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Lead-Safe Weatherization (LSW)
Lesson 2: HEALTH EFFECTS OF LEAD 
Workbook/Instructor Manual

Recognizing the hazards associated with lead-based paint is the first step in protecting workers and others from potential poisoning. Identifying the signs and symptoms of exposure, the methods available for assessing a hazardous situation, and the procedures to follow when a hazard is encountered may minimize injury or damage. Because lead in dust cannot be seen or smelled, it is possible to ingest or inhale lead and be unaware of it. The hazards of working with lead-based paint do not stop at the work-site; workers have unknowingly carried lead dust home exposing their families, especially their children, to lead poisoning.
In order to fully understand the hazards associated with lead exposure, it is necessary to understand the effects of lead on the body. Upon completion of this lesson, you will be able to describe and discuss the following questions: 
1. What is “lead poisoning”?
2. How much lead is dangerous?
3. How does lead get into the body?
4. How does lead harm the body?
5. How are blood lead levels measured? 
6. Worker Protection - OSHA
Estimated Completion Time
This lesson is designed to be completed in 1 hour (this may vary depending upon the amount of optional supplemental material, demonstrations, etc. incorporated into the presentation).[footnoteRef:1] [1:  Unless otherwise noted, images are courtesy of Mike Vogel.] 
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WHAT IS LEAD POISONING?
Lead poisoning refers to the health effects associated with an abnormally high level of lead in the bloodstream. Lead does not affect everyone equally. Management guidelines for blood lead levels in adults differ significantly from management guidelines for blood lead levels in children. Once lead gets into the body, it stays in the blood for several months, and can be stored in the bones for 30 years or more. The more lead a person is exposed to, the greater the chance is for lead poisoning. Many small doses of lead over a long period of time can cause lead poisoning as can one large dose of lead in less than a day. A blood test is the only way to find out how much lead exposure has recently occurred and how much lead is in the blood stream. The amount of lead in the blood is called the blood lead level (BLL). The BLL is measured in micrograms (µg) of lead per deciliter (dl) of blood. A microgram is equal to one piece of a single grain of sugar cut into 1,000 pieces. A deciliter, a volume measure, is equal to a little less than a half a cup. A person weighing 165 pounds has about 60 dl of blood.





In 2012 the Centers for Disease Control and Prevention (CDC) changed it’s “blood lead level of concern” from 10 µg/dl in blood to 5 µg/dl in blood.  Imagine that grain of sugar cut into 1,000 pieces. Now picture 5 of those tiny pieces of the sugar grain dissolved in a half cup of liquid. That small amount of lead in the blood can cause significant health problems.











Adult Reactions to Lead
In adults, a blood lead level greater than or equal to 25 µg/dL (micrograms per deciliter) is considered elevated. However, the majority of adults have blood lead levels less than 3 µg/dL. For workers exposed to lead, the Occupational Safety and Health Administration (OSHA) requires the medical reassignment of workers whose blood lead levels reach 
50µg/dl or greater. The following chart gives an estimate of an adult’s reaction to different blood lead levels:

	Adult Reactions to Lead
	Blood Lead Level
	Possible Health Affects

	10 µg/dl
	Increased blood pressure, harmful effects on a fetus, joint and muscle aches.

	25 µg/dl
	Reproductive problems.

	40 µg/dl
	Kidney damage, damage to blood formation.

	60 µg/dl
	Anemia, nerve damage, constipation, stomach pain, irritability, fatigue, memory and concentration problems, clumsiness, drowsiness and sleep problems.

	80 µg/dl
	Blue line on gums, uncontrollable shaking of hands, wrist and foot drop, hallucinations, brain damage, coma, and death.



(STDR 1989)

CHILDREN ARE AT HIGH RISK!
Children can be poisoned by lead very quickly. In children, any blood lead level at or above 5 µg/dL is considered elevated, according to EPA guidelines. Studies with a large number and diverse group of children with low BLLs and associated IQ deficits.  Effects at BLLs <10µg/dL (the previous EPA guidance) are reported for behavioral domains, particularly attention-related behaviors and academic achievement. New findings suggest that the adverse health effect of BLLs less than 10µg/dL in children extend beyond cognitive function to include cardiovascular, immunological, and endocrine effects. Additionally, such effects do not appear to be confined to lower socioeconomic status populations. Therefore, the absence of an identified BLL without deleterious effects combined with the evidence that these effects, in the absence of other interventions, appear to be irreversible, underscores the critical importance of primary prevention.
Since children have a much smaller body mass than adults and absorb more lead, similar exposures between adults and children relate to a much higher body burden of lead in children. Also a child’s rapidly growing brain, nervous system, and body are easily damaged by lead, even by small doses. Children, especially toddlers ages 1-3, are also at a higher risk of lead poisoning because they crawl and play on the floor where lead dust settles and they put their hands and other things into their mouths, thus inhaling and ingesting the lead dust. (Center for Disease Control and Prevention. “Low Level Lead Exposure Harms Children: A Renewed Call for Primary Prevention.” 4 January, 2012. <www.cdc.gov/nech/Lead/ACCLPP/Final_Document_030712.pdf.>).
Every child could react differently to lead exposure; however, the following chart gives a rough estimate of a child’s reaction to various blood lead levels.

	Child Reactions to Lead
	Blood Lead
Levels
	Possible Health Affects 

	10 µg/dl
	Loss in IQ, hearing and growth problems. This is the Center For Disease Control, CDC, and Level of Concern.

	20 µg/dl
	Hyperactivity, poor attention span, difficulty learning, language and speech problems, slower reflexes.

	40 µg/dl
	Poor bone and muscle development, clumsiness, lack of coordination, early anemia, tiredness, drowsiness.

	50 µg/dl
	Stomach aches and cramps, anemia, brain damage.

	150 µg/dl
	Swelling of the brain, seizures, coma, and death.



HOW DOES LEAD GET INTO THE BODY?
There are only two ways that inorganic lead, the type used in lead-based paint, can get into the body: it must be either inhaled or swallowed. There are compounds known as organic leads that can be absorbed through the skin; however, these are not encountered in paints. They are found in solvents, gasoline, etc. The body reads the components of lead much like it does calcium, a harmless and necessary nutrient. Therefore, it readily absorbs and retains lead. This is especially true if the body is lacking in calcium and iron. Up to 50% of the lead that children and pregnant women ingest or inhale is absorbed into their bodies. In contrast, the adult population usually absorbs only 10-15% with the balance excreted.
The major source of lead exposure for children is lead dust.

INGESTION OR INHALATION OF LEAD
IS NEVER HEALTHY!
[image: Babies are sensitive to lead, even at very low levels.]
		Ingestion = Swallowing lead particles. This is 		usually in the form of dust through hand-to-		mouth transfer.

							Inhalation = Breathing in lead particles/dust.Photo source: Cincinnati Children's Hospital





Lead Inhalation
Lead dust is tiny particles that if present in window troughs, door thresholds, flooring and carpeting can become airborne from air infiltration, vacuuming, sweeping and playing. These tiny lead particles can be breathed into the lungs. Once these lead particles are in the lungs, they are quickly absorbed into the blood stream.
Lead Ingestion
Lead particles can be swallowed if eating, drinking, smoking, or placing fingers into the mouth takes place without hand washing after coming into contact with lead dust. The particles of lead go through the digestive system and are slowly absorbed into the blood. Lead ingestion that occurs when hands or fingers are placed into the mouth is called hand-to-mouth. For children, hand-to-mouth lead ingestion is often the result of playing in lead contaminated areas such as soil or carpet adjacent to lead painted surfaces. With lead dust in these areas, lead particles may get on toys and children’s fingers and then be transferred into the mouth. Ingestion is the major pathway of exposure for children.
Lead ingestion for most adults is a result of transfer. This occurs as a result of eating, drinking, or smoking after coming into contact with a lead contamination.
Once lead is inhaled or ingested, lead is deposited in the bone marrow where it reduces the body’s ability to produce blood cells.
Lead has no benefit to the body.
LEAD IS A POISON!

HOW DOES LEAD HARM THE BODY? 
The Heart and Blood
Lead attaches to red blood cells preventing them from carrying oxygen and causing them to die sooner than they normally would. Lead also reduces the body’s ability to make new blood cells, resulting in anemia that causes fatigue. Lead poisoning also may cause high blood pressure increasing the risk of heart attack, stroke and kidney disease.
The Skeletal System 
Lead is deposited in the bone tissue where it reduces the production of new blood cells and competes with calcium. Bones and teeth store 95 percent of the lead in the body. If lead is in the bones instead of calcium, it can be re-released into the blood when the body needs calcium as often occurs when the body is stressed. Once the lead returns to the blood, it causes damage once again. Lead that stays in the body is called body burden.

The Male Reproductive System
The direct effects of lead on the male reproductive system are decreased sex drive, erectile dysfunction, and infertility and damaged sperm. Additionally, female partners of lead-poisoned workers have more miscarriages and premature births and their children have more birth defects.
The Female Reproductive System
As in the male, lead can cause decreased sex drive and infertility in women. In addition, it can cause abnormal menstrual cycles, premature births and miscarriages. Because it is already quickly absorbing extra nutrients for the fetus, a pregnant woman’s body absorbs up to 50% of inhaled or ingested lead. The stress of pregnancy on the body can cause lead to be re-released from the bones, even if the exposure to lead was 20 years earlier. Lead not only makes the woman sick, but causes damage to the fetus as well. Lead affects children by causing birth defects, low birth weights, learning problems and behavioral problems.
The Nervous System
The nervous system is the system most affected by lead. Damage to the brain, spinal cord and nerves is permanent. Brain damage can result in depression, irritability, forgetfulness, clumsiness, and loss of intelligence. At very high doses, lead can cause hallucinations, swelling of the brain, coma and death. Lead damage to nerves usually starts at the hands and feet that may shake or, in severe cases, may become paralyzed. The nervous system of a fetus, infant, or child is affected by even small amounts of lead.
The Kidneys
The kidneys filter out some of the lead in the blood. However, as it is filtered out, the lead damages the kidneys through scarring. Such damage is often not discovered until much kidney function has been lost. Severe lead poisoning can cause kidney failure and result in death.

SYMPTOMS OF LEAD POISONING
Symptoms of lead poisoning may develop quickly but are often not recognized until severe damage has been done. Lead enters the bloodstream and is distributed throughout the body. If not detected early enough, both children and adults are at risk. Symptoms of lead poisoning vary depending on the blood lead level. Low levels of exposure to lead can cause memory and concentration problems, muscle and joint pain, and can affect nervous system function. High levels of lead exposure have been associated with nerve disorders, digestive problems and in extreme cases, death. However, it is important to remember that many individuals show no outward signs of lead poisoning. An individual may have an elevated blood lead level even if they appear healthy and show no signs of lead poisoning.


[bookmark: symptoms]
What are some symptoms of lead poisoning?
Lead poisoning symptoms are frequently mistaken for the indications of a cold or flu virus. Sometimes these symptoms can come and go for several months, making it difficult for the afflicted person to recognize them as a serious health threat. A child with lead poisoning may appear healthy because the obvious symptoms often do not develop until the condition is serious and permanent damage has been done. Once the lead poisoning has been discovered, the effects of it may be difficult to identify. The following is a list of signs of lead poisoning:
· Tiredness.			
· [image: http://media.mcclatchydc.com/smedia/2007/08/15/19/362-20070815-TOYRECALL-lead.large.prod_affiliate.91.jpg]Wrist or foot drop.
· Sleep problems.			
· Weakness.
· Dizziness.			
· Clumsiness.
· Irritability.			
· Joint and muscle pain.
· Nervousness.
· Vomiting.
· Headaches.
· Loss of appetite.
· Difficulty concentrating.
· Stomach aches.
· Depression.
· Constipation.
· Forgetfulness.
· Metallic taste in mouth.
· Hyperactivity.
· Numbness.
· Increased risk of birth defects.




[image: Early Symptoms of Lead Poisoning][image: Later Symptoms of Lead Poisoning]

Incidence of Lead Poisoning 
Current information from HUD indicates that 24 million homes contain lead-based paint, with many of these homes with children under the age of six. The major indicators for the presence of lead-based paint hazards in housing are the unit’s age and condition including recent remodeling, rehabilitation or aggressive disturbance of painted surfaces.
Because weatherization programs serve many older homes, lead-safe weatherization practices must be implemented in all homes built prior to 1978. 

WORKER PROTECTION - OSHA
Even if DOE and EPA did not have rules dealing with lead exposure to workers implementing Lead-Safe Weatherization, the Occupational Safety and Health Administration (OSHA) is an agency of the Department of Labor which writes and enforces rules protecting workers on the job
To protect employees from lead hazards, the OSHA Lead in Construction Standard (29 CFR 1926.62) was developed. The Standard became law on June 3, 1993. The OSHA Standard set two legal limits for the amount of lead workers are allowed to breathe.





Action Level
The Action Level for lead is 30 micrograms per cubic meter (μg/m3). The Action Level is like a yield sign. It means caution! 
The Action Level is an average of the amount of lead in the air over an eight-hour period. If the work area has or is expected to have airborne levels of lead at or above 30 μg/m3 of air, the employer must train the workers on the hazards of working with lead and provide special medical exams called medical surveillance.
Permissible Exposure Level
The Permissible Exposure Limit (PEL) for lead is 50 μg/m3. The PEL is like a stop sign. It means go no higher!
The employer is not allowed to let workers inhale lead in concentrations of more than 50 μg/m3 of air without proper protection. If the workers are in an area with more lead in the air than the PEL, the employer must reduce the exposure. The PEL is the highest average amount of lead exposure allowed for workers. 
How Much Lead Can Workers Be Exposed To?
The PEL (50 μg/m3) is a very small amount of lead. If one microgram is equal to one thousandth of a grain of sugar and a mailbox has a volume of approximately one cubic meter, the PEL would equal 50 of those tiny sugar fragments (1/1000 of a sugar grain) inside of a mailbox. When performing a task with exposure to lead concentrations of 50 μg/m3 of air or more for a standard eight-hour shift, the worker is at the permissible exposure limit:

One Grain of Sugar ÷1000 = One Microgram














The action level and PEL are based on the average level of airborne lead during an eight- hour day. If the exposure to lead is for more than eight hours a day, the action level and PEL must be adjusted.
OSHA Required Protection and Responsibility. 
The OSHA Lead in Construction Standard states that if exposure to airborne levels of lead is above the PEL, the employer must implement strategies to reduce the exposure. Such strategies include:
· Training on lead hazards.	
· Work Practice and Engineering Controls.
· Protective Clothing.
· Change areas.
· Washing facilities.
· Showers (when feasible).
· Protective equipment.
· Respirators.
· Medical surveillance.
OSHA Required Training. Illustration source: U.S. EPA

The OSHA Standard requires employers provide training to anyone: 
· Working with lead at or above the action level (30 μg/m3). 
· Performing any lead-related task that is presumed to expose a worker to lead levels above the action level.
· Using lead compounds that cause eye or skin irritation.
The training should cover:
· OSHA Lead in Construction Standard.
· Jobs that expose workers to lead above the Action Level.
· Information on respirators including uses, types, and the importance of a proper fit.
· Medical exams required for everyone working with lead.
· Strategies the employer can use to reduce lead exposure.
OSHA Required Work Practice and Engineering Controls.
Employers produce a compliance program that list in writing the various work practices and engineering controls used to reduce lead exposure. Examples of these types of controls would be:
· Using materials or tools that produce less lead dust or fewer fumes.
· Changing the way a job is performed to create less dust.
· Rotating schedules to reduce worker exposure to lead.
· Providing respirators and protective clothing.



OSHA Required – Workplace.[bookmark: _GoBack]WARNING!

LEAD WORK AREA

NO SMOKING, DRINKING, OR EATING

The OSHA Standard states that all surfaces are kept as free of lead as possible. Floors and other surfaces must be cleaned with a vacuum using a high efficiency particulate air (HEPA) filter. Shoveling, dry-sweeping, wet-sweeping, and brushing are only used on the job site if vacuuming is proven ineffective [OSHA 1926.62 (h)(3)]. Employers must not allow workers to eat, drink, smoke, chew tobacco, or apply cosmetics in a work area where exposure to lead is above the PEL. They must provide a place where anyone exposed above the PEL can eat and drink safely away from lead.
Whenever working with lead, employers must provide a place for washing and must require employees to wash at the end of each work-shift. The OSHA Standard requires employers to provide a place where anyone exposed above the PEL can change into and out of work clothes (and shower if feasible). If employers decide having a shower is not feasible, they must be able to explain their reasoning to any OSHA inspector who comes to the site. Your employer must post warning signs in the work area where employees are exposed to lead levels above the PEL.


END of LESSON 2.
Proceed with Review

















LESSON 2: SUMMARY & REVIEW
What is Lead Poisoning?
· Lead poisoning refers to the health effects associated with an abnormally high level of lead in the blood.
· The signs and symptoms are often mistaken for a cold or the flu.
· Sometimes there are no symptoms at all until the damage is significant.
· Sometimes the symptoms come and go.
 How Does Lead Get Into The Body?
Lead dust particles or fumes can be inhaled.
· Lead dust can be ingested by “hand-to-mouth” contact or by transfer. 
· Children are at a higher risk because they have more frequent hand-to-mouth contact.
· The major source of exposure for children is lead dust.
· Children and pregnant women absorb up to 50% of the lead they ingest or inhale.
· Adults absorb about 10-15% of the lead ingested or inhaled.
How Does Lead Harm The Body?
· Lead can cause permanent damage, even in small doses.
· Children’s developing brains and bodies are easily damaged by lead.
· Lead can affect EVERY major body system (blood, heart, kidneys, nervous system, bones, and reproductive systems).
· Lead is stored in the blood for approximately 25 days, the soft tissues for 4 days, and in the bones for more than 25 years.
· Lead can be released from the bones during times of stress.
· Lead can cause stillbirths and miscarriages.
· Lead can cause behavioral, developmental, and learning problems in children.
 How Is Lead In The Body Measured?			
· Blood tests determine how much lead is in the blood.
· Results of blood tests are called “Blood Lead Levels”.
· Blood Lead Levels are reported in µg/dl (micrograms of lead per deciliter of blood).
How Much Lead In The Blood Is Dangerous?
· The CDC’s “level of concern” for children is 5 µg/dL.
· At 50 µg/dL, OSHA requires that a worker be removed from a lead-related task until Blood Lead Levels are reduced.
· Even relatively low lead levels in blood can cause serious health problems.


The OSHA Lead in Construction Standard
· Protects workers from exposure to lead-hazards.
· AL = “Action Level” 30/ μg/m3 ; “Caution” = training and medical exams must be provided.
· PEL = “Permissible Exposure Limit”; “STOP” = employer must reduce exposure.
· To adjust the PEL, divide 400 by the number of hours of exposure in one workday.
· Employers must provide training to anyone who may be or who has been shown to have been exposed at or above the action level.
· Employers must develop a compliance program that lists in writing all ways they are trying to reduce employee exposure to lead. 
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