
 

 

Advisor’s Corner 
By: Prof. David Murhammer, Professor and AIChE Student Chapter Advisor 

The University of Iowa 

UNIVERSITY OF IOWA 

Greetings to Hawkeye Chemical Engineers!!  This combined 
Fall 2014/Spring 2015 issue of our AIChE Student Chapter 
Newsletter is dominated by student work from Professor Jes-
sop’s Process Calculations course and my Chemical Process 
Safety course.  This includes 4 students papers about applica-
tions of Chemical Engineering from the Process Calculations 
course and 6 student papers from the Chemical Process Safety 
course, 3 of which are opinion papers about the best chemical 
regulation approach for the United States and 3 of which are 
opinion papers about the best approach to chemical plant secu-
rity in the United States.  This newsletter also contains articles 
about the Fall 2014 AIChE Annual Student Conference, a co-
op experience at Cargill, and chemical engineer student partici-
pation in intramural sports.  Fourteen of our students and I at-
tended the AIChE Annual Student Conference held in Atlanta.  
As indicated in the article, our student chapter actively partici-
pated in this conference and received numerous awards, includ-
ing winning the National ChemE Jeopardy Championship for 
the 2nd consecutive year.  Our AIChE Student Chapter sent 19 
students and 2 faculty (Professor Jessop and me) to the 2015 
Mid-America Regional AIChE Conference.  We had five stu-
dents presenting their research at this meeting and had two 
competing ChemE Jeopardy teams.  One of these teams (Matt 
Johnson, Zach Behrendt, Jacob Crome and Alex Bartlett) won 
the regional competition to qualify for the national competition 
being held on November 7th in Salt Lake City.  This team will 
be attempting to become the third consecutive team from the 

University of Iowa to win the 
national championship. 
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On the morning of November 
14th, 14 students from the Univer-
sity of Iowa headed to Atlanta, 
Georgia for the AIChE Annual 
Student Conference.  The confer-
ence brought over 130 schools 
together from across the country 
for a four day professional and 
social event.  The conference 
kicked off with a networking 
brunch keynoted by John Brock, 
Chairman and Chief Executive 
Officer of Coca-Cola Enterprises 
in Atlanta, Georgia.  Setting the 
day in motion, everyone was 
ready for the main focus of the 
day, the professional and student 
workshops. 

These workshops provided 
opportunities for students to learn 
about career opportunities and to 
obtain suggestions about improv-
ing their AIChE student chapters.  
University of Iowa students Kayla 
Racinowski and Valerie Renkor 
gave a presentation about getting 
the most out of your student chap-
ter.  This presentation was co-
presented by members from stu-
dent chapters at the University of 
South Florida and the University 
of Virginia.  During the work-
shop, schools shared how their 
chapters operated, ways to get 
more participation and enrollment 
within student chapters, and social 
activities held for student mem-
bers.  Participants were encour-
aged to ask questions and share 
ideas about improving their 
AIChE student chapters.  A capti-
vating presentation by Valerie and 
Kayla proved why Iowa’s student 
chapter truly is the best. 

Conference attendees also par-
ticipated in career workshops.  

More than twenty different work-
shops were offered that involved 
chemical engineering disciplines 
and sectors of industry.  Each 
session was given by an industry 
leader or a standout in a particu-
lar field of study.  These work-
shops gave students opportuni-
ties for improving their career 
paths and/or improving their stu-
dent chapters. 

Following an already full day 
of career and student workshops 
came the climax of 
the national confer-
ence (from the Uni-
versity of Iowa’s per-
spective): the Chem-
E Jeopardy Competi-
tion.  Competitors 
were composed of 
winners of regional 
competitions and in-
cluded the following 
schools: City College 
of New York, University of Ken-
tucky–Lexington, Oregon State 
University, Louisiana State Uni-
versity, Texas A&M University, 
Trine University, University of 
California-Berkeley, University 
of Utah, Worcester Polytechnic 
Institute and University of Iowa.  
The members of the University 
of Iowa were Danny Yocius, 
Catherine Suchanek, Jake Crome 
and Zach Behrendt.  After pre-
liminary rounds there stood only 
three schools: Louisiana State 
University, University of Califor-
nia-Berkeley, and the University 
of Iowa.  After completing Sin-
gle Jeopardy and Double Jeop-
ardy, the University of Iowa was 
the only team with a positive 
score and therefore the only team 
allowed to compete in Final 

Jeopardy.  The University of Io-
wa was victorious to bring home 
the title of national champions 
for a second consecutive year! 

In order to celebrate their 
victory, the Jeopardy competitors 
and their fellow classmates par-
ticipated in the student bash.  
Music filled the ballroom for all 
to enjoy while students sampled 
the hors d'oeuvres.  Students 
were filled with anticipation of 
the announcement of the school 

spirit award.  The winner was 
determined by the best snapshot 
taken of the night.  Even though 
there was no official winner, the 
University of Iowa’s snapshot 
would have taken first place. 

The following day brought 
about the Chem-E Car Competi-
tion, student award ceremony, 
and the recruitment fair.  33 
teams representing multiple dif-
ferent regions competed for the 
title of national Chem-E Car 
champion.  After literally hours 
of runs, the University of Utah’s 
Car pulled out the first place win.  
Receiving second was Manhattan 
college, followed by the Univer-
sity of Toledo.  Along with their 
national rankings, the teams also 
received  financial awards of 
$2000, $1000 and $500, respec-

Fall 2014 AIChE Annual Student Conference  

By: Anthony Miller  
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tively. 
While the Chem-E Car 

Competition was underway, the 
Career Development Fair was 

simultaneously taking place.  
Fair participants included com-
panies such as Exxon Mobil, 

Aspen Technology, and DuPont
--just to name a few.  In addi-
tion to the multiple companies 

looking for potential employees, 
there were over 50 graduate 
schools looking for the best of 

the best of graduating chemical 
engineering students.  A poster 
competition was also taking 
place where undergraduate stu-

dents shared their research with 
other students and faculty.  The 
posters were judged by faculty 

and industrial representatives.  
The University of Iowa student 
presenters were Catherine 

Suchanek, Katie De Hoedt, and 
Adam Johns. 

The AIChE Student Award 

ceremony highlighted notable 
achievements of student members 
during the 2013-2014 academic 
year.  Many University of Iowa stu-
dents received awards, including 
the Donald F. & Mildred Topp Oth-
mer National Scholarship Award to 
Daniel Yocius and the Donald F. 
Othmer Sophomore Academic Ex-
cellence Award to Nathan 
Schuchert.  Furthermore, University 
of Iowa Students won the Safety 
and Health Division National De-
sign Competition Award for Inher-
ently Safer Design.  Specifically, 
two teams from the University of 
Iowa won this award for the 2014 
Design Competition: a team con-
sisting of Tyler Latcham, Kyle Ow-
en and Joseph Brodt and a second 
team consisting of Nevin Vijh, Rob-
ert Tempel and Megan Hall.  Final-
ly, for the 10th consecutive year the 
University of Iowa was the recipi-
ent of the Outstanding Student 
Chapter Award for 2013-2014, 
marking the school's 21st win out of 
the last 22 years. 

To wrap up the eventful 
weekend, University of Iowa 
student explored Atlanta.  This 

included walking around in 
hopes of finding a good restau-
rant, visiting the Atlanta Aquar-

ium and watching a spectacular 
dolphin show.  This time al-
lowed for the students to bond 

with one another as well as be 
exposed to the community of 
Atlanta.  In attending this event, 

students were given the oppor-
tunity to meet other students 
from other regions, further de-

velop themselves as profession-
als and find ways of improving 
their student chapter. 

Fall 2014 National AIChE Conference (continued) 
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In Anacortes, Washington in 
2010 a fire and explosion in an 
oil refinery killed seven workers 
when a pipe ruptured during rou-
tine maintenance.  This is just 
one of the many accidents that 
have occurred that could have 
been avoided with the help of 
inherently safer design.  Inher-
ently safer design, proposed by 
Trevor Kletz, not only minimiz-
es the risk of an accident, but 
can also minimize the risk of 
attacks on chemical facilities.  
Inherent safety design is unques-
tionably necessary, although 
some argue that it is a given and 
should not be required by law 
and that it will make it more dif-
ficult for companies to operate 
profitably.  Steps have been tak-
en towards improving safety in 
chemical plants, but these steps 
have not been substantial enough 
or quick enough.  Inherently saf-
er design should be required by 
law because, even though it 
seems to be an obvious choice to 
implement it, some companies 
may not fully understand its im-
portance until it is too late. 

As an illustration, more than 
1.2 million workers in the Unit-
ed States in 2009 missed time 
from work due to injuries result-
ing from industrial accidents.  
Another 4,340 workers were 
killed as a result of industrial 
accidents in the U.S. in 2009.  
The number of accidents in 2009 
was a nine percent decrease 
from 2008 (Dugas, 2015).  With 
inherent safety design, these 
numbers could continue to de-
crease each year.  The hierarchy 
of actions developed by Trevor 
Kletz should be used to help im-

plement inherent safety design.  
The four paths developed by Kletz 
are: minimize the use of hazard-
ous chemicals, substitute or re-
place hazardous chemicals with 
safer ones, moderate or shift to 
less hazardous chemicals or pro-
cesses at lower temperatures and 
pressures, and simplify processes 
and design plants to eliminate un-
necessary complexity (Hess & 
Johnson, 2014). 

Additionally, in 1993 the 
World Trade Center was bombed 
by terrorists, one of which was 
Nidal Ayyad.  Ayyad worked for 
a New Jersey chemical company 
and used his position to steal 
chemicals from the company to 
make the bombs.  He also stole 
cyanide which he intended to re-
lease in the office-building venti-
lation system (Kaplan, 2006).  
Under the Chemical Facility Anti-
Terrorism Standards (CFATS), 
chemical companies are required 
to make financial investments to 
improve the security and safety of 
their plants.  This includes pro-
tecting their facilities from poten-
tial attacks and preventing theft of 
dangerous chemicals (Hess & 
Johnson, 2014).  Unfortunately, 
CFATS has been operating under 
temporary authority because law-
makers are reluctant to pass free-
standing legislation that would 
formally authorize CFATS and 
make it a more permanent solu-
tion (Hess, 2014).  CFATS, which 
is run by the Department of 
Homeland Security (DHS), is an 
effective start to mandated inher-
ent safety design, but more still 
needs to be done and CFATS 
needs to have more formal author-
ity. 

Furthermore, the advocates 
against government mandated 
inherent safety design believe 
that it is common sense and 
therefore do not see a need for it 
to be regulated and required.  As 
stated by Christine Todd Whit-
man, the former Environmental 
Protection Agency (EPA) admin-
istrator, requiring facilities to use 
safer chemicals and processes 
“when they’re available, effec-
tive, and affordable is common 
sense.  Many companies have 
acted responsibly, but far too 
many others have not.” (Hess & 
Johnson, 2014).  For some, im-
plementing inherent safety de-
sign would be considered cost-
ineffective and therefore they 
would not implement it unless 
required by law.  Some also ar-
gue that by requiring certain 
steps to be taken, such as reduc-
ing chemical storage inventories, 
that it does not allow these com-
panies to have enough inventory 
to meet customer needs (Hess & 
Johnson, 2014).  While this may 
be true, the safety and lives of 
the general population supersede 
the company’s desire to make a 
profit.  Additionally, since 
CFATS is only under temporary 
authority, chemical facility oper-
ators are hesitant to spend money 
to comply with the standards if 
the standards may not exist for 
more than a year (Hess, 2014).  
This is another reason that 
CFATS needs to be given more 
permanent authority. 

President Barack Obama is-
sued a directive in August 2013, 
which ordered a team of federal 
officials to recommend ways to 
improve the safety and security 

Should Inherently Safer Design be Required? 
By: Joe Warmuth  
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of chemical plants (Hess, 2014).  
This team consists of officials 
from the Environmental Protection 
Agency (EPA) and the Occupa-
tional Safety & Health Admin-
istration (OSHA).  Their main 
goal is to begin working on volun-
tary guidelines for chemical facili-
ty operators to follow on how to 
integrate inherently safer design 
(Hess, 2014).  As explained by the 
Coalition to Prevent Chemical 
Disasters, there are already federal 
programs that require facilities to 
make operations safer and there-
fore the task force created by Pres-
ident Obama may just be duplicat-
ing efforts (Hess, 2014).  Instead 
of producing multiple programs 
with the same goal, efforts should 
be consolidated in one group, pos-
sibly CFATS, to provide one con-
sistent set of guidelines for with 
chemical facilities to comply. 

Finally, between the millions 
of accidents and the potential ter-
ror attacks, more stringent laws 

need to be enacted in order to de-

crease accidents and to increase 
plant security.  Utilizing Kletz’s 

hierarchy of actions, enforcing 
CFATS, and creating voluntary 
guidelines are good starting 

points, but it is not enough.  
Chemical manufacturers must be 
held to a higher standard, even if 

that entails less profit, in order to 
ensure the safety of the employ-
ees and general public. 
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Algae as a Biofuel: Benefits and Engineering Requirements 

By: Jeff Hamilton 

Should Inherently Safer Design be Required? (continued) 

As world food demands con-
tinue to increase, the need to pro-
duce more food and the need for 
alternative energy sources, such 
as biofuel, are competing for the 
same tillable ground.  Currently, 
most biofuels come from soy 
beans and corn, which have a 
production rate of approximately 
48 gallons and 18 gallons per 
acre, respectively.  In contrast, 
algae can produce biofuel at up 
to 2500 gallons per acre and can 
be grown in non-arable areas not 
suitable to conventional agricul-
ture. Increasing global demands 

for food and energy necessitate 
the allocation of scientific, agri-
cultural, and engineering re-
sources to invent efficient pro-
cesses to replace corn and soy-
beans with algae in the production 
of biofuels. 

Presently, algae is being pur-
sued as a source of oil similar to 
soy beans, and the most common 
processes of extracting the oils 
follow the methods used for soy-
beans.  Soybean oils are extracted 
by the use of hexane solvents.  
Unfortunately, hexanes easily 
evaporate and are toxic, creating 

hazardous fumes that could leak 
into either the workplace or the 
environment.  Recent research 
has involved the use of ionic liq-
uids as a means of extracting the 
oils.  Ionic liquids are salt fluids 
that have very low rates of evap-
oration and many are both non-
toxic and biodegradable, elimi-
nating the risks involved with 
hexane solvents.  Some ionic 
liquids have the ability to dis-
solve cellulose, which is the pri-
mary component in the algae 
cell wall.  The process design 
dissolves the cell wall and re-



 

leases the oils.  Upon separation, 
the oils are refined into various 
biofuels, while the recovered 
cellulose can be converted into 
animal feed or utilized in the pa-
per products industry, reducing 
tree consumption (Grasvik).  
Chemical engineering assets 
need to be allocated for both the 
refinement of the processes in-
corporating ionic liquids in order 
to reduce the use of petroleum 
solvents as well as replacing 
soybeans with algae as the pri-
mary source of biodiesel. 

A solvent-free method of 
extracting oil from algae is being 
developed by the U.S. Depart-
ment of Energy's Pacific North-
west National Laboratory in 
Richland, Washington, which 
has revisited an older technolo-
gy, researched during the 1970’s 
oil crisis, called hydrothermal 
liquefaction.  This process was 
originally researched to gasify 
biomasses such as wood and lat-
er abandoned when energy pric-
es returned to normal levels 
(Nguyen).  The process involves 
heating an algae and water mix-
ture and putting it under high 
pressure to simulate the natural 
processes which produce crude 
oil.  According to Nguyen, the 
Richland researchers have dis-
covered a way to not only repli-
cate, but speed up this "cooking" 
process to the point where a 
small mixture of algae and water 
can be turned into a kind of 
crude oil in less than an hour.  
Besides being readily able to be 
refined into burnable gases like 
jet fuel, gasoline or diesel, the 
proprietary technology also gen-
erates, as a byproduct, chemical 
elements and minerals that can 

be used to produce electricity, 
natural gas and even fertilizer to 
perhaps grow even more algae.  
An analysis has shown that im-
plementing this technique on a 
wider scale may allow compa-
nies to sell biofuel commercially 
for as low as two dollars a gal-
lon. 

This method, without the use 
of chemical solvents, may be the 
most promising process for an 
environmentally friendly produc-
tion, and if the production cost 
estimates are accurate, the most 
economically feasible design to 
date. 

An obstacle to the commer-
cial use of algae as a biofuel 
source is the ability to produce 
the necessary quantities of raw 
material required to make a size-
able impact on the diesel require-
ments of the US.  The resources 
required for substantial algae 
production on a scale necessary 
to provide a considerable percent 
of the US needs for fuel has been 
studied by multiple organiza-
tions.  One study has used algae 
grown in pond farms of between 
250 and 1000 acres providing 
algae to production facilities and 
concluded that due to climate 
conditions in the US, only about 
2% of the nation’s diesel fuel 
needs could be replaced by algae
-based bio-diesel, and that fuel 
would need to be sold at over 
$300 per barrel to be profitable 
(Lundquist).  In a study conduct-
ed by the US Department of En-
ergy, it was estimated that the 
amount of land required to re-
place the nation’s diesel require-
ments with algae would be about 
15,000 square miles (about the 
size of Maryland), whereas it 
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would require half of the total US 
land mass to accomplish the same 
results with soy beans (Nguyen).  
With algae being a single cell or-
ganism, neither the tillable acreage 
required for conventional crops nor 
large surface area ponds are re-
quired for growth.  An alternative 
to growing algae in ponds is to use 
clear plastic bags with sugar feeds.  
While this method is more costly, 
contaminants are reduced and pro-
duction per unit land area is greatly 
increased (Rhodes).  In addition, 
research is occurring in the genetic 
modification of current algae spe-
cies to maximize oil production 
levels per cell.  The ability to grow 
algae as a cash crop on non-tillable 
acreage will incentivize the agri-
cultural industry to develop pro-
duction methods to supply the 
quantity required at a minimal cost. 

While much research is being 
done to make algae a viable source 
for biofuels, the economic realities 
of the current processes are a major 
hurdle to overcome.  There have 
been considerable advances in the 
use of algae for fuel production 
and some small-scale facilities 
have been produced, but it will 
take considerable engineering in 
process design and production 
methods to make the use of algae 
economically feasible.  Some pro-
cesses need more efficient extrac-
tion methods by the use of better, 
more environmentally friendly sol-
vents.  Increased energy conserva-
tion and reduced material require-
ments are necessary for some pro-
cesses to be efficient enough for 
profitable commercial.  The ability 
to grow and harvest large quanti-
ties of algae in a relatively small 
area is a requirement of all designs. 
These are all problems that need 

Algae as a Biofuel: Benefits and Engineering Requirements (continued) 
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I am currently working as a 
project engineer at a Cargill soy 
bean oil refinery in Sioux City, 
Iowa.  My job description is to 
help a full time process optimi-
zation engineer with his various 
projects along with a few pro-
jects of my own.  For the first 
month my time was focused on 
training and becoming familiar 
with the operations within the 
different components of the re-
finery so I’d have a strong foun-
dation.  After that, I took on my 
first project of getting a new AC 
unit for the refinery offices 
which taught me the process of 
how projects are completed.  
Since then, I’ve taken on multi-
ple other projects along with 
covering for my supervisor 
when he leaves for training or 
vacation. 

Two months into my co-op 

experience, my supervisor had to 
leave for a week long training ses-
sion and I got the opportunity to 
see just how hectic it can be to be a 
project engineer.  The Friday be-
fore he left, I was brought up to 
speed on all of his current projects.  
Each day there was a large task to 
be completed in order to keep his 
projects up and running.  On Tues-
day, I encountered the biggest 
challenge of my co-op experience 
so far.  It was my responsibility to 
help complete a line break of the 
load out systems in order for a con-
tractor to safely demolish an old 
additive system. 

The day before, I had done 
everything I could do to plan out 
and prepare the lock out procedure.  
However, once the project began I 
encountered problem after prob-
lem.  One challenge I was faced 
with was a worker helping lock out 

the equipment stepped on and 
broke an air line.  This caused the 
loss of all control to a majority of 
the valves in the tank farm.  With 
the help of another worker, we 
got the air line shut off and safely 
repaired as fast as possible.  An-
other problem arose when the 
schedule was changed and one of 
the load out lines was needed 
much earlier than expected.  
Knowing this, I went to the con-
tractor and had them prioritize 
their work to include making the 
needed line available first.  The 
contractors were able to quickly 
finish the demolition of the pro-
cesses and had both lines availa-
ble for unlock on time. 

I learned a lot during this day 
of how to manage a project even 
when everything doesn’t go as 
planned.  The load out truck 
block was set for 8 A.M. to noon, 

Cargill Project Engineer Co-op Experience 

By: Shandy Porter 

Algae as a Biofuel: Benefits and Engineering Requirements (continued) 

strong chemical engineering to 
overcome and with the world’s 
growing energy demands, fading 
fossil fuel deposits, and a grow-
ing population with greater food 
requirements, chemical engi-
neers need to concentrate on in-
venting processes to solve the 
production problems of algae 
based biofuel. 
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On the night of April 17, 
2013, an ammonium nitrate ex-
plosion at a fertilizer plant shook 
the city of West, Texas, resulting 
in the addition of 15 fatalities 
and more than 160 injuries to the 
already massive tally of casual-
ties caused by accidents in the 
chemical process industry (Hess 
& Johnson, 2014).  Each time an 
event such as this one occurs, it 
begs the question: could this dis-
aster have been prevented?  In 
the overwhelming majority of 
cases, the answer is yes.  The 
more important question, then, 
is: why wasn’t it prevented?   
This is the concept addressed by 
the chemical process safety 
strategy known as inherently 
safer design (ISD).  While com-
mon safety practices seek to in-
stall measures that attempt to 
stop an accident as it is happen-
ing or mitigate its effects, the 
goal of ISD is to eliminate the 

hazard at its source to stop a po-
tential incident from occurring in 
the first place and nullify the need 
for additional complicated safety 
features.  The ever-growing num-
ber of preventable disasters oc-
curring in the United States is in-
dicative of insufficient and out-
dated chemical process safety 
regulation.  The federal govern-
ment must take action and imple-
ment a policy requiring compa-
nies in the chemical industry to 
adopt ISD practices in their facili-
ties. 

Before examining ways for 
the government to implement 
new regulatory measures, it is 
important to look at some of the 
common faults of chemical 
plants, and how they can be pre-
vented with ISD.  ISD is a pro-
cess design approach based on the 
principles of minimization, sub-
stitution, moderation, and simpli-
fication.  Knowledge of how to 

apply each one to a chemical pro-
cess is essential in making it in-
herently safer.  For minimization, 
the goal is to have the smallest 
necessary quantities of hazardous 
chemicals on hand at any given 
time (Kletz, 1998).  Ways this can 
be accomplished include (i) reduc-
ing a large stock of hazardous ma-
terial to only the amount necessary 
and (ii) immediately reacting haz-
ardous intermediate chemicals to 
minimize its inventory.  For exam-
ple, a 1974 explosion at a plant in 
Flixborough, England that claimed 
28 lives was found to be 17 times 
larger than it needed to be (Hess & 
Johnson, 2014).  Had the plant’s 
inventory been kept at a mini-
mum, those lives could have been 
spared.  The principles of modera-
tion and substitution tie in closely, 
as they seek to limit or completely 
remove the use of hazardous 
chemicals and replace them with 
others that do not present the same 

Inherently Safer Design: Is it Time for Government Intervention? 

By: Nathan Schuchert 

Cargill Project Engineer Co-op Experience (continued) 

were willing to help me along 
with all the other supervisors who 
encouraged me throughout the 
day. 

I have learned an immense 
amount from participating in this 
co-op so far.  I have been shown 
just how a company works and 
been allowed to help improve the 
plant as it stands.  I never imag-
ined I’d be given the opportunity 
to take on the responsibilities of 
my boss at such an early time 
with no direct supervision.  How-
ever, I’m constantly encouraged 
by the other employees around 
me and everyone is always so 
willing to help me if I’m not sure 
what to do.  I am looking forward 

but due to the challenges en-
countered, the contractors could-
n’t begin work until 1 P.M. No 
trucks were scheduled until late 
that night so work could still 
continue.  The unexpected 
schedule change of a truck being 
moved up posed a problem, but I 
was able to get things prioritized 
and communicated and the truck 
was only delayed a short time 
due to my project.  Throughout 
the day, I encountered problem 
after problem but stayed calm 
and focused and did what had to 
be done to get the job accom-
plished.  I couldn’t have done it 
without the help of the loaders 
and refinery technicians that 

to the bigger projects and plant 
shut downs that are approaching 
and learning everything I can from 
them.  Working for Cargill has 
been a great experience and I have 
learned an immense amount of 
valuable experience. 
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Inherently Safer Design: Is it Time for Government Intervention? (continued) 

risks (Kletz, 1998).  In addition, 
companies should look to use 
moderate operating conditions 
by running processes at lower 
pressures and temperatures.  
Though the replacement of some 
chemicals is not possible in eve-
ry case, companies should take 
every opportunity to re-examine 
their alternatives in a process.  
For instance, a 2008 explosion at 
a Bayer pesticide plant in West 
Virginia nearly resulted in the 
release of 13,000 pounds of me-
thyl isocyanate, the same chemi-
cal that killed thousands in 1984 
when it leaked from a chemical 
plant in Bhopal, India (Hess & 
Johnson, 2014).  This Bayer 
plant was later able to remove its 
use of this chemical, thus elimi-
nating the risk associated with it.  
Lastly, process designs should 
be simplified by removing un-
necessary complexities in order 
to reduce the likelihood of oper-
ator error and make such errors 
more forgiving (Kletz, 1998).  
Possible effects of an over-
complicated operating system 
were illustrated in an explosion 
at a Pasadena, Texas plant in 
1989.  The polymer-producing 
system was susceptible to be-
coming plugged, which required 
a multi-step procedure of manu-
ally opening and closing valves 
in the correct order.  When this 
was not performed correctly, the 
resulting explosion was respon-
sible for killing 23, injuring 314, 
and costing over $715 million 
(Crowl & Louvar, 2011).  Clear-
ly, the consequences of not im-
plementing ISD can be cata-
strophic.  Yet, incidents continue 
to occur year after year. 

The repeated negligence of 

companies in the chemical indus-
try to improve their processes to 
reflect the principles of ISD calls 
for government intervention.  
Some chemical engineers believe 
that ISD analysis is simply com-
mon sense, and do not see the 
need for it to be mandated by the 
government.  While this would be 
ideal, voluntary compliance of 
government recommendations is 
uncommon.  And with more than 
470 chemical facilities in the 
United States that each put at least 
100,000 people in danger if they 
have a toxic release (Hess & John-
son, 2014), the federal govern-
ment needs to ensure that the safe-
ty of its citizens is maintained.  In 
order to do this without overex-
tending its influence, the Occupa-
tional Health and Safety Admin-
istration should begin by introduc-
ing regulations that focus on prior 
offenders.  Requiring a thorough 
investigation of companies with a 
history of safety infractions before 
they are allowed to operate would 
be optimal for minimizing the cost 
of implementation, while targeting 
the greatest safety problems di-
rectly.  This method would also 
allow for companies that do actu-
ally invest in ISD to keep going 
about their business without gov-
ernment interference to save time 
and money on both sides.  Over-
all, there would be an incentive 
for corporations to implement ISD 
in order to avoid confrontations 
with the federal government that 
are harmful to their business. 

Given the repeated occurrenc-
es of harmful and fatal accidents 
in chemical plants in the United 
States, it is paramount that all 
chemical plants in the country 
greatly reduce the risk of such 

events through the implementa-
tion of ISD in their processes.  
Because many corporations will 
not do so voluntarily, especially 
those with histories of poor safe-
ty practices, it has become abso-
lutely necessary that the federal 
government introduce new regu-
lations to require that chemical 
processes include all possible ele-
ments of ISD.  Though there will 
never be a point when all risk of 
accident is eliminated, it is time 
for the government to take action 
to protect the lives of its people.  
In the words of Rafael Moure-
Eraso, former chairman of the 
Chemical Safety Board, it is time 
to stop “sifting through chemical 
plant rubble from catastrophic 
accidents year after year”, and to 
“call on regulators to require – 
and for industry to adopt – what 
is known as inherently safer tech-
nology” (Moure-Eraso, 2014). 
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Chemical engineers have 
made strides in virtually every 
field of science.  One field in 
particular, biomedical engineer-
ing, will soon see new advance-
ments in the preservation of 
health due to the work of chemi-
cal engineers.  Dr. Eric Nuxoll 
and his team have been doing 
research on a new way to treat 
the formation of bacterial bio-
films on implanted devices in the 
human body, as well as explore 
methods of drug delivery.  These 
innovations will impact the sci-
entific community, the health 
care industry, and patients 
around the world. 

First, chemical engineers are 
working to treat and prevent 
many medical problems.  During 
surgeries, surgeons must be dili-
gent in maintaining a sterile en-
vironment.  However, in rare 
cases, bacteria can come into 
contact with the patient, causing 
major problems.  Patients who 
are receiving prosthetic implants 
are at risk of infection.  When 
bacteria enters the body, it can 
thrive in massive colonies on 
implants.  For example, a hip-
transplant patient is at risk for 
infections of multiple types of 
bacteria, including Streptococcus 
aereus, Escherichia coli, and 
Pseudomonas aeruginosa 
(Donlan, 2001).  Treatment for 
such serious infections is expen-

sive, time-consuming, and risky, 
often requiring the removal of the 
device and a second transplant 
surgery to replace the implant.   
The use of strong antibiotics is a 
futile attempt at treatment.  The 
biofilms, many of which are able 
to be seen by the naked eye, aren’t 
affected by medication.  In fact, 
they are able to resist many types 
of treatment.  According to a 
study on biofilms conducted by 
researchers at the Centers for Dis-
ease Control and Prevention in 
Atlanta, Georgia, “The nature of 
biofilm structure and the physio-
logical attributes of biofilm organ-
isms confer an inherent resistance 
to antimicrobial agents, whether 
these antimicrobial agents are an-
tibiotics, disinfectants, or germi-
cides” (Donlan, 2002). 

Though treatment options are 
limited, there is another option. 
Dr. Nuxoll, a professor of chemi-
cal engineering at the University 
of Iowa, is working on a solution.  
His career path isn’t necessarily 
what people expect for a chemical 
engineer.  After working with ma-
terials and packaging, Nuxoll be-
came interested in the health sci-
ence and biomedical aspect of 
chemical engineering when he 
realized that reactive barrier mem-
branes are developed according to 
mathematical methods that are 
virtually identical to those used in 
methods for drug-release (Nuxoll, 

2014).  Today, he and his team are 
developing a method to treat the 
formation of biofilms involving 
the use of iron nanoparticles with-
in a polymer coating the device.  
By using an alternating magnetic 
current, the nanoparticles’ revers-
ing poles will heat the device, kill-
ing off the bacteria in the biofilm 
and reducing the probability of 
needing a second risky surgery.  
Magnetic induction doesn’t harm 
the patient, and allows for a nonin-
vasive solution to the problem 
(Nuxoll, 2014).  Pseudomonas ae-
ruginosa, mentioned above, is the 
bacteria strain chosen for the ex-
perimental trials run in Nuxoll’s 
lab.  Graduate students test differ-
ent temperatures and exposure pe-
riods to study the effect on bio-
films.  They also combine these 
trials with the use of strong antibi-
otics in order to kill off bacteria 
once they are weakened by the 
heat (Nuxoll, 2014). 

Other trials involve the use of 
a flow cell developed by another 
graduate student and designed to 
imitate an implant within the 
body.  They are able to study the 
risk of bacteria detaching from the 
biofilms and spreading to other 
parts of the body during treatment. 
Dr. Nuxoll also leads a research 
project dealing with the pulsatile 
release of solutes, mainly in phar-
maceuticals.  He and his team are 
making innovative discoveries and 

Chemical Engineers and Their Impact on Health Sciences 

By: Maliah Kome 

Inherently Safer Design: Is it Time for Government Intervention? (continued) 
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contributing to the growing in-
volvement of chemical engineers 
in medical research areas 
(Nuxoll, 2014). 

In the future, these methods 
will have an impact on the scien-
tific community and health care 
industry.  Dr. Nuxoll is confident 
that he and his team will have a 
product and method available for 
use in hospitals within the next 
ten years.  He hopes that other 
researchers will realize that the 
use of heat to kill off infections 
within the body is a viable op-
tion for treatment (Nuxoll, 
2014).  The health care industry 
will benefit greatly from this 
method as well.  They would be 
able to offer a noninvasive pro-
cedure for a life-threatening in-
fection, helping both health care 
providers and patients.  Chemi-
cal engineers contribute to near-
ly every field of science as well 
as other fields including law, 
business, and marketing.  Ac-
cording to an article in Chemical 
Engineering World, “Chemical 
Engineers are closer than ever to 
finding cures for deadly diseas-
es, defending our nation from 
hostile countries, and improving 
the standard of living for citi-
zens” (Yamani, 2010).  Chemi-
cal engineers can be found work-

ing nearly anywhere. 
In conclusion, chemical engi-

neers impact the world in multiple 
fields, but biomedical engineering 
and health sciences specifically 
are greatly benefitting from their 
research.  Research is being done 
at the University of Iowa to de-
velop new treatments for serious 
infections and efficiently deliver 
drug dosages by Dr. Nuxoll.  
Though he is confident in his re-
search, he is hopeful that other 
researchers won’t give up on de-
veloping other treatments, ex-
plaining, “There are solutions out 
there, they just need to be worked 
out” (Nuxoll, 2014).  His research 
is another stepping stone on the 
path to a brighter future. 
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Chemical Engineers and Their Impact on Health Sciences (continued) 

Chemical Engineers Get Active 

By: Nathan Schuchert 

In a rather unexpected turn of 
events, a few brave chemical engi-
neers came together and stepped 
into previously uncharted territory.  
That is, the members of the newly 
formed “Fully Developed Turbu-
lent Flow” team took part in what is 
thought to be the first intramural 
competition entered by a group 
consisting solely of chemical engi-

neers. 
The six members of this band of 

merry men were Zach Behrendt, 
Austin Bourgeois, Ian Boysen, Ian 
Nessler, Grant Purdy, and Nathan 
Schuchert.  Determined to make a 
stereotype-defying statement, they 
all laced up and stepped on the bas-
ketball court at a packed University 
of Iowa Fieldhouse.  In the first 

game, the team did pre-
cisely that.  Powered by 
an all-around Steph Cur-
ry-esque shooting display from the 
squad and led by a 25+ point out-
burst from Schuchert, Fully Devel-
oped Turbulent Flow won the first 
competition handily, 67 – 47. 

Despite their promising start, the 
team’s initial success was unequaled 
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in the remaining games.  While 
they may have won in heart, that 
did not translate very well to the 
scoreboard.  So, after a disappoint-
ing final three competitions, our 
Chem-E basketball representatives 
were eliminated from playoff con-
tention. 

However, the chemical engi-
neers at the University of Iowa 
were not about to go quietly into 
the intramural night.  A second 
athletic event was calling – this 
time, our AIChE chapter president 
Anthony Miller organized a co-ed 
team to compete on the soccer 
fields.  The stakes were high, as 
this intramural was played as a 
single-elimination tournament.  
After a hard-fought battle, the 
president and captain (Miller) led 
the team to victory in the first 
match with the game’s only goal. 

Similar to basketball, there 

pollution will reach water 
sources throughout the world 
regardless.  According to Chem-
ical Engineers in Action, the 
creation of technology that helps 
clean chemicals, or the creation 
of safer chemicals is a reason 
that chemical engineers have the 
ability to make a significant im-
pact on the environment (1).  
This is encouragement for any-
one interested in a career of 
chemical engineering; problem 
solving begins before the prob-
lem starts.  A key aspect to this 
kind of treatment is the versatili-
ty of a chemical engineer’s abil-
ities in regards to the science of 
water treatment.  “Because 
chemical engineers are well 
versed in chemistry, physics, 
mathematics, and engineering, 
they are suited to meet the chal-
lenges of all types” (1).  One of 

Water is one of the most im-
portant resources to preserve in 
our time.  Major health prob-
lems arise when people and ani-
mals are in contact with contam-
inated drinking water.  This is 
detrimental to civilizations all 
around the world.  Chemical en-
gineers are imperative for the 
development of solutions due to 
their involvement in water treat-
ment before and after the water 
is polluted.  As these solutions 
progress for the treatment of wa-
ter, more complicated methods 
for reusing limited resources are 
discovered.  Water pollution is 
one of the greatest crises of the 
modern era.  Chemical engineer-
ing is crucial to the solution of 
this crisis because they see the 
process of water treatment from 
beginning to end. 

Chemical engineers influ-

ence the extent of water pollution 
around the world.  This happens 
before pollutant enters the water 
by the revision of chemicals that 
come in contact with water 
sources.  As the condition of water 
is an increasing concern around 
the world, it is effective to not on-
ly treat the system that is tainted, 
but to develop methods to improve 
the safety of chemical emissions 
(3).  This way, the process of wa-
ter purification is more practical 
due to lessened and safer pollu-
tants.  An example of this is the 
chemical emissions that occur 
from farming.  If the runoff from 
these farms has less effect on the 
water sources it comes in contact 
with, then the vastness of water 
contamination is much more con-
tainable.  However, even in the 
presence of environmental precau-
tions, the unavoidable truth is that 

The Future of Water 
By: Abby Haas 

Chemical Engineers Get Active (continued) 

was a very tough opponent waiting 
for them in their subsequent game.  
That being said, the opposition this 
time around came in a slightly differ-
ent form.  On the eve of the next 
match, the vast majority of the chemi-
cal engineers on the soccer team did 
not make it to bed until the wee hours 
of the morning, if at all.  The culprit 
responsible for this predicament was 
the looming deadline of two extensive 
lab reports in addition to a topical 
paper the following day.  Come game 
time, all but one of the team members 
were either still working on their as-
signments or passed out due to ex-
haustion.  Unfortunately, the team 
had no choice but to forfeit. 

Though the final results of each 
competition may have been less than 
desired, in the end, everyone had a 
great time playing.  It was a fun bond-
ing experience to get out and compete 
on the court or on the field with class-

mates that we normally only see 
when holed up in the Seamans 
Center for inordinate lengths of 
time.  The positive reactions to 
each intramural event led our chap-
ter president, Anthony Miller, to 
establish a new cabinet position - 
the Intramurals Coordinator.  Be-
ginning in Fall 2015, Elvis Flores 
will take on this new position and 
lead the chemical engineers of the 
University of Iowa to even greater 
athletic success. 
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these challenges includes the 
transformation of chemical com-
pounds on a molecular level.  
Before entering a water system, 
safely designed chemicals can 
reduce the impact of the emis-
sion on the environment.  As wa-
ter usage around the United 
States increases with higher de-
mand, the condition of water 
sanitation is crucial to the health 
of society and the environment 
(4).  With the limitations set in 
place by chemical engineers, the 
aftermath of environmental im-
pact is much more manageable. 

After a water system is pol-
luted, it is crucial that the prob-
lem is dealt with in an efficient 
and practical manner.  Chemical 
engineers work on the timely 
management of unusable water, 
because water sources are be-
coming more limited.  The effi-
ciency of water treatment is also 
related to the method used.  Sim-
ilarly, the processes for purifica-
tion are becoming more innova-
tive throughout the field of 
chemical engineering (2).  As a 
larger variety of pollutants are 
found in streams and rivers 
across the country, chemical en-
gineers are designing new meth-
ods to discover the foreign sub-
stances in water (4).  It is im-
portant that the methods of water 
purification improve as the de-
mand for clean water increases.  
One of the most frequently used 
methods is Carbon-based and 
zeolite-based adsorption.  This 
includes the use of an activated, 
highly absorbent form of carbon 
that removes impurities from 
water sources (3).  Furthermore, 
the field of chemical engineering 
continues to discover inventive 
techniques for water purifica-
tion, making the overall solution 

The Future of Water (continued) 

more practical. 
The evolution of water treat-

ment is in a critical stage due to 
limited water sources and increas-
ing need for water.  Complex pro-
cedures are being formatted and 
used by chemical engineers to en-
hance the quality of water around 
the world before and after pollu-
tion is emitted into water systems.  
It is clear that the versatility of 
chemical engineering is an ad-
vantage in the extensive process of 
water treatment.  The problem 
solving skills of engineers in this 
field will reflect in the progress of 
water quality around the world.  
With the help of creative and dedi-
cated engineers, society is faced 
with less tantalizing global issues. 
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Chemical Process Safety, 
2008).  Substitution is when a 
less hazardous reaction is used 
or replacing a hazardous mate-
rial with a less hazardous alter-
native.  Although safer reac-
tions may consume more mate-
rials and use more steps which 
decrease yields, it is more im-
portant to maintain a safe work 
environment.  It is also im-
portant to minimize reactor siz-
es, pipeline inventories, and 
line length.  An example of 
moderation is diluting hazard-
ous solvents to decrease how 
much damage they can do.  Fi-
nally, possibly the most im-
portant, is to simplify and elim-
inate unnecessary complexity 
in order to reduce the risk of 
human error.  There is a popu-
lar and famous phrase: “Keep it 
simple, stupid” (KISS), which 
is used in many workplaces to 
reinforce the idea of not mak-
ing things too complicated and 
therefore more dangerous.  The 
most important to ask is “Is it 
really necessary?” (Center for 
Chemical Process Safety, 
2008). 

Technology that makes a 
process useful, also makes it 
hazardous, such as an airplane 
traveling at 600 mph, gasoline 
being flammable, and chlorine 
being toxic.  Control of the 
hazard is the important issue 
for safely extracting the bene-
fits of the technology.  Most 
things have multiple hazards 
and any change can affect eve-
rything.  Inherently safer is in 
the context of one or more of 
the multiple hazards.  Different 
populations may perceive ISDs 

September 11, 2001 is a day 
that made security a prime con-
cern for the United States.  When 
terrorists crashed into the World 
Trade Center, the government’s 
main concern would be if and 
where the next attack would take 
place.  They believed that chemi-
cal plants that make or store haz-
ardous materials would be on top 
of the terrorists’ list, and could do 
irreparable damage.  The Govern-
ment Accountability Office 
(GAO) has estimated that an at-
tack at any of the 123 most vul-
nerable chemical plants could 
lead to injury or death of more 
than a million people.  The De-
partment of Homeland Security 
(DHS) implemented chemical 
facility anti-terrorism standards 
(CFATS) in 2007 to increase se-
curity in and around chemical 
facilities.  While CFATS in-
creased the safety to the threat of 
attack, a chemical plant can make 
changes so they are not as high of 
targets for terrorist activity.  
These changes can be made 
through Inherently Safer Design 
(ISD) that utilizes passive risk 
management strategies for a non-
hazardous situation after unac-
ceptable deviation.  This would 
decrease the need for higher se-
curity from CFATS.  Therefore, 
ISD should be required to protect 
America (Bollinger, 1996). 

It is impossible to protect a 
plant from a terrorist attack 100% 
of the time; however, the effects 
of an attack can be greatly mini-
mized by using ISD.  ISD is a 
strategy to minimize the number 
and effect of a deviation from 
normal operating conditions 
(Bollinger, 1996).  ISD uses a 

checklist to meet those goals: 
minimize, substitute, moderate, 
and simplify.  An example is 
having hazardous materials 
made for demand instead of 
having large amounts of hazard-
ous materials being stored and 
transported in large quantities.  
This minimization of hazardous 
materials on hand was not the 
case for the Bhopal disaster that 
took over 2,000 lives.  If a terror 
attack were to occur against a 
chemical plant that made a haz-
ardous material on demand ver-
sus large quantities on hand, 
smaller amounts of the hazard-
ous chemical would be released 
to harm the people (Bollinger, 
1996). 

The idea behind ISD is to 
eliminate or reduce hazards by 
changing processes or materials 
or conditions which are non-
hazardous or less hazardous. 
Integrating it into the product, 
process, or plant is not easily 
done without altering the pro-
cess or plant design.  An exam-
ple of making the workplace 
safer is by substituting water for 
a flammable solvent.  Another 
is using latex paints instead of 
oil base paints, which can be set 
on fire.  Inherent design strate-
gies often involve changes to 
basic process chemistry and unit 
operations. It is best to be con-
sidered as early in process de-
velopment as possible, but it is 
never too late to implement 
them (Center for Chemical Pro-
cess Safety, 2008). 

As mentioned, the four strat-
egies to ISD’s are substitution, 
minimization, moderation, and 
simplification (Center for 

Using Inherently Safer Design to Reduce the Risk of Terrorist Attacks 

By: Zach Behrendt 
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of different technologies differ-
ently (Center for Chemical Pro-
cess Safety, 2008). 

Not everyone is in agreement 
with implementing ISD, such as 
Society of Chemical Manufac-
tures and Affiliates (SOCMA).   
SOCMA criticized the Secure 
Chemical Facilities Act that 
would require ISD.  Bill Al-
mond, vice-president of 
SOCMA, testified before the 
House Energy and Commerce 
Committee’s Subcommittee on 
Environmental and the Econo-
my, on Mar. 31, 2011, “[IST] is 
an elegant concept, but the reali-
ty is almost never that sim-
ple” (Van Arnum).  He also stat-
ed that there is no agreed upon 
methodology to distinguish the 
safer process.  He is employed 
by chemical manufacturers and 
is looking out for their interests, 
which include keeping the cost 
of doing business constant, and 
to not increase public safety 

(Van Arnum). 
A debate still rages on with 

respect to an ISD mandate to pro-
tect the public from chemicals be-
ing utilized right in their back-
yard.  With ISD employed, the 
effects of a terrorist attack would 
be reduced.  One of these effects 
include releasing hazardous chem-
icals into the environment, ulti-
mately defeating the goal of the 
attack.  Some would say that this 
is just another unnecessary gov-
ernmental regulation that chokes 
business.  However, the real goal 
is to protect those who cannot 
protect themselves.  Therefore, 
ISD should be mandated in all 
high risk chemical plants. 

 
References 

Bollinger, R. E. (1996).  Inherent-
ly Safer Chemical Processes: 
A Life Cycle Approach.  CCPS 
Concept Book. 

Center for Chemical Process Safe-
ty. (2008).  Inherently Safer 

Using Inherently Safer Design to Reduce the Risk of Terrorist Attacks (continued) 

Accounting Standards to Help Chemical Regulators 

By: Alexandra Bartlett 

The U.S. chemical manufac-
turing industry touches almost 
every portion of daily life.  Last 
year, the industry reported reve-
nue of $46.0 billion (Witter, 
2015).  Due to the chemical in-
dustry’s diverse operations and 
potential impact on the health of 
the population and the environ-
ment, the industry is regulated 
by the 1976 Toxic Substances 
Control Act (TSCA).  Recently, 
there have been calls for chang-
ing and updating the TSCA to 
reflect comparable legislation in 
the European Union.  One solu-
tion to update the U.S.’s legisla-

tion is to adopt a codified standard 
that would have three organiza-
tions with clear authority over the 
chemical regulations. 

While the TSCA put the Envi-
ronmental Protection Agency 
(EPA) in charge of regulating 
chemical substances, the govern-
ment agency has had difficulty us-
ing its regulative authority.  The 
TSCA granted the EPA the 
“authority to require reporting, rec-
ord-keeping, and testing require-
ments, and restrictions relating to 
chemical substances and/or mix-
ing” (Environmental Protection 
Agency, 2014).  However, the 

EPA must prove to companies 
that chemicals to be tested are 
harmful, which makes it diffi-
cult to obtain a comprehensive 
analysis of the chemical indus-
try. 

In the European Union, 
REACH—Registration, Evalua-
tion, Authorization, and Re-
striction of Chemicals 
(REACH)—controls the chemi-
cal production impact on the 
health of the humans and envi-
ronment.  Under REACH, the 
European Chemicals Agency 
was established to oversee the 
management of the “technical, 
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ments, but the Financial Account-
ing Standards Board (FASB), a pri-
vate-sector organization, establish-
es the standards of accounting and 
the Public Company Accounting 
Oversight Board (PCAOB) sets the 
standards for auditing (Revsine, 
Collins, Johnson, Mittelstaedt, & 
Soffer, p. 20, 2015).  FASB’s codi-
fication allowed for irregularities 
and problems to be recognized 
quickly and it has made it easier to 
compare the accounting data from 
U.S. firms to global firms.  For the 
chemical industry, the EPA could 
imitate the SEC’s position.  A pri-
vate organization, like FASB, com-
prised of chemical and safety ex-
perts would test chemicals and es-
tablish reasonable hazard limits.  
By being able to assign these re-
sponsibilities to one company, there 
would be a decrease in tax payer 
money spent on confusing stand-
ards, problems with chemical regu-
lations would be fixed faster as no 
conversions between agency data 
would be needed, and the chemi-
cals could be more comparable to 
those in Europe.  Occupational 
Safety and Health Administration 
could check the safety  and hazards 
in a manner similar to PCAOB.  
This additional check would pro-
vide a thorough picture of the 
workplace effects of the chemicals.  
Having three powers charged with 
the regulation process will elimi-
nate unnecessary fragmentation and 
provide the public with a clearer 
picture of the health and environ-
mental effects of the production of 
chemicals. 

To eliminate confusing or con-
tradictory regulations, the reformed 
TSCA should focus on employing a 
single source for hazard limits.  
FASB codified the standards for 
accounting and created a single da-
tabase with all authoritative rule 

scientific, and administrative” 
parts of the regulation (European 
Parliament, 2007).  The European 
Union will protect the trade se-
cret chemicals to support a com-
petitive business environment 
while attempting to have compa-
nies share as much information as 
possible to establish a rigorous 
and transparent risk assessment.  
While the TSCA also tries to 
keep trade secrets confidential, 
companies can petition for non-
disclosure of information outside 
health and safety, which limits 
the usefulness of the EPA’s stud-
ies (American Chemistry Coun-
cil, Inc., n.d.).  U.S. lawmakers 
and chemical corporations have 
turned to the E.U.’s regulation of 
chemical companies for inspira-
tion to change the outdated 
TSCA. 

According the Government 
Accountability Office (GAO), 
five groups regulating the chemi-
cal industry have established 
laws that have resulted in frag-
mentation and overlap of risk as-
sessment.  The five agencies as-
sessing chemical risk are the 
Agency for Toxic Substances & 
Disease Registry, the EPA, the 
National Institute for Occupation-
al Safety & Health Agency, the 
National Toxicology Program 
and the Occupational Safety & 
Health Administration.  While 
there is no duplication, variances 
between the government agencies 
arise because each agency uses a 
different scale.  For example, the 
value deemed safe by the EPA 
for hexavalent chromium is for 
chronic exposure throughout a 
lifetime while NIOSH’s standard 
considers exposure for 40 hours 
per week.  These differences in 
safety values makes it difficult to 
compare safety standards from 

the various entities, which can 
differ by orders of magnitude 
(Zach System, 2014).  With 
varying standards, it makes 
following the regulations as 
well as comparing values 
across agencies a challenge 
(Erickson, 2014).  The 2013 
Chemical Safety Improve-
ment Act (CSIA)—a biparti-
sanship piece of legislation—
aims to reform the TSCA.  
Reforming the 1976 legisla-
tion has been supported by the 
American Chemistry Council, 
who projects the new legisla-
tion to provide a $1.2 B year-
ly increase to U.S. chemical 
exports (Zach System, 2014).   
The goal of the new legisla-
tion is to have the EPA priori-
tize screening, to require safe-
ty testing, and to determine 
the safety of chemicals.  This 
bill also clarifies what infor-
mation is considered confi-
dential business information 
(American Chemistry Coun-
cil, Inc., n.d.).  This piece of 
legislation does not change 
the scope of TSCA but rather 
encourages a more thorough 
inspection of the safety of the 
materials. 

To assist in the refor-
mation of the regulations, a 
single government entity in 
charge of regulating chemical 
manufacturing and importing 
should be created.  Present-
day struggles with fragmenta-
tion are similar to what the 
accounting world faced about 
a decade ago.  Following 
changes in regulation, the 
U.S. Securities and Exchange 
Commission (SEC) has an 
ultimate authority over deci-
sions on how public compa-
nies prepare financial state-

Accounting Standards to Help Chemical Regulators (continued) 
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condensed from older standards 
(Revisine et al., p 22, 2015).  By 
creating a single database, public 
and private companies have a 
single authoritative source for 
reference, which makes the fi-
nancial statements a more faith-
ful representation of the firm’s 
performance as well as more rel-
evant to decision making.  FASB 
broke down the rules into topics, 
subtopics, sections, and sub-
sections to help provide guide-
lines that fit the diverse opera-
tions of all companies that are 
publicly traded in the U.S.  The 
TSCA inventory could evolve 
into what FASB created if the 
EPA’s assessments are taken as 
the supreme rule in the United 
States and conditions for exemp-
tions are clearly defined.  If a 
single database is created along 
with the passage of the CSIA, 
then the EPA would promote 
transparency, increase compara-
bility, and add relevance to the 
chemicals regulations. 

Adapting the CSIA would 
increase the EPA’s authority 
over the regulation.  To elimi-
nate confusion, the U.S. should 
have three groups rather than 
five agencies in charge of all as-
pects of chemcial regulation: the 
EPA as the final decision maker, 
a private organization similar to 
FASB that sets standards, and 
OSHA as the auditor.  Three or-
ganizations would make it easier 
to keep the regulation uniform 
throughout the U.S., which will 

help global companies more likely 
to operate safely within the U.S.  
Decreasing the fractured nature of 
chemical regulation will help 
make the U.S. safer by reducing 
the confusion for the government, 
businesses, and the public. 
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cerous area before activating 
(1).  Additional forms of drug 
delivery include fullerenes, 
which are large enough to resist 
attack from the body while car-
rying cancer drugs, reducing cell 
damage and unwanted side ef-
fects (4).  Chemical engineers 
must produce and standardize 
procedures using these forms of 
nanotechnology to develop more 
effective chemotherapy treat-
ment. 

Cancer is an unforgiving 
disease that affects millions of 
people at some point in their 
lives.  Improving chemotherapy 
is vital to address the growing 
number of diagnoses each year.  
In the near future, chemical en-
gineers must harness research 
breakthroughs in drug delivery 
methods such as nanotechnolo-
gy to produce controlled release 
mechanisms for chemotherapy.  
These mechanisms must then be 
optimized for targeted treatment 
and produced on a larger scale 
to cut down on cancer mortality, 
improve the quality of life for 
cancer patients through mini-
mized chemo side effects, and 
cure cancer more effectively.  
Chemical engineers can change 
modern medicine and help mil-
lions of people fight-- and beat-- 
cancer. 
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Chemical engineering has 
played a fundamental role in cre-
ating the technological and medi-
cal advances that society depends 
on today.  From food safety to 
better energy sources, chemical 
engineers have applied scientific 
advances to create products that 
serve people across the world.  In 
particular, chemical engineering 
principles and skills have been 
applied to biomedical challenges.  
This multidisciplinary approach 
to modern medicine has led to 
invaluable large scale health so-
lutions like vaccines, antibiotics, 
and other chemical therapies for 
diseases (1).  One area in the 
health field in need of innovation 
is cancer, which affects millions 
of Americans every year.  Ad-
vances in cancer chemotherapy 
treatment and technology must be 
developed by chemical engineers 
to fight this disease in the near 
future. 

Cancer is defined as the un-
controlled growth and spreading 
of abnormal cells (2).  In the 
United States it is currently the 
second leading cause of death 
and nearly 1.7 million new cases 
are expected to be diagnosed in 
2014 (3).  One of the most com-
mon treatments for all types of 
cancer is chemotherapy, which 
uses chemicals to kill and control 
cancerous cells.  Current chemo-
therapy treatment involves high 
risk and unwanted side effects.  
Blanket chemotherapy, in which 
the drugs are applied to the entire 
body, is the most common form 
of chemotherapy; it endangers 
healthy cells around the cancer-
ous ones because the cancer 
drugs aren’t targeted closely 
enough.  Doses of chemotherapy 

also lead to side effects including 
hair loss, nausea, weight loss, fa-
tigue, and infertility (3).  Chemo-
therapy needs improvement in or-
der to offer more effective, less 
harmful cancer treatment.  The 
task of improving the precision 
and delivery of cancer drugs, or 
targeted chemotherapy, falls to 
chemical engineers. 

From a chemical engineering 
perspective, chemotherapy can be 
viewed as a chemical process and 
the drug delivery device is a sys-
tem.  Ideally, cancer drugs would 
pass through the body in a protec-
tive carrier until they encounter 
the cancerous cells, at which point 
the drugs would be released in a 
more focused dosage.  Since 
chemotherapy involves such toxic 
drugs, improving the release of 
these drugs to a more controlled 
target area of the body would lead 
to minimized dosages, and there-
fore more manageable side effects. 

Drug delivery systems that 
may lead to targeted release for 
chemotherapy are currently being 
researched by scientists around the 
world.  Some of the most promis-
ing research involves nanotechnol-
ogy.  Nanotechnology can be im-
plemented to delay the release of 
cancer drugs until they reach the 
targeted organ or cells, at which 
point a trigger of temperature, pH, 
or magnetic stimulation would ini-
tiate treatment at the site (1).  Na-
noparticles have unique properties, 
such as small size and surface ar-
ea, that allow them to overcome 
the body’s drug resistance and im-
prove chemotherapy effectiveness 
(2).  Promising release methods 
include hydrogels that can be load-
ed with medicine and are stable in 
acidic environments, allowing 
chemotherapy to travel to the can-

Innovation in Chemical Engineering: The Frontier of Targeted Chemotherapy 
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Today nearly twenty-five 
percent of the U.S. gross domes-
tic product is derived from in-
dustries that rely on chemicals 
(1).  With an ever-expanding 
chemical industry, the United 
States government is under sub-
stantial pressure to update and 
reform its outdated chemical 
safety law.  According to the Na-
tional Resources Defense Coun-
sel, there are more than 80,000 
chemicals that are available in 
the United States that have never 
been fully tested for their toxic 
effects on human health and en-
vironment (2).  It is evident that 
the United States chemical safe-
ty law needs modernizing, but 
choosing the correct approach 
may prove to be somewhat diffi-
cult.  The purpose of this text is 
to provide an adequate approach 
to improving the laws and legis-
lations surrounding chemical 
safety in the United States. 

The current law on chemical 
safety is titled the Toxic Sub-
stances Control Act (TSCA), and 
it has not been updated since it 
became a law in 1976 (1).  The 
TSCA was originally created to 
ensure the safety of chemicals 
from manufacturing, to use and 
disposal.  Once passed, the 
TSCA provided the U.S. Envi-
ronmental Protection Agency 
with the authority to require re-
porting, record keeping and test-
ing requirements, and re-

strictions relating to chemical sub-
stances.  According to Michael 
Wilson, the Director of the School 
of Public Health at the University 
of California, there are three 
‘gaps’ related to the approach tak-
en by the TSCA: the data gap, 
which states that chemical pro-
ducers are not required to investi-
gate or disclose sufficient infor-
mation on the hazardous traits of 
chemicals; the safety gap, which 
states that even when hazard and 
exposure information are robust, 
government is stymied from tak-
ing action by TSCA’s high stand-
ard of evidence; and the technolo-
gy gap, which refers to a lack of 
clear regulatory framework to 
support making safer chemicals 
(3). 

Other countries have already 
taken steps to further chemical 
safety within their infrastructure.  
For example, Europe passed the 
Registration, Evaluation, Authori-
zation, and Restriction of Chemi-
cals (REACH) legislation in June 
of 2007.  Under the REACH leg-
islation all manufacturers and im-
porters of chemicals are required 
to identify and manage risks 
linked to the substances they man-
ufacture and market.  If a compa-
ny imports or produces one ton or 
more of a substance in a year, 
then they are required to submit a 
registration to the European 
Chemical Agency; failure to reg-
ister a substance results in that 
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Innovation in Chemical Engineering: The Frontier of Targeted Chemotherapy (continued) 

substance not being able to be im-
ported or produced by that compa-
ny.  Once a substance has been 
registered with the European 
Chemical Agency, it is evaluated 
for risks to human health and the 
environment.  If a substance is 
identified as being a high risk, then 
it will be put on a ‘candidate list’ 
and eventually will be restricted 
from being placed on the market 
(4). 

The United States currently has 
a single proposed legislation to re-
form the TSCA.  The Chemical 
Safety Improvement Act, or CSIA, 
was proposed by a bipartisan group 
of senators with the intention of 
improving the current chemical 
safety law.  A few notable changes 
to the TSCA are the mandating of 
safety evaluations for all chemicals 
in active commerce, making more 
information regarding chemicals 
available to the public, allowing 
the EPA to require testing without 
first having to show potential risk, 
providing the EPA with adequate 
resources to complete their tasks, 
and requiring new chemicals to be 
deemed ‘likely safe’ before enter-
ing the market (5).  This legislation 
was proposed in 2013 and has yet 
to pass, although many remain 
hopeful. 

A comparison of the two ap-
proaches discussed, the REACH 
and CSIA legislations, reveals that 
both have potential for improving 
chemical safety in the United 

TSCA Reform 
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States.  I like the REACH legisla-
tion because it puts more respon-
sibility on the manufacturers and 
importers of chemicals; however, 
I feel this approach may create 
tension between the manufactur-
ers, which will have to now 
spend more money on testing, 
and the government.  I also prefer 
the CSIA legislation because it 
gives the U.S. EPA the authority 
to require the testing of any 
chemical; I was alarmed to learn 
that the TSCA required the EPA 
to show that a chemical posed 
potential risk before they could 
require testing.  Both legislations 
seem to promote the research and 
production of safer chemicals, 
which I believe to be a necessary 
component of a successful safety 
program.  In my opinion, I think 
the best chemical safety legisla-
tion for the United States should 
be structured similar to the 
REACH program, while giving 
the EPA the same authority as the 
CSIA legislation.  The reasoning 
behind my choice is that the 
REACH program follows a very 
simple, structured, process for 
maintaining chemical safety, 
while the CSIA legislation allows 
the EPA the authority needed to 
get information to the general 

public regarding the safety of the 
chemicals that we may be exposed 
to.  By implementing the changes 
described above, I believe the 
chemical safety in the United 
States would be greatly improved. 
There would no longer be such a 
large quantity of chemicals being 
distributed without proper testing, 
and the public would have ade-
quate information regarding the 
safety of these chemicals. 
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laws protecting businesses’ pro-
prietary information without 
sacrificing American capitalism 
and innovation.  This change 
would benefit the chemical in-
dustry by increasing its account-
ability and reducing the time 
and money businesses spend 
satisfying the requirements set 
by multiple agencies. 

To aid this transition, the 
United States can look to the 
European Union Registration, 
Evaluation, Authorization and 
Restriction of Chemicals (EU 
REACH).  This legislation 
streamlined and improved the 
chemical regulation framework 
in the European Union when it 
became law on 1 June, 2007 by 
making “industry responsible 
for assessing and managing the 
risks posed by chemicals and 
providing appropriate safety in-
formation to their users” (How 
does REACH, 2013).  Authori-
ties control substances that are 
manufactured or imported in 
quantities above a metric ton, 
while identifying, evaluating, 
and restricting use of high-
priority chemicals.  The Europe-
an Commission acknowledges 
areas of weakness, but they are 
confident in the success of 
REACH and optimistic that im-
provements will be made. 

As a member of the global 
chemical market, the United 
States has already benefited 
from EU REACH.  The immi-
nent reform of our own chemi-
cal regulation, namely the mod-
ernization of TSCA and the con-
solidation of chemical risk as-
sessment efforts will improve 
the safety, health, and welfare of 
American citizens and business-
es.  TSCA reform will reflect 

The Agency for Toxic Sub-
stances and Disease Registry 
(ATSDR), the Environmental 
Protection Agency (EPA), the 
National Institute of Occupation-
al Safety and Health (NIOSH), 
the National Institute of Environ-
mental Health Sciences (NIEHS), 
the National Toxicology Program 
(NTP), the U.S. Centers for Dis-
ease Control and Prevention 
(CDC), the Occupational Safety 
and Health Administration 
(OSHA), and state agencies are 
all responsible in some way for 
regulating chemicals in the Unit-
ed States (Erickson, 2014).  This 
complicated system of regula-
tions has chemical industry 
groups concerned with the effec-
tiveness of the overlapping multi-
agency approach, and many are 
calling for an update to such leg-
islation as the Toxic Substances 
and Control Act (TCSA).  This 
law, after decades of implementa-
tion by the EPA, stands outdated 
and contradictory.  Now is the 
time for the United States to con-
sider reorganization of its chemi-
cal regulation agencies for better 
enforcement of laws that uphold 
public health and safety, protect 
the environment, and encourage 
innovation. 

TCSA allows the EPA to reg-
ulate the distribution and use of 
chemicals, but the current system 
needs reform to reflect scientific 
advancements and the interests of 
stakeholders (TSCA Moderniza-
tion, 2015). With Republicans 
now controlling both chambers of 
Congress, a reform bill is more 
likely to pass.  However, oppo-
nents are concerned that a new 
federal law would nullify the 
states’ authority over chemical 

control (Erickson, 2015).  Regard-
less of philosophies about state 
versus federal power, legislation 
must address the need to establish 
a transparent system for prioritiz-
ing chemicals to reduce regulatory 
burdens on businesses and im-
prove confidence in the American 
chemical management system.  
These goals can be accomplished 
with TCSA reform while ensuring 
legislative stability and predicta-
bility for businesses. 

In addition to TCSA reform, 
congressional lawmakers and 
chemical industry groups are call-
ing for the consolidation of haz-
ardous chemical assessments into 
one federal agency.  Currently, a 
long list of agencies evaluate 
many of the same chemicals to 
satisfy many of the same goals in a 
web of policies and rules.  Driven 
by laws with different require-
ments, multiple agencies may 
evaluate the same chemicals, but 
their efforts are fragmented, over-
lapping, and not duplicative 
(Erickson, 2014).  Contradicting 
values of safety standards and tox-
in exposure limits among the dif-
ferent agencies further exacerbate 
the confusion about chemical safe-
ty.  Clearly, the United States 
needs a more unified and efficient 
approach. 

Overhauling the current sys-
tem to create a single federal 
chemical regulation agency is a 
daunting task, but the need to pro-
tect confidential business infor-
mation (CBI) and intellectual 
property makes collaboration 
among multiple agencies impossi-
ble (Erickson, 2014).  With just 
one chemical regulation agency in 
the United States, publication and 
distribution of public safety infor-
mation would be less hindered by 

The Best Approach to Chemical Regulation in the United States 
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technological advancements, im-
prove the categorization of 
chemicals, and raise confidence 
in America’s chemical regula-
tion system.  To improve effi-
ciency and allocation of the gov-
ernment’s resources, chemical 
risk assessments ought to be 
consolidated, with the added 
benefits of reducing regulatory 
burdens on businesses and in-
creasing their accountability.  
These changes are necessary for 
the safety and continued pros-
perity of the chemical process 
industry. 
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