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• FOREWORD 

Biotechnology will prove to have as significant an impact on the lives of people in the 
several decades ahead, as mechanically based technologies had on those living in the early and 
mid 1900's. 

Biotechnology, including bioprocessing and genetic engineering, will have applications to 
medicine and health care, agriculture and waste disposal. Related biotechnical innovations will 
humanize the relationship between people and technology through developments in human 
factors engineering (ergonomics). The growth of biotechnology will spawn new career 
opportunities for professional and paraprofessional personnel. In the area of health care, for 
example, new careers will transcend mere custodial care, and will include such diverse areas as 
bio-engineering improvement, prosthetic devices, and development of materials that are 
compatible with the human anatomy. 

In an attempt to provide secondary school students with a basic understanding of 
biotechnology, its applications, and implications, a second annual symposium on biotechnology 
was held during the summer of 1988. 

• 
After hearing presentations on ergonomics, tissue culture, waste disposal, and human 

physiological monitoring, Health Occupations and Technology Education teacher-trainers worked 
cooperatively to d~velop student activity packages in each of these areas. Additionally, because 
the teacher-trainers participated in discussions relative to the ethical issues surrounding 
biotechnology research, it is hoped that a balanced view will be provided to other teachers and 
their students. 

The attached set of biotechnology activities represent a collaborative attempt by 
teachers, industrialists and the Education Department to provide cutting-edge inservice 
education to New York State educators . 
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• �
HUMAN PHYSIOLOGICAL MONITORING 

• 

• 2 



• INTRODUCTORY STATEMENT 

• �

The health industry is a major component of the entire service industry and indeed of the 
economy as a whole. As the employer of more than 7 million workers, including large numbers 
of minority and women workers, the health industry provides an exceptionally large number of 
jobs, many of them suitable for entry-level workers and recent graduates. 

Powerful forces for expansion continue to act on the health industry. Pressures to 
increase the amount and quality of health care are likely to intensify in the years ahead because 
of the aging population and the rapid advancement of technology. 

Using a systems approach to solve the problem of melding the health care industry with 
technology is one answer of viewing both the health industry and technology in a scientiu81the 
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• �
1) � SYSTEM OF TECHNOLOGY 

RESOURCE INPUTS 

This is a model of the PEOPLE 
system in the activity INFORMATION 
(the way it works, not the MATERIALS 

TOOLS/MACHINES 
CAPITAL 

ENERGY 
TIME 

way it was constructed). 

COMMAND INPUT OUTPUT 

DEGREE 
COMP ADJ OF 

WELLNESS/ 
BODY STATE 

• 
FEEDBACK LOOP 

WELLNESS PROCESS 

PHYSIOLOGICAL 
FUNCTIONING 

TEMPERATURE 
PULSE 
RESPIRATION 
BLOOD PRESURE 
ELECTROMYOGRAM 
GALVANIC SKIN 

RESPONSE 
MONITOR 
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LEARNING ACTIVITY BRIEF •~: 

Human Physiological Monitoring: Temperature 

SYLLABUS CONNECTION: 



• DISCUSSION TOPICS: 

1. � Review anatomy and physiology of body temperature. 

• �

2. � Discuss changes in body temperature relating to smoking. Explain that smoking raises 
the body temperature for approximately one hour after each cigarette, which causes all 
the body systems to work harder for that amount of time. 

3 . � Discuss how stress causes blood to flow from hands and feet and transports it to vital 
organs where it is necessary for survival during the flight or fight syndrome. 

4. � Discuss daily situations that are stressful, e.g., taking tests, seeing a new boyfriend or 
girlfriend, being scolded by the teacher. Discuss that by monitoring the body's response 
to stress, namely decreased temperature, a program of stress management can be 
instituted. 

ACTION PLAN: 

1. � Provide students with different types of thermometers for identification: mercury, 
crystal, electronic. 

2. � Place electronic thermometer probe in back of mouth, to the side under the tongue, and 
read results as equipment shows it. 

3 . � Take temperalure of an adult smoker. Have adult smoke cigarette. Immediately take 
temperature again and repeat at 1o minute intervals until body temperature returns to 
normal. 

4. � Place mercury thermometer ii"! back of mouth to side of tongue and leave in 1
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LEARNING ACTIVITY BRIEF �

IQeJQ: �

Human Physiological Monitoring: Heart Rate � • 
SYUABUS CONNECIIOOS: 

T - 8 � Controlling Technological Systems 

HOE CORE Mod - Overview of the Human Body 

To understand the normal range of heart rate at rest. To become aware of factors and activities 
that affect heart rate such as exercise, stress, smoking, caffeine, and drugs. Learn how to 
improve the heart through exercise and relaxation. 

OVERVJEW: 

The heart is a living pump that is constantly circulating blood around the body. The blood picks 
up oxygen from the lungs and then carries the oxygen to the muscles and vital organs to act as 
fuel. When the vessels that carry the blood pass over bone near the surface of the skin, you can 
manually feel each pulse of the heart. When a person is resting, the heart does not need to 
supply much fuel to the body, so it beats slowly. The more work or exercise a person performs 
the more fuel is needed, so the heart beats faster. A person who is fit has a strong heart that 
pumps more blood with every beat, so their heart does not 



ACTION PLAN: �

• 
1. Use physiological diagrams to show heart and circulation system. Explain need for 

oxygen as fuel. 

2. � Take resting heart rate manually for whole class and plot on a chart. Find pulse sites 
either at thumb side of wrist or between jaw and windpipe on the neck. Have each 
student count their own pulse for 1 O seconds and multiply the number by five to obtain 
beats per minute. Repeat five times. Discard the two highest and the two lowest 
numbers and use the one remaining as the student's heart rate. Plot the heart rate of the 
whole class on one graph to establish natural range of heart rates. 

3. � Use electronic measuring device and compare to manual readings. 

4. � Have one student exercise for one minute, e.g., step on and off a step e6
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LEARNING ACTIVITY BRIEF •TOPIC: 

Human Physiological Monitoring: Breathing 

SYUABUS CONNECTl()NS: 

T -8 � Controlling Technological Systems 

HOE CORE Mod - Overview of the Human Body 

To understand the respiratory system in regards to capacity, ability to measure, and how an 
individual has control of changes in his breathing habits. 

PYEBVJEW: 

Knowing the operation of our respiratory system gives us some control over our breathing 



• ACTION PLAN: 

1. � Provide students with graphic representation of the respiratory system. Graph will 
identify function of system. Students will label parts on graphic presented. (Biology 
Series and Software from IBM "Human Life Processes II: Systems Level" can be of 
value.) 

2. � Students will be given balloons to blow up. The balloons can explain breathing and its 
mechanics, and also the various capacity of the lungs of different students. 

3. � Using a tape measure, have paired students measure expanded lungs and exhalation. 
Some will have greater capacity than others. Record measurement between exhaling and 
inhaling. · 

4 . � With a tank, a small contains of water with a second container invested in first tank and 
air hose connect, have students force water out of inverted containers. Students will 
work in pairs. Record the height the student can raise the inverted container by 
exhaling (blowing) into the tube. (See diagram of system for measuring breathing 
volume.) 

• 
5. j
10.979epj
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• LEARNING ACTIVITY BRIEF 

TOPIC: 

• �

Human Physiological Monitoring: Blood Pressure 

SYLLABUS QOONECJ!ONS: 

T - 8 Controlling Technological Systems 

HOE CORE Mod - Overview of the Human Body 

To understand what is being measured when taking blood pressure. To understand the normal 
range given a specific blood pressure. To understand factors affecting blood pressure such as 
age, size, conditioning and emotions. 

OVERVIEW: 

Because of the vital importance of the heart working as an efficient pump, the measurement of 
the blood pressure is an extremely helpful tool used to determine that efficiency. When 
performed correctly, the blood pressure measurement tells the operator the pressure of the 
blood circulating in blood vessels when the heart contracts (beats) and relaxes (rests) . 

The nervous system is responsible for regulating the beats, and the muscular condition of the 
heart is responsible for the force of the contraction of the beat. Fitness counts -- the better 
condition the heart muscle is in, the more collateral circulation: the more efficient the 
contraction, more blood is pushed out of the heart with each beat. 

Size is an important consideration when measuring blood pressure. A large person has more 
blood vessels so the heart has to push the blood further along and the contraction has to be more 
forceful to do so. Emotions also affect blood pressure: excitement raises blood pressure, 
depression lowers blood pressure. Relaxation techniques can also be used to lower response. 
The American Heart Association mentions Benson's Relaxation response as a very useful tool for 
the purpose of lowering blood pressure. 
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• �

• �

• �

LEARNING ACTIVITY BRIEF 

TOPIC: 

Human Physiological Monitoring: Electromyograms (EMG) 

SYLLABUS CONNECJtONS: 

T - 8 Controlling Technology Systems 

HOE CORE Mod - Overview of the Human Body 

To understand that all voluntary human movement is caused by muscle contractions. The 
voluntary muscle contractions are caused by electrical signals that are conducted from the brain 
via the nervous system. To understand which muscles are responsible for simple arm 
movements. To understand that stress is often accompanied by muscle tension, which can be 
relieved via EMG biofeedback. To understand that EMG monitoring can be used to help muscle 
rehabilitation of certain injuries and paralysis. 

OVERvtEW: 

Voluntary muscle contractions are caused by tiny electrical signals from the brain. These 
signals can be monitored using electrodes, and then amplifying them. The signals are called 
electromyograms (EMG). The contractions of the muscles cause the movement of the bones that 
the muscles are attached to and, consequently, this causes limb or body movement. By placing 
the EMG electrodes in various sites on the body it can be determined which muscles are 
responsible for which types of limb and body movement. A major area for use of EMG 
monitoring is in physical therapy, and in pain management. Patients who have had accidents 
that cause range of motion problems can be analyzed by using the amount of electrical activity in 
muscles as a guage for muscle strength. Back pain is often caused by muscles that are 
contracting involuntarily and are pulling on the back in different directions. Through 
biofeedback of EMG, patients can be taught where they have assymetrical tension and 
subsequently they can learn to relax the muscles and relieve the pain. Stress can also cause 
involuntary contraction and tension in muscles. Through EMG feedback everyone can learn to 
relax muscles and reduce the pain and discomfort associated with tense muscles. 

MATERIALS: 

EMG sensor or Bodylog Enhanced Stress Reduction package which contains two EMG 
sensors, scientific and game software, literature relating to EMG monitoring and stress 
reduction, an audiocassette tape of relaxation exercises and a temperature sensor (see 
temperature monitoring) . 

14 





• � LEARNING ACTIVITY BRIEF 

TOPIC: 

• �

Human Physiological Monitoring: Galvanic Skin Response (GSR) 

$YUABUS CONNECJIQt:.JS: 

T - 8 � Controlling Technology Systems 

HOE CORE Mod - Overview of the Human Body 

To understand that perspiring is a natural, constantly occurring response that can be measured 
electronically. Students will become aware that hand perspiration increases measurably in 
response to stress, emotional states and when a person tells lies. Students will learn that 
monitoring hand perspiration can be used to help them learn how to control their response to 
stress. 

PYEBYIEW 

Galvanic skin response is the electronically measurable increase in skin conductance that 
occurs when a person sweats. There is always some level of sweating, but this level changes 
constantly as a function of daily as t11553 0uchtantly level changey is 
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• � TERMlto,,OGY 

1. anatomy � 20. vessels 

2. biotechnology 

3. blood pressure 

4. circulation 

5. conductor 

6. digital equipment 

7. electrode 

8. hardware 

9. muscle tone 

10. � nervous 

11 . � physiology 

• 12. pulse 

13. relaxation 

14. respiration 

15. sensor 

16. software 

17. stress 

18. system 

19. temperature 

1. 8. P. 

• 
2. C 

3 . EM3 

4. F 

21. � systolic 

22. � diastolic 

23. � stethoscope 

24. � galvanic skin 
response 

ABBREVIATIONS 

5. �~� 

6. � mm 

7. � TPR 
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CAREER INFORMATION SHEET 
career Iitle: 

Biotechnical Specialist 



• BIBUOGRAPHY 

RESOUFCES: 

• �

Bodylog Inc. - 34 Maple Avenue, Armonk, NY 10504 
Inside NY (914) 273-6480 

. Outside NY (800) 233-2911 

Human Physiological Monitoring Package which includes computerized pulse, temperature, 
EMG, Force, and GSR sensors with easy to operate scientific, game, and applications software. 
Extensive documentation and step by step guides instruct teachers and students in the 
methodology of human physiological monitoring. Individual sensors, software, and ~anuals are 
also available. 

Science Kit & Boreal Laboratories, The 1988/89 Catalog of Everthing You Need to Teach 
Science, Tonawanda, g1433 -1-u400 0 10.6 5 Tc 4.55 cthe. 

Ne10d s e n s o r s 5  1988/824Everthind t1303a 0 6 2 Everthi0e 



Trainex Corp. P.O. Box 116, Garden Grove, CA 92642 • Temperatures, Pulse, Respirations, 
Blood 



• HUMAN PHYSIOLOOICAL MONITORING 

Suggested Jest Ouestjons: 

1 . Pulse and heart 



1O. � The type of sensor used to monitor heart rate from the earlobe 
is: •a) Moisture 
• b) 



• 8 . You can lower your respiratory rate. 



• �
ERGONOMICS: THE SCIENCE OF HUMAN FACTORS 

ENGINEERING 

• 

• 25 



• INTRODUCTORY STATEMENT 

• �

During the past century we have moved through three stages of technological advance: 
mechanization. ,:wtomation, and computerization. During that same time, however, people have 
really not changed very much. We still play and work, love and war, learn and err, live and die. 
Yet the ways in which we do all of these things has been changed radically by technology. 

Science and technology have continued to provide us with artifacts which improve our 
lives, making them easier, longer, and more enjoyable. Yet these same artifacts have, likewise, 
made our lives more complex, more difficult, and more frustrating. This seems to be the never 
ending price we pay for our affair with artifacts. The cost of function is frustration. This is the 
paradox of technology. Human factors engineering, or ergonomics, is the profession which 
attempts to shape these artifacts into products and places which are both usable and enjoyable. 

The goal of the following section is to provide background information on how product 
design influences usability. Analytic and synthetic aspects of human factors engineering will be 
addressed. The problem solving method will be used to provide students with the opportunity to 
solve a design problem. 

Part;c;pants 

Joan Boorman �
Robert Jones �

Carolyn Kozubal �
Carolyn Flynn �

Vito Tisci �
Stuart Soma �

Dr. James Wilson �

• 26 





• ACTION PLAN: 

1. � lntrodue;1:; students to the topic of ergonomics, possibly through use of discovery learning 
or audio visual presentations. 

2. Analyze ~hysical characteristics (measure and record "average" sizes of humans). 

3. � Review skeletal and muscle systems (Body Works on the MacIntosh computer). 

4. � Introduce a method of problem solving used in human factors engineering. 

5. � Have students apply problem-solving method to an actual life situation. 

1. � Have students simulate handicapping conditions and attempt to function normally. 
Debrief students and brainstorm for technological solutions. 

2. � Choose appropriate audio-visual materials. �

(see bibliography and other resources) �

3. � Invite ergonomic specialists to discuss their professions, i.e., Fischer-Price or Eastman­

• �
Kodak Co. 

4. � Create a checklist for evaluation of a product (i.e., toys, telephone, car) using 
appropriate consumer safety guides, then evaluate typical products against the checklist. 
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PAILY LESSON PLAN • 
An Introduction to Ergonomics/Human Factors Engineering 

Syllabus connectjons 

T-1 
T-3 
T-5 

Getting to 



• �



Assjgnments <Homework) 

1 . � Measure toilet seat (width, length, height from floor). Write paragraph telling how you •
feel sizes were determined. 

2. � Make a list of items in classroom that impact your safety, comfort, 





DAILY LESSON PLAN •For 



• 2 . Provide the students with scaled diagrams 



DAILY LESSON PLAN •A Problem Solving Activity for Junior � High Using Ergonomic Principles 

Syllabus Connectjons 

T-1 Getting to Know Technology 
T-3 How People Use Technology to Solve Problems 
T-5 How Technology Affects People and the Environment 
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• Summary Ouestjons 

1 . What are the steps in the Problem Solving Model? 
2. Descrite w~1at is meant by OPTIMUM. 

• �

3. Why is it important to analyze data after each test? 

Assignments <Homework) �

Build individual scale model of proposed vehicle. �

Materials Needed 

Scale Model: 

model stage 
tag board 
aimers glue 
stencil knife 
markers 
rulers 
compass 
pencils 

Fun s;ze: 

cardboard (refrigerator boxes) 
utility knives 
rulers 
straight edge 
elmers glue 
boxing/shipping tape 
spray paints 
brushes 
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TERMINOLOGY • 
1. ergonom:c3 

2. 







, •. • 

Analysis �

Evaluation 

THE PROCESS IN PROBLEM SOLVING �

•• 



OBJECTIVES and MEASURES �
Used in Human Factors Engineering �

I. Hum.an Factors 
Objectives 

TYPICAL 
MEASURES 

Performance 
Enhancem.ent 

SPEED 
ACCURACY 

Resource 
Conservation 

WORKLOAD 
SKILL DEMANDS 

Acceptance PREFERENCE 
OPINIONS 

Cost Reduction TIME 
MATERIAL 

Welfare 
ACCIDENTS 
INJURIES 

• . • •roceedings of the Human Factors. Soci~ty. 'AIL 
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• �

• �

ANALYZE �
REQUIREMENTS �

OBTAIN & APPLY �
BEHAVIORIAL �
INFORMATION �

SPECIFY DESIGN �

TEST & �
MODIFY DESIGN �

IMPLEMENT USAGE �

42• 



GOING BEYOND: 

ADDITIONAL STRATEGIES • 
(* - Suitable for Health Occupations Students) 

1. � Design and build a mini-racer (skate board wheels), push cart or coaster design, ramp �
or push power, gym course layout. �

2. � Design and build a soap box derby racer for competition. 

3. � Design and build a snow coaster for downhill competition using cardboard boxes, tape, �
and glue. �

• 4 . � Design a play vehicle that would allow a paraplegic student more freedom of movement on 
a gym floor. 

• 5. � Design a "helping tool" for a disabled person, e.g., for an arthritis sufferer. 

• 6 . � Design a "walker/seat" that can be used by adults. 

"7. � Do a survey of what "bugs" people about certain designs and try to make or suggest an • 
improvement. 

" 8 . � Solve the problem of having a short person observe an event from the back of the crowd, 
e.g., periscope, riser/stool, etc. 

9. � Use the Buick, Chevrolet, or Ford computer disk 



15. Conduct an evaluation of an at-hand product using the 
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Hacker and Barden. Technology ;n Your Worid. Delmar Publishers, Albany, 1987. 

Todd, McCrory, Todd. Understanding and Using Technology, Davis Publications, Inc.. •
Worcester, MA., 1985. 

1985 Book of ASTM Standards, American Society for Testing and Materials. 

The World of the Future: Robots, sc;ence and Mec;t;c;ne ;nto the 21st Century, Usborne 
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VIDEOS AND EILMS 

Concept Media, P.O. Box 19542, Irving, CA 92712. (800-253-7078). 

Trainex Corp., P.O. Box 116, Garden Grove, CA 92642. (800-854-2485). 

Human Factors Society - Human Factors Success Storjes (1987). Santa Monica, CA: Human 
Factors Society. 
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• Healthwjse Newsletter - Biweekly update on Equipment Pharmaceuticals, Treatments, 
Surgeries. P.O. Box 1786 Indianapolis, IN 46206. 

I,H,E, Journal, Tgchnological Horizons in Education, 2626 South Pullman, Santa Ana, CA 
92705. 

* - Recommended 

• �
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• 
SOCIETAL WASTE: PREVENTION, PROCESSING, TOXICITY 

• 
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INTRODUCTORY STATEMENT • 
This unit of instruction contains model lesson plans and activities to focus on the subject 

area, "societal waste," a topic under the biotechnological umbrella. Biodegradation of waste is 
emphasized to demonstrate certain principles. 

This unit is prepared for use by both health occupations and technology educators. 
Lessons are directed to major topics dealing with solid waste. Two major activities are 
included, one to be conducted as a hands-on activity with on-site supervision, and the other off­
site, at home with focus on research and observation. 

Participants 

Neal Swernofsky �
Clark Green �
Richard Luce �
Helen Burrill �

Willie Ostrander �
James Duffy �

• �
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LEARNING ACTIVITY BRIEF 

Topic: • 
Societal Waste: Prevention, Processing, Toxicity 

SYLLABUS CONNECTIONS: 

T-5 How Technology Affects People and the Environment 
T-8 Controlling Technological Systems 
T-1 O Using Systems to Solve Problems 

HOE CORE Mod - Microbes and the Environment 
Mod - Maintaining and Promoting a Safe Environment 

To understand the impact of societal waste products on the environment and the use of microbes 
to control waste and waste by-products. 

oVEBYIEW; 

As the population increases, the impact of waste on the environment threatens all living species. 
This activity models the affects of toxic waste levels 99-0.014iv Tm
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-0.0132 pouTcs m
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• PISCU&SION TOPICS: 

1 . � Environmental and social impacts of societal waste. 
2. � Origins of societal waste. 
3. � Processing societal waste: biodegradation, landfill, incineration, incapsulation. 
4. � Bioassay -- determining the relationship between toxic agents and concentrations. 
5 . � Leachate formation. 
6. � Toxicity of poisons to living organism. 
7. � Waste management occupations. 

ACTION PLAN: Leachate must be prepared 1Odays in advance 

1 . � Develop a prototype that will model the production of leachate (e.g., model land fill, see 
diagram). 

2. � Collect leachate after a 1 o day period, prepare a working solution of 1 O parts water to 
one part leachate. 

3. � Obtain a PH of 7 to 7.5 solution (use vinegar to lower pH, soda ash to raise pH). 
4. � Divide the working solution among pairs of students. 
5. � Have students record the physical properties of working solution as well as concentrated 

leachate (see data sheet). 
6. � Have each pair of students introduce microorganism (sewage sludge) into working 

solution and store at room temperature for two days (70 - 75 degrees). (Two ml added 
per 100 ml working solution.) 

• 
7. After two days, compare physical characteristics of the leachate to original working 

solution and record data on data sheet. 
8. � Percolate this solution through filtration system (see diagram) and record physical 

characteristics of effluent. 
9. � Students will now demonstrate the presence of microorganisms involved in the treatment 

of waste products. 
10. Using two factory prepared culture dishes, spread a sample of sludge in one and leachate 

working solution in the other. After two days, observe and record information on 
microorganism growth on data sheet. 

11 . Kill all bacteria at the end of activity by soaking culture dish in clorox bleach and 
discard . 
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decay time 

engineers, technicians 
operators 

electrical energy, 
heat energy 

treatment plant 

design and build 
processing plant 

properties of waste 
characteristics 

E-< 
::i~;------------­::, 
0 

microorganisms-waste 
filtration material-products 
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LAND FILL SUMMARY �



• WASTE TREATMENT DATA SHEET 

STUDENT'S NAME 

OBSERVATION #1 - CONCENTRATED LEACHATE �

COLOR _____ �

SMELL -- SOUR/SWEET/SHARP 

VISCOSITY -- WATER-LIKE �
OIL-LIKE �
MOLASSES-LIKE �

SKETCH #1 
AMOUNT COLLECTED _____ �

DESCRIBE APPEARANCE:___________________ �

• OBSERVATION #2 - DILUTED LEACHATE WORKING SOLUTION 

COLOR _____ 

SMELL -- SOUR/SWEET/SHARP 

VISCOSITY -- WATER-LIKE �
OIL-LIKE �
MOLASSES-LIKE �

SKETCH #2 
AMOUNT COLLECTED _____ �

DESCRIBE APPEARANCE:___________________ �
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OBSERVATION #3 - WORKING SOLUTION AND MICROORGANISMS AFTER TWO DAYS 

COLOR ______ • 
SMELL -- SOUR/SWEET/SHARP 

VISCOSITY -- WATER-LIKE 
OIL-LIKE 
MOLASSES-LIKE 

SKETCH #3 
AMOUNT COLLECTED _____ �

DESCRIBE APPEARANCE:____________________ �

OBSERVATION #4- FINAL EFFLUENT (FINAL FILTRATION) 

COLOR ______ 

SMELL -- SOUR/SWEET/SHARP 

VISCOSITY -- WATER-LIKE 
OIL-LIKE 
MOLASSES-LIKE •

SKETCH #4 
AMOUNT COLLECTED _____ �

DESCRIBE APPEARANCE:____________________ �

OBSERVATION #5 - CULTURED MICROORGANISM 

Working Solution Sludge 

Shape of colonies Rod-like Shape of colonies Rod-like 
Circular Circular 
Fuzzy Fuzzy 

LuS/3__________________







• � Incineration -- the burning of waste products in an incinerator . 

1 . � Municipal applications - garbage, medical products and by-products 

• �

Summary Ouestjons 

1 . � Describe two methods of safety dealing with waste products produced by society. 
2. � How is the incapsulation method different from the landfill method in dealing with waste 

products? 
3. � What is the role of microorganism in biodegradation? 

Assignments 

None 

Materials Needed 

sandpaper �
water containers �
coffee filter �
diagrams �

Outside References 

Hazardous Materials Control periodical; HMCRI, P. o. Box 8905, Boulder, co . 



DAILY LESSON PLAN • 
Toxicity of Poisons 

Syllabus Connectjons 

T - 5 How Technology Affects People and the Environment 
T - 8 Controlling Technological Systems 
T - 1 0 Using Systems to Solve Problems 

Setting the Stage 

The influence of societies' waste on living organisms. Bioassay determines the relationship 
between toxic agents and concentrations. 

Structure of Lesson 

1 . � Add the final leachate to a bowl of brine shrimp or guppies and observe over a period of 
days the activity/health of the specimen (leachate 





Summary auestjons 

1. � What impact does advertising have on the use of disposable diapers? •
2. � Who funds this advertising and why? 

a � Big business 
b. � Capital gains 

3 . � Does the profit motive constrict societies interest? 
4. � Does the advertisement tell you about the adverse effect on the health and environment? 
5. � Did the diaper companies give the public enough information to make an intelligent 

decision about using disposable diapers in relation to its impact on health and wellness 
and our environment? 

6. � What do we do when our landfills might be closed within a year? 

a � Incineration -- only other choice 

7. � Where is the ash from the plastic going to be disposed of? -- road beds, asphalt, 
concrete 

a � If disposed of in this way, what will the future impact be? 

Ass;anments 

1. � Survey of neighborhood for number of babies and toddlers using disposable diapers. 
2. � How many are using cloth diapers? •

a � How many used per week? 
b. � What is cost per week of each; include cost of laundry if cloth (detergent, water, 

clorox, electricity). If laundromat - $1.00/washer; $1.00/dryer. 
c. � Diaper service. 

3. � How much does it cost to clean up a landfill? ($50 to $150 per cubic yard) 
4. � Write disposable diaper companies to find out: 

a � Have they, or are they now, concerned with their products' effects on the 
environment? 

b. � Did they ever consider this problem when they were d2.285 0 Td
035 Tc0258 Tcy8 232.51 296. Tm
511
0.0028 Tc 2.582  0 Td
4their 



• � CAREER INFORMATION SHEET 

Career Iille: 

Waste Management as a Chemist, Technician, or Engineer 

Description of �Career Responsibilities 

Measure, manage, design, communicate, operate 

Educational Regujrements 

Two year technical degree (minimum) in physical and biological sciences. 

Skms or Personal Attributes Needed 

Skills: � science �
math �
English/communication �



• • • ••• 

Career Awareness 

'" Environmental Technology�
....., 

Waste Remediation 

• 



CIIIEf, lAB0RAlOR1 SECllON �

• �

• �

($36,500 - $50,000) �
,,,_ - yc,,1< CIIY <)eport_, o1 E.,,..-,,,.1 "'oteellOII,,.. an 1mmecl' 
ate open\n9 ''" • c,,1e1 01 ,,. Wale< PolMlon con•ot u•'""'or, Section· 
1hlS IS a,.,_ .........\al ....... OOportunllJ "'"' e,cel""" \)9091\ll. 
,,,. c,,1e1 o1 .,. '-"""'"'or, s,,cllon ,....,. ,o.,. ci,1e1 ol .,. ow1S1on ol 
o,,e,allO'" con••' ...IS,_,... IOC .,...,.........11.....,echnS 

cal and -"'1•••'""' ••"'"'"""' ol all.,. labO'•'°''"' ....... "'.,. �
anal-tsis ol waters and wastewa\ers . 

• �



• 
To Cover 

•What Am I? 

• What Do I Do? �

• How Do I Become One? • �

• How Is It? 

• Where Can I Go? 
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• What Is An Environmental 
·Scientist/Waste Remediation �

Professional? �

•Chem.ist � •Biologist �
-Organic �

• Microbiologist-Physical �
- Analytical �

• Toxicologist-Environxnantal
• -Bio 

•Geologist-Inorganic 

• Hydrogeologist•Engineer 

-Chem.ical � •Soil Scientist 
-Environm.ental �
-Civil •Lawyer �

• � 70 





•• • �
WHAT DO I DO? 

What Happens on Wednesday?? 

-Plan 
-Review 

�~� � - Communicate 
-Calculate 
-Analyze 
- Communicate 
- Get Physical 
-Analyze 

•• 



• �
REQUIREMENTS 

• EmP-hasize: 

-Science �

-Math � •- English 

-Computer 

-Plumbing �
- Electrical �
- Mechanical �

73 • 



• �
REQUIREMENTS AND PLUSSES 

· To Get An Interview: 

•GPA> 3/4 �
-Top 20% of Class �

- Experience + �

• Needs: 

• Training 

• Written/Oral Skills 

• Not a Loner 

• Recommendations (Not Only School) 

• 74 



• �
HOW DO I BECOME ONE? �

Technician �

Bachelors 

Masters 

PhD 

2 yrs. College �
4 yrs. College �

4 yrs. College • 
4 yrs. College + 2 yrs. Specialt)' �

4 yrs. College + 4 yrs. Specialt~ �

75 • 



• � HOW IS IT? �
Skill Management 

--.....;;i•~ 1st Supr . 

• 

-----------------Professional----­
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•How Is It? 
What Do I Earn? 

PhD �
48,000 

Tech. 

77 • 



•• •• • �
Where Can I Go? �

Biotechnical �
Professional �

Technical Management 

............. 1 Manage1nent I 

............,1 Applications � I 
Technical Service 

Technical Sales 

............,1 Custom.er Relations I 

............. 1 Marketing � I 
Other 







• INTRODUCTORY STATEMENT 

This unit of instruction contains model lesson plans and activities to focus on the subject 
area plant tissue culture, a topic under the biotechnological umbrella. Propagation of plants by 
means of tissue culture is demonstrated to emphasize techniques to maintain a sterile culture. 

This unit is prepared for use by both health occupations and technology educators. 
Lessons are directed to major topics dealing with plant tissue cultures from initation to 
acclimation. 

Participants �

Henry Harms �
Tom Barrowman �
Marshall Hahn �
Clagett Boehner �

Lois Smith �
Jacqueline Stuber �

Frank Darzano �

• �
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LEARNING ACTIVITY BRIEF •~: 

Plant Tissue Culture 

SYLLABUS CONNECTIOO$: 

T-3 TLA Plants with One Parent 
T-5 How Technology Affects People and the 

Environment 
T-6 Choosing Appropriate Resources for Technological 

Systems 
T-7 How Resources are Processed by Technological 

Systems 
T-9 Technology and S..796 0 Td
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6. � Stages of growth.• 7. Advantages and disadvantages of tissue culture. �
8. Uses of tissue culture. �
9. Propagation and research. �

1o. Careers. �

ACTION PLAN: �

1. � Introduction to plant tissue culture. 
2. � Show the basic stages in plant tissue culture: �

a Initiation �
b. � Multiplication 
c. Rooting �
d Acclimation �

3. � Aseptic techniques: 

a. � Handwashing 
b. � Disinfecting the work area 
c. � Sterilization 

4 . � Media content and preparation: 

• a. Macroelaments and microelements 
b. Hormones 
c. Sucrose and vitamins 

5. � Demonstrate the procedure for initiating a tissue culture. 
6. � Have students initiate a tissue culture. 
7. � Have students subculture plants through stages 11, 111, 



DAILY LESSON PLAN • 
Introduction to 



• Stage II -- The new growth from stage I is divided into sections and subcultured to induce 
additional plants. 

Stage Ill -- Stage II divisions are subcultured to media that will stimulate root growth. 

• �

Stage IV -- The newly rooted divisions are transferred from the test tube environment 
to the greenhouse. A mist system is usually used until the plant's root systems are well 
developed and new leaves have developed. 

Summary Ouestjons 

1 . List two reasons for growing plants using plant tissue culture. 
2. Explain the theory of totipotency. 
3. List two advantages and one disadvantage of plant tissue culture. 
4. What will happen if sterile techniques are not properly used? 
5. Briefly describe the four stages of plant tissue culture growth. 

Assignments 

Propagate a plant using a different asexual technique. (See T-3, TLA, Plants with One Parent. 
Introduction to Technology Syllabus). Compare thi2dd0 Ting 



DAILY LESSON PLAN �

Aseptic Technique 

Syllabus connect;ons • 
T-7 How Resources are Processed by Technological Systems 

HOE CORE Mod - Microbes and the Environment 

Setting the Stage 

In order to successfully propagate plants by means of tissue culture, proper asepsis methods 
must be followed. 

Structure of Lesson 

1. � Handwashing -- explain how proper handwashing prevents the transfer of 
microorganisms. 

2. � Demonstrate handwashing technique according to the following procedure, explaining the 
principles involved. 

a. � Assemble equipment; remove watch. 
b. � Adjust the water temperature to warm (warm water promotes sudsing without 

injury to skin). 
c. � Apply soap, wet, and lather hands well. 
d. � Rub hands in a circular motion promoting friction (friction assists in removing 

dirt and microbes). •e. Clean between the fingers by interlacing them (handbrush can be used if 
fingernails are contaminated). 

f. � Hands are pointed downward while washing. (Movement in handwashing is from 
the cleanest (wrists) to the dirtiest areas (fingers). 

g. � Rinse the hands, with hands down. 
h. � Pat dry thoroughly. 
i. � Turn faucets off with paper towel. 

3. � Have students demonstrate the procedure. 
4. � Explain what a microorganism is and identify requirements needed for it's growth and 

multiplication. Correlate to the procedure for plant tissue culture. 
5. � Explain and demonstrate disinfecting the work area using clean technique by means of 

cleansing agents such as soap and water, and disinfectants such as alcohol, according to 
the following procedure. 

a. � Work must be done under clean conditions. Success depends upon a properly 
prepared clean work area and aseptic technique must be followed when called for. 
Student should wear short sleeves or lab coat. Keep hair covered or tied back. Do 
not talk or cough over work area. 

b. � Locate work area. 
1 . � Keep area away from drafts. 
2. � Close doors and windows. • 
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3. Be aware that fans and air conditioners 



Summary Ouestjons 

1 . What is the name given to a living plant or animal that cannot be seen by the naked eye? 
2. What is the purpose of using friction to wash the hands? 
3. Why is it important to hold the hands lower than the elbows when washing and rinsing? 
4. What is the appropriate solution to use for disinfecting the work area? •
5. Name one household utensil that can be used in place of an autoclave for sterilization 

Teaching Strategies; 

Have students use "germ glow" when demonstrating the process. 

Assignments 

Practice the procedure. Read chapter in reference book on medical asepsis. 

Materials Needed 

Handwashing technique: 

liquid soap 
water 
handbrush 
paper towels 

Disinfecting the work area: 

ethanol (70% - 90%) (alcohol) �
sterile petri dishes �
forceps �
scalpels �
sterile distilled water �
sterile gauze pads (4 x 4) �
paper towels �
wastebasket �
container to hold used scalpel blades �
transfer case (corrugated box, aquarium, or polyethylene bag) �

• �

• �
88 �



DAILY LESSON PLAN • 

• �

Media � Contents and Preparation 

Syllabus Connections 

T-6 Choosing Appropriate Resources for Technological Systems 
T-7 How Resources are Processed by Technological Systems 
T-9 Technology and Society Now and in the Future 

HOE CORE Mod - Microbes and the Environment 

Setting the Stage 

A culture medium must contain the essential macro and micronutrients in the proper balance. 
An energy source such as sucrose (sugar) must also be present. Media should also contain 
vitamins and growth stimulation. Agar is used to provide a surface for contact between the 
medium and the plant tissue. Sterile technique procedures must be carefully followed to insure 
a sterile medium. 

Culture medium may be purchased in an agar suspension. After heating the medium is poured 
into the growth container. This is the recommended beginning procedure to use. Another 
procedure is to purchase commercially prepared chemicals. These are then added to distilled 
water and agar. The culture l'!ledium must then be autoclaved. 

Structure of Lesson 

1 . � Background: medium contents 

All plants Struc45 0 Td
(plants )Tjwie  Tc 31275 0 Sev
(to )Tj
0c 3.899002a T h e 5 2



2. General instructions for preparing one liter of medium from pre-packaged chemicals. 

Measure out approximately 800 ml deionized/or distilled water and pour into a 2-liter 
flash or beaker. 

The water should be at room temperature (15 - 202 C). Add the purchased powdered •
media to the water while gently stirring. Rinse out the package to remove all traces of 
residual powder. �

Add sucrose (usually 30 grams) and other supplements if desired. �

Stir until all components are dissolved. �

When completely dissolved, use one part normal potassium hydroxide or normal �
hydrochloric acid to adjust the pH. A pH of 5.7 is recommended for agar cultures. Make 
sure the acid or base is well dispersed before testing. 

Add additional water to bring the total volume to 1 liter. 

Add 4 grams of agar to two clean 1000 ml flasks. 

Add 500 ml of the prepared media solution to each flask. 

Insert cotton into the neck of each flask loosely. 

Cover cotton and neck of flask with aluminum foil. 

Autoclave for 15 minutes at 15 psi (121"C or 2501;'F). 

Summary Oyestjons • 
1. Explain what techniques are utiiized to maintain a sterile culture medium. 
2. List the standard autoclave time, temperature, and pressure. 
3. List the four basic components of culture media and describe the importance of each. 

Materials Needed 

Prepared culture media: 

metal pan �
petri dishes �

Commercially prepared chemicals: 

distilled water �
agar �
sucrose (sugar) �
two 1000-ml flasks �
one 2-liter flask �
autoclave 
cotton 
aluminum foil • 
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• � DAILY LESSON PLAN 

Plant � Tissue Culture Stage I (lnitation Phase) 

Syllabus Connectjons 

T - 3 Plants with One Parent �
T -5 How Technology Affects People and the Environment �
T -6 Choosing Appropriate Resources for Technological Systems �
T - 8 Controlling Technological Systems �

HOE CORE Mod - Microbes and the Environment 

Setting the Stage 

Principal purpose is to establish a microbe-free explant culture with intention to initiate new 
growth. 

Structure of Lesson 

1 . � Choosing a plant. Three important considerations are the regenerative capacity, 
physiological stage, and general health of the donor plant. A young leaf should be chosen. 

• 
2 . Prepare media. This should have been done in a previous lesson with the media 

composition matched to the type of plant being used as a donor. 
3. � Prepare explant. Before explants can be placed into culture, it is essential to destroy all 

microorganisms. Cleaning is most easily accomplished by submerging the plant part in a 
strong disinfectant solution for a short time and then rinsing away the toxic residue with 
sterile water. Sodium hypoe;hlorite solution 



Summary Ouestjons 

1. Name the cut up pieces of the plant donor to be placed in the media. •



• �

• 

• �

DAILY LESSON PLAN �

Plant � Tissue Culture Stage II (NiS80.89 651.13 Tm
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Assignments �

Find a reference to tissue culture or animal cloning as it is taking place currently in society. � • 
Read pages 1a - 22 22Mp1uTtol7 63e20.7 78. 0 T777 T6 0822 Tm5001 TcuTtol7 63eGenetjc7 78. 0 T971 T6 0822 Tm9 Td4TcuTtol7 63eEngjneer3r!;oi8581.14636 T6 0822 T357Td
TcuTtol7 63eSoc;aroi8581.15170 Ts 100 Tz390015p1uTtol7 63e20.7 78. ID  2  Ts 100 Tz412.5 TcuTtol7 63eLeg101 Tc  0 3nce 22 14mal 



� � DAILY LESSON PLAN 

Plant � Tissue Culture Stage Ill (Rooting Phase) 

Syllabus Connections 

T-3 TLA Plants with One Parent 
T-5 How Technology Affects People and the Environment 
T-6 Choosing Appropriate Resources for Technological Systems �
T-7 How Resources are Processed �
T-9 Technology and Society Now and in the Future 

Setting the Stage 

The main objective of stage Ill culture is formation of roots. The root and shoot system is 
necessary for the new plant to survive. 

Aseptic conditions must be maintained in stage Ill just as they were in stages I and II. 

To facilitate rooting, the hormonal composition of the culture medium must be changed. Auxins 
are necessary for root initiation. fodevelopme87 498  10.7964 06. 0 .8 327.07 446.17 T0.485 02 0 0 Td
(ofautotsouh.0208 Tc 1.he )Tj>BDC9 0 Td
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Assignments 

Read pages 40-48 of cronjng and Genetjc Engjneerjng; Socialu8 Tm
(Engjn48 Tm
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• �

• �

• �

CAREER INFORMATION SHEET 

Career Iille: 

Biological Sciences/Biotechnology 

Description ot Career Responsibilities 

The biological sciences are concerned with research in the reproduction, growth and 
development, structure, life processes, behavior, and classification of living organisms. Also 
included are investigations into environmental impact, economic use of resources, and the 
application of findings to the prevention of disease in the maintenance and promotion of health in 
plant and animal life. 

Representative Career Titles: 

Teacher Forester 
Botanist Fisheries specialists 
Naturalist Microbiologist 
Physician Laboratory assistant/technician 
Technical writer/editor Nurse 
Scientific illustrator/ Dentist 

photographer Veterinarian 
Cytotechnologist Oceanographer 
Medical, pharmaceutical, Medical record librarian 

educational sales rep. Dental/medical assistant 
Food and drug inspector Biochemist 
Hematology technologist Wildlife manager 
Industrial hygienist Biomedical engineer 
Microbio1ogical technician Dietitian 
Museum technician Medical administrator 
Park ranger Optometrist 
Biotechnologist Physical therapist 
Plant pathologist Environmental technician 
Biological aide 

Educat;ooal Regu;rements 

Preparation for most careers listed on Table I. Take as many high school science and math 
courses as possible -- biology, chemistry and physiology; English; and math through geometry. 
Have a familiarity with computers. 

Skills or Personal Attributes Needed 

1. Enthusiasm tor science, specifically biology. 
2 . A capacity for intellectual growth. 

99 



3. The ability to work with great precision. 
4. An inquisitive outlook or curiosity tempered with the ability to be patient. 
5. Manual dexterity is a valuable asset. •
6. Willingness to work with others. 

Salary Level 

Entry-level careers in the biological sciences start at $14,000 to $25,000 per year. With 
additional experience and education in this field, salaries of $75,000 and higher can be attained. 

Employment Opportun;t;es 

According to the U. S. Department of Labor, employment in the biological sciences/biotechnology 
field is expected to grow 15 to 30 percent through the mid-1990's. 

• 
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Adventitious 

Antiseptic 

Asepsis 

Asexual 

Auxins 

Callus 

Clonic 

Contaminate 

Cuticle 

Cytokinins 

Disinfectant 

Distilled water 

Explant 

Hormone 

GLOSSARY 

Development of structures from abnormal points of origin, e.g., shoots or •
roots from callus, shoots from leaves, embryos from sources other than 
zygotes. 

An agent which will prevent the growth or arrest the development of 
microorganisms, but not spores -- usually applied to living tissue. 

A condition free of organisms. 

Reproduction of plants using vegetative· plant parts propagation such as 
stem and leaf cuttings, rather than propagation by seed. 

A class of plant growth regulators. These hormones stimulate new cell 
division, cell enlargement, and the creation of adventitious buds in Stage I 
explants. In later stages of growth they promote rooting. 

An undifferentiated growth of cells that form under the influence of high 
concentrations of auxins and/or cytokinins. 

Asexual reproduction of plants that are considered to be genetically 
uniform, and originated from a single individual or explant. 

To soil, stain, pollute, or place in contact with microorganisms. •A layer of waxy substance that covers the entire epidermis of a plant and 
protects the tissue from excessive water loss. 

A class of plant growth regulators. In tissue culture work, these 
hormones are valued for their ability to stimulate cell division and the 
proliferation of shoot buds. 

A substance used to destroy disease producing microorganisms, but not 
their spores - usually applied to inanimate objects. 

Water partially purified by converting it to steam and then condensing it 
in a separate container. Minerals and some organic compounds are 
removed by this process. 

A part of an organism (usually taken from the intact, whole organism) 
used for in vitro culture. 

Technically, a natural chemical that exerts ·strong controlling effects on 
growth, development, or metabolism at very low concentrations, and 
usually at sites other than the site of synthesis. 
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• � In vitro Literally, "in glass," e.g., a test tube. �

In vitro Propagation of plants through tissue culture propagation methods. �

Medical asepsis 

Microorganisms 

Micropropagation 

Pathogen 

Phytohormone 

Plant tissue 

Stage I 

Stage II 

• 
Stage Ill 

Stage IV 

Sterilization 

Subculture 

Totipotency 

.. 

Rendering an object clean, e.g., handwashing. �

Microscopic living bodies not seen by the naked eye. �

Another name for "in vitro" propagation. �

A disease-causing microorganism. �

The generic name of all hormones produced by plants, especially those �
that affect plant growth. �

The growth of microbe-free plant material in an cultureaseptic (sterile) �
environment, such as a sterilized nutrient medium in a test tube. �

Establishment of an aseptic tissue culture. �

The rapid increase "in vitro" of organs or other structures which can �
ultimately give rise to whole plants. �

Preparation of propagules for successful transfer to soil. A process �
involving rooting of shoot cuttings, hardening of plants, and initiating the �
change from the heterotrophic to the autotrophic state. �

Successful establishment in soil of a tissue culture derived plant. �

A process of destroying all life, including spores. �

Process by which the tissue or explant is first subdivided, then �
transferred into fresh culture medium. �

A cell characteristic in which the potential for forming all the cell types �
in the adult organism is retained . �
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