing, starting from the inside in.

Test chamber 101
In the controlled environments world, a test chamber provides 
the ultimate delineation of specified conditions, allowing for 
precise testing. Also referred to as an environmental chamber, 
they can range in size from small units placed on benches, 
universal test machines, or other test apparatus to large rooms 
or standalone structures — it is, simply, a controlled environ-
ment enclosure that allows the testing of specific environmental 
parameters on a wide variety of materials — including electron-
ic components, biologics, industrial products, or raw materials. 
The materials to be subjected to testing can range from raw 
materials to be utilized in the manufacture of a specific prod-
uct, to final products that must withstand extreme conditions 
— humidity or temperature being just two. Because the range 
of applications for test chambers is so diverse, it’s wise to “start 
everything from the inside and work to the outside.”

A test chamber might be used to set the environmen-
tal conditions under which specimens need to be tested to 
determine how the specimen will perform under a range of 
environmental conditions in the “real world”; to condition or 
prepare the specimen for additional testing required for the 
manufacturing process or to simply determine the effects of 
certain conditions on the items being tested.

Test chambers are utilized by a wide variety of organizations: 
academics, R&D, manufacturing, government entities, and 
specialty nonprofits that are linked to technology and govern-
ment agencies. While an electronics manufacturer might utilize 
a test chamber to determine how a component will react to 
humidity changes, an organization such as NASA might utilize 
a test chamber to ascertain how a piece of equipment will func-
tion over time while being exposed to extreme environmental 
conditions. Test chambers allow the acceleration of time – and 
the accurate analysis of the impact extreme environmental con-
ditions will have on equipment or product over long periods 
of time. In this respect, test chambers function as a mini time 
machine, compressing the effects of real time to a manageable 
test period. Some of the common conditions tested include:
•  Humidity: tolerance to wide ranging moisture and humidity 

conditions
•  Temperature: the ability to test the impacts of both extreme 

hot and cold, as well as wildly fluctuating temperatures and 
sudden, extreme shifts in temperature

•  Vibration: the ability to test the materials for performance 
and durability when subjected to ongoing, sudden, or sur-
rounding vibration

•  Weather conditions: the performance and reaction to a wide 
range of climatic conditions, including UV degradation

•  Surrounding environmental impacts: examples include salt 
water exposure and its impact on corrosion, gravity or loss 
of, electromagnetic radiation, and altitude

•  By-products and emissions: including off-gassing
     Testing requirements can be quite straightforward, or very 
complex. These program requirements are the ultimate deter-
minant of the level of sophistication required as you spec the 
unit. The test chamber can be set for very specific conditions, 
or programmed to run through a cycle of multiple variable 
conditions. Many test processes require the equipment either 
be Web-based or networked to other pieces of equipment.

One of the highest profile test chambers in recent years: 
Apple’s “Stargate Chamber,” which was featured in a Steve Jobs 
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press event a few years back, with photos posted to their web-
site and the Internet. According to the late Jobs, Apple invested 
more than $100 million at the time to engineer and construct 
17 anechoic chambers to test their iPhones. The test chambers 
were used to test Bluetooth devices, cellular base stations, and 
replicating a host of environmental conditions that could 
impact the iPhone’s performance.   

One hundred million dollars isn’t chump change. But you 
don’t need to have Apple’s budget to meet your requirements. 
Test chambers can be custom designed or purchased from an 
established supplier to meet relatively standard testing require-
ments.  They available new or used, and as of this writing, 
there are even several test chambers for sale on eBay, ranging 
in price from a few hundred dollars to five figures. 

Checklist for the facilities engineer
So, you need a test chamber for the latest imaginings of your 
R&D department. Following is a brief checklist as you head 
down that that happy trail:
•  First, think about the items outlined above (yes, you do 

need to read the entire article). And remember, size matters. 
Building a new structure is a bit different than placing a pre-
fabricated test chamber on a bench and hooking it up.

•  Talk to your R&D, operations, and manufacturing people; 
they need to be responsible for specifying the performance 
parameters. You need to be responsible for ensuring it gets 
correctly hooked up and functional.

•  Don’t forget the details. Do they need access to handle the 
samples being tested? The ability to observe visually? Do you 
need to light the interior? (If so, be sure to compensate for 
any excess heat from the light source.) Would surrounding or 
episodic vibration be an issue? What other surrounding con-
ditions could impact the test chamber operation, efficiency, 
or accuracy — electro-magnetic interference?

•  Required life expectancy? 
• Do you need custom, or will used do?
• Networking requirements?
• What level of user control and programming will be required?
•  Calibration requirements upon installation and on an 

ongoing basis?
• Workflow and process considerations?

 Once you have these questions answered, your responsi-
bility is to engineer the hook-up, oversee the installation and 
calibration, and make provisions for maintenance and repair. 

Conclusion
The devil is in the details and the details are in the standards. 
Several organizations have tackled this challenge, and provide 
a wealth of information well beyond the scope of this column. 
Here are a few resources:
•  American Society for Testing and Materials (ASTM): 

www.astm.org
•  The Institute of Environmental Sciences and Technology 

(IEST):  www.iest.org
•  American Society of Heating, Refrigerating, and Air-

Conditioning Engineers: www.ashrae.org
• NSF International: www.nsf.org
• International Organization for Standardization: www.iso.org

Richard Bilodeau’s 30-year career includes plant engineering 
positions in clean manufacturing. He has designed, operated, 
and supervised the construction of advanced technology facili-
ties and engineered clean manufacturing facilities for lithium-
ion batteries, medical devices, electronics, and pharmaceuticals. 
Contact: TheFacilitiesGuy@smrtinc.com 
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                      construction, temperature control standards, and engineering tolerances.

    the Inside Out 
W
ro
m
sa
an
ha
in
ca
sa
a c
m
SM
En

ce1309_FacilitiiesGuy.indd   25ce1309_FacilitiiesGuy.indd   25 9/3/2013   3:29:35 PM9/3/2013   3:29:35 PM

http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=25&exitLink=http%3A%2F%2Fwww.astm.org
http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=25&exitLink=http%3A%2F%2Fwww.iest.org
http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=25&exitLink=http%3A%2F%2Fwww.ashrae.org
http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=25&exitLink=http%3A%2F%2Fwww.nsf.org
http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=25&exitLink=http%3A%2F%2Fwww.iso.org
http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=25&exitLink=mailto%3ATheFacilitiesGuy%40smrtinc.com
http://digital.cemag.us/controlledenvironment/september_2013/TrackLink.action?pageName=25&exitLink=http%3A%2F%2Fwww.cemag.us


Building a nanoscale 
facility, such as NIST 

Boulder’s Precision 
Measurement Lab, 

poses complex and 
technologically chal-

lenging issues.  

IEST Releases First Nanotechnology        
IEST’s NANO200 provides technical design criteria and a practical framework for all 
phases of a nanoscience and nanotechonology design/build project.

Ahmad Soueid 
Principal/Senior 
Vice President
HDR Architecture Inc.
Alexandria, Va.

S ince the outset, the design of nanometer scale research 
facilities has been an evolutionary process with each 
new major facility becoming the new paradigm. The 
U.S. National Nanotechnology Initiative (NNI) has 

brought together the expertise needed to advance this broad 
and complex field and served as the central point of com-
munication, cooperation, and collaboration for all federal 
agencies and universities engaged in nanotechnology research. 
The NNI’s Nanotechnology Coordination Office (NNCO) 
and the National Science Foundation (NSF) facilitated many 
workshops focused on the challenges and future directions of 
nanoscale research. The NNCO also sponsored industry focused 
design and construction workshops to support NNI’s goals.  

As nanoscale research and manufacturing advances at an 
unprecedented pace, design teams composed of architects, engi-
neers, constructors, scientists, and owners are working feverishly 
to meet the growing demands. Nanoscale facilities represent the 
most complex and technologically challenging projects that many 
of these design teams have ever seen. There is no “how to” book 
or owner’s manual; the industry standard is based on evolving 
lessons learned from the design and construction of the most 
recent buildings. These lessons learned, along with technical 
workshops and publications, eventually culminated in a one-of-a-
kind Recommended Practices (RP) document by the Institute of 
Environmental Sciences and Technology (IEST).  

Early design workshops
A decade ago, the NNCO sponsored a series of facilities-focused 
workshops designed to elucidate issues related to designing and 
constructing facilities that support advanced technologies such 
as nanoscale research, high-accuracy metrology, semiconduc-
tor fabrication, and biotechnology. Former NNCO directors 
Dr. Clayton Teague and Dr. Jim Murday created a forum to 
communicate experiences in designing facilities that sup-
port nanoscale research and development. Both Teague and 
Murday participated in the design and construction of the NIST 
Advanced Measurement Laboratory Complex and Building 
P-050 at the Naval Research Laboratory, respectively. They 
co-chaired a well-attended series of “Buildings for Advanced 
Technology (BAT)” workshops that were published at 
www.nanobuildings.com. The BAT workshops initially focused 
on technical factors in the design and construction of advanced 
technology facilities supporting emerging science and engineer-
ing in nano-, bio-, and micro-technology research and produc-
tion. They provided the perspectives of planners, designers, and 

constructors, with regard to achieving the needs of these techni-
cally demanding facilities. The theme for follow up workshops 
was that of a “lessons learned” report card from the perspectives 
of a client, owner, user, or facilities manager. Another source of 
information exchange was the 2005 SPIE Conference “Buildings 
for Nanoscale Research and Beyond” (with papers published as 
SPIE Proceedings 5933). At this conference, one attendee who 
had just completed a nano facility voiced, “I wish there had been 
some guide out there that would have told me what sorts of 
things to watch out for.”  

IEST rises to the challenge
For the most part, those involved with developing these one-
of-a-kind facilities have relied on sharing lessons learned and 
anecdotal information through these industry-wide confer-
ences and workshops. A few years ago, IEST established a 
Nanotechnology Institute to complement its core compe-
tencies in Contamination Control and Test and Reliability. 
The institute had a head start with the wealth of knowledge 
from IEST’s contamination control experience (IEST has 
been Secretariat of ISO/TC 209 - Cleanrooms and Associated 
Controlled Environments Technical Committee since its 
inception, and was a key contributor to the original guidelines 
and standards that led to the currently well-established ISO 
standards for cleanroom facilities). As its focus grew beyond 
cleanroom contamination control to include laboratories with 
specific, stringent environmental controls, IEST has developed 
practical definitions, guidelines, and a roadmap to assist deci-
sion makers as they plan the next generation of facilities for 
nanoscale research and production. 

The members of the inaugural working group on nano-
technology, NANO200, developed a master plan for a series 
of follow up working groups. NANO200 addressed the needs 
of these facilities as a whole, and spawned specific working 
groups on safety, vibration, acoustics, electromagnetic and 
radio frequency effects, and others. 

Industry leaders form working group
For NANO200, IEST assembled a group of industry leaders 
with experience in the planning, design, construction, and 
operation of facilities designed to support nanoscale science 
and technology. Some were IEST veterans, and others were 
relative newcomers. I had the privilege to serve a chair of the 
NANO200 working group and participate as contributing 
member of subsequent working groups. In one of our initial 
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       Facility Recommended Practices 
kickoff meetings, vibration and acoustics expert Hal Amick 
challenged the team to develop a roadmap for those who were 
about to embark on their first nanotechnology facility project. 
Our objective was to make this deliverable easy to understand, 
yet with enough technical detail to be comprehensive. “We 
wanted to share our specific knowledge without attempting to 
publish a recipe book,” states John Weaver, Facility Manager 
at Purdue University’s Birck Nanotechnology Center. Because 
of the diverse and unique needs of these facilities, our group 
recognized that the recommended practices should not pro-
vide design solutions. Rather, the working group focused on 
highlighting the proper steps and resources needed to achieve 
them. The result was the IEST Recommended Practices, 
Planning of Nanoscale Science and Technology Facilities: 
Guidelines for Design, Construction, and Start-Up (IEST-RP-
NANO200).

In this first edition document, IEST’s NANO200 is thought-
provoking, ambitious, and comprehensive, and intended as an 
overview for those who are making decisions about nanoscience 
and nanotechnology projects. In addition to offering strategies 
to determine what should be built and approaches to resolving 
seemingly contradictory criteria, NANO200 offers practical sug-
gestions for the design process. Essentially, the document is an 
interactive tool that identifies potential hurdles and provides sug-
gestions for ways to negotiate around them. The document out-
lines an inclusive, rational, and efficient process that can be used 
to arrive at a solution consistent with clearly determined goals. 

The document points out that although some specifications 
of design criteria are identified, they are only intended as a frame-
work since every facility is unique. Exact design criteria must be 
developed to accommodate protocols, equipment, and instru-
mentation required by the specific research. IEST intends to pub-
lish supplementary technical recommended practices to address 
other topics, such as safety by design and quantifiable aspects of 
environmental conditions. For now, NANO200 provides a solid 
base for consideration and does not impose requirements that 
supersede those already established by regulatory authorities.  

Early planning is key
Beginning with the early planning phases, deliverables include an 
agreed-to architectural program, a preliminary cost-estimate, and 
a set of comprehensive technical site surveys. Because nanoscale 
research relies heavily on sensitive equipment and instrumenta-
tion, site conditions (geotechnical, vibration, acoustics, EMI, RF) 
can often be an overriding concern.

NANO200 includes a list of fundamental considerations that 
require consensus before moving forward with a project. It is 
essential that all project participants balance the project needs 
against the budget constraints. This includes, in the short term, 

construction dollars, and, in the long term, the facility staffing 
and operational models. Confusion can also arise because nano-
facilities are usually built for well-established research groups, 
newly formed multi-disciplinary research programs, and poten-
tial future users. It is also advisable to design a facility that is 
adaptable to future needs. 

A team approach
A project’s “constituents” should be included from start to fin-
ish and include: a fully integrated A/E team, (including specialty 
consultants), an owner’s team (including scientists, facility and 
maintenance staff, procurement officers, and a project manager), 
and a construction team. For situations where the group needs 
additional guidance, the document recommends establishing a 
project advisory group made up of researchers and staff to serve in 
a liaison role between the scientists, facilities groups, and the design 
team. They are also tasked with aligning program requirements 
and physical attributes to satisfy various participants. An experi-
enced design team can help to identify potential obstacles early in 
the design process and to resolve them quickly. 

Experience matters
Just like any other building, a nano-facility’s design must create 
flexible spaces that support its core mission. The technologically 
rich research environments with conflicting requirements add to 
the complexity of the design and construction process. If there is 
one “take-away” from the document, it is that proper planning is 
key: “The success of a project is a direct result of the fundamental 
decisions made at the inception of the design effort.” Uninformed 
decisions made early in the design process can have critical, 
adverse, costly, and unintended consequences. It is also highly 
recommended that the design and construction teams have prior 
experience with this specific building type. An experienced team is 
able to see the implications of design decisions from the outset and 
from various perspectives. A successful project formula is when the 
right people make the right decisions at the right time. The recom-
mended practices spelled out in IEST’s RP-NANO200 will provide 
the framework to do just that.

Ahmad Soueid, AIA, LEED AP BD+C, serves as HDR Architecture’s 

Director for the S+T Advanced Research program. With over two decades 

of focused experience on buildings on multiple continents, Soueid is con-

sidered a leader in the planning, design, and construction of technically 

advanced facilities, and he frequently speaks at international technical 

conferences. Soueid is co-chair of nanoBUILDINGS.com Buildings for 

Advanced Technology Workshop series. Additionally, he has served as 

Chair of the IEST Working Group NANO 200, and is currently serv-

ing his second term on the IEST Executive Board. He can be reached at 

ahmad.soueid@hdrinc.com.
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Touch Technology for Cleanroom Controls 
A new interface allows cleanroom equipment to be controlled through a touchpad device. 

Jason Kandik
Marketing Manager 
Grayhill Inc.
La Grange, Ill. Breakthroughs in manufacturing and research have 

moved at incredible speed, but designers, researchers, 
and engineers are still using outdated devices to inter-
face with cleanroom equipment.

For years, the same controls have been used across several 
industries, including medical, pharmaceutical, and electronic 
assembly and manufacturing. But new technology offers the 
capability to do much more. Through human gestures, touches, 
and motions, a host of information can be conveyed more 
intuitively with a control device that tells the equipment we use 
how to operate. 

New touch technology
A new technology has recently emerged for use in a variety of clean-
room environments that can help increase equipment function, 
reduce particle contamination, and enhance employee productivity. 

By now, everyone is familiar with control devices that allow 
users to issue commands to smartphones, tablets, laptops, 
GPSs, and MP3 devices through touch and gestures. Bringing 
this technology into the world of manufacturing and research, 
multi-touch human interface devices (MT-HIDs) are now 

being integrated into cleanroom equipment to read fin-
ger gestures and movements just like an iPhone or 

touchscreen smartphone does. And because this 
technology is completely customizable, it can be 
integrated into cleanroom equipment ranging 
from monitors to instrumentation.

How the technology works
Combining a gesture recognition software library 

with a multi-touch HID, this control technology 
tracks finger movements from a device touchpad. 
The multi-touch sensor data created from the device 

touchpad is then fed to an application or operating sys-
tem (it can integrate with Linux or Windows, plus a vari-

ety of other operating systems, as well 
as with customized applications), where 
the software translates the tracked data 
into a command. The software can be 
modified, so the designer and user have 
complete control over which gestures 
are recognized by the software, and what 
commands those movements and ges-
tures will trigger.

Any new interface for cleanroom 
software must include the ability to 

operate in a virtual three-dimensional (3D) workspace. With 
these new systems, commands can be set to operate in 3D 
mode to manipulate objects or images. This is accomplished 
through what are called the “six degrees of freedom,” meaning 
that the software can translate movement from the touchpad 
into commands along the X, Y, and Z axes, as well as rotations 
around each of these axes. 

Depending on how the technology is integrated into clean-
room equipment, the touchpad device and software can be 
used to perform a variety of commands, such as menu selec-
tion, search, navigation, image viewing, and image rotation 
and manipulation.

This touchpad/software combination can replace most of 
the common equipment control mechanisms found in clean-
room equipment, such as joysticks, touchscreens, trackballs, 
keypads, switches, and knobs and dials.

Controls that cut down on particle generation
This technology has applications in imaging and medical devic-
es, industrial equipment, and gaming equipment. But why is it 
something to consider in cleanroom equipment and design? 
Because not only is the device and software combination 
customizable, intuitive, and easy to use and learn, but it’s also 
completely sealed. And the only way to control contamination 
in your cleanroom is to control the total environment, which 
includes equipment controls.

In cleanrooms, destructive particles are generated in two 
ways: actively and passively. The right HID touchpad can cut 
down on both of these types of particles. 

Because the touchpad devices don’t feature any sliding surfaces, 
sharp edges, moving parts or pieces, external cables, or components 
that rub together, particles aren’t actively produced when using 
them to control or manipulate cleanroom equipment. 

With a touchpad device, there are no components or parts 
that could break off—which could also lead to actively gener-
ated particles—like with a joystick, switch, or keypad. This new 
technology device is also less likely to shed its own particles, 
which reduces passive particle generation. 

To prevent contamination, the MT-HID’s surface is smooth, 
contains no joints, and isn’t coated with textured paint (all of which 
can trap particles and release them later because the surface irregu-
larities can’t be wiped off). It can withstand cleanroom cleaning 
agents as well.

It’s also much less likely that cleaning cloths, wipes, gloves, 
or gowns will become snagged on these control devices, which 
decreases the chances of further contamination. Because the 
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MT-HID is completely sealed, it also helps cut 
down bacteria, viruses, or other pathogens that 
can make their way into cleanrooms.

Improving cleanroom employees’ productivity
Tracking up to five fingers at a time, the technol-
ogy can centralize all controls and commands 
into one device versus having a separate knob, 
dial, switch, and keypad located all on the same 
piece of equipment. If the controls are being used 
for image display, rotation, or manipulation, the 
user can toggle between 2D and 3D viewing.

Instead of featuring separate controls for 
navigation, image manipulation, and menu 

selection, for example, all commands can be 
integrated into one easy-to-use device that also 
improves productivity and efficiency for the 
designers and researchers inside the cleanroom. 
This cuts down on manufacturing costs, mak-
ing the equipment more affordable to produce 
(which should equal cost savings when purchas-
ing the equipment). It also allows for a simpli-
fied design of equipment control panels, which 
means that the equipment’s control panel can be 
reduced in size. 

Centralized control promotes ergonomics 
as well. By consolidating the controls and plac-
ing them all together within easy reach, the 

equipment users can execute typical commands 
without needing to remove their eyes from the 
equipment screen. As a result of this, along with 
the use of instinctive gestures, this touch tech-
nology also enhances worker productivity.

This promising new technology can increase 
equipment functionality, reduce particle con-
tamination, and enhance employee productivity 
in your cleanroom environment. 

Jason Kandik is marketing manager at Grayhill 
Inc. Grayhill designs and manufactures intuitive 
human interface solutions that make life simpler, 
safer, and more efficient. 
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ISPE BOSTON’S ANNUAL PRODUCT SHOW30 

Process Actuation
The Air-LINE Quick from Burkert comes 
with a stainless steel adapter plate and 
stainless steel push-in connectors for 
hygienic applications. Installation and 
commissioning are reduced to a mini-
mum. The user determines the installation location 
of the valve terminal or valve block – either on the wall or on the 
fl oor of the control cabinet. 

AirLINE Quick reduces the number of components in the control cabinet by decreasing 
the number of pneumatic hoses and cables needed. The product is combined with pro-
cess safety features such as check-valves and the pneumatic hot-swap function (P-channel 
shut-off ), which makes it possible to replace a valve while the system is in operation. This is 
intended to off er a solution for pneumatic piloting devices in process technology for hygienic 
applications. In addition to the stainless steel version for hygienic applications, the concept is 
also available for general purpose applications with an anodized aluminum adapter plate.
www.burkert.com 

High Purity PFA Piping System
Asahi/America introduces Purfl on, its PFA high purity piping system. Purfl on is constructed from 
ultra-high purity PFA resin (SEMI tested). The product off ers high chemical and temperature re-
sistance, making it suitable for aggressive applications, and is complimented by Asahi’s SP Series 
IR and Beadless welding equipment. In addition to pipe and fi ttings, a wide range of Dymatrix 

PFA valves are available to complete the system.
Purfl on can be joined using either the IR or beadless welding process. The bead-

less welding system provides improved fl ow and drainability, and eliminates media 
disturbances. The piping system utilizes automated SP series welding equipment 
to reduce leaks and system risk from improper manual welds. The system is off ered 

in SDR21 rated at 150psi across all sizes. The initial size 
range is off ered in sizes 0.5 to 1 in. 

The product is suitable for use in chemical 
distribution lines for semiconductor, pharma-
ceutical, and chemical process applications. 
www.asahi-america.com 

Modular Cleanroom System
The Padana Modular Cleanroom system 
from SPS CleanTech can be customized 
according to each client’s needs. Wall 
panels are available in a variety of fi n-
ishes including high pressure laminate, 
PVC coated steel, and stainless steel.  
Walkable or false ceilings are avail-
able with the same fi nishes – the false 
ceiling can have a hinged access panel 
installed for easy access to utilities.  
Windows, doors, and pass-throughs can 
be built in any size with mechanical or electronic airlocks engineered in. These accessories 
will be mounted fl ush with the walls to maximize the cleanability and aesthetic appearance 
of the room. Locker rooms can have built in benches or storage compartments, and airfl ow 
(HVAC) can be designed into the individual lockers themselves.
www.spscleantech.com 

Edging Labels
Dycem off ers its edging system label, designed 
to enhance its existing products and meet the 
specifi c requirements for auditing purposes. 
Using UV ink technology and high impact resis-
tant, non-slip polycarbonate, the labels can be 
customized to exact customer requirements. 

Features include visible installation and 
replacement dates for quicker auditing; informa-
tion embedded within a QR code for further 
“hidden detail,” such as date of service, service 
technician name, and cleaning schedules; and 
custom color logo off erings, making the label 
more personal when situated in certain facilities.
www.dycemusa.com 

Single-Use Bioreactor

The CELL-tainer single-use bioreactor from 
Charter Medical off ers short mixing times and 
high mass transfer rates, including reliable 
measurement and control of T, pH, DO, and 
rpm in the culture medium. 

The bioreactor system provides low 
shear mixing and high mass transfer rates 
to maintain homogenous conditions. The 
single-use bioreactor bag is positioned in 
the tray and placed on the rocking platform 
creating a two-dimensional movement (in-
cluding a wave-like motion) in the culture 
medium. The rocker angle and frequency 
can be adjusted to increase or decrease the 
mixing time and the oxygen transfer rate. 
The system is scalable and can support 
cultivations from 160mL to 20L working vol-
ume on the CELL-tainer 20L system.
www.chartermedical.com 
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Analog Output 
Particle Sensors
Kanomax off ers its analog output particle sensors, 
which have a 4 to 20mA output that allows them 
to be integrated with existing facility management 
or cleanroom systems. The sensors are compatible 
with the Kanomax Cleanroom Monitoring System and can 
also be integrated into third party systems. They are available in 0.1 and 1.0 
CFM fl ow rates, their detection sensitivity is 0.3 microns, they are ISO21501-4 compliant, and 
they come with a NIST traceable certifi cate. The enclosures are made of stainless steel.  

The cleanroom monitoring system allows a single PC to control up to 128 separate 
sensors. Alarm outputs can be confi gured to show as warning lights, on-screen displays, or 
send a notifi cation to a pager. Each sensor is replaceable so that the system has no down-
time during recalibration. In addition to particle counts, the system can also monitor air 
velocity, temperature, humidity, and diff erential pressure.  
www.kanomax-usa.com 

Handheld Airborne Particle Counters
EMD Millipore’s portable APC SmartTouch is an airborne particle 
counter system designed for dual fl ow rates: one for clean-
room fi lter testing (ISO 14644-1) and the other for moni-
toring (FDA/EUGMP). Equipped with two high-capacity 
batteries, the instrument is designed for continuous 
sampling. A visual representation of sampling locations, 
including designated sampling points, minimizes risk 
of human errors. The instrument’s large color touch 
screen with commonly used icons facilitates operabil-
ity. All required actions start from the main screen.

The APC ErgoTouch Pro 2 is intended for valida-
tion according to ISO 7, ISO 8, and GMP Gr. C and D 
standards. It has a fl ow rate of 2.83 L/min and six channels. 

The instruments are easy to clean and disinfect, and come with accessories including a 
compressed gas adaptor for high pressures.  
www.emdmillipore.com 

Ozone 
Sanitization System
The LIQUOZON Ultra ozonated DI water 
unit from MKS Instruments is an auto-
mated ozone injection system used for 
the sanitization of process water systems, 
storage tanks, and distribution lines. 

The system includes an integrated 
oxygen generator which eliminates the 
cost and complexity of plumbing into 
facility gas lines, as well as an onboard 
PLC controller with touch screen user 
interface for easy monitoring and control. 
The LIQUOZON Ultra can be connected to 
existing management and data storage 
systems, and the system is an integrated 
skid with minimum connections for fast, 
easy install and quick start up.

The LIQUOZON Ultra is a clean, safe 
water sanitization alternative to chemi-
cal water treatment systems in pharma-
ceutical applications, including ozone 
sanitization of pharmaceutical water 
systems, ozone sanitization in CIP pro-
tocols, biofi lm removal, and biowaste 
treatment.
www.mksinst.com 

Portable Relative Humidity Generator
The Michell Instruments S-503 Portable Relative Humidity provides a relative humidity en-
vironment to calibrate up to seven %RH and temperature probes simultaneously. Its closed 
loop system reaches the set point very rapidly. An optional chilled mirror reference hy-
grometer can be added for NIST traceable calibration.  

The unit’s features include a 10 to 90% RH genera-
tion range, a 15VDC power supply to Units Under Test 
(UUT), a voltage or %RH readout of UUT, and a 
battery powered option. 

The S-503 humidity generator is suitable 
for a range of operations such as meteorology, 
pharmaceutical and chemical 
industries, environmental and 
laboratory chambers, clean-
rooms, R&D areas, and the 
food industry.
www.michell.com 
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Universities Launch Nanofab 
Partnership with Semiconductor Firm

The College of Engineering at the University of 
California, Berkeley announces that its Marvell 
Nanofabrication Laboratory, along with Stanford 
University’s Nanofabrication Facility, has initiated 
a virtual technology transfer exercise with TSI 
Semiconductors LLC, a foundry offering technology 
development and manufacturing solutions for proj-
ects ranging from the smallest to very large lot sizes.

The technology transfer exercise will be conduct-
ed with TSI’s research and development organiza-
tion, Technology Development & Commercialization 
Services (TDCS), at the firm’s corporate headquar-
ters in Roseville, Calif. TDCS provides dedicated 
fabrication equipment to enable clients to manage 
their own development activities.

The Berkeley and Stanford laboratories and 
TDCS are mapping a large range of fabrication 
requirements to process technologies available at 
their facilities so that start-up companies can effi-
ciently translate their proof-of-concept prototypes 
into production-approved process flows.

“Start-up companies need greater assistance mak-
ing the leap from academic research facilities to 
development and production centers,” says Ming Wu, 
faculty director of Berkeley’s Marvell Nanofabrication 
Laboratory and Nortel Networks Distinguished 
Professor of electrical engineering and computer sci-
ences. “The earlier the Berkeley NanoLab prepares a 
company for transition, the greater the chance their 
technology will make it to market.”

Roger Howe, faculty director of the Stanford 
Nanofabrication Facility and Ayer Professor of 
Engineering, describes the collaboration as “an 
accelerator for lab-to-fab transition. Just as univer-
sities train students and prepare them for employ-
ers, our publicly available academic research 
facilities are training start-ups and preparing them 
for production.”

With its 8-in. fabrication plant in Roseville, TSI 
can manufacture in a large array of fabrication 
processes that include analog/mixed-signal; deep-
submicron; high-voltage BCDMOS, including SOI 

for power management applications; and solutions 
such as novel materials structures and devices.

Wilbur Catabay, TDCS’s chief technology 
officer and vice president–engineering, explains 
that a well-developed process is in place for 
welcoming new customers and products to the 
Technology Development & Commercialization 
Services Center. This process focuses upon 
translating customer prototype inputs into spe-
cific fabrication sequence outputs. Defining this 
process to academic research labs, where many 
start-ups develop their prototypes, is a way uni-
versities can prepare TDCS customers before 
they even arrive at the Service Center.

FDA Announces Nationwide 
Sterile Use Product Recall
The U.S. Food and Drug Administration is alert-
ing health care providers and patients of a 
voluntary nationwide recall of all products pro-

duced and distributed for sterile use by Specialty 
Compounding LLC of Cedar Park, Texas. There 
have been recent reports of bacterial blood-
stream infections potentially related to the com-
pany’s calcium gluconate infusions.

All sterile use products produced and dis-
tributed by Specialty Compounding are being 
recalled and none of these products should be 
used by patients or administered to patients. 
Facilities, health care providers, and patients 
who have received the products since May 9, 
2013 should immediately discontinue use, quar-
antine the products, and return the products to 
Specialty Compounding.

According to information provided by the firm, 
the recalled products were distributed directly to 
patients nationwide, with the exception of North 
Carolina. Recalled products were also distributed 
directly to hospitals and physicians’ offices in Texas.

The FDA has received reports of 15 patients 
from two Texas hospitals who received an infusion 
of calcium gluconate 2 grams in Sodium Chloride 
0.9 percent for Injection, supplied by Specialty 
Compounding. Then the patients developed bacte-
rial bloodstream infections caused by Rhodococcus 
equi. These infections are thought to be related 

to the infusions. Cultures from an intact sample 
of calcium gluconate compounded by Specialty 
Compounding show growth of bacteria that are 
consistent with Rhodococcus species.

“The FDA believes that use of these products 
would create an unacceptable risk for patients,” 
says Janet Woodcock, M.D., director of the FDA’s 
Center for Drug Evaluation and Research. “Giving 
a patient a contaminated injectable drug could 
result in a life-threatening infection.”

Physicians might prescribe calcium gluconate 
by infusion to treat conditions associated with low 
calcium levels in certain circumstances.

The FDA says it is working closely with the 
Centers for Disease Control and Prevention 
(CDC) and Texas state officials to determine the 
scope of the contamination.

Australian Cleanroom Worth $3M 
Will Give the Gift of Sound
A microchip processing operation has opened at 
Cochlear Limited’s facility in Brisbane, Australia, 
which will continue to bring the gift of sound to 
clients worldwide.

This high-tech innovation, housed in a new 
cleanroom, is a key part of a $3 million upgrade 
of Cochlear’s facilities in Queensland and plays a 
major role in growing 
the company’s manu-
facturing capabilities. 
The Cochlear facility, 
makers of several hear-
ing aids, will use the 
room to bond wires a 
fraction of the size of a 
human hair to microchips.

Cochlear CEO Chris Roberts describes the 
new cleanroom, which is used for the manufacture 
of electronic components, as an integral part of the 
company’s local operation.

“These products go into the external compo-
nents of our cochlear implant systems – essen-
tially the sound processing ‘brains’ of our products,” 
Roberts explains. They will be going into the com-
pany’s Nucleus 6 device, which is a processor that 
works with the client’s cochlear implant to transfer 
sound to the ear.

“The Queensland government’s recent increase in 
funding for cochlear implantation in this state is testa-
ment to the support it is providing. Our own commit-
ment to Queensland remains strong and our aim is 
to grow our manufacturing capabilities here, which 
will support Cochlear’s ongoing global success.”
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CLEANROOM

TIP

Because chemicals are ubiquitous in manufacturing and in the 

surrounding environment, it is important to have an eagle eye 

and an open mind. Cleaning agents are always a likely culprit, 

but other process fluids can inadvertently damage the surface. 

Co-processed product can result in galvanic interaction, particularly in aque-

ous processes. Airborne molecular contamination (AMC) can be a source not 

only of thin film contamination but also of surface changes. 

Consider the impact of chemical reactivity. Even if the fluid itself does not 

damage the product, breakdown products may be problematic. One classic 

example is the breakdown of halogenated solvents to form acids that can 

damage both product and processing equipment. Acetone is miscible with 

water. In one instance, while no problems were reported at ambient tempera-

ture, when acetone was used in a specially-designed low-flashpoint system so 

that it could be heated, the acetone/water blend reacted with magnesium.

Often, cleaning agents are evaluated solely on the basis of compatibility 

tables provided by the chemical vendor or are, at most, tested by immersion 

of one material of construction at a time in the cleaning agent under consid-

eration. Compatibility tables can provide indications of what might or might 

not be suitable. 

Tables and single material ambient immersion might be sufficient to 

exclude a chemical from consideration. However, the same conditions that 

promote effective cleaning, such as temperature, time of exposure, and 

cleaning force, can also exacerbate materials compatibility issues. Therefore, 

proposed processes for critical cleaning must be tested using dynamic com-

patibility studies prior to being adopted for routine use. This involves evalu-

ating the sub-assembly or product in the proposed process itself. 

This cleanroom tip was taken from “Materials Compatibility in Cleanrooms,” 

written by Barbara and Ed Kanegsberg. 

Sources of Materials 
Incompatibility
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Lightweight with amazing power!

The VertiKlean® MAX™ Wall & Floor Mop
• Ultra-lightweight, this fl at mop is especially suitable for walls, fl oors 

and ceilings in cleanrooms and other controlled environments

• Reduces operator fatigue and promotes best practice

• Features a single layer of hydrophilic foam for unmatched absorbency

• Knitted polyester laminated to foam provides a smooth and uniform 
application of disinfectant

To make your cleaning regime more effective and effi cient, fi nd out 
more about Contec’s VertiKlean MAX Wall and Floor Mop by visiting our 
web site: www.contecinc.com.

Scan this R code to 
learn more.
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