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Concerned with the intricate and thorough study of the properties and function of human body systems,
bionics may be applied to solve some engineering problems. Careful study of the different functions and
processes of the eyes, ears, and other organs paved the way for improved cameras, television, radio
transmitters and receivers, and many other useful tools. These developments have indeed made our lives
better, but the best contribution that bionics has made is in the field of biomedical engineering the building of
useful replacements for various parts of the human body. Modern hospitals now have available spare parts to
replace body parts badly damaged by injury or disease [Citation Needed]. Biomedical engineers work hand in
hand with doctors to build these artificial body parts. Clinical engineering Clinical engineering is the branch of
biomedical engineering dealing with the actual implementation of medical equipment and technologies in
hospitals or other clinical settings. Clinical engineers also advise and collaborate with medical device
producers regarding prospective design improvements based on clinical experiences, as well as monitor the
progression of the state of the art so as to redirect procurement patterns accordingly. In their various roles,
they form a "bridge" between the primary designers and the end-users, by combining the perspectives of being
both 1 close to the point-of-use, while 2 trained in product and process engineering. Also see safety
engineering for a discussion of the procedures used to design safe systems. Rehabilitation engineering
Rehabilitation engineering is the systematic application of engineering sciences to design, develop, adapt, test,
evaluate, apply, and distribute technological solutions to problems confronted by individuals with disabilities.
Functional areas addressed through rehabilitation engineering may include mobility, communications, hearing,
vision, and cognition, and activities associated with employment, independent living, education, and
integration into the community. Schematic representation of a normal ECG trace showing sinus rhythm ; an
example of widely used clinical medical equipment operates by applying electronic engineering to
electrophysiology and medical diagnosis. This section needs additional citations for verification. Please help
improve this article by adding citations to reliable sources. Unsourced material may be challenged and
removed. August Learn how and when to remove this template message Regulatory issues have been
constantly increased in the last decades to respond to the many incidents caused by devices to patients. Food
and Drug Administration FDA , Class I recall is associated to "a situation in which there is a reasonable
probability that the use of, or exposure to, a product will cause serious adverse health consequences or death"
[12] Regardless of the country-specific legislation, the main regulatory objectives coincide worldwide.
Protective measures have to be introduced on the devices to reduce residual risks at acceptable level if
compared with the benefit derived from the use of it. A product is effective if it performs as specified by the
manufacturer in the intended use. Effectiveness is achieved through clinical evaluation, compliance to
performance standards or demonstrations of substantial equivalence with an already marketed device. The
previous features have to be ensured for all the manufactured items of the medical device. This requires that a
quality system shall be in place for all the relevant entities and processes that may impact safety and
effectiveness over the whole medical device lifecycle. The medical device engineering area is among the most
heavily regulated fields of engineering, and practicing biomedical engineers must routinely consult and
cooperate with regulatory law attorneys and other experts. The Food and Drug Administration FDA is the
principal healthcare regulatory authority in the United States, having jurisdiction over medical devices, drugs,
biologics, and combination products. The paramount objectives driving policy decisions by the FDA are safety
and effectiveness of healthcare products that have to be assured through a quality system in place as specified
under 21 CFR regulation. In addition, because biomedical engineers often develop devices and technologies
for "consumer" use, such as physical therapy devices which are also "medical" devices , these may also be
governed in some respects by the Consumer Product Safety Commission. The greatest hurdles tend to be K
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"clearance" typically for Class 2 devices or pre-market "approval" typically for drugs and class 3 devices. In
the European context, safety effectiveness and quality is ensured through the "Conformity Assessment" that is
defined as "the method by which a manufacturer demonstrates that its device complies with the requirements
of the European Medical Device Directive ". The Medical Device Directive specifies detailed procedures for
Certification. In general terms, these procedures include tests and verifications that are to be contained in
specific deliveries such as the risk management file, the technical file and the quality system deliveries. The
risk management file is the first deliverable that conditions the following design and manufacturing steps. Risk
management stage shall drive the product so that product risks are reduced at an acceptable level with respect
to the benefits expected for the patients for the use of the device. The technical file contains all the
documentation data and records supporting medical device certification. FDA technical file has similar content
although organized in different structure. The Quality System deliverables usually includes procedures that
ensure quality throughout all product life cycle. Implants, such as artificial hip joints, are generally extensively
regulated due to the invasive nature of such devices. The Notified Bodies must ensure the effectiveness of the
certification process for all medical devices apart from the class I devices where a declaration of conformity
produced by the manufacturer is sufficient for marketing. Once a product has passed all the steps required by
the Medical Device Directive, the device is entitled to bear a CE marking , indicating that the device is
believed to be safe and effective when used as intended, and, therefore, it can be marketed within the
European Union area. The different regulatory arrangements sometimes result in particular technologies being
developed first for either the U. While nations often strive for substantive harmony to facilitate cross-national
distribution, philosophical differences about the optimal extent of regulation can be a hindrance; more
restrictive regulations seem appealing on an intuitive level, but critics decry the tradeoff cost in terms of
slowing access to life-saving developments. RoHS seeks to limit the dangerous substances in circulation in
electronics products, in particular toxins and heavy metals, which are subsequently released into the
environment when such devices are recycled. The scope of RoHS 2 is widened to include products previously
excluded, such as medical devices and industrial equipment. In addition, manufacturers are now obliged to
provide conformity risk assessments and test reports â€” or explain why they are lacking. For the first time,
not only manufacturers, but also importers and distributors share a responsibility to ensure Electrical and
Electronic Equipment within the scope of RoHS comply with the hazardous substances limits and have a CE
mark on their products. IEC [ edit ] The new International Standard IEC for home healthcare electro-medical
devices defining the requirements for devices used in the home healthcare environment. IEC must now be
incorporated into the design and verification of a wide range of home use and point of care medical devices
along with other applicable standards in the IEC 3rd edition series. The mandatory date for implementation of
the EN European version of the standard is June 1, The North American agencies will only require these
standards for new device submissions, while the EU will take the more severe approach of requiring all
applicable devices being placed on the market to consider the home healthcare standard. The standard
specifies the procedures required to maintain a wide range of medical assets in a clinical setting e. The
standard covers a wide range of medical equipment management elements including, procurement, acceptance
testing, maintenance electrical safety and preventative maintenance testing and decommissioning. As interest
in BME increases, many engineering colleges now have a Biomedical Engineering Department or Program,
with offerings ranging from the undergraduate B. Biomedical engineering has only recently been emerging as
its own discipline rather than a cross-disciplinary hybrid specialization of other disciplines; and BME
programs at all levels are becoming more widespread, including the Bachelor of Science in Biomedical
Engineering which actually includes so much biological science content that many students use it as a "
pre-med " major in preparation for medical school. The number of biomedical engineers is expected to rise as
both a cause and effect of improvements in medical technology. Over 65 programs are currently accredited by
ABET. As with many degrees, the reputation and ranking of a program may factor into the desirability of a
degree holder for either employment or graduate admission. Graduate education is a particularly important
aspect in BME. While many engineering fields such as mechanical or electrical engineering do not need
graduate-level training to obtain an entry-level job in their field, the majority of BME positions do prefer or
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even require them. This can be either a Masters or Doctoral level degree; while in certain specialties a Ph.
Graduate programs in BME, like in other scientific fields, are highly varied, and particular programs may
emphasize certain aspects within the field. Education in BME also varies greatly around the world. By virtue
of its extensive biotechnology sector, its numerous major universities, and relatively few internal barriers, the
U. Europe, which also has a large biotechnology sector and an impressive education system, has encountered
trouble in creating uniform standards as the European community attempts to supplant some of the national
jurisdictional barriers that still exist. Professional engineer As with other learned professions, each state has
certain fairly similar requirements for becoming licensed as a registered Professional Engineer PE , but, in US,
in industry such a license is not required to be an employee as an engineer in the majority of situations due to
an exception known as the industrial exemption, which effectively applies to the vast majority of American
engineers. The US model has generally been only to require the practicing engineers offering engineering
services that impact the public welfare, safety, safeguarding of life, health, or property to be licensed, while
engineers working in private industry without a direct offering of engineering services to the public or other
businesses, education, and government need not be licensed. This is notably not the case in many other
countries, where a license is as legally necessary to practice engineering as it is for law or medicine.
Biomedical engineering is regulated in some countries, such as Australia, but registration is typically only
recommended and not required. The Fundamentals of Engineering exam â€” the first and more general of two
licensure examinations for most U. However, the Biomedical Engineering Society BMES is, as of , exploring
the possibility of seeking to implement a BME-specific version of this exam to facilitate biomedical engineers
pursuing licensure.
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The Fundamentals of Engineering (FE) Exam is a graduation requirement for this degree program.

Comments A biochemical engineer is someone who is responsible for the development of new chemical
products that can be used by a multitude of companies and individuals. Their job includes researching,
developing, documenting, and producing products that are derived from a combination of organic and
lab-made materials that can benefit people and society at large. These products stretch across every aspect of
society. Items created can be agricultural chemicals used to treat and develop foods for public consumption.
They can be petroleum-based products, such as oils, plastics, paints, or other resins. They can be fibrous
products, such as papers or textiles. They can be cleaning products such as detergents and soaps, or perfumes
and cosmetics. Indeed, most of the products that people come into contact with on an everyday basis are
developed through the biochemical engineering process. What does a Biochemical Engineer do? Each day, the
engineer juggles several important duties. First and foremost is design work. They must conduct studies on
cells, proteins, viruses, or other biological substances to determine optimal conditions for growth or inhibitors
that can stop or kill. They must develop and conduct experiments to observe interactions of raw materials with
each other and in specific environments. In addition to design work, the biochemical engineer will need to
work with others in process and product development. They will need to work with research personnel and
manufacturing personnel to prepare information about products that are developed â€” safety sheets, manuals,
and operating procedures and directions. They also need to work with fellow chemists and biologists to
develop new technologies and products so as to continue innovation. Lastly, they must be responsible for
documenting their work and their results. Biochemical engineers must make sure that the results of any
research and experiments and collaborations are properly captured and documented. Continued experiments
help to determine what does and does not work with various materials, and reviewing past results can enable
engineers to determine new methods to attempt in the future. Ideally, they will keep databases that house
report data from past experiments. In addition to maintaining data repositories that allow for analysis of the
various compounds worked with and the resultant effects, engineers can use previous data to outline possible
future models. They can alter certain variables â€” quantity of ingredients, exposure to different temperatures
and environments, order of ingredient addition â€” and simulate the potential results on computers to
determine if there is adequate compound development. If the engineer can see adequate progress in a computer
simulation, they can then proceed with a live experiment, simulating the same conditions, to see if the theories
hold well in practical application. Find your perfect career Would you make a good biochemical engineer?
Take the free career test What is the workplace of a Biochemical Engineer like? Upon being hired, recent
graduates will usually work with experienced biochemical engineers and will receive formal seminar training
from their new employer. The most common everyday work environment for the entry-level employee in this
field is a laboratory or manufacturing plant floor. Often, the engineer is working with hazardous chemicals or
materials that require extra care and attention to ensure a safe work environment and safely developed
products. However, in some senior positions, the office can more resemble a white-collar office environment.
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Faculty positions require graduate degrees. Engineers offering their services directly to the public must be
licensed. To keep current with rapidly changing technology, continuing education is important for biochemical
engineers. Beginning biochemical engineering graduates usually work under the supervision of experienced
biochemical engineers and, in large companies, also may receive formal classroom or seminar-type training.
As new engineers gain knowledge and experience, they are assigned more difficult projects with greater
independence to develop designs, solve problems, and make decisions. Biochemical engineers may advance to
become technical specialists or to supervise a staff or team of engineers and technicians. Faculty positions
require a PhD. Many experienced engineers obtain graduate degrees in engineering or in business
administration to learn new technology and to broaden their education. Admissions requirements for entry into
a biochemical or chemical engineering university program include a solid background in mathematics algebra,
geometry, trigonometry, calculus and science biology, chemistry, physics with courses in English and
humanities. Other Qualifications Biochemical engineers should be creative, inquisitive, analytical, and detail
oriented. They should be able to work as part of a team and to communicate well, both orally and in writing.
Communication skills are becoming increasingly important as biochemical engineers frequently interact with
specialists in a wide range of fields outside engineering. Nature of the Work In this video a process
development engineer explains why his job is rewarding, exciting, and important to everyone. In this video a
process development engineer explains why his job is rewarding, exciting, and important to everyone.
Biochemical engineers act on teams with biologists and chemists to take laboratory processes and ramp them
up into large-scale manufacturing. In fact, they are integral to a variety of manufacturing industries, such as
food manufacturing and agro-technology. They design the equipment that is used to produce cell cultures of
up to thousands of liters. Biochemical engineers grow cell cultures in order to develop natural fuels, improve
the efficiency of drugs and pharmaceutical processes, and also develop cures for disease. They formulate the
instructions the equipment uses to grow and maintain the cell cultures, and they create the operating
specifications used by manufacturing personnel to keep the manufacturing floor running smoothly. Since
biochemical engineers work directly on making large volumes of products for human use, they are concerned
with manufacturing-plant safety and product safety. Biochemical engineers design and conduct studies to
determine the optimal conditions for cell growth, protein production, and virus expression and recovery using
a variety of equipment such as centrifuges and bioreactors. The cell cultures produced in bioreactors can also
be used for waste treatment. Biochemical engineers apply their engineering problem-solving skills to studying
and learning more about the cell cultures they grow. The discoveries they make are often used to make
manufacturing a repeatable and efficient process. Chemists and biologists also use this knowledge to improve
their understanding of the molecular workings of the cell. Biochemical engineers work in corporate
laboratories and in research laboratories. This career has a wide focus and includes metabolic engineering,
enzyme engineering, and tissue engineering. Metabolic engineers use the tools of molecular genetics to
optimize the production of specific metabolites and proteins. Enzyme engineers use and design biocatalysts to
produce chemicals and biochemicals. Tissue engineers study all aspects of transplanting living cells to combat
disease. Work Environment Most biochemical engineers work in office buildings, laboratories, or industrial
manufacturing plants. Because many biochemical engineers work on the manufacturing floor, they may come
in contact with hazardous chemicals and machinery. Many biochemical engineers work a standard hour week.
At times, deadlines or design standards may bring extra pressure to a job, requiring engineers to work longer
hours. On the Job Design or conduct follow-up experimentation, based on generated data, to meet established
process objectives. Design or conduct studies to determine optimal conditions for cell growth, protein
production, or protein and virus expression and recovery, using chromatography, separation, and filtration
equipment, such as centrifuges and bioreactors. Design or direct bench or pilot production experiments to
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determine the scale of production methods that optimize product yield and minimize production costs.
Develop methodologies for transferring procedures or biological processes from laboratories to
commercial-scale manufacturing production. Devise scalable recovery, purification, or fermentation processes
for producing proteins or other biological substances for human or animal therapeutic use, food production
and processing, biofuels, or effluent treatment. Recommend process formulas, instrumentation, or equipment
specifications, based on results of bench and pilot experimentation. Review existing manufacturing processes
to identify opportunities for yield improvement or reduced process variation. Advise manufacturing staff
regarding problems with fermentation, filtration, or other production processes. Collaborate with
manufacturing or quality-assurance staff to prepare product specification and safety sheets, standard operating
procedures, user manuals, or qualification and validation reports. Confer with research and manufacturing
personnel to ensure the compatibility of design and production. Consult with chemists and biologists to
develop or evaluate novel technologies. Develop statistical models or simulations of biochemical production,
using statistical or modeling software. Direct experimental or developmental activities at contracted
laboratories. Lead studies to examine or recommend changes in process sequences and operation protocols.
Maintain databases of experiment characteristics and results. Modify and control biological systems to replace,
augment, or sustain chemical and mechanical processes. Prepare piping and instrumentation diagrams or other
schematics for proposed process improvements, using computer-aided design software. Collaborate in the
development or delivery of biochemical manufacturing training materials. Communicate with regulatory
authorities regarding licensing or compliance responsibilities, such as good manufacturing practices.
Communicate with suppliers regarding the design and specifications of production equipment,
instrumentation, or materials. Participate in equipment or process validation activities. Prepare project plans
for equipment or facility improvements, including time lines, budgetary estimates, or capital spending
requests. Prepare technical reports, data summary documents, or research articles for scientific publication,
regulatory submissions, or patent applications. Read current scientific and trade literature to stay abreast of
scientific, industrial, or technological advances. Companies That Hire Biochemical Engineers.
Chapter 4 : Teaching - Biosynthetic Engineering and Biocatalysis Laboratory
Chemical and Biochemical Engineering Sc.B. in Chemical and Biochemical Engineering The traditional role of a
chemical engineer is to design and operate large-scale processes for producing chemicals.

Chapter 5 : PPT - CBE b BIOCHEMICAL ENGINEERING III COURSE NOTES PowerPoint Presentation - I
Biochemical Engineering III: Annals of the New York Academy of Sciences, volume edited by K. Venkatasubramanian,
A. Constantinides and W. R. Vieth, New York Academy of Sciences, $ (ix + pages) ISBN 0 2 [also available in
paperback, ISBN 0 0].

Chapter 6 : What does a Biochemical Engineer do?
Biochemical Engineering has been oï¬•ered as one of the elective courses to the Univer- siti Sains Malaysia's Chemical
Engineering undergraduates since under the topic of Bioprocess Engineering.

Chapter 7 : What is Biochemical Engineering?
BOOK REVIEWS Biochemical Engineering III K. VENKATASUBRAMANIAN, A. CONSTANTIN1DES, AND W. VIETH,
EDITORS Annals of the New York Academy of Science, vol. ,

Chapter 8 : Biochemical Engineer
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Biochemical engineers translate exciting discoveries in life sciences into practical materials and processes contributing
to human health and well-being. If you are interested in applying your skills and knowledge to meet global challenges
relating to the development of novel medicines, pioneering.

Chapter 9 : BS in Chemical Engineering < University of Illinois at Chicago
The Biomedical Engineer III will work collaboratively with a team of engineers and scientists to develop biomedical
devices for eventual deployment as clinical medical therapy devices. Responsibilities include overseeing project based
teams of biomedical engineers and researchers to develop and test new biomedical devices and techniques as well.
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