Laboratory Techniques: Safety Precautions

As every chemist knows, there are many potential hazards in chemistry laboratories, some of which can be serious. However, chemists can avoid accidents by being thoroughly familiar with appropriate experimental techniques, by knowing the hazards associated with the chemicals they use, and by taking common sense safety precautions. Unlike most research and production laboratories, a school laboratory contains a relatively large number of students working, many without extensive knowledge of laboratory techniques, equipment, chemical hazards, or safety precautions. Consequently, students usually need some initial instruction in order to help them develop the necessary knowledge and awareness to avoid accidents. 

Your instructor will help you learn the basic safety rules and procedures applicable to chemistry laboratories. There is also a section describing what you should do if an accident occurs. On the last page, there is a Laboratory Safety Agreement that you must sign before you perform any experiments in the laboratory.  You will also be required to pass a quiz during your next laboratory period.

I.   General Safety Rules 

A. For Personal Protection 

1. 
Wear eye protection at all times in the laboratory. All staff, students, and visitors in the laboratory must wear proper eye-protection glasses or goggles that are approved by the appropriate authorities. Your eye protection will protect both the front and sides of your eyes, meet Occupational Safety and Health Administration (OSHA) standards, and fit over your prescription glasses, if you wear them. 

Normally, you should not wear contact lenses in the laboratory. If you do wear them, you must wear fitted goggles at all times. Contact lenses are hazardous, because they concentrate vapors under the lens, trap foreign matter, and interfere with the effectiveness of eyewash fountains. Soft contact lenses are particularly hazardous, because they can absorb and retain chemical vapors. Ordinary eyeglasses or sunglasses are not adequate protection in the laboratory. 

2. 
Wear sensible clothing and tie back long hair. In the chemistry laboratory, "sensible" clothes. Clothes that are not too loose, especially the sleeves. It is a mandatory to wear a laboratory coat or apron. "Sensible" clothing also includes shoes that cover your entire foot. Sandals and high heels are not safe. Shoes provide initial foot protection from dropped containers and spilled chemicals. Keep all extra clothing, such as coats, hats, and scarves, off your laboratory bench and out of the laboratory altogether. 

If you have long hair, it can easily catch fire when you are close to an open flame. Usually this happens when you bend forward and your hair falls in front of your shoulders. Hair sprays only make matters worse. Consequently, you must fasten your long hair back. 

3. 
Avoid absorbing, inhaling, or ingesting chemicals while you are in the laboratory. There are three main routes for entry of chemicals into the body. 

(1) 
The respiratory tract (lungs): Vapors, mists, smoke, and even dust particles can carry lethal amounts of many substances into your body through your lungs. You can detect the presence of some toxic vapors by their noticeable odors, but many have no odor at all. For example, mercury metal has no odor, but its vapor pressure at room temperature allows mercury to enter the atmosphere at about one hundred times its threshold toxicity limit. To prevent inhaling toxic fumes, use the fume hood as your laboratory instructor directs. 

If you are directed to detect odorous fumes by smell, do so with great care. Be certain that the reaction has ceased before you remove the container holding the reaction mixture from the fume hood. Place your hand near the container and gently fan some of the vapor toward you. Sniff carefully; do not inhale deeply. Return the container to the fume hood. 

(2) 
The digestive tract: Never put anything in your mouth while you are in the laboratory. This precaution applies not only to chemicals, your fingers, and lab equipment but also to beverages, food, and gum. Do not bring food or drink into the laboratory, because it might become contaminated. Never put glassware in your mouth.  

(3) 
The skin: Some toxic substances can enter your body through your skin. Such substances include phenol, nitrobenzene, carbon tetrachloride, and solutions of cyanides. Some liquids, such as acids and bromine, can burn or otherwise damage your skin. Because many of these potentially hazardous liquids look like water, it is easy to forget their toxic or corrosive properties. Your cleanliness habits in the laboratory are an important part of skin-related accident prevention. Clean up spills immediately. Thoroughly wash your skin or any clothing that contacts a chemical. Periodically wash your hands and arms while working in the laboratory. Wash your hands with soap at the end of the laboratory period. 

B. Working in the Laboratory 

1. 
Do not attempt any unauthorized or altered experiments. Consult your laboratory instructor before you make any change in an experimental procedure. Based on experience and knowledge, your instructor may be able to foresee possible hazardous results due to the altered procedure. 

2. 
Know where safety equipment is located and how to use it. Safety equipment includes fire extinguishers, safety showers, eyewash fountains, fire blankets, and telephone system. 

3. 
Never work alone in the laboratory. Your laboratory instructor must be within your sight and hearing range at all times while you are working in the laboratory. If you encounter difficulties, your instructor must be able to assist you. 

4. 
Use the fume hood when necessary. Always perform experiments utilizing either toxic substances or substances with strong, irritating odors in a fume hood with proper airflow. Be certain that the hood is turned on. Do not place any portion of your body except your hands and lower arms into the hood. 

Among the substances that you should use exclusively in a fume hood are chlorine, bromine, formaldehyde, phenol, sulfur dioxide, hydrogen sulfide, carbon disulfide, glacial acetic acid, and concentrated aqueous ammonia. If you are using highly toxic or carcinogenic substances such as cyanides, benzene, or chloroform, use a fume hood 

There are many other toxic substances. Therefore, it is imperative that you know the hazardous properties of all the substances you will use in an experiment. A major source of such information is the Material Safety Data Sheet (MSDS), which must be available in the laboratory for every hazardous chemical you use. The MSDS sections on reactivity and health hazard data are of special interest for this purpose. 

5. 
Dispose of waste and excess materials as directed by your laboratory instructor. 

Each person is responsible for handling waste and excess materials in ways that will minimize environmental contamination and personal hazard. You should be given clear procedures to follow for disposing of waste materials. 

Some general guidelines are: 

(1) Dispose of chemicals as directed by your laboratory instructor. Most reaction by-products and surplus chemicals must be neutralized or deactivated before disposal. 

(2) Promptly dispose of waste materials into the proper-labeled container. 

(3) Place broken glass and porcelain ware in separate containers specifically designated for this purpose. 

(4) Place used matches and paper in a trash container, not in the sink. Dampen matches before disposing of them. Ask your laboratory instructor for disposal directions for any paper contaminated with a chemical. 

6. HORSEPLAY and inappropriate behavior in the lab is considered serious and action will be taken in the following forms:

(1) 1st offense student will be reminded that the action is not appropriate

(2) 2nd offense student will be removed from the lab and be required to complete the lab after school

(3) 3rd offense student will receive a grade of zero for the lab and detention will be assigned.  Parents will also be notified.

II. General Rules for Handling Equipment 

1. 
Only use equipment that is in good condition. Defective equipment is a major accident source. 

Avoid using: 

(1) Beakers, flasks, funnels, graduated cylinders, or test tubes with chipped or broken rims; 

(2) Cracked beakers, flasks, graduated cylinders, test tubes, or crucibles; 

(3) Test tubes, beakers, or flasks with star- shaped cracks at or near the bottom; 

(4) Beakers, flasks, or test tubes with severely scratched bases; 

(5) Burettes, pipettes, or funnels with chipped tips; 

(6) Glass tubing or glass rods with sharp edges; 

(7) Hardened rubber stoppers; 

(8) Screw clamps, burette clamps, or support rings with nonfunctioning parts. 

2.   Assemble your experimental apparatus carefully. Keep your workspace uncluttered by extra equipment and chemicals. Use only equipment that is dry, at least on the outside. Wet glassware is slippery and can easily be dropped and broken. 

When you use a ring stand with a platform base, assemble the attached apparatus directly over the base, and not to one side. Be sure to keep the assembly back from the edge of the laboratory bench, and tighten the clamps firmly. When you use a bunsen burner, be sure you can quickly move it away from the ring stand assembly. Place wire gauze under any glassware that you are going to heat with a bunsen burner. 

3.   Avoid touching hot objects. Burns are among the most common accidents in chemistry laboratories. Use the following precautions to avoid burns. 

Do not hold reaction vessels in your hand: many chemical reactions generate large amounts of heat. Place flat-bottomed reaction vessels on the laboratory bench before you mix chemicals in them. If you cannot place the vessel on a laboratory bench, attach a clamp to the vessel, and clamp it to a ring stand. 

When you heat or mix chemicals in a test tube, do not hold the test tube in your hand. Hold it with a test- tube clamp, or place it in a beaker. 

When you heat chemicals in a container, remember that you are applying heat to not only the chemical but also to the container and any clamp holding the container. Be very careful when you touch clamps or containers that have been heated or been near a heat source. 

Heated glass seems to stay hot forever. Therefore, after you work with glass in or near a flame, lay the glass aside to cool. Use great caution when touching the glass after cooling. Protect your hands with a towel or heat absorbing gloves if you must move hot equipment. 

Do not lay hot glassware directly on the laboratory bench. The hot object may cause charring or other damage. Instead, place hot glass on wire gauze, altered as follows. Bend each corner of the gauze downward to form a 90( angle. Place the gauze on the bench so that the folded corners act as legs. This should keep the center of the gauze about 1 cm above the bench surface. Assume that anything on this gauze is hot. In this way, you can avoid many painful finger burns. 

III.    Handling Chemicals 

A. General Rules 

1.  Read labels carefully. 

(1) Be sure that you select the specified substances. Different chemicals can have similar names. Compare, for example, sodium nitrate and sodium nitrite, or stannic chloride and stannous chloride. The names of these compounds look quite similar, but their chemical behaviors are very different. 

(2) Use the specified concentration or form of all substances. If you use the wrong concentration of a solution, you may get unexpected or undesired results. Some solids are available as strips, wire, granules, or powder. In some experiments, it is vital that you use the correct solid reagent form. 

(3) Know the hazards associated with the sub- stances you are using. To help warn users of hazards associated with specific chemicals, the National Fire Protection Agency (NFPA) has developed a diamond shaped symbol for chemical labels that rates the hazard level for many chemicals. An example of the NFPA symbol is shown in Figure 1. The NFPA symbol has a red segment at the top that indicates flammability hazard. The left segment is blue and shows the toxicity hazard. The right segment is yellow and indicates reactivity. The bottom white segment is used to show special hazards, such as radioactivity, with a symbol of the hazard. If no specific hazard applies, the segment is left blank. Within each segment, there is a boldface black number that indicates the degree of hazard. 
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The numerical ratings are: 

4 = extreme hazard (use goggles, gloves, protective clothing, and fume hood) 

3 = severe hazard 

2 = moderate hazard 

1 = slight hazard 

0 = no special hazard 

Safety regulations strictly forbid your returning unused chemicals to their original containers. If you accidentally returned a chemical to the wrong container, you might contaminate the entire contents of the container. Therefore, estimate the amount of each chemical you will need, and obtain only that amount from the reagent bottle. If it is difficult for you to estimate the proper amount, be conservative. You can always return for more if you need it. 

If you obtain too much of a chemical, you must properly dispose of the excess. Consult your laboratory instructor for specific disposal instructions. 

2. Obtain only the specified amount of each substance.

3. Leave chemicals in their proper places. It is not wise to carry large amounts of chemicals around the laboratory. 

4. Clean up all spills immediately. If you spill a chemical, it is your responsibility to immediately consult your laboratory instructor about the proper cleanup and disposal procedure. You are the only one who knows specifically what was spilled and where. The cleanup only takes a short time, and quick action can prevent further accidents. 

If you spill a chemical on a balance, clean it up carefully and quickly. Otherwise, this delicate and expensive instrument may become corroded and permanently damaged. 

Take care to remove any drops clinging to the outside of a reagent bottle after you have withdrawn reagent. 

5. Label all containers to identify their contents. When you obtain chemicals from the reagent bottle, be certain to label the containers into which you dispense the chemicals. Even if you plan to use the chemical immediately, you may have an excess that you must dispose of later. Don't trust your memory to keep track of such chemicals, use labels. You can use a pencil to write directly on the etched spot on many flasks and beakers. If you use pencil, you can easily erase these labels later. 

B. Handling Liquids 

1.   Use proper technique when you obtain a liquid. Transfer the liquid to your container at a nearby sink, in order to avoid spills on the bench, shelf, or floor. 
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From a dropper bottle: Be sure that you never touch your container or its contents with the dropper. Proper technique is shown in Figure 2.

 Never lay the dropper on any surface. Be careful to avoid contaminating the dropper bottle contents. 

From a stoppered bottle: When you transfer the liquid, hold the stopper in your hand or place it upside down on a flat surface. Do not lay the stopper on its side. Proper technique is shown in 

Figure 3. If you follow this procedure, you will avoid contaminating the contents of the reagent bottle. 

When you return the stopper to the reagent bottle, do not interchange stoppers. You may contaminate the reagent if you insert a stopper intended for another bottle. 

2.   Be careful when you mix liquids. 

When you mix liquid chemicals with water, always add the chemicals to the water, rather than vice versa.  If you do this, the resulting solution will always be the more dilute and less hazardous solution. An accidental spattering from more dilute solution will be less dangerous. Always add chemicals slowly, in small amounts. It is especially important to use this procedure when mixing an acid and water, so that the water can absorb the heat generated by the dilution process. 

3.   Heat liquids cautiously. Use a beaker or flask on wire gauze on a ring stand when heating a larger amount of liquid. Secure the container with a clamp. 

Heat small amounts of liquids in test tubes. Attach a test tube clamp to the upper part of the test tube. Place the lower part of the test tube in a beaker of heated water. If you need to heat a liquid in a test tube to a temperature higher than 100(C, you may heat the test tube and its contents directly in a burner flame, but you must be extremely cautious. The liquid at the bottom of the test tube may boil more quickly than the rest, and the resulting expansion may cause hot liquid to spurt out the top of the test tube. Therefore, you should never look into a test tube or point the open end of the test tube toward anyone while you are heating a test tube in this manner. Heat the test tube very gradually by placing the side of the tube, rather than the bottom, in the flame. Constantly move the test tube into and out of the flame. Proper technique is shown in Figure 4. 
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Be extremely cautious whenever you heat flammable liquids. You should only heat flammable liquids in a steam bath or on a special hot plate; either way, your laboratory instructor should carefully supervise the procedure. Never heat a liquid in a graduated cylinder or in any other volumetric glassware. 

4.  Dispose of liquids properly. Dispose of liquids as specified by your laboratory instructor. Never pour flammable or water immiscible liquids into the sink or other outlet that drains into the sewer. Transfer these liquids to appropriately labeled containers for disposal. Among the substances you must dispose of in this way are solvents such as acetone, ethyl alcohol, hexane, kerosene, methyl alcohol, and toluene. 
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C. Handling Solids 

1.  Transfer solids into wide mouthed containers. Solids are somewhat more difficult to transfer than are liquids. 

2.  Transfer solids by rotating the reagent bottle. During the transfer, hold the reagent bottle stopper in your hand or lay it on the bench, as shown in Figure 3, in order to prevent contamination. While pouring, slowly rotate the tipped bottle back and forth about an imaginary axis that passes through the top and bottom of the bottle, as shown in Figure 5. If you tip the bottle too far in an attempt to transfer the solid without rotating the bottle, large chunks may suddenly fall into your container, possibly causing a spill. When you are finished, be sure to close the reagent bottle with the proper stopper. Do not interchange stoppers from other reagent bottles. 

3. When you mix chemicals, add solids to liquids, rather than vice versa, with continuous stirring. Add solids in small amounts unless you are instructed otherwise.

4.  Dispose of solids properly. Dispose of solids as specified by your laboratory instructor. Place the solids in appropriately labeled containers for disposal. 

IV.   When an Accident Occurs 

Immediately attend to all physical and chemical injuries. Report the accident to your laboratory instructor.

 A. Burns 

If you burn your skin with a hot object, flames, or chemicals, immediately flush the affected area with cold water. Continue flushing for 20 min. If a large area of skin is burned and must be flushed, be careful not to get chilled. 

Tell your laboratory instructor about the accident, even if the burn does not seem serious. Your instructor will decide whether or not you should seek medical attention. 

B.  Splattered Chemicals 

1. In your eyes. 

You must wear eye protection at all times in the laboratory. Therefore, there should be no opportunity for chemicals to splatter in your eyes. 

If a chemical splashes on your face while you are wearing goggles, do not re- move your goggles. Instead, drench your face and goggles at the nearest eyewash fountain. After you have removed all of the chemical from your goggles and face, take off your goggles, and drench the part of your skin where the goggles contact your face. 

If a chemical does somehow get in your eye, immediately YELL for help in getting to an eyewash fountain. Drench your eye with water. Force your eye open, if necessary. Hold your eyelid away from your eyeball, and roll your eyeball so that the water flushes the entire eyeball. Continue to flush your eye with water for at least 15 min. 

2. On your skin.

 
For small spills on your skin, immediately rinse the affected area with large amounts of water. Remove any jewelry that might interfere with a thorough rinsing. Continue rinsing the area for 5-1 0 min. If a large area of your skin is affected, use the safety shower. 

3. On your clothing. 

If possible, immediately remove all affected clothing. Seconds count, so don't hesitate because of modesty. Drench the skin contacted by the contaminated clothing with plenty of water. For large spills, immediately use the safety shower, regardless of any initial cold or discomfort. However, avoid becoming too chilled. Your laboratory instructor will supervise your use of the shower and tell you when to leave it. 

Discard all clothing that is chemically contaminated, including shoes and belts, following the directions of your laboratory instructor. 

C.   Fire 

If you have long hair, you should tie it back while you are in the laboratory. If you do so, you are not likely to catch your hair on fire. However, if your hair does catch on fire, immediately YELL for help. Use your hands to keep the burning hair away from your face and drench the burning hair with water at the nearest sink. Your laboratory instructor and nearby students will help. 

If your clothing is on fire, use the STOP-DROP- ROLL-YELL technique for putting out the flames. STOP what you are doing, DROP to the floor, and ROLL to try and smother the flames. YELL for others to help quickly extinguish the fire. Whether it's your clothing or your hair on fire, do not run to a safety shower or a fire blanket. Running increases the burning rate and therefore the possibility that hot, toxic fumes will enter your lungs. Let someone else run and get the fire blanket. Also, safety showers are for chemical spills, not extinguishing fires! 

If a fire blanket is used, your laboratory instructor will have it removed as soon as possible, in order to minimize skin burns from fused clothing. After the blanket has been removed, your laboratory instructor will supervise drenching you in the safety shower. While you are receiving aid, another student should try to shut off or reduce the fuel supply to the original fire. If necessary, she/he should direct the spray from a fire extinguisher at the base of the fire. If the fire cannot be quickly extinguished, everyone should leave the laboratory. Then activate the building fire alarm. 

D.  Injury 
Thoroughly wash minor cuts, making certain to remove all foreign materials from the wound, such as traces of chemicals and broken pieces of glass. Apply a bandage to keep the wound clean and to avoid further irritation. 

For major cuts and severe bleeding, fast action is critical. Have someone call for emergency medical aid. Your laboratory instructor will quickly apply direct pressure to the open wound with a clean compress or cloth, until a tight bandage can be applied to control bleeding. When medical personnel arrive, they will decide what action to take. Only a medical professional is trained to treat serious injury.

Before you begin working in the chemistry laboratory for the first time, read the safety precautions and techniques described in this lab manual for the careful handling of chemicals and equipment.  Take and pass the Laboratory Safety Quiz to check your understanding. Sign and date this agreement, and give it to your laboratory instructor. 

Chemistry Laboratory Safety Agreement

When I am in the laboratory, I will: 

1. Wear approved eye protection at all times.

2. Wear sensible clothing and tie back long hair. 

3. Avoid absorbing chemicals into my body by;

(1) Using great care in detecting odors.

(2) Never putting anything in my mouth.

(3) Washing skin and clothing that contact chemicals. 

4. Not perform any unauthorized experiments.

5. Know where safety equipment is and how to use it. 

6. Never work without the instructor present.

7. Use the fume hood when necessary or so directed.

8. Dispose of waste and excess materials according to instructions.

9. Use only equipment that is in good condition. 

10. Assemble apparatus carefully. 

11. Avoid touching hot objects. 

12. Read my laboratory assignment before performing the experiment. 

13. Keep the laboratory clean.

14. Handle chemicals with caution by; 

(1) Reading labels carefully.

(2) Using only the amount required.

(3) Leaving chemicals in their proper places.

(4) Cleaning up all spills immediately with supervision. 

(5) Labeling all containers to identify their contents.

15. Thoroughly wash my hands at the end of each laboratory period. 

16. Take immediate action as needed in response to burns, splattered chemicals, fire, or injuries. 

17. Report all accidents and injuries, no matter how minor, to my laboratory instructor. 

18. NEVER FOOL AROUND.  This includes pushing, shoving, throwing objects and so forth.  Poor behavior will result in a grade of zero and removal from the lab.  

I have carefully read and fully understand all the safety precautions summarized above. I recognize that it is my responsibility to observe the precautions throughout my chemistry course. 

Signature _________________________________________________

Date _____________________
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