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UNIT 1

MOLECULAR TECHNIQUES LABORATORY

 INTRODUCTION 

The Biotechnology 2441 course at Austin Community College is one of the advanced courses in the Biotechnology program.  It is designed for degree students who have completed the first year of biotechnology or its equivalent or those who are already employed in the field and are interested in increasing their skills in DNA and RNA technology.  

In Molecular Biology Techniques you will be learning many of the common techniques used to work with both DNA and RNA.   This will include isolation techniques, PCR amplifications, DNA sequencing, transformation with plasmid vectors, Southern and Northern blots and Q-PCR.  Some of these lab exercises may be taught by people working with these techniques in the local biotechnology industry.  This can give these industry personnel an opportunity to see how you work in the laboratory and can provide you with up-to-date information and techniques.  

This class is designed as an advanced course for those who have already completed at least one year of the biotechnology program or who are currently employed in the field.  The techniques learned here will build on those introduced in BITC 1311 Introduction to Biotechnology and BITC 1402 Biotechnology Laboratory Methods.  Unless you are already working in the field or have written permission of one of the full-time biotechnology faculty, you must have had these courses prior to enrolling in Molecular Biology Techniques.  You will be required to pass a basic competencies exam with a grade of 70% or greater during the first week of classes in order to participate in this course.  Students who do not pass this exam in this week will be disenrolled by the instructor.

The specific objectives of the lab portion of the course are to:

· Develop the advanced laboratory techniques of nucleic acid technology
· Supplement and enrich the lecture portion of the course 
· Enhance skills to identify the important parameters in the design of a laboratory to conduct the most commonly-used molecular diagnostics protocols.

· Enhance skills to identify the important parameters in the design of a quality system for molecular analyses.

· Develop proficiency in the techniques required in order to perform the most commonly-used molecular diagnostics protocols.
· Develop critical thinking skills in the students Enhance skills to design a well-controlled diagnostic test.

· Develop proficiency in the troubleshooting of a molecular experiment gone wrong.

· Learn about the important parameters in the design of a molecular technique
· Practice accuracy in calculations and in writing scientifically

· Reinforce multitasking skills and the ability to work in a timely manner
· Encourage teamwork and accountability among the students
· Practice accuracy in calculations and in writing scientifically
Students are expected to behave professionally at all times and follow the ACC laboratory safety rules at all times.  The lab exercises are project-based, as close to industry situations as is reasonable and possible.  Lab notebooks will be maintained and lab reports are required for all lab units on the week following the completion of that unit in the lab.  

There will be lecture every class followed by the lab unless specifically stated otherwise in the lab manual.  Thus there will be two labs on most weeks.  Guest speaks from industry may also be speaking at this time.  The lecture is to give background and relevant conceptual information about the solution prep, procedures and related techniques encountered during the lab exercise.  

Lab 1-A

The Lab Notebook

Each student will maintain a lab notebook in  a three ring binder in which the lab reports organized.  The binder will be turned in at the end of the semester with all lab reports compiled, and each lab report will be tuned in individually for grading.  The report must be organized into these 4 main sections: 

1. the pre-labs, containing lab protocols with all observations, calculations, and notes entered as the experiment progresses.
2. documentation forms required during the course of the experiment, such as solution prep forms, electrophoresis forms, etc.
3. a summary of results in tabular and graphical form, along with post-lab analysis and discussion of results

4. answers to questions posed in the lab manual 

The organization of these sections of the lab report must be obvious and easily navigated, preferably with page numbers and a table of contents.

The Pre-lab must be prepared before beginning the lab.  The lab instructor will sign off on the pre-labs at the beginning of class to ensure that the students are prepared for the lab.  The Pre-lab should be written by word processing on the computer and must consist of:

· A Title:  the title from the lab manual is sufficient

· Date:  when you turned your report in for grading.

· Student’s name and names of any partners who participated in the lab exercise

· Introduction:  A brief description IN YOUR OWN WORDS of the purpose of the experiment and the approach taken to accomplish these goals should appear at the beginning of your report. What questions did you set out to answer with your experiments, or what exactly did you wish to accomplish?  What was your general approach?
· Table of materials  Read through the protocol carefully and list all the equipment and materials needed.  This list should be complete enough that your lab setup for the day should not require more than 5 minutes.
· Table of reagents:  Read through the protocol carefully and create a reagent table that includes the following information:

1. the name of the chemical(s) in the reagent used or the solution prepared, along with a description of its origin (lot number and vendor, or a Control Number if you prepared the solution)
2. an explanation of its purpose in the lab procedure 

3. any safety precautions that should be taken when handling the chemical(s) or solution

4. how the chemical(s) or solution should be stored properly 

(You may need to leave space here for any information that is unavailable before the lab exercise, such as the lot number and/or expiration date of the material.)

· Protocol:  Type  a brief description of the steps of the protocol in your own words on the left-hand side of the page.  Leave the right-hand side of the page for lab notes.  Any calculations such as for preparations of solutions that can be done prior to performing the exercise must be written out in the protocol.  Data tables to be filled out during the lab exercise should be copied from the manual or prepared beforehand.  Photocopying of the procedure from the manual will only be allowed under certain circumstances, and only with your instructor’s approval.  
You must present your prelab work to your instructor to have it approved and signed off on prior to performing any experiments. Although collaboration with lab partners is okay, each student must prepare a prelab and lab report individually.  You will only be given credit for your own work.
During Lab, you must take complete notes to the right of the prelab protocol as you perform the steps listed.  WRITE DOWN EVERYTHING!!!!!!  How much exactly was weighed for each reagent?  How much water exactly was used?  Who did the measuring?  What time did the mixture start boiling?   What mistakes were made?  What did you observe?  EVERYTHING!!!  Without adequate information, you cannot troubleshoot an experiment that turns up inexplicable results – or no results at all!  Even for experiments that go well, you jeopardize your ability to reproduce these results in the future if it isn’t exactly clear how you performed the experiment.  Biological experiments are always complex, subject to subtle effects and unknown contributors.  

Your results and observations must be recorded in pen.  Absolutely no pencils allowed.  Remember, too, that if you make a mistake cross out that mistake and initial your crossing out.  Never use White Out and never rewrite the lab.  Remember that in industry, and even in some academic labs, your notebook could serve as a legal document in a patent court.  

Whenever a solution is prepared for use in the lab exercise, a Solution Prep Form must be filled out and a Control Number assigned for that solution.  The Control Number for every solution used during the lab exercise must be written to the right of the prelab protocol step in order to cross-reference it to the Solution Prep Form describing how it was prepared.  This careful annotation of solutions used plays an important role in troubleshooting failed experiments.  All Solution Prep Forms for solutions used in an experiment should be included in the final lab report.  If you are using a solution prepared by another student in the class, you will be responsible for obtaining the appropriate Solution Prep Form from them.  
Similarly, whenever an electrophoresis gel is run, the details about what was loaded in each lane and the running conditions of the gel must be recorded in a Gel Electrophoresis Form.  When sharing gels with other students, you will be responsible for obtaining all the necessary information from our classmates.
After completing the lab exercise, the rest of the lab report will include the following: 

· Documentation forms:  all forms filled out during the experiment, such as , such as solution prep forms, electrophoresis forms, etc, should be organized here.
· Summary of Results:  You need to search for ways of compiling your results into tables and graphs here.  These tables and graphs should be titled and annotated with enough detail that they can stand alone in summarizing your results quickly.  This may mean that raw data has been averaged, graphed, or manipulated mathematically, but in every case, it should be obvious to the reader where the numbers came from and what they represent.
· Analysis & Conclusions:  a few sentences summarizing your results and any conclusions that can be drawn from them.  This is also the place where you discuss the success of the experiment.  When you encounter unexpected or disappointing results, you should provide a likely explanation for them here.  If the results cannot be interpreted, you should reason on how to troubleshoot the experiment and how to improve your approach or technique in order to make it more successful. This is also a good place to compare your results with those of your classmates in order to interpret your results.  If problems were encountered in the experiment, these should be outlined with possible remedies for future experiments.  This is also a good place to list laboratory tips that have been given to you are you have discovered.  
This is the most important section of your write-up, because it answers the questions, “Did you 

achieve your proposed goals and objectives? And “What is the significance of the data?”  Any 

conclusion that you make must be supported by the experimental results.  If it is possible to 

compare your data to controls or known values obtained from reliable sources, then calculate the 

percentage error and why your results differed. 

(
References:  all books, journal articles, and web sites that were used to write up the experiment should be listed.

· Analysis Questions from the Lab Manual:  Answer the questions assigned to the unit, using 

explicit language and complete sentences.

The entire unit is stapled together and is due the week after the last lab in that unit is complete.  Late labs will be accepted but will be discounted 10% for each class that the labs are late, and only during the one-week grace period after the lab report is due.

Students are allowed to miss only two labs during the semester and only with instructor approval.  Approval will be based on illness or how unavoidable the absence was.  There will be no make-up lab but students who complete the pre-lab and the post-lab using data from a team mate, may receive a passing grade (as much as a 75%) on the submitted lab report.
An example of a grading rubrick used to evaluate lab reports follows.
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UNIT 

  DATE 



PRELAB GRADING: 50 points total

	General

Completed Introduction, tables of reagents, table of equipment and materials, and protocol BEFORE the beginning of the lab exercise---verified by instructor’s signature

(5 points)
	

	Title, Date, Student’s Name, Partners’ Names

(2-5 points, depending on report)


	

	Introduction: In your own words,
· What is/are the purpose(s) of the lab?  

· What questions did you set out to answer with your experiments, or what exactly did you wish to accomplish?  
· What was your general experimental approach?
(8-12 points, depending on report)


	

	Table of reagents:  Include in this table columns consisting of

· The name of the material or reagent (if it is a reagent, give its name, what chemicals it contains along with concentrations)

· An explanation of its purpose in the lab procedure (If it is composed of more than one chemical, what each chemical does in the procedure.)

· Any safety precautions that should be taken when handling the chemical(s) or solution

· Special storage requirements for the material or reagent

· Lot number, expiration date, handling & storage history

(20 points)


	

	Table of materials and equipment:  Include any specialized equipment that must be lined up for use in this exercise.

(5-10 points, depending on report)


	

	Protocol:  

Write the protocol in your own words on the left-hand side of the page.  The right-hand side of the page is reserved for your lab notes and observations that you made during the experiment., as well as any calculations that you performed.  

· Each step of the protocol should be numbered and should include only basic instructions for how to perform each step.  Explanatory information, if necessary, should be entered into the right-hand column of your protocol.  

· Spaces should be left between each step to allow enough space in the right-hand column for notes and calculations.

(5-10 points, depending on report)

	


	LAB REPORT:  100 points total
	

	Protocol:  Your notes should include:

· Calculations, solution or media prep forms

· Media Control Numbers, lot numbers, expiration dates, storage conditions of all solutions used

· Data tables of results
· Incubation times and temperatures

· Special instruments used

· Who did measurements & how

· Any changes to the protocol (along with reasoning)

· Any mistakes made and how they were remedied

(20-30 points, depending on report) 
	

	Results:  Any additional information about the experiment that was not entered into the protocol pages should be added to your report.  Information here might include:

· Additional calculations to analyze data

· Data, tables and graphs
· Additional observations and comparisons of your results with those of the class, or expectations based on papers in the scientific literature
(10-20 points, depending on report)
	

	Analysis & Conclusions:   Summarize your results and any conclusions that can be drawn from them in a  few sentences: “Did you Achieve your proposed goals and objectives?”  “What is the significance of the data?” 

· Discuss the success of the experiment. 
· Give a likely explanation for unexpected or disappointing results
· If the results cannot be interpreted, how to troubleshoot the experiment and how to improve your approach or technique in order to make it more successful. 
· Compare your results with those of your classmates and explain any differences between results.
· If problems were encountered in the experiment, these should be outlined with possible remedies for future experiments.  
· List laboratory tips that have been given to you are you have discovered during the lab exercise.  
 (20-30 points, depending on report)
	

	Analysis Questions from the Lab Manual:  Answer the questions listed in the manual at the end of the lab exercise, using explicit language and complete sentences.  If you have answered these questions in your Analysis & Discussion section, refer to the page where it can be found.

(20-30 points, depending on report)
	

	General Comments:

· All lab partners must participate equally

· Pens only, no pencils!

· Cross out mistakes and initial your crossing out.  Never use White Out

· Keep report well organized, so it is easy to follow and find information                                         

 (8-10 points, depending on report)
	


Lab 1-B

Orientation and Lab Safety

Introduction:

Lab I-B will include a list of competencies that are the basic requirements for success in this course that will help you decide if you are sufficiently prepared.
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Safety Precautions:  None for this lab.

Protocol:

Part I:  Safety Equipment and Information
1.  This is a safety sheet for labs that is required of all students taking a lab science at ACC.  We will review the following information together.

2.  Write down all the information in the blanks and keep it available in your lab notebook while working in the ACC laboratory.  

ACC LAB SAFETY EQUIPMENT AND INFORMATION

· Information about chemicals used in this laboratory can be found in Material Safety Data Sheets (MSDSs) and in a chemical inventory located 

_______________________________________. 

· The emergency gas shut-off for this lab is located: ______________________

_. 

Shut off the gas immediately if gas nozzles or valves are damaged, or if there is a fire.

· Fire extinguishers are located: 

(1) _______________________________






(2) ________________________________
.

To use a fire extinguisher, pull the pin in the handle and squeeze the handle while pointing the nozzle at the base of the flame.

· Fire blankets are located: 
(1) __________________________


.

    




(2) ___________________________


.

If you are on fire, stop, drop and roll. Let someone else to get the fire blanket.

· A safety shower is located____________________________________


. 

If you spill a significant quantity of chemical, especially an acid or base on 

yourself immediately stand under the shower and pull the handle. Disrobe. The instructor will evacuate the room and close the doors for your privacy. Someone of your gender will stay to help you. Stand under the shower for at least 20 minutes. You will be given clothing after the shower.

· n eyewash is located ________________________________



. 

If a chemical is splashed or rubbed into your eyes you must use an eyewash for at least 20 minutes with your eyes held open. Someone will help you with this.

· If a person is experiencing electrical shock from touching wires or equipment, use a belt or other non-conducting material to pull them away from the electrical source. 

· First aid kits are located: 
(1) ____________________________


. 

    




(2) ____________________________




Only minor cuts and burns will be treated in the lab. Serious injuries must be treated in a medical facility. Emergency Medical Services (EMS) will be called if you are injured and are unable to take yourself to a medical facility. 

 

Dress code and personal protective equipment (PPE)

· While in the lab you must wear closed-toed shoes.  No exceptions.  If you wear sandals to the lab, you will be asked to leave or wear "booties”.

· In lab activities involving chemicals, you must wear long pants or skirts (below the knee) or a lab apron/coat (provided). 

· You must wear goggles or safety glasses marked ANSI Z87.1 when directed to do so by the lab instructor or lab safety instructions. You must bring your protective eyewear with you to every lab class. If you forget your eyewear and the lab room does not have a pair to loan to you, you will not be able to participate in the lab and may forfeit your lab grade for that day.  ACC cannot guarantee that loaned safety glasses or safety goggles are uncontaminated by microbes or chemicals. 

· Wearing contact lenses in the lab is strongly discouraged. Students wearing contact lenses must wear safety goggles instead of safety glasses. 

· You must tie back any long hair in labs involving open flames. 

· Gloves are provided and can be worn for any lab activity. Your instructor will inform you when gloves are required rather than optional. 

· For your safety, we recommend that you: 

· avoid wearing loose clothing, especially long, loose sleeves.

· wear natural fiber clothing because synthetic material melts onto skin in a fire.

· remove watches, rings, and bracelets during lab activities involving chemicals.

 

Waste disposal 

· For chemical wastes, there are (i) flammable,  (ii) inorganic, and (iii) solid waste containers located

____________________________________





· For other wastes, there are containers for 

· biohazards - located_________________________






 

· glass - located _____________________________ 




· other trash - located _________________________________



·  You must precisely follow the waste disposal procedures. Never dispose of anything in lab without prior direction from the instructor.

 

 

Lab conduct

·  DO NOT

· horse around or perform unauthorized experiments. 

· eat, drink, or chew (tobacco or gum) 

· bring drinks or food (even in closed containers) into the lab. 

· pipet by mouth. 

· taste chemicals, or directly smell chemical fumes. 

· You shall follow all procedures in manuals, in handouts, and as given by the instructor.

·  You must store backpacks, coats, and other personal items (located _____________________











). 

We recommend that you bring as few items to lab as possible. 

· Report broken glass and chemical spills to your instructor immediately.  

 

Lab hygiene

· You must clean up your individual work area/equipment and community work areas/equipment (e.g., sinks, balances). 

· You must put lids back on bottles and containers immediately after use.

· Do not put excess chemicals back into original containers.  

· Only dispose of chemicals and waste as directed by the instructor.

· Wash hands prior to leaving lab.

· Always assume the chemicals used in lab are corrosive or irritating. Any time chemicals come in contact with your skin, wash the affected area immediately.

 

Chemical Hazards
1.  Review MSDS sheets.  Know the location of the MSDS sheets in the lab.  Review the MSDS sheets associated with the chemicals you are using.  You can also find MSDS reports online by searching for “MSDS”.  If one site doesn’t have the chemical you are interested in listed, try another site.   There is no one standards MSDS for each chemical, so if you are not finding specific information from an MSDS report that you have found, go online to search at another site for a different report until you have found it.  

More detailed information on how to read an MSDS sheet is available in the appendix of this manual.  

2.  Wear personal safety gear  Wear gloves and goggles when handling potentially hazardous chemicals.  Wearing goggles is especially important if you wear contact lenses.  If you are not familiar with the toxicity of a chemical that you are working with, you should treat it as if it were highly toxic until you learn otherwise.

3. Use the fume hood for handling potentially hazardous and volatile liquids and do not work with flammables around an open flame.  Check the MSDS sheet if you are unsure about using a chemical.

4.  Report spills immediately to your instructor.  Know the location of the clean up station and how to use it.v   

5. Label all containers.  If you or anyone else finds an unlabeled container in the laboratory, it will be disposed of immediately as a hazardous waste.  Your label should include the following information:

· the chemical substance and its concentration

· the date the solution was prepared

· toxicity information, if it is hazardous

· the person who prepared the solution

6. Dispose chemicals correctly  Some of the chemicals you will be using pose a threat to our environment if they end up in the water supply.  Follow any special instructions for chemical disposal given in your lab instructions.  If you are unsure of how to dispose of a specific chemical, ask your instructor or look up the MSDS sheet.

Biohazards

1.  Wear personal safety gear  When working with living organisms, especially microorganisms, always wear gloves.  Wearing a lab coat is recommended but not required.

2.  Wash your hands with soap and warm water before and after labs in which you handle microorganisms.

3.  Dispose used objects appropriately  Dispose of all objects that have come in contact with microorganisms into a biohazard bag, a container filled with dilute bleach solution or into a beaker to be autoclaved.

4. Clean your lab bench after using with disinfectant or bleach.

Mechanical Hazards

1. Centrifuge  Never touch a rapidly moving machine, such as a centrifuge, while it is moving.

Electrical Hazards

1. Gel Electrophoresis equipment poses a serious electrocution risk.  When assembling or dissembling the electrophoresis apparatus, always be sure that it is unplugged.  Connect the power supply and turn on the electrophoresis equipment only under supervision of the instructor.

2.  Make sure equipment is in good repair  Check for frayed wiring or any other potential electric hazards on any electrically powered equipment.  Do not use if there are any exposed or frayed wires.  Report these safety hazards to your instructor for repair.

3.  Keep area around equipment dry.  Make sure there is no water around electrically powered equipment before turning on the power.

Glassware
1.  Use glass disposal box to dispose of glass items such as capillary tubes, Pasteur pipettes and broken glassware.  Never throw glass items into the regular trash.

2. Discard broken or cracked glassware  Never use broken or cracked glassware.  Discard in the glass disposal box and inform the instructor.

3.  Report cuts immediately to the instructor All cuts must be inspected and treated especially if there is blood.

Violations of the Safety Rules

Failure to follow the lab safety procedures will have consequences for your grade in this course.

Minor infractions may result in points being deducted from your lab grade.

Major infractions that endanger anyone working in the lab (including yourself) may result in your being given a grade of “F” for the laboratory portion of the course and/or being prohibited from participation in future lab exercises.  

Some additional safety rules and employability skills for biotechnology labs.

· Keep your work surface tidy.  Do not place anything on your bench except the lab manual, your pre-lab, a pen and the materials needed to perform the activity.  An organized worker is a more efficient worker.

· Come prepared to class and do not rush through the lab exercises.  Look over the experiment carefully so that you can come to class prepared to perform the work and take the necessary time to do the labs correctly.  Be sure you know what you are supposed to be doing—then plan your actions and remain organized while carrying them out.  Hurrying or blindly following a protocol leads to carelessness, which leads to accidents.  

· Understand and follow the protocol. Prepare a pre-lab before starting the lab,  and while at work in class, carefully review the SOPs.  Check with your lab partner(s) or supervisor to make sure everyone is clear on the protocol.  If you have any doubt about proper safe procedure in a specific instance, ask your instructor or supervisor

· Respect one another’s equipment.  No one likes a lab thief who steals another’s pipetter or reagents.  When you are finished with a piece of equipment or a reagent, return it immediately so that others may have their turn.

· Avoid exposure to biohazardous tissues.  All human tissues, and to a lesser extent animal tissues, should be considered as biohazardous.  The risks from infective agents usually are reduced with steps of tissue treatments, such as freezing and fixation of tissues, but viral and prion agents remain active following most laboratory manipulations.  Wear gloves to protect yourself at all times, and change them frequently.  Take care not to stick or cut yourself while working in a molecular lab.

· Avoid creating aerosols.  Use filter tips on micropipettors when transferring fluids that have been exposed to human or animal tissues or infectious agents.  Use screw-top lids to store fluids that have been exposed to human or animal tissues or infectious agents—pop-top caps create aerosols when you pop the lids open.  If you must open a pop-top cap, first centrifuge the tube to remove liquids along the lid before opening it.  Aerosols can cause respiratory infections and can contaminate an entire lab through the ventilation system.  

· Design your laboratory lay-out to sequester work that entails biohazards to a specified region or room so that any unintended releases of infectious agents can be easily contained and disinfected.

· Decontaminate work areas on a routine basis.  Wipe down benches and equipment that are used during procedures that handle human and animal tissues or infectious agents with a disinfectant or bleach.  

· Dispose of biohazardous tissues appropriately.  Any disposable materials or fluids that have had contact with human or animal tissues or infectious agents must be disposed of in a biohazard bag and sterilized.  This includes gloves that you use and discard.

The following Internet resources have specific safety guidelines that are useful in molecular labs (taken from Patrinos & Ansorge, 2005)

	Web site
	Organization
	Topics

	GENERAL SAFETY

www.osha.gov
www.rmlibrary.com/db/lawosha.htm
www.med.virginia.edu
www.medcntr/centers/epinet
www.cap.org
www.lbl.gov/ehs/pub3000
www.nccls.org

	Occupational Safety and Health Administration, Dept of Labor (USA)

University of Virginia, International Health Care Worker Safety Center

Exposure Prevention Information Network (EpiNet)

College of American Pathologists

Berkeley Lab Health and Safety

National Committee for Clinical Laboratory Standards
	Regulations and technical information on workplace safety, safety training, links

Occupational safety laws of all 50 states

Surveillance data

Surveillance information

General and technical information;  lab management

Health and safety manual

General and technical information; links

	BIOSAFETY
www.cdc.gov
www.cdc.gov/ncidod
www.fda.gov/cber
www.absa.org
www.ace.osrt.edu
www.maaf.gov.uk
www.cjd.ed.ac.uk

	Centers for Disease Control and Prevention (USA)

National Center for Infectious Diseases

Food and Drug Administration, Center for Biologics Evaluation and Research

American Biological Safety Association

National Antimicrobial Information Network of Oregon State University and the EPA

Ministry of Agriculture, Fisheries and Food (UK)

IK Surveillance Unit for CJD
	Surveillance data;  prevention and technical information, links.  Proposed guidelines for working safely with M. tuberculosis

General and technical information;  teaching materials

Information of withdrawals, recalls, and safety issues concerning biologics

Technical information

Technical information on disinfectants, links

Surveillance data on BSE in Europe, Technical information

surveillance data on vCJD; Technical information, links

	CHEMICAL SAFETY

www.cdc.gov/niosh.database.html
www.response.restoration.noaa.gov
/chemaids/react.html

www.cdc.gov/niosh.chem-inx.html
http://www2.hazard.com/msds/index.php
http://www.mallbaker.com/Search.asp
https://www.nationaldiagnostics.com/
http://www.sciencelab.com/msdsList.php
http://www.hvchemical.com/msds-online.htm
http://www.chem.tamu.edu/redirect/off_site.

php?site=ehsd.tamu.edu/MSDS.aspx


	National Institute for Occupational Safety and Health (NIOSH)

Chemical Reactivity Worksheet

Master Index of Occupational Safety and Health (NIOSH)

Vermont Safety Information Resources, Inc

Mallinkrodt Baker Chemicals

National Diagnostics, Inc

Science Lab.com Lab Equipment and Chemicals

Hi-Valley Chemical, Inc

TX A&M Dept of Chemistry
	Databases and information

Chemical database of reactivity of substances or mixtures of substances

Guidelines for chemical hazards of specific chemicals

MSDS database

MSDS database

MSDS database of electrophoresis reagents

MSDS database

MSDS database

MSDS database



	RADIOLOGICAL SAFETY

ehssun.lbl.gov/ehsdiv/pub3000/CH12.html

www.jmu.edu/saretyplan/radiology/advisory
committee.shtml


	Berkeley Laboratory Health and Safety

James Madison University
	Radiation safety program

Radiation protection program

	ELECTRICAL SAFETY

ehssun.lbl.gov/ehsdiv/pub3000/CH08.html

www.princeton.edu/~ehs/labmanual.sec7-7.html

	Berkeley Laboratory Health and Safety

Princeton University
	Electrical safety program

Laboratory electrical safety program
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NFPA Health Category

	Rating
	Description

	4
	Materials which upon very limited exposure could cause death or major residual injury even though prompt medical treatment is given, including those which are too dangerous to be approached without specialized protective equipment. This degree should include:

    * Materials which can penetrate ordinary rubber protective clothing;

    * Materials which under normal conditions or under fire conditions give off gases which are 

      extremely hazardous (i.e., toxic or corrosive) through inhalation or through contact with or

       absorption through the skin.


	3
	Materials which upon short-term exposure could cause serious temporary or residual injury even though prompt medical treatment is given, including those requiring protection from all bodily contact. This degree should include:

    * Materials giving off highly toxic combustion products;

    * Materials corrosive to living tissue or toxic by skin absorption. 



	2
	Materials which on intense or continued exposure could cause temporary incapacitation or possible residual injury unless prompt medical treatment is given, including those requiring use of respiratory protective equipment with independent air supply. This degree should

include:

    * Materials giving off toxic combustion products;

    * Materials giving off highly irritating combustion products;

    * Materials which either under normal conditions or under fire conditions give off toxic vapors          

       lacking warning properties.



	1
	Materials which on exposure would cause irritation but only minor residucal injury even if no treatment is given, including those which require use of an approved canister type gas mask. This degree should include:

    * Materials which under fire conditions would give off irritating combustion products

    * Materials which on the skin could cause irritation without destruction of tissue. 



	0
	Materials which on exposure under fire conditions would offer no hazard beyond that of ordinary combustible material.



NFPA Flammability Category

	Rating
	Description

	4
	Materials which will rapidly or completely vaporize at atmospheric pressure and normal ambient temperature or which are readily dispersed in air, and which will burn readily. This degree should include:

    * Gases;

    * Cryogenic materials;

    * Any liquid or gaseous material which is a liquid while under pressure and have a flash point 

       below 73°F (22.8°C) and having a boiling point below 100°F(37.8°C). (Class IA flammable 

       liquids.)

    * Materials which on account of their physical form or environmental conditions can form 

       explosive mixtures with air and which are readily dispersed in air, such as dusts of   

       combustible solids and mists of flammable or combustible liquid droplets.



	3
	Liquids and solids that can be ignited under almost all ambient temperature conditions. Materials in this degree produce hazardous atmospheres with air under almost all ambient temperatures or, though unaffected by ambient temperatures, are readily ignited under almost all conditions. This degree should include:

    * Liquids having a flash point below 73°F (22.8°C) and having a boiling point at or above 

       100°F (37.8°C) and those liquids having a flash point at or above 73°F (22.8°C) and below 

       100°F (37.8°C). (Class IB and Class IC flammable liquids);

    * Solid materials in the form of coarse dusts which may burn rapidly but which are generally 

       do not form explosive atmospheres with air;

    * Solid materials in a fibrous or shredded form which may burn rapidly and create flash fire 

       hazards, such as cotton, sisal and hemp;

    * Materials which burn with extreme rapidity, usually by reason of self-contained oxygen 

       (e.g., dry nitrocellulose and /many organic peroxides/);

    * Materials which ignite spontaneously when exposed to air.



	2
	Materials that must be moderately heated or exposed to relatively high ambient temperatures before ignition can occur. Materials in this degree would not under normal conditions form hazardous atmospheres with air, but under high ambient temperatures or under moderate heating may release vapor in sufficient quantities to produce hazardous atmospheres

with air. This degree should include:

    * Liquids having a flash point above 100°F (37.8°C), but not exceeding 200°F (93.4°F);

    * Solids and semisolids which readily give off flammable vapors.



	1
	Materials that must be preheated before ignition can occur. Materials in this degree require considerable preheating, under all ambient temperature condition, before ignition and combustion can occur. This degree should include:

    * Materials which will burn in air when exposed to a temperature of 1500°F (815.5°C) for a 

       period of 5 minutes or less;

    * Liquids, solids, and semisolids having a flash point above 200°F (93.4°C);

    * This degree includes most ordinary combustible materials.



	0
	Materials that will not burn. This degree should include any material which will not burn in air when exposed to a temperature of 1500°F (815.5°C) for a period of 5 minutes.




NFPA Reactivity Category 

	Rating
	Description

	4
	Materials which in themselves are readily capable of detonation or of explosive decomposition or explosive reaction at normal temperatures and pressures. This degree should include materials which are sensitive to mechanical or localized thermal shock at normal temperatures and pressures.



	3
	Materials which in themselves are capable of detonation or of explosive reaction but which require a strong initiating source or which must be heated under confinement before initiation. This degree should include materials which are sensitive to thermal or mechanical shock at

elevated temperatures and pressures or which react explosively with water without requiring heat or confinement.



	2
	Materials which in themselves are normally unstable and readily undergo violent chemical change but do not detonate. This degree should include materials which can undergo chemical change with rapid release of energy at normal temperatures and pressures or which can undergo violent chemical change at elevated temperatures and pressures. It should also include those materials which may react violently with water or which may form potentially explosive mixtures with water.



	1
	Materials which in themselves are normally stable, but which can become unstable at elevated temperatures and pressures or which may react with wtaer with some release of energy but not violently.



	0
	Materials which in themselves are normally stable, even under fire exposure conditions, and which are not reactive with water.




NFPA Special Category

	Rating
	Description

	OX
	Denotes material that are oxidizing agents. These compounds give up oxygen easily, remove hydrogen from other compounds, or attract negative electrons.



	W
	Denotes materials that are water-reactive. These compounds undergo rapid energy releases on contact with water.


Analysis & Review






A.  Lab Emergency Scenarios

You may find the ACC Environmental Health website useful for answering the following questions:  www,austincc.edu/ehs/HAZCOM.html.  This site provides links to information about emergency procedures and chemical reactivities.

1.  Below are some common lab emergencies.  Briefly describe what to do in the following situations for each of these chemicals that are commonly used in the biotechnology laboratory: hydrochloric acid, acetone, sodium hypochlorite, and ammonium sulfate.  

A. The chemical spills on your hand

B. The chemical splashes into your eye

C. A 250 mL beaker of the chemical drops and  breaks on the floor

2. What are the NFPA ratings for the above 4 chemicals, and what do these ratings signify?

3. What would you do if there is a small fire in the lab?  Describe the steps in the order that they should be taken.

B. Toxicity

Molecular biology laboratories must sometimes work with hazardous chemicals. Toxicity information can be found in MSDS reports, which are shipped with the chemicals sent out from vendors.  MSDS reports are also readily available online by searching for “MSDS” in a search engine such as www.google.com.  An MSDS list is also linked to the ACC Environmental Health website at www.austincc.edu/ehs/HAZCOM.html .  A glossary of MSDS terms is available at www.ilpi.com/msds/ref/index.html.  

Below are 5 chemicals commonly used in molecular biology labs.  Using MSDS information, prepare a table of the following chemicals that lists the LD50 (oral rat, g/kg), carcinogenicity, NFPA ratings, the target organs that the chemical affects, and your description of what precautions must be taken when using them.   Also, calculate the dose that a 150# (70 kg) person would have to swallow for a 50:50 risk of death, based on rat toxicity data.

	Chemical
	Use

	Acrylamide
	Subunit for PAGE (polyacrylamide gel electrophoresis)

	Ethidium bromide
	Dye that detects DNA

	Diethylpyrocarbonate (DEPC)
	Inhibitor of RNAses

	Phenol
	Protein denaturant used to purify nucleic acids by extraction

	Chloroform
	Protein denaturant used to purify nucleic acids by extraction


To put the toxicity of these chemicals into perspective, prepare a similar table for:

	Chemical
	Use

	Ethanol
	Party aid

	Aspirin
	Post-party aid

	Caffeine
	Study aid for college students


Lab 1-C

Competencies Check

Introduction

The biotechnology industry in this area has determined a number of competencies or skills that are required for an entry-level biotechnicians.  The complete listing of these competencies are given on our web site at www2.austincc.edu/biotech. In order to succeed in BITC 2441, Molecular Biology Techniques, you will need to know how to perform some basic calculations such as those used in making solutions.  You will also need to use certain basic techniques such as using a balance and operating a micropipette.  This paper and pencil lab reviews the starting competencies for BITC 2441 in order for you to determine your readiness for this class and will help you to prepare for the competency examination. 


Safety Precautions:  None needed for this laboratory.

Protocol:

1.  Working in groups of 2-4, answer the following questions on the attached sheets.  Work with the others in your group to formulate one answer.  Make sure you write your names at the top under “Answerers”

2.  Pass your answered questions to another group and receive their set of answered questions.  Write your names at the top under “Questions Graded”.

3.  Correct each of the questions you have received, checking with each other within your group to make sure your corrections are correct.

4.  Hand in your graded questions.  You will receive credit for both answering questions correctly and grading questions correctly.

COMPETENCY CHECK QUESTIONS   

Question Answerers: 
________________________________

date  







________________________________

date  




Question Graders: 
________________________________

date  




_______________________________ 

date  



 

	QUESTIONS TO ANSWER
	GRADER’S COMMENTS

	1.  Describe how you would make a 1.00 M Tris-Cl pH 8.0 stock solution (50 mLs).  The molar mass of Trizma base is 121.1 g/mol.  Include in your answer how exactly you would adjust the pH and how you would store this stock solution.


	

	2.  Describe how you would make a 50 mL solution of 50mM pH 8.0 Tris-Cl and 0.9% NaCl from these stock solutions:  1.00 M Tris-Cl pH 8.0 &  and 20% NaCl.  Include in your calculations how much water must be added.

	

	3. Describe how you would make 3 serial dilutions of 5-fold dilutions of your 1.00 M stock Tris-Cl pH 8.0, in which you are left with  4.0 mL of diluted solutions.  Include in your calculations how much water must be added.  What are the final concentrations of each dilution?


	



	
	

	5.  Which micropipetter would best be used to measure each of the following volume measurements?  Draw the appearance of the numbers on the micropipetter after adjusting for each measurement.  

2.5 uL             micropipetter used _________

volume setting  

45 uL              micropipetter used _________

volume setting  

720 uL            micropipetter used _________

volume setting  
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