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Chapter 1 - Chemical Safety

1.1  Introduction                            

The objective of this chapter is to provide guidance to all [Company_Name] employees and participating guests who use hazardous materials so that they may perform their work safely.  Many of these materials are specifically explosive, corrosive, flammable, or toxic; they may have properties that combine these hazards.  Many chemicals are relatively non-hazardous by themselves but become dangerous when they interact with other substances, either in planned experiments or by accidental contact. To avoid injury and/or property damage, persons who handle chemicals in any area of the Company must understand the hazardous properties of the chemicals with which they will be working.  Before using a specific chemical, safe handling methods must always be reviewed.  Supervisors are responsible for ensuring that the equipment needed to work safely with chemicals is provided.  The cost of this equipment is borne by the Company. 

1.2  Hazcom Plan                             

The Hazard Communication Standard, also known as the Right-to-Know Law, was first

enacted on November 25, 1983, by the Occupational Safety and Health Administration

(OSHA). On May 25, 1986 the Occupational Safety and Health Administration (OSHA) placed in effect the requirements of a new standard called Hazard Communication (29 CFR 1910.1200).  
 It was later modified with minor changes and technical amendments to take

effect March 11, 1994. The standard is referenced by Title 29, Code of Federal

Regulations (CFR) 1910.1200 and amended in the February 9, 1994, Federal Register.

The purpose of the standard is to ensure that chemical hazards in the workplace are

identified and evaluated and that information concerning these hazards is communicated to employers and employees. This transfer of information is to be accomplished by means of a comprehensive hazard communication program, which includes container labeling and other forms of warning, Material Safety Data

Sheets (MSDS) and employee training.
As of March 26, 2012, OSHA has adopted new hazardous chemical labeling requirements as a part of its recent revision of the Hazard Communication Standard, 29 CFR 1910.1200 (HCS), bringing it into alignment with the United Nations’ Globally Harmonized System of Classification and Labelling of Chemicals (GHS). 
OSHA has modified the Hazard Communication Standard (HCS 2012) to adopt the Globally Harmonized System (GHS) to improve safety and health of workers through more effective communications on chemical hazards. These changes will help ensure improved quality and consistency in the classification and labeling of all chemicals, and will also enhance worker comprehension. As a result, workers will have better information available on the safe handling and use of hazardous chemicals, thereby allowing them to avoid injuries and illnesses related to exposures to hazardous chemicals. 
The revised HCS changes the existing Hazard Communication Standard (HCS/HazCom 19941) from a performance-based standard to one that has more structured requirements for the labeling of chemicals. The revised standard requires that information about chemical hazards be conveyed on labels using quick visual notations to alert the user, providing immediate recognition of the hazards. Labels must also provide instructions on how to handle the chemical so that chemical users are informed about how to protect themselves.
The Globally Harmonized System(GHS) is an international approach to hazard communication, providing a new system for classification of chemical hazards, and a standardized approach to labels and safety data sheets. For further details on the preceeding chapter titled “Globally Harmonized System – GHS”.
1.2.a   Requirements

This standard establishes requirements to ensure that chemical hazards in the workplace are identified and that this information, along with information on protective measures, is transmitted to all affected employees. This section describes how [Company_Name] employees are informed of the potential chemical hazards in their work area so they can avoid harmful exposures and safeguard their health.  Components of this program include labeling, preparing a material safety data sheet (SDS), and training. With regard to SDS, [Company_Name] has limited coverage under the OSHA Hazard Communication Standard.  The Company is required to maintain only those sheets that are received with incoming shipments for the following reasons:  the Company commonly uses small quantities of many different hazardous materials for short periods of time; that the hazards change, often unpredictably; many materials are of unknown composition and most workers are highly trained. Responsibilities of Supervisors/Management Identify hazards for respective work areas. Ensure hazards are properly labeled. Obtain/maintain copies of Safety Data Sheets, as required, of each hazardous material used in the work area and make them accessible to employees during each work shift. Have the written Hazard Communication Program available to all employees. Provide hazard-specific training for employees. Identify hazardous materials in the hazard review section of the [Company_Name] purchase requisition form. Employees must: Attend safety training meetings. Perform operations in safe manner. Notify management immediately of any safety hazards or injuries. When ordering materials, identify hazardous chemicals in the hazard review section of the [Company_Name] purchase requisition form. The Responsible Safety Officer must: Develop a written Hazard Communication Program. The HAZCOM Program is not part of this written Safety Program. Maintain a central file of Safety Data Sheets. Review and update [Company_Name] stock safety labels. Provide generic training programs. Assist supervisors in developing hazard-specific training programs. Oversee the Hazard Communication Standard written policy and implementation plans. Alert on-site contractors to hazardous materials in work areas. Alert on-site contractors that they must provide to their employees information on hazardous materials they bring to the work site. The number of hazardous chemicals and the number of reactions between them is so large that prior knowledge of all potential hazards cannot be assumed.  Therefore, when the chemical properties of a material are not fully known, it should be assumed hazardous and used in as small quantities as possible to minimize exposure and thus reduce the magnitude of unexpected events. The following general safety precautions should be observed when working with chemicals: Keep the work area clean and orderly. Use the necessary safety equipment. Carefully label every container with the identity of its contents and appropriate hazard warnings. Store incompatible chemicals in separate areas. Substitute less toxic materials whenever possible. Limit the volume of volatile or flammable material to the minimum needed for short operation periods. Provide means of containing the material if equipment or containers should break or spill their contents. Follow the requirements of this manual, if systems that can generate pressure or are operated under pressure are involved. Provide a back-up method of shutting off power to a heat source if any hazard is involved. Obtain and read the Safety Data Sheets. 

1.3  Task Evaluation                         

Each task that requires the use of chemicals must be evaluated to determine the potential hazards associated with the work.  This hazard evaluation must include the chemical or combination of chemicals that will be used in the work, as well as other materials that will be used near the work.  If a malfunction during the operation has the potential to cause serious injury or property damage, an Operational Safety Procedure (OSP) must be prepared and followed.  Operations must be planned to minimize the generation of hazardous wastes.  Additionally, unused chemicals should be recycled. 

1.4  Supervisor Responsibility               

Supervisors are responsible for establishing safe procedures and for ensuring that the protective equipment needed to work with the chemicals is available.  Supervisors must instruct their workers about possible hazards, safety precautions that must be observed, possible consequences of an accident, and procedures to follow if an accident does occur.  The supervisor is required to enforce the proper use of protective equipment and the established safety practices. It is the responsibility of employees and all who use [Company_Name] facilities to understand the properties of the chemicals with which they will work and to follow all precautions that apply to each specific task. When faced with an unexpected threat of malfunction, injury, or damage, employees are expected to choose a course of action that provides the most protection to themselves and to others in the area.  Every employee is expected to report to the supervisor any unsafe condition seen in the area that would not permit him/her to work safely. The Responsible Safety Officer assists employees and supervisors to work safely by providing information on the hazardous properties of materials, recommending methods for controlling the hazards of specific operations, and by monitoring the work environment. Supervisors must instruct their personnel about the potential hazards involved in the work, proper safety precautions to follow, and emergency procedures to use if an accident should occur.  To supplement the supervisor's training, the Responsible Safety Officer will conduct training courses and materials on selected topics.  In addition, Safety Data Sheets and safety information, including hazards, health effects, potential routes of exposure, proper handling precautions, and emergency procedures on specific chemicals, are available through the Responsible Safety Officer's office. 

1.5  Effects on Reproduction                 

Both men and women may be exposed to hazardous agents that can cause infertility or result in genetic damage that is passed on to offspring. These agents include ionizing radiation, alcohol, cigarette smoke, pharmaceuticals, and some of the thousands of different chemicals that are used in the home or workplace.  Although many of these have been tested to determine whether they cause acute (immediate) effects on the body, few have been studied to see if they cause cancer (carcinogens), birth defects (teratogens), or genetic defects (mutagens).  Even fewer have been studied to see if they can cause infertility, menstrual disorders, or other disorders relating to reproduction. The primary path for hazardous substances to reach an unborn child is through the placenta.  Scientists now believe that most chemical substances or drugs can cross this barrier with varying degrees of ease and enter the system of the developing fetus.  Thus, many chemicals and drugs that enter a pregnant woman's body (through breathing, swallowing, absorption through the skin, etc.) will eventually enter the mother's blood circulation and find their way into the unborn child. In general, the important questions of exactly how much of the toxic substance that enters the mother's body will reach the fetus or what concentration the fetus can tolerate without harmful effects are not yet answered. The fetus may be most vulnerable in the early weeks of pregnancy, but it is also at risk later in pregnancy.  In light of the potential harm of workplace exposures to both a pregnant woman and her developing fetus, it is very important and required by [Company_Name] policy for the woman to inform the Responsible Safety Officer of her pregnancy immediately. 

1.6  Airborne Contaminants                   

Exposures by inhalation of airborne contaminants (gases, vapors, fumes, dusts, and mists) must not exceed the levels listed in the latest edition of Threshold Limit Values of Airborne Contaminants (TLV) published by the American Conference of Governmental Industrial Hygienists.  These TLV levels refer to airborne concentrations of substances and represent conditions under which it is believed that workers may be repeatedly exposed without adverse effect. In all cases of potentially harmful exposure, feasible engineering or administrative controls must first be established.  In cases where respiratory protective equipment, alone or with other control measures, is required to protect the employee, the protective equipment must be approved by the Responsible Safety Officer, for each specific use. 

1.6.a   OZONE Safety

OSHA regulates employee exposure to ozone gas through its Air Contaminants Standard, 29 CFR 1910.1000 as noted below. The permissible exposure limit (PEL) is listed in Table Z-1 as an 8-hour, time-weighted average value of 0.1 part of ozone per million parts of air (ppm). Rule 29 CFR 1910.1000(e) requires that administrative or engineering controls must first be identified and implemented whenever feasible to achieve compliance with the PEL. When such controls are not feasible to achieve compliance, personal protective equipment, respirators, or any other protective measures shall be used to keep the exposure of employees to ozone gas within the PEL. 

	Another applicable OSHA standard is the Hazard Communication Standard (HCS), 29 CFR 1910.1200. This is touched on below in this chapter but is covered in a separate chapter. The HCS provides workers exposed to hazardous chemicals with the "right to know" the identities and hazards of those materials, as well as appropriate protective measures. When workers have such information, they are able to take steps to protect themselves from experiencing adverse effects from chemical exposure. 

The HCS requires employers to develop and implement a written hazard communication program for their workplace if their employees are exposed to hazardous chemicals. Employers are also required to ensure containers are labeled with an appropriate hazard warning; maintain Safety Data Sheets (SDSs) in the workplace and make them readily accessible to exposed workers; and train employees to understand the hazards, know how to protect themselves, and be able to use the available labels and SDSs. The labels and SDSs are developed by the chemical manufacturer or importer of the product and provided to downstream employers when they obtain the hazardous chemical for use in the workplace. 


1.6.b   Air Contaminants Standard, 29 CFR 1910.1000
1910.1000(a) (1) 

Substances with limits preceded by "C" - Ceiling Values. An employee's exposure to any substance in Table Z-1, the exposure limit of which is preceded by a "C", shall at no time exceed the exposure limit given for that substance. If instantaneous monitoring is not feasible, then the ceiling shall be assessed as a 15-minute time weighted average exposure which shall not be exceeded at any time during the working day. For a list of all substances covered in Table Z-1 please see the following link:

http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9992
1910.1000(a) (2) 

Other substances -- 8-hour Time Weighted Averages. An employee's exposure to any substance in Table Z-1, the exposure limit of which is not preceded by a "C", shall not exceed the 8-hour Time Weighted Average given for that substance any 8-hour work shift of a 40-hour work week.

1910.1000(b) 

Table Z-2. An employee's exposure to any substance listed in Table Z-2 shall not exceed the exposure limits specified as follows:
1910.1000(b) (1) 

8-hour time weighted averages. An employee's exposure to any substance listed in Table Z-2, in any 8-hour work shift of a 40-hour work week, shall not exceed the 8-hour time weighted average limit given for that substance in Table Z-2.

1910.1000(b) (2) 

Acceptable ceiling concentrations. An employee's exposure to a substance listed in Table Z-2 shall not exceed at any time during an 8-hour shift the acceptable ceiling concentration limit given for the substance in the table, except for a time period, and up to a concentration not exceeding the maximum duration and concentration allowed in the column under "acceptable maximum peak above the acceptable ceiling concentration for an 8-hour shift".
1910.1000(b) (3) 

Example. During an 8-hour work shift, an employee may be exposed to a concentration of Substance A (with a 10 ppm TWA, 25 ppm ceiling and 50 ppm peak) above 25 ppm (but never above 50 ppm) only for a maximum period of 10 minutes. Such exposure must be compensated by exposures to concentrations less than 10 ppm so that the cumulative exposure for the entire 8-hour work shift does not exceed a weighted average of 10 ppm.
1910.1000(c) 

Table Z-3. An employee's exposure to any substance listed in Table Z-3, in any 8-hour work shift of a 40-hour work week, shall not exceed the 8-hour time weighted average limit given for that substance in the table.
1910.1000(d) 

Computation formulae. The computation formula which shall apply to employee exposure to more than one substance for which 8-hour time weighted averages are listed in subpart Z of 29 CFR Part 1910 in order to determine whether an employee is exposed over the regulatory limit is as follows:
1910.1000(d) (1) (i) 

The cumulative exposure for an 8-hour work shift shall be computed as follows: 

E = (Ca Ta+Cb Tb+. . .Cn Tn)÷8

Where:

E is the equivalent exposure for the working shift.

C is the concentration during any period of time T where the concentration remains constant.

T is the duration in hours of the exposure at the concentration C.

The value of E shall not exceed the 8-hour time weighted average specified in Subpart Z or 29 CFR Part 1910 for the substance involved.
1910.1000(d)(1)(ii) 

To illustrate the formula prescribed in paragraph (d)(1)(i) of this section, assume that Substance A has an 8-hour time weighted average limit of 100 ppm noted in Table Z-1. Assume that an employee is subject to the following exposure: 

Two hours exposure at 150 ppm
Two hours exposure at 75 ppm
Four hours exposure at 50 ppm

Substituting this information in the formula, we have

(2×150 + 2×75 + 4×50)÷8 = 81.25 ppm

Since 81.25 ppm is less than 100 ppm, the 8-hour time weighted average limit, the exposure is acceptable.

1910.1000(d)(2)(i) 

in case of a mixture of air contaminants an employer shall compute the equivalent exposure as follows: 

Em=(C1÷L1+C2÷L2)+. . .(Cn÷Ln)

Where:

Em is the equivalent exposure for the mixture.

C is the concentration of a particular contaminant.

L is the exposure limit for that substance specified in Subpart Z of 29 CFR Part 1910.

The value of Em shall not exceed unity (1).

1910.1000(d)(2)(ii) 

To illustrate the formula prescribed in paragraph (d)(2)(i) of this section, consider the following exposures:
	
Substance
	Actual concentration of 8-hour exposure (ppm)
	
8-hour TWA PEL (ppm)

	B .....................................................................
	500
	1,000

	C .....................................................................
	45
	200

	D .....................................................................
	40
	200




Substituting in the formula, we have:

Em=500÷1,000+45÷200+40÷200
Em=0.500+0.225+0.200
Em=0.925

Since Em is less than unity (1), the exposure combination is within acceptable limits.

1910.1000(e) 

To achieve compliance with paragraphs (a) through (d) of this section, administrative or engineering controls must first be determined and implemented whenever feasible. When such controls are not feasible to achieve full compliance, protective equipment or any other protective measures shall be used to keep the exposure of employees to air contaminants within the limits prescribed in this section. Any equipment and/or technical measures used for this purpose must be approved for each particular use by a competent industrial hygienist or other technically qualified person. Whenever respirators are used, their use shall comply with the section on Respirators.

1.6.c   Hazard Communication Standard (HCS), 29 CFR 1910.1200
The purpose of this section is to ensure that the hazards of all chemicals produced or imported are evaluated, and that information concerning their hazards is transmitted to employers and employees. This transmittal of information is to be accomplished by means of comprehensive hazard communication programs, which are to include container labeling and other forms of warning, Safety Data Sheets and employee training. The Hazard Communication Standard is covered in a separate chapter, please refer to this chapter for further details.

1.7  Safety Equipment                        

Eyewash fountains are required if the substance in use presents an eye hazard.  The eyewash fountain must provide a soft stream or spray of aerated water. In areas where a corrosive chemical or rapid fire hazard exists, safety showers must be provided for immediate first aid treatment of chemical splashes and for extinguishing clothing fires.  The shower must be capable of drenching the victim immediately in the event of an emergency. Eyewash fountains and safety showers should be located close to each other so that, if necessary, the eyes can be washed while the body is showered. Access to these facilities must always remain open.  In case of accident, flush the affected part for at least 15 minutes.  Report the accident to the Responsible Safety Officer immediately. A special first aid treatment kit for fluorine and hydrofluoric acid burns is prepared by the Medical Services Department.  The kit is obtained by contacting the Responsible Safety Officer. Safety shields must be used for protection against possible explosions or splash hazards.  Company equipment must be shielded on all sides so that there is no line-of-sight exposure of personnel.  The sash on a chemical fume hood is a readily available partial shield.  However, a portable shield must also be used, particularly with hoods that have vertical-rising sashes rather than horizontal-sliding sashes. 

1.8  Labels                                  

All containers (including glassware, safety cans, and plastic squeeze bottles) must have labels that identify their chemical contents.  Labels should also contain information on the hazards associated with the use of the chemical.  Precautionary labels are available from [Company_Name] stock room for most of the common chemicals. 

1.9  Chemical Storage                        

The separation of chemicals (solids or liquids) during storage is necessary to reduce the possibility of unwanted chemical reactions caused by accidental mixing.  Explosives such as picric acid should be stored separately outdoors.  Use either distance or barriers (e.g., trays) to isolate chemicals into the following groups: Flammable liquids (e.g., acetone, benzene, ethers, and alcohols).  Place in approved fire lockers. Other liquids (e.g., chloroform, trichloroethane). Acids (e.g., nitric, sulfuric, hydrochloric, perchloric).  *   Treat acetic acid as a flammable liquid. Bases (e.g., sodium hydroxide, ammonium hydroxide). Lips, strips, or bars should be installed across the width of reagent shelves to restrain the chemicals in case of earthquake. Chemicals must not be stored in the same refrigerator used for food storage.  Refrigerators used for storing chemicals must be appropriately identified by placing a label on the door (labels may be obtained from Responsible Safety Officer). 

1.10  Emergencies                             

In case of an emergency, consider any of the following actions if appropriate: Evacuate people from the area. Isolate the area. If the material is flammable, turn off ignition and heat sources. Call the Fire Department or 911 for assistance. Wear appropriate personal protective equipment. Pour Sorb-all or appropriate neutralizing agent on spill. Clean up; place waste in plastic bag for disposal. Chemical spill cleanup materials are available from stores as listed below: Flammable solvent spill kit Flammable solvent absorbent Acid spill kit Acid spill absorbent Caustic (base) spill kit Caustic (base) absorbent Safety equipment kit (contains scoops, sponge, safety glasses, disposal bags, etc.) Cabinet to hold kits 

1.11  Disposal of Chemicals                   

All [Company_Name] employees, participating guests, and visitors using hazardous chemicals are responsible for disposing of these chemicals safely. Federal and state regulations mandate strict disposal procedures for chemicals.  To comply with these regulations all persons using Company facilities must observe these procedures. Routine Disposal of Chemicals In general the disposal of hazardous chemicals to the sanitary sewer is not permitted.  The Responsible Safety Officer will advise on the proper disposal of chemical wastes. In using chemical waste storage containers, certain procedures must be observed, as listed below: Incompatible chemicals must not be mixed in the same container (e.g., acids should not be mixed with bases; organic liquids should not be mixed with strong oxidizing agents). Waste oils must be collected in 55-gallon drums.  Disposal solids, and explosive materials must be stored in separate containers. The following requirements must be met as a condition for pickup and disposal of chemicals by the Responsible Safety Officer: Chemicals must be separated into compatible groups. Leaking containers of any sort will not be accepted. Dry materials (gloves, wipes, pipettes, etc.) must be securely contained in plastic bags and over packed in a cardboard box.  Packages that are wet or have sharp protruding objects will not be accepted for pick up. Unknown chemicals will require special handling.  The responsible department must make every effort to identify the material that is to be disposed.  If all the user's attempts to identify the waste chemicals have failed, the Responsible Safety Officer will accept the waste and analyze the material.  For more information call the Responsible Safety Officer. Each breakable container must be properly boxed.  Place all bottles in plastic bags, then place in a sturdy container and use an absorbent cushioning material that is compatible with the chemicals. Each primary container must be labeled with content, amount, physical state, and the percentage breakdown of a mixture. Each box must have a complete list of contents or description written on an official Responsible Safety Officer hazardous materials packing list.  Blank packing lists are available from the Responsible Safety Officer. For safety purposes, boxes must be of a size and weight so that one person can handle them.  Boxes that exceed 45 pounds or 18 inches on a side cannot be safely handled by one person and will not be acceptable for pick up. General Housekeeping Rules: Maintain the smallest possible inventory of chemicals to meet your immediate needs. Periodically review your stock of chemicals on hand. Ensure that storage areas, or equipment containing large quantities of chemicals, are secure from accidental spills. Rinse emptied bottles that contain acids or inflammable solvents before disposal. Recycle unused laboratory chemicals wherever possible. DO NOT: Place hazardous chemicals in salvage or garbage receptacles. Pour chemicals onto the ground. Dispose of chemicals through the storm drain system. Dispose of highly toxic, malodorous, or lachrymatory chemicals down sinks or sewer drains. 

1.12  Beryllium                               

Beryllium is used predominantly in three forms:  beryllium metal, beryllium oxide, and beryllium-copper alloys.  Beryllium-copper alloys may consist of 0.5 to 4% beryllium, although the most common alloy has about 2% beryllium. Beryllium may also be alloyed with other metals, such as nickel and cobalt, or be found as a salt, e.g., beryllium fluoride, chloride, nitrate, or sulfate, and as beryllium hydroxide. Exposure to beryllium and its compounds can damage the skin, eyes, and respiratory system.  The soluble beryllium salts, especially the fluoride and sulfate, are skin sensitizers and in high concentrations are also primary skin irritants.  If beryllium gets into broken skin, the cut may abscess and not heal properly until the substance is removed.  Eye irritations are also common, and splash-burns can cause damage to the cornea.  Breathing dust and fumes, however, is the most common cause of beryllium poisoning.  The effects of inhaling high levels of beryllium can range from mild inflammation of the nose and throat, a condition that resembles a cold, to a severe pneumonia-like reaction characterized by coughing, difficulty in breathing, pain and tightness in the chest, loss of appetite, and general fatigue.  The effects of inhaling low levels of beryllium over an extended period of time may be delayed from a few months to years after the last exposure.  Chronic beryllium poisoning in most cases affects the respiratory tract.  The onset may be manifested by weakness, loss of weight, shortness of breath, and coughing. Beryllium dusts or powders constitute a moderate fire hazard.  However, any fire involving beryllium is a serious threat to the health of nearby personnel. Avoid skin contact with beryllium salts or salt solutions, and do not allow metallic beryllium to come in contact with open wounds or abrasions.  Wear gloves when handling beryllium or beryllium compounds when loose contamination (dust or chips) is present.  There is no danger in ordinary skin contact with beryllium metal, alloys, or fused-ceramic material. All operations involving the generation of airborne beryllium must be done under controlled conditions for which concurrence must be obtained from the Responsible Safety Officer.  Operations such as machining, grinding, welding, cutting, drilling, sawing, and milling must be enclosed and the exhaust ventilated through high-efficiency filters.  A hazardous concentration of beryllium fumes may be generated when the metal is heated above 650C (1200F), or when the oxide is heated above 1540C (2800F). Scrupulous adherence to good housekeeping practices and plant and personal cleanliness is an obvious necessity. All beryllium parts must be stored and transported in labeled containers. One of the following labels may be used. "Beryllium (Beryllium oxides)" "Contains Beryllium" All beryllium and beryllium-contaminated waste must be placed in properly marked containers and picked up by the Decontamination and Waste Disposal Section. The following work on beryllium-copper alloys may be performed without special controls: lathe cutting using a coolant, shearing, forming, hand sawing, hand filing, hand sanding, and soft soldering in a hood. 

1.13  Cadmium                                 

The greatest exposure potential is probably from welding or burning cadmium-plated parts and brazing or silver soldering with cadmium-containing rods and wires.  These brazing alloys contain 15 to 19% cadmium. Finely divided cadmium metal and cadmium oxide fumes are highly toxic and must not be inhaled or ingested.  A single exposure to high levels of cadmium in the air can cause severe lung irritation, which may be fatal. Symptoms usually appear 4 to 10 hours after exposure when cough, labored breathing, and commonly a feeling of constriction or a burning sensation in the chest develop.  Generalized flu-like symptoms characterized by shaky chills, sweating, aching in the extremities and back, headache, and dizziness may also develop.  Continued exposure to low levels of cadmium in the air can result in chronic poisoning characterized by irreversible lung injury and kidney damage.  Cadmium is suspected of causing cancer in humans.  Symptoms of the cumulative effects of cadmium may appear after exposure has terminated. Cadmium metal dust will burn with the evolution of a very hazardous brownish-yellow fume. Remove all cadmium from plated parts before welding or burning. Substitute cadmium-free silver solder whenever possible. When cadmium is melted, temperatures should be kept as low as possible, consistent with the requirement of the operation, to prevent excessive fume generation. Indoor work or continuous outdoor work that involves the generation of airborne cadmium must be enclosed to the maximum extent practical and be provided with a good exhaust system that collects and removes the fumes as they are formed.  If the work is outdoor and intermittent, a properly fitted fume respirator must be used.  In confined spaces where an exhaust system is not practical, a supplied-air respirator must be worn. Evaluation of exhaust systems and work situations and supply of respiratory protective equipment are available from the Responsible Safety Officer. Cadmium-containing and cadmium-plated parts should be kept separate from parts not containing cadmium and marked appropriately so that accidental exposures resulting from cutting and welding will not occur. When there is cadmium dust, cleaning must be performed by vacuum pickup or wet mopping.  No dry sweeping or blowing is permitted. 
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