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When the index finger activates the trigger mechanism of a firearm and it discharges, the 
action is usually intended. Under some conditions, however, this action can occur even 
though the person holding the firearm did not intend it. Because these conditions are 
very difficult to simulate in a laboratory, there are no scientific studies that specifically 
examine the unintended discharges of a firearm. Nonetheless, there is sufficient 
information in the scientific literature to help us understand the physiological reasons for 
the unintentional discharge of a firearm. The purpose of this commentary is to describe 
both the physiological basis for this phenomenon and the cues that could be used by 
firearms instructors to minimize its occurrence.  How is it possible for a person holding a 
firearm to experience an unintentional discharge?  The answer is that the muscles 
responsible for moving the index finger and depressing the trigger 
do so without the individual realizing that this happens. To a physiologist, this is not so 
unusual because individuals are not aware of most muscle actions that they perform 
during activities of daily living. When a muscle is activated by a direct command from the 
brain, the action is intended. This is known as a voluntary contraction (Prochazka, 
Clarac, Loeb, Rothwell & Wolpaw, 2000).  However, muscles can also be activated by 
signals that arise from other locations within the nervous system besides the brain and 
such activation produces a muscle contraction that is not the result of a conscious 
decision. These actions are known as involuntary contractions. Unintentional discharges, 
which are not accidental discharges, are the result of involuntary muscle contractions 
that occur during the appropriate handling of a firearm. This article explains how 
involuntary muscle contractions can cause the unintentional discharge of a firearm. 
 
ANATOMY OF THE HUMAN BODY 
 
The foundation of the human body is the skeleton, which comprises a few hundred 
bones that are connected at joints by ligaments and other soft tissue. In biomechanical 
studies of human movement, the body is often described as consisting of about 17 
segments based on the structure of the skeleton, where one segment represents the part 
of the body between two major joints  Our limbs each comprise three segments: the 
hand, forearm, and upper arm for the arm and the foot, lower leg, and thigh for the leg. 
The forearm segment, for example, corresponds to the body structures located between 
the elbow and wrist and the thigh segment refers to the body structures that lie between  
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the hip and knee joints. Movement involves the rotation of body segments about 
neighboring segments, even when the task is to move in a straight line from one position 
to another. In walking, the motion of one leg consists of the thigh segment rotating about 
the hip joint, the lower leg rotating about the knee joint, and the foot rotating about the 
ankle joint.  The muscles that span the joints between adjacent body segments control 
these rotations. For example, muscles on the front (quadriceps femoris) and back 
(hamstrings) of the thigh control the motion of the lower leg about the knee joint, such as 
bending the knee. Muscles are activated to produce such actions by nerve cells that are 
located in the spinal cord, but only after the nerve cells themselves have been activated 
by signals either from the brain (voluntary contractions) or from other parts of the 
nervous system (involuntary contractions). Two points about this anatomy are important 
for a discussion of involuntary contractions in hand muscles: (1) the position of the hand 
while standing depends on the relative orientation of all the body segments located 
between the hand and the feet (Scholz, Schöner, & Latash, 1999). Due to this 
anatomical coupling, displacement of any intervening body segment will cause the hand 
to move; and (2) it is essentially impossible for one body segment to perform an action 
without causing other body segments to move. This second effect, which is most obvious 
during rapid and forceful actions, represents a biomechanical coupling between the body 
segments. To prevent the biomechanical coupling from causing unintended actions in 
other body segments, the nervous system must activate other muscles to counteract this 
effect (Darling & Cole, 1990: Galloway & Koshland 2002; Sainburg & Kalakanis, 2000; 
Zedka & Prochazka, 1997). This occurs automatically without the brain making a 
conscious decision to activate these muscles; thus, the muscle activity that stabilizes the 
body during the performance of a movement involves many involuntary muscle 
contractions. 
 
NEUROLOGICAL CONNECTIONS BETWEEN LIMBS 
 
In addition to the anatomical and biomechanical coupling that exists between body 
segments, there are connections within the nervous system (Alexander & Harrison, 
2003; Barbeau, Marchand-Pauvert, Meunier, Nicolas, & Pierrot-Deseilligny, 2000) 
whereby an effect in one body segment can evoke an associated response in another 
body segment. Such neurological connections even exist between limbs (Koltzenburg, 
Wall, & McMahon, 1999; Serrien & Wiesendanger, 2001) and are important in producing 
the involuntary contractions that can cause the unintentional discharge of a firearm. To 
illustrate the nature of these neurological connections between limbs, two examples are 
presented: one example describes the speed of the involuntary contraction evoked in the 
other limb and the other example indicates the effect of practice on the associated 
response.  The first example involves a reflex known as the withdrawal-crossed 
extension reflex (Andersen, Sonnenborg, & Arendt-Nielsen, 1999; Sherrington, 1910; 
Sonnenborg, Andersen, Arendt-Nielsen, & Treede, 2001). Imagine walking bare foot in 
your living room when you step on a thumb tack. Without thinking about it, you will lift the 
foot that stepped on the thumb tack off the floor and stiffen the other leg. Because the 
thumb tack provided a painful stimulus to the foot, the reflex response was to withdraw 
the foot from the stimulus (withdrawal reflex). At the same time, however, the other leg 
was stiffened (crossed extension reflex) so that you are able to keep your balance. In this  
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example, the painful stimulus triggered two distinct actions: in one leg the knee joint was 
bent, whereas in the other leg it was stiffened. These involuntary contractions occur 
rapidly and you are usually not aware of them until the reflexes have been completed. 
This example shows how a sensory signal from one limb can elicit a rapid involuntary 
response in the other limb without involving the brain. This effect has also been shown 
with other types of reflexes (Delwaide, Sabatino, Pepin, & La Grutta, 1988; Koceja 1995; 
Pierrot-Deseilligny, Bussel, Sideri, Cathala, & Castaigne, 1973; Zehr, Collins, & Chua, 
2001). 
 
The second example examines the effects of strength training performed by one limb on 
the strength of the same muscles in the other limb. This effect is known as cross 
education (Zhou 2000). Numerous studies have found that when you perform several 
weeks of strength training with the muscles in one limb, not only do the exercised 
muscles get stronger but so do the same muscles, although not exercised, in the other 
limb. This effect has been observed in hand muscles, arm muscles, and leg muscles. For 
example, a 12-week strength training program that involves lifting loads >65% of 
maximum three times a week with the right leg will produce a 5-25% strength gain in the 
muscles of the left leg. On average, the strength gain in the unexercised limb is about 
60% of that achieved in the exercised limb. Cross education has been observed after 
training programs that involve voluntary contractions, contractions evoked with electric 
shocks, and imagined contractions (Hortobágyi, Lambert, & Hill, 1997; Hortobágyi, Scott, 
Lambert, Hamilton, & Tracy, 1999; Shima et al., 2002; Yue & Cole, 1992; Zhou, 2000). 
The strength gain in the unexercised limb appears to be caused by changes that occur in 
the nervous system (Duchateau & Enoka, 2002), emphasizing the powerful neurological 
connections that exist between limbs.   
 
FACTORS THAT INFLUENCE INTERLIMB EFFECTS 
 
From the preceding discussion, it should be apparent that involuntary contractions could 
be evoked in hand muscles due either to biomechanical coupling between body 
segments or to neurological connections between limbs. A survey of the research 
literature indicates that there are at least three scenarios that could elicit involuntary 
contractions sufficient to cause the unintentional discharge of a firearm: sympathetic 
contractions, loss of balance, startle reaction.  The term sympathetic contraction, 
which was coined by law-enforcement officers, refers to an involuntary contraction that 
occurs in the muscles of one limb when the same muscles in the other limb are 
performing an intended forceful action. In the physiology literature, this effect is known as 
a mirror movement or contralateral irradiation (Arányi & Rösler, 2002; Dimitrijevic et al., 
1992; Mayston, Harrison, & Stephens, 1999; Zijdewind & Kernell, 2001). The intensity of 
the sympathetic contraction depends on the amount of force exerted during the intended 
action. When subjects pushed the index finger of the left hand sideways, for example, 
Shinohara, Keenan, and Enoka (2003) found that the sympathetic contraction in the 
muscles controlling the index finger in 
the right hand varied with the intensity of the left-hand contraction. When the index finger 
in the left hand pushed as hard as possible, the sympathetic contraction in the right hand  
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produced a force that reached 25% of maximum. Sympathetic contractions in hand 
muscles appear to be caused by a failure to modulate connections between the left and 
right sides of the brain (Arányi & Rösler, 2002; Geffen, Jones, & Geffen, 1994; Liepert, 
Dettmers, Terborg, & Weiller, 2001). A common situation that could evoke a sympathetic 
contraction sufficient to produce an unintentional discharge would be a law enforcement 
officer attempting to restrain a struggling suspect with the left hand while holding a 
handgun in the right hand.  Although sympathetic contractions have been observed in a 
number of research studies, the key issue concerns the intensity of the involuntary 
contraction. Is the force associated with a sympathetic contraction sufficient to depress 
the trigger and discharge a firearm? There is no direct answer to this question yet 
because studies of sympathetic contractions have not placed the hand in the same 
position as that used to hold a handgun. Nonetheless, it is possible to estimate the 
magnitude of this force, at least during laboratory measurements. For an average man 
(20-45 years, 170 lbs, 5ft 10 in), peak handgrip strength is about 125 lbs (Bemben, 
Massey, Bemben, Misner, & Boileau, 1996). The index finger contributes between 30 to 
60% of the force to peak grip strength, depending on the position of the thumb and the 
width of the grip (Li, Latash, Newell, & Zatsiorsky, 1998; Radhakrishnan & Nagaravindra, 
1993; Talsania & Kozin, 1998). Based on an average index finger contribution of 45%, 
the index finger in opposition with the thumb is capable of exerting 56 lbs of force during 
a maximal handgrip contraction. Because several studies indicate that a sympathetic 
contraction in hand muscles can reach 25% of maximum in laboratory settings 
(Shinohara et al 2003; Zijdewind & Kernell, 2001), a maximal sympathetic contraction 
would involve an index finger force of about 14 lbs, which is sufficient to overcome most 
trigger pulls on handguns. This value, however, probably underestimates the actual 
maximum force that can be achieved by the index finger during field operations due to 
the modulatory effects of stress on muscle contractions (Christou et al., 2002; Delwaide 
& Toulouse, 1983; Noteboom, Barnholt, & Enoka, 2001; Weinburg & Hunt, 1976; 
Williams & Barnes, 1989).  
 
The second scenario involves the loss of balance. One of the most common uses of 
involuntary contractions are those elicited by the nervous system to maintain the variety 
of postures that we assume during activities of daily living. Postural contractions serve 
two functions (Horak & Macpherson, 1996): to place the body segments in an 
appropriate position for the performance of a movement and to maintain the balance of 
the individual. When balance is disturbed, rapid involuntary contractions are evoked that 
attempt to return the body to a position of equilibrium.  Two features of the strategies 
used by the nervous system to maintain balance can evoke involuntary contractions in 
hand muscles. First, the involuntary contractions used to prevent a loss of balance 
depend on the options available to counteract the disturbance of balance (Cordo & 
Nashner, 1982; Elger, Wing, & Giles, 1999; McIlroy & Maki, 1995; Schieppati & Nardone, 
1995). Consider the case of a law enforcement officer who has pulled over a pickup truck 
on a highway and walks alongside the passenger-side of the vehicle with his weapon 
drawn. The side of the road is covered with gravel and has a modest slope. The officer 
slips on the gravel. Without a conscious decision, the officer’s nervous system will 
activate a sequence of involuntary contractions to prevent him from falling. If the officer is  
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not close enough to grab either the pickup truck or his vehicle for support, the involuntary 
contractions will be focused in the leg muscles. If the officer can grasp either vehicle for 
support, however, most of the involuntary contractions will occur in the arm and hand 
muscles. Thus, the rapid involuntary contractions could involve the same muscles being 
used to hold the handgun.  The second feature of the postural contractions involves the 
neurological connections between limbs. If only one limb experiences a loss of balance, 
the involuntary contractions will also be evoked in the other limb (Corna, Galante, 
Grasso, Nardone, & Schieppati, 1996; Dietz, Horstmann, & Berger, 1989; Marsden, 
Merton, & Morton, 1983). As a result of this interaction, an officer who loses her balance 
while grasping a subject with the left hand would automatically increase her grip with the 
left hand, but also experience involuntary contractions in the muscles of her right arm 
and hand. In this example, the postural contractions would be elicited in the muscles of 
both hands and arms even though it was the posture of only the left hand and arm that 
was disturbed.   
 
The third scenario involves the startle reaction. This is a whole-body, reflex-like 
response to an unexpected loud auditory stimulus; sometimes it can be evoked with 
visual, vestibular, or somesthetic stimuli (Bisdorff, Bronstein, & Gresty, 1994; Bisdorff et 
al., 1999; Hawk & Cook, 1997). The startle reaction evokes rapid involuntary contractions 
that begin with an eye blink and progress to include bending of the neck, trunk and 
shoulders, elbows, fingers, and legs (Brown, 1995; Landis & Hunt, 1939). The reaction in 
the hands, which occurs less than 200 ms after the stimulus (loud sound), is for the 
person to make a fist. The startle reaction can have a marked effect on voluntary 
contractions (Nieuwenhuijzen, Schillings, Van Galen, & Duysens, 2000; Siegmund, 
Inglis, & Sanderson, 2001). For example, the reaction time was shortened by one half 
when a loud acoustic stimulus was superimposed on reaction-time movements (Valls-
Solé, Rothwell, Goulart, Cossu, & Muñoz, 1999). The magnitude of the startle reaction is 
variable, including increases in amplitude with fear and arousal (Davis, 1984). 
Accordingly, an officer who is startled by a loud, unexpected noise while searching for a 
suspect with his weapon drawn would surely increase the grip force on the weapon, 
perhaps enough to cause an unintentional discharge. 
 
CUES FOR FIREARMS TRAINING 
 
Given that unintentional discharges are due to involuntary contractions, there are at least 
two strategies that firearms instructors can use to disrupt this association: (1) insist on a 
handling procedure that moves the index finger away from the trigger; and (2) train 
officers to reduce the number and intensity of involuntary contractions.  The first strategy 
is currently used by many law-enforcement agencies and involves training officers to 
place the index finger outside the trigger guard and along the barrel of the gun until a 
decision has been made to discharge the weapon. This is a sound procedure because 
the force exerted by the index finger will vary as the officer performs various actions and 
the amplitude of these fluctuations in force will increase with stress (Christou et al., 2002; 
Flanagan & Wing, 1995; Noteboom et al., 2001). To prevent the fluctuations in index 
finger force from unintentionally depressing the trigger, it seems wise to move the index 
finger away from the trigger mechanism until necessary. The increased time it takes to  
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move the index finger from alongside the barrel to the trigger when it is necessary does 
not impede the ability of an officer to discharge the weapon rapidly.  Due to the 
organization of the muscles that control finger movements, however, this is not a fail-safe 
procedure. The fingers are controlled by a combination of small muscles in the hand and 
larger muscles in the forearm. To hold a handgun in a firing position, a person will use 
the hand muscles and the muscles on the front of the forearm (palm side) to grip the gun 
and a small muscle on the back of the forearm to keep the finger extended alongside the 
barrel. If events evoke involuntary contractions that cause the person to grip the gun 
more tightly, the force exerted by these muscles could overwhelm the action of the 
relatively small muscle that is used to keep the index finger straight alongside the barrel 
of the gun. Furthermore, it is difficult even with voluntary contractions to perform a 
movement with a single finger that does not influence the forces exerted by other fingers 
(Kilbreath & Gandevia, 1994; Kilbreath, Gorman, Raymond, & Gandevia, 2002; Li, 
Danion, Latash, Li, & Zatsiorsky, 2001). As a consequence of these effects, the index 
finger could be forced to join the gripping action and it could even slip inside the trigger 
guard and depress the trigger.  The second strategy is to provide training programs that 
reduce the number and intensity of involuntary contractions. This raises two questions: 
Can involuntary contractions be trained? If so, what type of training is necessary? The 
answer to the first question is yes, it is possible to train involuntary contractions. One 
example involves the involuntary contractions associated with maintaining balance after 
a disturbance (Nashner, 1976). In this protocol, subjects stood on a platform that could 
be moved rapidly in either of two directions to stretch the calf muscles: (1) the platform is 
moved backward, which causes the standing person to sway forward at the ankle joint 
and thereby stretch the calf muscles; and (2) the platform is rotated toes upward and that 
the calf muscles are stretched. In the first case, the subject needs involuntary 
contractions in the calf muscles to arrest the forward sway and prevent a loss of balance. 
In the second case, however, the presence of involuntary contractions in the calf 
muscles will cause the subject to sway backward and hence to lose balance. Nashner & 
McCollum (1985) found that subjects could learn to suppress the unwanted voluntary 
contractions in the calf muscles with the second condition after several trials of practice. 
Similar findings have been reported for other reflexes (Chen, Chen, & Wolpaw, 2001; 
Kolb, Lachauer, Maschke, & Timmann, 2002; Nielsen, Crone, & Hultborn, 1993; 
Sveistrup & Woollacott, 1997; Wolf & Segal, 1996; Wolf, Segal, Heter, & Catlin, 1995).  
How could the involuntary contractions that tend to produce unintentional discharges be 
reduced with training? Although no amount of training has ever been shown to eliminate 
involuntary contractions, a strategy used in the fields of exercise prescription and 
rehabilitation medicine seems appropriate. This strategy is embodied in the Principle of 
Specificity, which states that the improvement in performance is specific to the activities 
used in the training program. For example, the increase in muscle strength that occurs 
after several weeks of training is greatest for the exercises used in training and is much 
less when the same muscles are used to perform other exercises (Semmler & Enoka, 
2000). This specificity is even evident for exercises performed with one limb at a time 
compared with the same exercise done with both limbs together (Howard & Enoka, 1991; 
Rube & Secher, 1990, Zhou, 2000). These research findings suggest that firearms 
training should include three elements: (1) officers must be placed in scenarios that are 
likely to evoke the types of involuntary contractions that can cause the unintentional  
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discharge of a firearm; (2) presentation of these scenarios should manipulate the level of 
arousal of the trainees so that the training mimics the field experiences; and (3) training 
should be offered on a regular basis and more often than once a year. Thus, firearms 
training at a firing range will do little to reduce the involuntary contractions experienced 
by law-enforcement officers during field operations.  In summary, scientific and clinical 
observations indicate that there are powerful influences between the limbs of the human 
body and that these effects are large enough to evoke an involuntary muscle contraction 
and cause the unintentional discharge of a firearm. The research literature identifies 
three scenarios that will predispose an individual to such involuntary muscle 
contractions. Firearms training should emphasize strategies that move the index finger 
away from the trigger until a decision has been made to fire the weapon and devise 
protocols that reduce the likelihood of an involuntary contraction by hand muscles during 
the performance of standard procedures. 
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The Trigger Finger Dilemma: Thomas J. Aveni 
 
The Trigger Finger Dilemma: 
A Perspective Revisited 

from Issue #20, January, 1992 

by Thomas J. Aveni 

Much has been written as of late concerning appropriate trigger management relevant to the semiautomatic pistol. Given the 
enormous evolution of pistol design in the last decade it's not surprising that some traditional concepts that had been 
commonly applied to double-action pistols (and revolvers) are now being questioned. Much of the controversy here can be 
attributed to one's definition of what constitutes efficient pistol design. My own personal thoughts in this area are that the 
ideal service pistol should afford an ergonomic blend of speed, precision, reliability and safety. While a "foolproof" firearm 
design is probably something unattainable (and many would argue undesirable), there should be more consideration given to 
safety than many firearms designers would have us think. The ubiquitous factory disclaimers advising consumers to leave 
pistol chambers empty were obviously not formulated with law enforcement personnel in mind, and police firearms trainers 
are thereby bequeathed the challenge of balancing safety with the obvious tactical mandate for a fully charged weapon. 

One of the most serious challenges that we as firearms trainers must meet is that of preparing our people for the ravages of 
severe stress that they may have to endure in a life threatening confrontation. We can never fully replicate it in a safe 
training environment, but we must strive to do so as best we can without compromising safety. The challenge here is nothing 
short of enormous if taken seriously. All available data bases concerning armed police confrontations reflect dramatic 
degradation of even the most rudimentary weapons skills. While I'm convinced that frequent training of even the most 
thorough and realistic quality will never completely neutralize the effects of life-threatening stress, I also firmly believe it may 
well serve to diminish functional skill erosion through the programming of desired subconscious psychomotor responses. Safe 
and efficient trigger management is but one of the subconscious responses we'll be attempting to program, and a very critical 
one at that. 

The phenomenon associated with life-threatening stress has been referred to as "tachy-psyche" when associated with 
perceptual distortions (of time, distance, etc.), But the term "body alarm reaction" is perhaps most appropriate as it 
encompasses impaired motor function along with perceptual impairment. Two of the most critical physical manifestations of 
body alarm reaction are; (1) general muscle tightening, and (2) loss of digital dexterity. Both have a direct and dramatic 
impact on trigger management. You need not be in a gunfight to experience these impairments. Anyone whose career 
experience includes an exhilarating high-speed pursuit through rush-hour traffic (an administrative no-no now in many 
jurisdictions) may recall the sensation of having the muscles of the arms, shoulders and legs rigid, with a virtual "white-
knuckling" of the hands to the steering wheel. Relate this experience to the level of psychomotor impairment experienced in 
armed encounters and we begin to understand why police only achieve low shot/hit ratio in firefights that are generally at 
distances of 0-6 feet. 

Complicating matters further still is a physical phenomenon encountered most routinely on a day-to-day basis. It is being 
referred to in some circles as "involuntary muscle contraction", and it's consequences can be every bit as tragic as anything 
experienced in a gunfight. In a (3/91) superior court decision in Burlington County, New Jersey, this very issue become one 
of the focal points in a case involving a police officer indicted and tried for "negligent homicide". The accused officer had 
been assisting other officers in the capture and restraint of a suspect who had reportedly twice escaped from custody that 
same evening. The accused officer (off-duty at the time of the occurrence) had his pistol unholstered while assisting in the 
ordeal when the pistol discharged, killing the suspect. Expert witnesses (including a sports physiologist) argued successfully 
that the type of physical exertion the officer had engaged in with his pistol unholstered contributed to the weapons 
unintentional discharge. Three elements were identified as potential causal factors in involuntary muscle contraction; (1) loss 
of balance ("postural disturbance"), (2) startle effect, and (3) interlimb interaction (in exertion of maximal force). My own 
case files are brimming with examples of unintentional discharges that can be attributed to involuntary muscle contraction. 

We at Smith & Wesson academy have been teaching that contact with the trigger could be made at the "ready" position with 
double action revolvers and pistols. It is believed that the length of trigger travel and weight of pull necessary to activate 
most double-action handguns is sufficient to minimize unintentional discharges of the weapon. This concept has not 
presented any significant concern in utilization of double action handguns fired in the double-action mode (where all initial 
judgmental shots are fired with this genre of handgun). The problem more recently has been with single-action handguns, 
and some so-called "double-action only" pistols that in actuality closely approximate single-action trigger dynamics. Many of 
these pistols have trigger-pull lengths and weights that are roughly half of what we'd normally expect from a traditional 
double-action pistol or revolver. Combine short, light trigger strokes with the stress-charged environment that many lawmen 
find themselves immersed in, and we've found an explanation for the proliferation of what might accurately be referred to as 
"involuntary discharges". Knowing that the seemingly endless array of pistols currently being marketed present nightmarish 
problems for trainers whose agencies either issue or authorize several pistol makes and/or variants, strategy must evolve to 
cope with the problem. Programming officers to treat all firearms with similar regard in this area has additional fringe 
benefits. If we train and program our personnel not to engage the handgun trigger until the target is to be engaged we'll 
have programmed psychomotor skills consistent with those taught with shoulder-fired weapons as well (carbine, shotgun, 
submachine gun and rifle), which are in essence single-action type firearms. Since most of our repetitive programming with 
firearms is with handguns, good or bad, it will undoubtedly have a strong residual effect in deployment of shoulder weapons. 
Again, a very strong argument for consistent policy and training in trigger-finger placement. 

In embracing this philosophy, there will naturally be some tradeoffs. If using a double-action revolver or pistol, it could well 
be argued that we suffer some inefficiency and aren't fully utilizing the margin of safety built into the trigger. I would counter 
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by suggesting that this margin of safety is still utilized, even when unintended. Manufacturers of pistol designs utilizing 
relatively short, light trigger strokes have been vigorously pushing the "off-target, off-trigger" concept for some time. The 
very nature of these designs has still contributed greatly to the disproportionate number of unintentional discharges 
experienced with their particular products. My assertion is that if the trigger is inadvertently engaged under stress, or perhaps 
when experiencing some sort of "involuntary muscle contraction", the margin of safety built-in to a double-action handgun 
may still prove vital. Let me make it abundantly clear however that even a double-action design will not preclude 
unintentional discharges resulting from sloppy or careless gun- handling procedures, let alone prevent them when the 
physical and neurological havoc of a stressful encounter become part of the equation. The issue concerning efficiency is a bit 
more challenging. My observations of students performing "shot-break" exercises from the "ready position", five (5) yards 
from target indicate times that are consistently .2 of a second slower (electronically timed) when using double-action pistols 
or revolvers in conjunction with this off-target, off-trigger philosophy. How might .2 of a second impact on tactical 
decisiveness? That would be extremely difficult if not impossible to accurately assess. It is often suggested that hasty 
engagement and manipulation of the trigger when presenting a double-action handgun from the ready to the target induces 
a tendency to "slap" the trigger (rather than apply the steady rearward pressure desired for an undisturbed sight picture). 
This tendency is in fact quite common. Its likelihood is diminished somewhat when we allow contact with the trigger at an 
earlier stage of weapon presentation (i.e. "the ready position"). When employing the "off- target, off-trigger" philosophy, a 
smooth, controlled engagement of the trigger as the weapon is presented from the ready to the target is only afforded 
through deliberate and repetitive application of proper technique. We must first clarify some standards before proceeding on 
to technique. 

If applying the "on-target" criteria for engagement of the trigger, how specific should we be in defining "on-target"? Given 
the typical proximity of an armed police confrontation, need we hesitate in engaging the trigger until our sights have acquired 
"center mass" of the thoracic cavity? It is believed that this is not only undesirable, but unnecessary as well. From a legal and 
moral perspective, if faced with an immediate lethal threat, target area could justifiably be argued to be from head-to-toe of 
a would-be assailant. Apply this standard to our stereo-typical 0-6' confrontation, and we discover that even from a "ready" 
position we are likely to have the weapon covering our adversary's toes, and therefore already "on-target"! Naturally I'm not 
advocating engaging an opponent's extremities with gunfire (unless it's the only part of him exposed), nor am I advocating 
covering-down on any portion of an opponent's body with finger-on-trigger when no immediate threat is posed. I'm merely 
using this scenario to illustrate a vital point. "off-target, off- trigger" need not be construed as severe a limitation as some 
make it out to be. 

There are trainers whom I highly respect teaching what is being referred to as a "cover-ready" technique, whereby the officer 
would point his handgun at the would-be assailant's sternum area, finger off-trigger. Some are teaching a similar technique, 
but advocate pointing the handgun between the suspect's knees and crotch area to avoid obstructing view of any threatening 
hand movement that might otherwise go undetected with a sternum technique. From a purely tactical perspective this makes 
a great deal of sense, especially if dealing with a subject armed with an edged or impact weapon at a minimal stand-off 
distance. What would concern me is that in teaching this technique we've initiated a "gray area" in our trigger-finger 
philosophy (i.e. The trigger finger is off the trigger when the weapon is in fact on target). My concern would be that it would 
complicate our efforts in programming of reflexive psychomotor skills, perhaps instilling in our officers confusion over exactly 
what our standard of safety is, and perhaps some degree of tactical hesitancy as well. Let's take the tactical consideration a 
logical step further. Suppose we've perceived a lethal threat while our handgun is still holstered. No problem here. The 
trigger is engaged as it ordinarily would be, when the strong hand has been seated into the supporting hand and is being 
presented to the target. This is consistent with what we've been teaching with all weapon systems. 

The next issue in need of further specificity is where precisely is "off-trigger" when we are in fact off-target. This may be 
determined in part by several varying factors; size of shooters hand in relation to pistol, length and configuration of trigger 
guard, etc.. Proponents of resting the tip of the trigger finger against the front of the trigger guard may find that disparity of 
hand size may well detract from this technique. Resting the trigger finger along the frame, above the trigger seems to be the 
most preferred method. There are some advocates of curling the index finger so that only the tip touches the frame, thus 
minimizing the length of finger contraction necessary to contact the trigger. Regardless of personal preference, an intensive 
regimen involving repetitive programming of muscle memory for reflexive engagement and disengagement of the trigger is a 
must. Financial constraints aren't as prohibitive as one might expect, as dry-drills will lay a solid foundation in this pursuit. 

Observe, study and coach your people. Are their trigger fingers returning to the frame as the weapon is lowered to the 
ready? Your feedback will be critical during this reprogramming phase. Scrutinize your officers even more closely during 
interactive, scenario-based training. The inducement of stress in this training environment will generally uncover a latent yet 
strong subconscious tendency of "trigger affirmation", as officers fall back on finger contact with the trigger as a source of 
comfort. Keep correcting this problem. I have purposely engineered scenarios whereby those officers "cheating" with their 
trigger fingers compel themselves to unintentionally shoot someone unarmed (well hidden until the last possible moment) 
when experiencing a "startle reflex." This approach seems even more dramatic when scenario-based training is conducted in 
reduced light. When an officer shoots someone unintentionally in scenario-based training, the lesson learned may be strong 
enough to correct whatever residual skepticism he/she may have had towards trigger-finger discipline.  

It's unlikely that this trigger-finger controversy will be laid to rest with any one journalistic endeavor, but given the volatility 
of our chosen profession and given the broad array of firearms we need qualify and familiarize ourselves with, reassessment 
of trigger-finger philosophy would indeed seem to be an irresistible force. 

Director's note: Portions of this text were revised to include recent training experiences. 
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Regulations (Standards - 29 CFR) - Table of Contents  

• Part Number: 1910 
• Part Title: Occupational Safety and Health Standards 
• Subpart: I 
• Subpart Title: Personal Protective Equipment 
• Standard Number: 1910.133 

• Title: Eye and face protection. 
  

1910.133(a)  

General requirements. 

1910.133(a)(1)  

The employer shall ensure that each affected employee uses appropriate eye or face 
protection when exposed to eye or face hazards from flying particles, molten metal, liquid 
chemicals, acids or caustic liquids, chemical gases or vapors, or potentially injurious light 
radiation. 

1910.133(a)(2)  

The employer shall ensure that each affected employee uses eye protection that provides side 
protection when there is a hazard from flying objects. Detachable side protectors (e.g. clip-on 
or slide-on side shields) meeting the pertinent requirements of this section are acceptable. 

1910.133(a)(3)  

The employer shall ensure that each affected employee who wears prescription lenses while 
engaged in operations that involve eye hazards wears eye protection that incorporates the 
prescription in its design, or wears eye protection that can be worn over the prescription 
lenses without disturbing the proper position of the prescription lenses or the protective 
lenses. 

http://www.osha.gov/pls/oshaweb/owasrch.search_form?p_doc_type=STANDARDS&p_toc_level=0&p_keyvalue=&p_status=CURRENT�
http://www.dol.gov/�
http://www.osha.gov/index.html
http://www.osha.gov/pls/oshaweb/owasrch.full_site_search
http://www.osha.gov/html/a-z-index.html
http://www.osha.gov/pls/oshaweb/owasrch.search_form?p_doc_type=STANDARDS&p_toc_level=0&p_keyvalue=&p_status=CURRENT
http://www.osha.gov/pls/oshaweb/owalink.query_links?src_doc_type=STANDARDS&src_unique_file=1910_0133&src_anchor_name=1910.133
http://www.osha.gov/pls/oshaweb/owalink.query_links?src_doc_type=STANDARDS&src_unique_file=1910_0133&src_anchor_name=1910.133(a)(2)
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1910.133(a)(4)  

Eye and face PPE shall be distinctly marked to facilitate identification of the manufacturer. 

..1910.133(a)(5)  

1910.133(a)(5)  

The employer shall ensure that each affected employee uses equipment with filter lenses that 
have a shade number appropriate for the work being performed for protection from injurious 
light radiation. The following is a listing of appropriate shade numbers for various 
operations. 

           Filter Lenses for Protection Against Radiant Energy 
____________________________________________________________________ 
 
                                                         Minimum(*) 
 Operations    Electrode Size 1/32 in.   Arc Current     Protective 
                                                           Shade 
_____________________________________________________________________ 
 
Shielded metal 
 arc welding     Less than 3 .........  Less than 60 ...     7 
                 3-5 .................  60-160 .........     8 
                 5-8 .................  160-250 ........    10 
                 More than 8 .........  250-550 ........    11 
_____________________________________________________________________ 
 
Gas metal arc 
 welding and 
 flux cored 
 arc welding                            less than 60 ...     7 
                                        60-160 .........    10 
                                        160-250 ........    10 
                                        250-500 ........    10 
_____________________________________________________________________ 
 
Gas Tungsten 
 arc welding                            less than 50 ...     8 
                                        50-150 .........     8 
                                        150-500 ........    10 
_____________________________________________________________________ 
 
Air carbon        (Light) .............  less than 500 ..    10 
Arc cutting       (Heavy) .............  500-1000 .......    11 
_____________________________________________________________________ 
 
Plasma arc welding                       less than 20 ...     6 
                                        20-100 .........     8 
                                        100-400 ........    10 
                                        400-800 ........    11 
 
_____________________________________________________________________ 
 
Plasma arc        (light)(**) .........  less than 300 ..     8 
 cutting         (medium)(**) ........  300-400 ........     9 
                 (heavy)(**) .........  400-800 ........    10 
_____________________________________________________________________ 
 



Torch brazing                            ................     3 
Torch soldering                          ................     2 
Carbon arc welding                       ................    14 
_____________________________________________________________________ 
 
      Filter Lenses for Protection Against Radiant Energy 
_____________________________________________________________________ 
 
                                                          Minimum(*) 
Operations    Plate thickness-inches  Plate thickness-mm   Protective 
                                                            Shade 
_____________________________________________________________________ 
 
Gas Welding: 
   Light      Under 1/8 ............  Under 3.2 .........      4 
   Medium     1/8 to 1/2 ...........  3.2 to 12.7 .......      5 
   Heavy      Over 1/2 .............  Over 12.7 .........      6 
_____________________________________________________________________ 
 
Oxygen cutting: 
   Light      Under 1 ..............  Under 25 ..........      3 
   Medium     1 to 6 ...............  25 to 150 .........      4 
   Heavy      Over 6 ...............  Over 150 ..........      5 
______________________________________________________________________ 
 Footnote(*) As a rule of thumb, start with a shade that is too dark 
to see the weld zone. Then go to a lighter shade which gives 
sufficient view of the weld zone without going below the minimum. In 
oxyfuel gas welding or cutting where the torch produces a high yellow 
light, it is desirable to use a filter lens that absorbs the yellow 
or sodium line in the visible light of the (spectrum) operation. 
 Footnote(**) These values apply where the actual arc is clearly 
seen. Experience has shown that lighter filters may be used when the 
arc is hidden by the workpiece. 
 

1910.133(b)  

Criteria for protective eye and face devices. 

1910.133(b)(1)  

Protective eye and face devices purchased after July 5, 1994 shall comply with ANSI Z87.1-
1989, "American National Standard Practice for Occupational and Educational Eye and Face 
Protection," which is incorporated by reference as specified in Sec. 1910.6. 

1910.133(b)(2)  

Eye and face protective devices purchased before July 5, 1994 shall comply with the ANSI 
"USA standard for Occupational and Educational Eye and Face Protection," Z87.1-1968, 
which is incorporated by reference as specified in Sec. 1910.6, or shall be demonstrated by 
the employer to be equally effective. 

[59 FR 16360, April 6, 1994; 59 FR 33910, July 1, 1994; 61 FR 9227, March 7, 1996; 61 FR 
19547, May 2, 1996] 
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Safety Glasses Standards 

ANSI Z87.1-2003 
 

ANSI Z87.1-2003 Summary 
 
 
ANSI Z87.1-2003 
The new standard is a voluntary standard and there is no requirement that manufacturer or end user comply with it unless it is mandated by 
the United States Department of Labor – OSHA. However, in the past, most manufacturers have chosen to comply with revisions to the Z87.1 
Standard. 
Currently, OSHA requires (29 CFR 1910.133) that eye protectors comply with the 1989 version of the Z87.1 Standard, and eye protection 
devices now in use may continue to be used. 
 
**All of the protective eyewear we sell already complies with the performance requirements of the new standard. The new marking 
requirements will be phased in over time by each manufacturer.** 
 
1. Two Levels of Protection: 
Basic and High 
LENSES: The new standard designates that lenses will be divided into two protection levels, Basic Impact and High Impact as dictated by test 
criteria. Basic Impact lenses must pass the “drop ball” test, a 1" diameter steel ball is dropped on the lens from 50 inches. High Impact lenses 
must pass “high velocity” testing where 1/4" steel balls are “shot” at different velocities. 
 
Spectacles: 150 ft./sec. 
Goggles: 250 ft./sec. 
Faceshields: 300 ft./sec. 
 
FRAMES: Now, all eyewear/goggle frames, faceshields or crowns must comply with the High Impact requirement. (This revision helps 
eliminate the use of “test lenses”, and assures all protectors are tested as complete - lenses in frame - devices). After making an eye hazard 
assessment, employers (safety personnel) should decide on appropriate eyewear to be worn, although High Impact would always be 
recommended. All of our spectacles are High Impact protectors. 
 
2. Now, Products Must Indicate 
Impact Protection Level. 
To identify a device’s level of impact protection, the following marking requirements apply to all new production spectacles, goggles and 
faceshields. Basic Impact spectacle lenses will have the manufacturer’s mark, i.e. an AOSafety product will have “AOS” and a Pyramex 
product will have a "P" etc. Goggles and faceshields will have AOS and Z87 (AOS Z87). High Impact spectacle lenses will also have a plus + 
sign, (AOS+) or "P+" etc. All goggle lenses and faceshield windows are to be marked with the manufacturer's mark, Z87, and a + sign 
(AOSZ87+). 
 
Note: Lenses/windows may have additional markings. Shaded lens may have markings denoting a shade number such as 3.0, 5.0 etc. 
Special purpose lenses may be marked with “S”. A variable tint lens may have a “V” marking.  
 
3. Sideshield Coverage Area Increased 
Sideshield coverage, as part of the lens, part of the spectacle, or as an individual component, has been increased rearward by 10-millimeters 
via a revised impact test procedure. While side protection in the form of wraparound lens, integral or attached component sideshield devices is 
not mandated in this standard, it is highly recommended. Further, OSHA does require lateral protection on eye protection devices wherever a 
flying particle hazard may exist, and flying particle hazards are virtually always present in any occupational environment. All of our non-
prescription safety spectacles meet the requirements of OSHA and the new Z87.1 for side protection. 
 
4. No Minimum Lens 
Thickness Requirement 
For High Impact Lenses. 
The new standard does not have a “minimum lens thickness” requirement for High Impact spectacle lenses. The previous standard required a 
2-millimeter “minimum”. However, the protective advantages of wrap-around lenses and the many other advancements in eyewear design 
have eliminated this need. 
 
Note: Glass lenses still fall into the Basic Impact lens category. The “minimum lens thickness” of 3 millimeters remains in effect for this 
category. 
 
 
info@safetyglassesusa.com 
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Baltimore County Police Department Range 

Lead Poisoning 
 

Range Information 

Lead Poisoning 

The purpose of this article is not to suggest curtailing shooting or reloading activities in any way. Rather, it 
is to make Officers, Firearms Instructors, and Administrators aware of the possibility of lead poisoning and 
how to protect yourself from toxic lead contamination. 

A Firearms Safety Hazard 

The U.S. Environmental Protection Agency (EPA) classifies lead as a heavy metal with no beneficial 
biological use in the body. When a person inhales or ingests lead, it is absorbed into the bloodstream. 
Once in the body it becomes very difficult to remove. Continual exposure results in the accumulation of 
lead in the body, and measurable amounts of lead indicate cumulative exposure over a lifetime. 

The EPA has determined that lead poses a serious health hazard to everyone. Unfortunately, individuals 
working with and around firearms often overlook the harmful effects of lead. Therefore, firearms range 
personnel must take precautions to control all unnecessary exposure to this toxic element. For firearms 
range personnel, knowing the hazards of lead is a primary responsibility. Taking the necessary precautions 
to minimize exposure is a duty of all firearms instructors. 

Effects of Lead on the Body 

Approximately 6 percent of all lead ingested or inhaled is deposited in the blood or soft body tissues, such 
as the kidneys, brain, or other vital organs. The remaining 94 percent is deposited in the bone. Because 
the body mistakes lead for calcium, it presumes that, once deposited, the lead needs to be stored. 
However, the body does break down lead so that it can be removed. The time required for this process is 
measured by the term "half-life", which means the amount of time the body needs to excrete one-half of 
that lead. The half-life of lead is approximately 20 years. This means one-half of the lead dosage absorbed 
by the body through only one exposure and deposited in the bone would still be present after 20 years. 

Health Concern 

For decades, the presence of lead in the environment has been widespread, beginning with smelting 
factories and continuing with the manufacture of glazed pottery, batteries, and lead gasoline. It has only 
recently been acknowledged as a serious threat to public health that warrants government control. 

In 1971, the EPA began enforcing the Lead Based Paint Poisoning Prevention Act, which restricts the 
amount of lead used in paints. Seven years later, the agency set the National Ambient Air Quality 
Standards, which serves as the primary mechanism to reduce lead in gasoline. However, even with these 
standards and controls, the residue of lead in food, water, and dirt can elevate the lead level in a person's 
blood. 

Firearms and exposure to lead, typically the exposure to lead on the firing line occurs as soon as the 
shooter pulls the trigger and the hammer falls. This action causes the primer of the cartridge to explode, in 
the chamber, which then ignites the main powder charge. At this point, a breathable cloud of lead particles 
is expelled into the air, with lead dust spraying the shooter's hands. 
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Lead particles also shear off as the bullet travels through the barrel. When the bullet leaves the barrel, a 
second cloud of contaminants, in the form of the muzzle blast, blasts into the air. Then, as the bullet strikes 
the impact area, another contaminated cloud rises. 

When shooters inhale these clouds of contaminates, lead particles go directly into their lungs and are 
quickly absorbed into the bloodstream. The blood then transfers the lead to soft body tissue and bone. 
Heat from smoking, sweating, or physical activity accelerates this process. 

Lead can also settle on the skin and hair, and in turn, can be absorbed through the pores of the skin. If 
lead particles reach the mouth, they can be ingested into the digestive system. 

Exposure increases at clean-up time. Handling empty casings can result in lead being transferred to the 
skin. The weapon cleaning process also removes much of the remaining lead in the barrel and transfers it 
to the cleaner's hands. Oils and solvents used to clean and lubricate weapons cause the natural oils in the 
skin to evaporate, leaving dry skin and open pores through which the lead can pass. 

Symptoms of Lead Poisoning 

The numerous symptoms of lead poisoning mimic various diseases, often making diagnosis difficult. Most 
commonly, individuals experience abdominal pain, fatigue, nausea, subtle mood changes, headaches, 
constipation, irritability, and depression. Muscle pain, muscle weakness, weight loss, impotence, 
convulsions, anemia, and renal failure may occur with increased lead levels in the body. 

Testing for Lead 

Testing for lead can be performed in several ways. The blood lead level (BLL) test detects recent exposure 
to lead but does not provide information regarding long term or past exposure. The BLL measures the 
quantity of lead in micrograms per deciliter of blood, written as us/100 dl, that is micrograms of lead per 
100 deciliters of blood. 

The Occupational Safety and Health Administration (OSHA) Standards states that the median blood levels 
for adults should be about 15 ug/100 dL. For reproductive health, the blood level should stay below 30-
ug/100 dL. OSHA recommends removal from the work place of any employee whose BLL measures 40 
ug/100 dL or higher. 

The zinc protoporphyrin (ZPP) test can be performed in conjunction with the BLL to determine longer 
exposure. Lead interferes with the absorption of iron into the blood, which is needed to transport oxygen, 
thereby allowing zinc to replace iron. The ZPP measures the amount of zinc in the blood, which remains 
elevated longer than the BLL. The normal range for the ZPP is 0-100 dl. An elevated ZPP indicates 
concentration in the bone marrow. 

The only effective test used for bone lead levels is the disodium edentate (EDTA) chelating agent test. 
EDTA, a solution that is administered intravenously, bonds with the lead in bone, and clears it from body 
compartments so that it is excreted through the urine. EDTA both tests and treats an individual; however, 
medical personnel use it only in extreme cases of lead poisoning because of the potentially harmful side 
effects. 

Special Risks 

In males, high levels of lead can decrease the sex drive and cause sterility. Lead can also alter the 
structure of sperm cells, thereby potentially causing birth defects. 

Pregnant women are vulnerable to rapid absorption of lead, along with calcium, from the blood into the 
bone. This mobilization occurs due to hormonal changes caused by pregnancy. In pregnant women, lead 
passes unimpeded through the placenta to the fetus, potentially causing miscarriages of the fetus and birth 
defects. 
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Children are more vulnerable to lead toxicity than adults are. Children exposed to lead may manifest into 
slow learning, mental drifts, slight retardation in development, hypertension, and behavioral problems. 
Excessive blood levels in children can seriously and irreversibly damage a child's brain and nervous 
system. Because the symptoms mirror those of various childhood diseases, many doctors do not test for 
lead. 

Precautions on the Range 

Precautions can be taken both on and off the range to protect shooters, instructors, and their families from 
lead poisoning. Administrative controls and good hygiene are two necessary tools. In addition, all shooters 
and instructors should practice the following dos and don'ts of range safety. 

Do Not Smoke on the Range 

Smoking any type of tobacco products on the range should be prohibited to prevent acceleration of inhaled 
lead into the blood stream and ingestion of lead transferred from hands to the cigarette, cigar, etc. 

Do Not Eat on the Range 

Lead dust on hands and face can be ingested through contact with food. Airborne lead expelled from the 
weapon can also contaminate food. 

Don't Collect Fired Brass in Baseball Caps 

Many shooters use their baseball caps to collect spent brass, this contaminates the cap with lead particles, 
When the cap is placed back on the head, the lead is deposited into the hair and absorbed into the skin. 
Providing boxes for the brass prevents this practice. 
 
Do Be Aware Face, Arms, and Hands Are Covered With Lead  

Shooters and instructors should wash thoroughly with cold water and plenty of soap. Cold water is 
preferred because warm water enhances the absorption of lead by opening the pores of the skin. If no 
water is available, shooters should consider carrying a box of wet hand wipes or a bottle of cool water and 
a washcloth for this purpose. 

Do Be Aware That Hair and Clothes Are Still Contaminated 

Shooters and Firearms Instructors should wear an outer garment, such as a jumpsuit or coveralls, or 
change clothes before going home. Contaminated clothes should not be cleaned by blowing, shaking, or 
other means that dispense lead into the air. To prevent cross-contamination, range clothes should be 
washed separately from the family's regular laundry. Families with infants should be particularly careful, 
since infants are most vulnerable to lead contamination. Families with infants should be particularly careful 
since infants are most vulnerable to lead contamination. Changing to clean clothing before leaving the 
range prevents recontamination of the hands and any contamination of the family vehicle. 

Do Change Shoes Before Entering The Residence 

Shoes can also transport lead into the home. Shoes should be left at the door to prevent tracking lead onto 
floors and carpets. Ordinary vacuuming does not remove lead from the home, but redistributes it by 
blowing it in to the air to be inhaled and/or resettled onto the carpet. 
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Do Avoid Physical Contact With Family Members Until After Shower, Shampoo, 
and Change of Clothes 

Lead can be transferred by casual contact. Family and friends should not be hugged or kissed until after a 
shower and a change of clothes. Any physical contacts should be avoided while the shooter is still in range 
clothing. 

Indoor Ranges 

Most indoor ranges have a greater lead dust problem than outdoor ranges. However, range personnel can 
institute several controls to lower the amount of lead dust in these facilities. 

The choice of ammunition is one such control. Nonjacketed ammunition produces the most lead dust and 
fumes, jacketed ammunition, the least. Shotgun shells produce more airborne lead dust than any handgun 
round. Currently, many ammunition manufacturers are developing lead-free ammunition. 

Indoor ranges should not be carpeted, since lead dust settles and contaminates the rugs. A High Efficiency 
Particulate (HEPA) vacuum, which has a 3-stage particulate air filter is the best vacuum to use for lead. 

Because water cannot be treated for lead contamination, personnel should use water sparingly to remove 
lead when cleaning ranges. If water is used for lead removal, minimizing the amount of water used will 
result in less pollution. Range maintenance employees should wear disposable coveralls and air purifying 
masks while cleaning and/or repairing indoor ranges. 

What Does All This Mean To You? 

Baltimore County Police Department conforms to OSHA lead standards, which became law in 1978. The 
police department monitors firearms training instructors for lead, and employees are informed of their 
results. Medical monitoring, such as BLL testing of employees, is conducted and funded by the 
department. In addition, air-purifying masks are provided to employees. 

Washroom and showers are provided to ensure proper clean-up and eating areas are separate from lead 
contaminated areas. A Lead Abatement Training program has been instituted for all firearms training 
instructors who may be exposed to lead. 

The department has placed warning signs on the range and weapon cleaning area that read: "WARNING, 
No Smoking or Eating in the gun cleaning area." Additional signs have been placed stating: "Wash Hands 
With Cold Soapy Water." 

The blood level of the typical Baltimore County Police Officer is about four. The typical blood level of those 
continuously assigned to the Firearms Training Unit is slightly higher. As long as the above precautions are 
observed, employees of Baltimore County continue to remain safe from excessive exposure. 

During the early years of firearms training, neither eye protection or ear protection was provided or 
encouraged on the range. Today, most departments now require both types of protection on the line. 

Currently we have learned that another health hazard, - Lead Poisoning, threatens the physical well being 
of shooters and instructors in firearms ranges. However, through administrative controls and education, 
departments can reduce the on-the-job exposure of employees and their families to lead. 

If you have any questions, please contact the Range Staff, 410-887-2330. 

Revised October 17, 2007 
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Agency for Toxic Substances and Disease Registry –ATSDR 
Public Health Statement for Lead 

 

This Public Health Statement is the summary chapter from the Toxicological Profile for 
Lead. It is one in a series of Public Health Statements about hazardous substances and their 
health effects. A shorter version, the ToxFAQs™, is also available. This information is 
important because this substance may harm you. The effects of exposure to any hazardous 
substance depend on the dose, the duration, how you are exposed, personal traits and habits, 
and whether other chemicals are present. For more information, call the ATSDR 
Information Center at 1-800-232-4636.  

This public health statement tells you about lead and the effects of exposure to it  

The Environmental Protection Agency (EPA) identifies the most serious hazardous waste sites in 
the nation. These sites are then placed on the National Priorities List (NPL) and are targeted for 
long-term federal clean-up activities. Lead has been found in at least 1,272 of the 1,684 current or 
former NPL sites. Although the total number of NPL sites evaluated for this substance is not 
known, the possibility exists that the number of sites at which lead is found may increase in the 
future as more sites are evaluated. This information is important because these sites may be 
sources of exposure and exposure to this substance may harm you. 

When a substance is released either from a large area, such as an industrial plant, or from a 
container, such as a drum or bottle, it enters the environment. Such a release does not always lead 
to exposure. You can be exposed to a substance only when you come in contact with it. You may 
be exposed by breathing, eating, or drinking the substance, or by skin contact. 

If you are exposed to lead, many factors will determine whether you will be harmed. These factors 
include the dose (how much), the duration (how long), and how you come in contact with it. You 
must also consider any other chemicals you are exposed to and your age, sex, diet, family traits, 
lifestyle, and state of health. 

1.1 What is lead? 

Lead is a heavy, low melting, bluish-gray metal that occurs naturally in the Earth's crust. 
However, it is rarely found naturally as a metal. It is usually found combined with two or more 
other elements to form lead compounds.  

Metallic lead is resistant to corrosion (i.e., not easily attacked by air or water). When exposed to 
air or water, thin films of lead compounds are formed that protect the metal from further attack. 
Lead is easily molded and shaped. Lead can be combined with other metals to form alloys. Lead 
and lead alloys are commonly found in pipes, storage batteries, weights, shot and ammunition, 
cable covers, and sheets used to shield us from radiation. The largest use for lead is in storage 
batteries in cars and other vehicles. 

Lead compounds are used as a pigment in paints, dyes, and ceramic glazes and in caulk. The 
amount of lead used in these products has been reduced in recent years to minimize lead’s harmful 
effect on people and animals. Tetraethyl lead and tetramethyl lead were once used in the United 
States as gasoline additives to increase octane rating. However, their use was phased out in the 
United States in the 1980s, and lead was banned for use in gasoline for motor vehicles beginning 

http://www.atsdr.cdc.gov/toxprofiles/tp13.html
http://www.atsdr.cdc.gov/toxprofiles/tp13.html
http://www.atsdr.cdc.gov/tfacts13.html
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January 1, 1996. Tetraethyl lead may still be used in gasoline for off-road vehicles and airplanes. 
It is also still used in a number of developing countries. Lead used in ammunition, which is the 
largest non-battery end-use, has remained fairly constant in recent years. However, even the use 
of lead in bullets and shot as well as in fishing sinkers is being reduced because of its harm to the 
environment.  

Most lead used by industry comes from mined ores ("primary") or from recycled scrap metal or 
batteries ("secondary"). Lead is mined in the United States, primarily in Alaska and Missouri. 
However, most lead today is “secondary” lead obtained from lead-acid batteries. It is reported that 
97% of these batteries are recycled.  

1.2 What happens to lead when it enters the environment? 

Lead occurs naturally in the environment. However, most of the high levels found throughout the 
environment come from human activities. Environmental levels of lead have increased more than 
1,000-fold over the past three centuries as a result of human activity. The greatest increase 
occurred between the years 1950 and 2000, and reflected increasing worldwide use of leaded 
gasoline. Lead can enter the environment through releases from mining lead and other metals, and 
from factories that make or use lead, lead alloys, or lead compounds. Lead is released into the air 
during burning coal, oil, or waste. Before the use of leaded gasoline was banned, most of the lead 
released into the U.S. environment came from vehicle exhaust. In 1979, cars released 94.6 million 
kilograms (208.1 million pounds) of lead into the air in the United States. In 1989, when the use 
of lead was limited but not banned, cars released only 2.2 million kg (4.8 million pounds) to the 
air. Since EPA banned the use of leaded gasoline for highway transportation in 1996, the amount 
of lead released into the air has decreased further. Before the 1950s, lead was used in pesticides 
applied to fruit orchards. Once lead gets into the atmosphere, it may travel long distances if the 
lead particles are very small. Lead is removed from the air by rain and by particles falling to land 
or into surface water. 

Sources of lead in dust and soil include lead that falls to the ground from the air, and weathering 
and chipping of lead-based paint from buildings, bridges, and other structures. Landfills may 
contain waste from lead ore mining, ammunition manufacturing, or other industrial activities such 
as battery production. Disposal of lead-containing products contribute to lead in municipal 
landfills. Past uses of lead such as its use in gasoline are a major contributor to lead in soil, and 
higher levels of lead in soil are found near roadways. Most of the lead in inner city soils comes 
from old houses with paint containing lead and previous automotive exhaust emitted when 
gasoline contained lead. 

Once lead falls onto soil, it sticks strongly to soil particles and remains in the upper layer of soil. 
That is why past uses of lead such as lead in gasoline, house paint, and pesticides are so important 
in the amount of lead found in soil.  

Small amounts of lead may enter rivers, lakes, and streams when soil particles are moved by 
rainwater.  

Small amounts of lead from lead pipe or solder may be released into water when the water is 
acidic or “soft”. Lead may remain stuck to soil particles or sediment in water for many years. 
Movement of lead from soil particles into groundwater is unlikely unless the rain falling on the 
soil is acidic or "soft". Movement of lead from soil will also depend on the type of lead compound 
and on the physical and chemical characteristics of the soil.  
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Sources of lead in surface water or sediment include deposits of lead-containing dust from the 
atmosphere, waste water from industries that handle lead (primarily iron and steel industries and 
lead producers), urban runoff, and mining piles.  

Some lead compounds are changed into other forms of lead by sunlight, air, and water. However, 
elemental lead cannot be broken down. 

The levels of lead may build up in plants and animals from areas where air, water, or soil are 
contaminated with lead. If animals eat contaminated plants or animals, most of the lead that they 
eat will pass through their bodies.  

1.3 How might I be exposed to lead? 

Lead is commonly found in soil especially near roadways, older houses, old orchards, mining 
areas, industrial sites, near power plants, incinerators, landfills, and hazardous waste sites. People 
living near hazardous waste sites may be exposed to lead and chemicals that contain lead by 
breathing air, drinking water, eating foods, or swallowing dust or dirt that contain lead. People 
may be exposed to lead by eating food or drinking water that contains lead. Drinking water in 
houses containing lead pipes may contain lead, especially if the water is acidic or “soft”. If one is 
not certain whether an older building contains lead pipes, it is best to let the water run a while 
before drinking it so that any lead formed in the pipes can be flushed out. People living in areas 
where there are old houses that have been painted with lead paint may be exposed to higher levels 
of lead in dust and soil. Similarly, people who live near busy highways or on old orchard land 
where lead arsenate pesticides were used in the past may be exposed to higher levels of lead. 
People may also be exposed to lead when they work in jobs where lead is used or have hobbies in 
which lead is used, such as making stained glass. 

Foods may contain small amounts of lead. However, since lead solder is no longer used in cans, 
very little lead is found in food. Leafy fresh vegetables grown in lead-containing soils may have 
lead-containing dust on them. Lead may also enter foods if they are put into improperly glazed 
pottery or ceramic dishes and from leaded-crystal glassware. Illegal whiskey made using stills that 
contain lead-soldered parts (such as truck radiators) may also contain lead. Cigarette smoke may 
also contain small amounts of lead. The amount of lead found in canned foods decreased 87% 
from 1980 to 1988 in the United States, which indicates that the chance of exposure to lead in 
canned food from lead-soldered containers has been greatly reduced. Lead-soldered cans are still 
used in some other nations. In the most recent studies, lead was not detectable in most foods and 
the average dietary intake of lead was about 1 microgram (a microgram is a millionth of a gram) 
per kilogram of body weight per day. Children may be exposed to lead by hand-to-mouth contact 
after exposure to lead-containing soil or dust. 

In general, very little lead is found in lakes, rivers, or groundwater used to supply the public with 
drinking water. More than 99% of all publicly supplied drinking water contains less than 0.005 
parts of lead per million parts of water (ppm). However, the amount of lead taken into your body 
through drinking water can be higher in communities with acidic water supplies. Acidic water 
makes it easier for the lead found in pipes, leaded solder, and brass faucets to be dissolved and to 
enter the water we drink. Public water treatment systems are now required to use control measures 
to make water less acidic. Plumbing that contains lead may be found in public drinking water 
systems, and in houses, apartment buildings, and public buildings that are more than 20 years old. 
However, as buildings age, mineral deposits form a coating on the inside of the water pipes that 
insulates the water from lead in the pipe or solder, thus reducing the amount of lead that can leach 
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into the water. Since 1988, regulations require that drinking water coolers must not contain lead in 
parts that come into contact with drinking water. 

Breathing in, or swallowing airborne dust and dirt, is another way you can be exposed to lead. In 
1984, burning leaded gasoline was the single largest source of lead emissions. Very little lead in 
the air comes from gasoline now because EPA has banned its use in gasoline for motor vehicles. 
Other sources of lead in the air include releases to the air from industries involved in iron and 
steel production, lead-acid-battery manufacturing, and nonferrous (brass and bronze) foundries. 
Lead released into air may also come from burning of solid waste that contains lead, windblown 
dust, volcanoes, exhaust from workroom air, burning or weathering of lead-painted surfaces, 
fumes and exhaust from leaded gasoline, and cigarette smoke.  

Skin contact with dust and dirt containing lead occurs every day. Recent data have shown that 
inexpensive cosmetic jewelry pieces sold to the general public may contain high levels of lead 
which may be transferred to the skin through routine handling. However, not much lead can get 
into your body through your skin. 

In the home, you or your children may be exposed to lead if you take some types of home remedy 
medicines that contain lead compounds. Lead compounds are in some non-Western cosmetics, 
such as surma and kohl. Some types of hair colorants, cosmetics, and dyes contain lead acetate. 
Read the labels on hair coloring products, use them with caution, and keep them away from 
children. 

People who are exposed at work are usually exposed by breathing in air that contains lead 
particles. Exposure to lead occurs in many jobs. People who work in lead smelting and refining 
industries, brass/bronze foundries, rubber products and plastics industries, soldering, steel welding 
and cutting operations, battery manufacturing plants, and lead compound manufacturing industries 
may be exposed to lead. Construction and demolition workers and people who work at municipal 
waste incinerators, pottery and ceramics industries, radiator repair shops, and other industries that 
use lead solder may also be exposed. Painters who sand or scrape old paint may be exposed to 
lead in dust. Between 0.5 and 1.5 million workers are exposed to lead in the workplace. In 
California alone, more than 200,000 workers are exposed to lead. Families of workers may be 
exposed to higher levels of lead when workers bring home lead dust on their work clothes. 

You may also be exposed to lead in the home if you work with stained glass as a hobby, make 
lead fishing weights or ammunition, or if you are involved in home renovation that involves the 
removal of old lead-based paint.  

1.4 How can lead enter and leave my body? 

Some of the lead that enters your body comes from breathing in dust or chemicals that contain 
lead. Once this lead gets into your lungs, it goes quickly to other parts of the body in your blood. 

Larger particles that are too large to get into your lungs can be coughed up and swallowed. You 
may also swallow lead by eating food and drinking liquids that contain it. Most of the lead that 
enters your body comes through swallowing, even though very little of the amount you swallow 
actually enters your blood and other parts of your body. The amount that gets into your body from 
your stomach partially depends on when you ate your last meal. It also depends on how old you 
are and how well the lead particles you ate dissolved in your stomach juices. Experiments using 
adult volunteers showed that, for adults who had just eaten, the amount of lead that got into the 



Page 35 of 44                                      100208 

blood from the stomach was only about 6% of the total amount taken in. In adults who had not 
eaten for a day, about 60–80% of the lead from the stomach got into their blood. In general, if 
adults and children swallow the same amount of lead, a bigger proportion of the amount 
swallowed will enter the blood in children than in adults. Children absorb about 50% of ingested 
lead.  

Dust and soil that contain lead may get on your skin, but only a small portion of the lead will pass 
through your skin and enter your blood if it is not washed off. You can, however, accidentally 
swallow lead that is on your hands when you eat, drink, smoke, or apply cosmetics (for example, 
lip balm). More lead can pass through skin that has been damaged (for example, by scrapes, 
scratches, and wounds). The only kinds of lead compounds that easily penetrate the skin are the 
additives in leaded gasoline, which is no longer sold to the general public. Therefore, the general 
public is not likely to encounter lead that can enter through the skin. 

Shortly after lead gets into your body, it travels in the blood to the "soft tissues" and organs (such 
as the liver, kidneys, lungs, brain, spleen, muscles, and heart). After several weeks, most of the 
lead moves into your bones and teeth. In adults, about 94% of the total amount of lead in the body 
is contained in the bones and teeth. About 73% of the lead in children’s bodies is stored in their 
bones. Some of the lead can stay in your bones for decades; however, some lead can leave your 
bones and reenter your blood and organs under certain circumstances (e.g., during pregnancy and 
periods of breast feeding, after a bone is broken, and during advancing age). 

Your body does not change lead into any other form. Once it is taken in and distributed to your 
organs, the lead that is not stored in your bones leaves your body in your urine or your feces. 
About 99% of the amount of lead taken into the body of an adult will leave in the waste within a 
couple of weeks, but only about 32% of the lead taken into the body of a child will leave in the 
waste. Under conditions of continued exposure, not all of the lead that enters the body will be 
eliminated, and this may result in accumulation of lead in body tissues, especially bone. 

1.5 How can lead affect my health? 

Scientists use many tests to protect the public from harmful effects of toxic chemicals and to find 
ways for treating persons who have been harmed. 

One way to learn whether a chemical will harm people is to determine how the body absorbs, 
uses, and releases the chemical. For some chemicals, animal testing may be necessary. Animal 
testing may also help identify health effects such as cancer or birth defects. Without laboratory 
animals, scientists would lose a basic method for getting information needed to make wise 
decisions that protect public health. Scientists have the responsibility to treat research animals 
with care and compassion. Scientists must comply with strict animal care guidelines because laws 
today protect the welfare of research animals. 

The effects of lead are the same whether it enters the body through breathing or swallowing. The 
main target for lead toxicity is the nervous system, both in adults and children. Long-term 
exposure of adults to lead at work has resulted in decreased performance in some tests that 
measure functions of the nervous system. Lead exposure may also cause weakness in fingers, 
wrists, or ankles. Lead exposure also causes small increases in blood pressure, particularly in 
middle-aged and older people. Lead exposure may also cause anemia. At high levels of exposure, 
lead can severely damage the brain and kidneys in adults or children and ultimately cause death. 
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In pregnant women, high levels of exposure to lead may cause miscarriage. High-level exposure 
in men can damage the organs responsible for sperm production.  

We have no conclusive proof that lead causes cancer (is carcinogenic) in humans. Kidney tumors 
have developed in rats and mice that had been given large doses of some kind of lead compounds. 
The Department of Health and Human Services (DHHS) has determined that lead and lead 
compounds are reasonably anticipated to be human carcinogens based on limited evidence from 
studies in humans and sufficient evidence from animal studies, and the EPA has determined that 
lead is a probable human carcinogen. The International Agency for Research on Cancer (IARC) 
has determined that inorganic lead is probably carcinogenic to humans. IARC determined that 
organic lead compounds are not classifiable as to their carcinogenicity in humans based on 
inadequate evidence from studies in humans and in animals. 

1.6 How can lead affect children? 

This section discusses potential health effects in humans from exposures during the period from 
conception to maturity at 18 years of age.  

Studies carried out by the Centers for Disease Control and Prevention (CDC) show that the levels 
of lead in the blood of U.S. children have been getting lower and lower. This result is because 
lead is banned from gasoline, residential paint, and solder used for food cans and water pipes. 
However, about 310,000 U.S. children between the ages of 1 and 5 years are believed to have 
blood lead levels equal or greater than 10 μg/dL, the level targeted for elimination among young 
children in the Unites States by 2010.  

Children are more vulnerable to lead poisoning than adults. Children are exposed to lead all 
through their lives. They can be exposed to lead in the womb if their mothers have lead in their 
bodies. Babies can swallow lead when they breast feed, or eat other foods, and drink water that 
contains lead. Babies and children can swallow and breathe lead in dirt, dust, or sand while they 
play on the floor or ground. These activities make it easier for children to be exposed to lead than 
adults. The dirt or dust on their hands, toys, and other items may have lead particles in it. In some 
cases, children swallow nonfood items such as paint chips; these may contain very large amounts 
of lead, particularly in and around older houses that were painted with lead-based paint. The paint 
in these houses often chips off and mixes with dust and dirt. Some old paint contains as much as 
50% lead. Also, compared with adults, a bigger proportion of the amount of lead swallowed will 
enter the blood in children.  

Children are more sensitive to the health effects of lead than adults. No safe blood lead level in 
children has been determined. Lead affects children in different ways depending on how much 
lead a child swallows. A child who swallows large amounts of lead may develop anemia, kidney 
damage, colic (severe “stomach ache”), muscle weakness, and brain damage, which ultimately 
can kill the child. In some cases, the amount of lead in the child’s body can be lowered by giving 
the child certain drugs that help eliminate lead from the body. If a child swallows smaller amounts 
of lead, such as dust containing lead from paint, much less severe but still important effects on 
blood, development, and behavior may occur. In this case, recovery is likely once the child is 
removed from the source of lead exposure, but there is no guarantee that the child will completely 
avoid all long-term consequences of lead exposure. At still lower levels of exposure, lead can 
affect a child’s mental and physical growth. Fetuses exposed to lead in the womb, because their 
mothers had a lot of lead in their bodies, may be born prematurely and have lower weights at 
birth. Exposure in the womb, in infancy, or in early childhood also may slow mental development 
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and cause lower intelligence later in childhood. There is evidence that these effects may persist 
beyond childhood. 

Children with high blood lead levels do not have specific symptoms. However, health workers can 
find out whether a child may have been exposed to harmful levels of lead by taking a blood 
sample. They can also find out how much lead is in a child’s bones by taking a special type of x 
ray of the finger, knee, or elbow. This type of test, however, is not routine. 

1.7 How can families reduce the risk of exposure to lead? 

If your doctor finds that you have been exposed to substantial amounts of lead, ask whether your 
children might also have been exposed. Your doctor might need to ask your state health 
department to investigate. 

The most important way families can lower exposures to lead is to know about the sources of lead 
in their homes and avoid exposure to these sources. Some homes or day-care facilities may have 
more lead in them than others. Families who live in or visit these places may be exposed to higher 
amounts of lead. These include homes built before 1978 that may have been painted with paint 
that contains lead (lead-based paint). If you are buying a home that was built before 1978, you 
may want to know if it contains lead based paint. Federal government regulations require a person 
selling a home to tell the real estate agent or person buying the home of any known lead-based 
hazards on the property. Adding lead to paint is no longer allowed. If your house was built before 
1978, it may have been painted with lead-based paint. This lead may still be on walls, floors, 
ceilings, and window sills, or on the outside walls of the house. The paint may have been scraped 
off by a previous owner, but paint chips and lead-containing dust may still be in the yard soil. 
Decaying, peeling, or flaking paint can introduce lead into household dust and the area where this 
is occurring should be repainted. If your paint is decaying or your child has symptoms of lead 
poisoning, you may want to have your house tested for lead. In some states, homeowners can have 
the paint in their homes tested for lead by their local health departments. The National Lead 
Information Center (1-800-532-3394) has a listing of approved risk assessors (people who have 
met certain criteria and are qualified to assess the potential risks of a site) and of approved testing 
laboratories (for soil, paint, and dust). 

Sanding surfaces painted with lead-based paint or using heat to peel the paint may cause exposure 
to high levels of lead. Many cases of lead poisoning have resulted from do-it-yourself home 
renovations. Therefore, any renovations should be performed by a licensed contractor who will 
minimize exposure to household members. It is important for the area being renovated to be 
isolated from the rest of the house because of lead-containing dust. The federal government 
requires that contractors who test for or remove lead must be certified by the EPA or an EPA-
approved state program. Ask to see certifications of potential contractors. Your state health 
department or environmental protection division should be able to identify certified contractors 
for you. The National Lead Abatement Council (P.O. Box 535; Olney, MD 20932; telephone 301-
924-5490) can also send you a list of certified contractors. 

Families can lower the possibility of children swallowing paint chips by discouraging their 
children from chewing or putting these painted surfaces in their mouths and making sure that they 
wash their hands often, especially before eating. Lead can be found in dirt and dust. Areas where 
levels of lead in dirt might be especially high are near old houses, highways, or old orchards. 
Some children have the habit of eating dirt (the term for this activity is pica). Discourage your 
children from eating dirt and other hand-to-mouth activity.  
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Non-Western folk remedies used to treat diarrhea or other ailments may contain substantial 
amounts of lead. Examples of these include: Alarcon, Ghasard, Alkohl, Greta, Azarcon, Liga, Bali 
Goli, Pay-loo-ah, Coral, and Rueda. If you give your children these substances or if you are 
pregnant or nursing, you may expose your children to lead. It is wise to know the ingredients of 
any medicines that you or your children use.  

Older homes that have plumbing containing lead may have higher amounts of lead in drinking 
water. Inside plumbing installed before 1930 is most likely to contain high levels of lead. Copper 
pipes have replaced lead pipes in most residential plumbing. You cannot see, taste, or smell lead 
in water, and boiling your water will not get rid of lead. If you have a water-lead problem, EPA 
recommends that anytime water in a particular faucet has not been used for 6 hours or longer, you 
should flush your cold water pipes by running water until it is cold (5 seconds–2 minutes). 
Because lead dissolves more easily in warm water than in cold water, you should only use cold 
water for drinking, cooking, and preparing baby formula. You can contact your local health 
department or water supplier to find out about testing your water for lead. If your water tests 
indicate a significant presence of lead, consult your water supplier or local health department 
about possible remedies.  

You can bring lead home in the dust on your hands or clothes if lead is used in the place where 
you work. Lead dust is likely to be found in places where lead is mined or smelted, where car 
batteries are made or recycled, where electric cable sheathing is made, where fine crystal glass is 
made, or where certain types of ceramic pottery are made. Pets can also bring lead into the home 
in dust or dirt on their fur or feet if they spend time in places that have high levels of lead in the 
soil. 

Swallowing of lead in house dust or soil is a very important exposure pathway for children. This 
problem can be reduced in many ways. Regular hand and face washing to remove lead dusts and 
soil, especially before meals, can lower the possibility that lead on the skin is accidentally 
swallowed while eating. Families can lower exposures to lead by regularly cleaning the home of 
dust and tracked in soil. Door mats can help lower the amount of soil that is tracked into the 
home; removing your shoes before entering the home will also help. Planting grass and shrubs 
over bare soil areas in the yard can lower contact that children and pets may have with soil and the 
tracking of soil into the home.  

Families whose members are exposed to lead dusts at work can keep these dusts out of reach of 
children by showering and changing clothes before leaving work, and bagging their work clothes 
before they are brought into the home for cleaning. Proper ventilation and cleaning—during and 
after hobby activities, home or auto repair activities, and hair coloring with products that contain 
lead—will decrease the possibility of exposure.  

Lead-containing dust may be deposited on plant surfaces and lead may be taken up in certain 
edible plants from the soil by the roots; therefore, home gardening may also contribute to 
exposure if the produce is grown in soils that have high lead concentrations. Vegetables should be 
well washed before eating to remove surface deposits. Certain hobbies and home or car repair 
activities like radiator repair can add lead to the home as well. These include soldering glass or 
metal, making bullets or slugs, or glazing pottery. Some types of paints and pigments that are used 
as facial make-up or hair coloring contain lead. Cosmetics that contain lead include surma and 
kohl, which are popular in certain Asian countries. Read the labels on hair coloring products, and 
keep hair dyes that contain lead acetate away from children. Do not allow children to touch hair 
that has been colored with lead-containing dyes or any surfaces that have come into contact with 
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these dyes because lead compounds can rub off onto their hands and be transferred to their 
mouths. 

It is important that children have proper nutrition and eat a balanced diet of foods that supply 
adequate amounts of vitamins and minerals, especially calcium and iron. Good nutrition lowers 
the amount of swallowed lead that passes to the bloodstream and also may lower some of the 
toxic effects of lead. 

1.8 Is there a medical test to determine whether I have been exposed to lead? 

The amount of total lead in the blood can be measured to determine if exposure to lead has 
occurred. This test shows if you have been recently exposed to lead. Lead can be measured in 
teeth or bones by x ray techniques, but these methods are not widely available. These tests show 
long-term exposures to lead. The primary screening method is measurement of blood lead. 
Exposure to lead also can be evaluated by measuring erythrocyte protoporphyrin (EP) in blood 
samples. EP is a part of red blood cells known to increase when the amount of lead in the blood is 
high. However, the EP level is not sensitive enough to identify children with elevated blood lead 
levels below about 25 micrograms per deciliter (μg/dL). These tests usually require special 
analytical equipment that is not available in a doctor’s office. However, your doctor can draw 
blood samples and send them to appropriate laboratories for analysis. 

1.9 What recommendations has the federal government made to protect human 
health? 

The federal government develops regulations and recommendations to protect public health. 
Regulations can be enforced by law. The EPA, the Occupational Safety and Health 
Administration (OSHA), and the Food and Drug Administration (FDA) are some federal agencies 
that develop regulations for toxic substances. Recommendations provide valuable guidelines to 
protect public health, but cannot be enforced by law. The Agency for Toxic Substances and 
Disease Registry (ATSDR) and the National Institute for Occupational Safety and Health 
(NIOSH) are two federal organizations that develop recommendations for toxic substances. 

Regulations and recommendations can be expressed as “not-to-exceed” levels, that is, levels of a 
toxic substance in air, water, soil, or food that do not exceed a critical value that is usually based 
on levels that affect animals; they are then adjusted to levels that will help protect humans. 
Sometimes these not-to-exceed levels differ among federal organizations because they used 
different exposure times (an 8-hour workday or a 24-hour day), different animal studies, or other 
factors. 

Recommendations and regulations are also updated periodically as more information becomes 
available. For the most current information, check with the federal agency or organization that 
provides it. Some regulations and recommendations for lead include the following: 

CDC recommends that states develop a plan to find children who may be exposed to lead and 
have their blood tested for lead. CDC recommends that the states test children: 

• at ages 1 and 2 years;  
• at ages 3–6 years if they have never been tested for lead;  
• if they receive services from public assistance programs for the poor such as Medicaid or 

the Supplemental Food Program for Women, Infants, and Children;  
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• if they live in a building or frequently visit a house built before 1950;  
• iif they visit a home (house or apartment) built before 1978 that has been recently 

remodeled; and/or  
• if they have a brother, sister, or playmate who has had lead poisoning.  

CDC considers children to have an elevated level of lead if the amount of lead in the blood is at 
least 10 μg/dL. Many states or local programs provide intervention to individual children with 
blood lead levels equal to or greater than 10 μg/dL. Medical evaluation and environmental 
investigation and remediation should be done for all children with blood lead levels equal to or 
greater than 20 μg/dL. Medical treatment (i.e., chelation therapy) may be necessary in children if 
the lead concentration in blood is higher than 45 μg/dL. 

EPA requires that the concentration of lead in air that the public breathes be no higher than 1.5 
micrograms per cubic meter (μg/m3) averaged over 3 months. EPA regulations no longer allow 
lead in gasoline. The Clean Air Act Amendments (CAAA) of 1990 banned the sale of leaded 
gasoline as of December 31, 1995. 

Under the Lead Copper Rule (LCR), EPA requires testing of public water systems, and if more 
than 10% of the samples at residences contain lead levels over 0.015 milligrams per liter (mg/L), 
actions must be taken to lower these levels. Testing for lead in drinking water in schools is not 
required unless a school is regulated under a public water system. The 1988 Lead Contamination 
Control Act (LCCA) was created to help reduce lead in drinking water at schools and daycare 
centers. The LCCA created lead monitoring and reporting requirements for schools, as well as the 
replacement of fixtures that contain high levels of lead. However, the provisions in the LCCA are 
not enforceable by the federal government and individual states have the option to voluntarily 
comply with these provisions or create their own. 

To help protect small children, the Consumer Product Safety Commission (CPSC) requires that 
the concentration of lead in most paints available through normal consumer channels be not more 
than 0.06%. The Federal Hazardous Substance Act (FHSA) bans children’s products containing 
hazardous amounts of lead.  

The Department of Housing and Urban Development (HUD) develops recommendations and 
regulations to prevent exposure to lead. HUD requires that federally funded housing and 
renovations, Public and Indian housing be tested for lead-based paint hazards and that such 
hazards be fixed by covering the paint or removing it. When determining whether lead-based 
paint applied to interior or exterior painted surfaces of dwellings should be removed, the standard 
used by EPA and HUD is that paint with a lead concentration equal to or greater than 1.0 
milligram per square centimeter (mg/cm2) of surface area should be removed or otherwise treated. 
HUD is carrying out demonstration projects to determine the best ways of covering or removing 
lead-based paint in housing. 

EPA has developed standards for lead-paint hazards, lead in dust, and lead in soil. To educate 
parents, homeowners, and tenants about lead hazards, lead poisoning prevention in the home, and 
the lead abatement process, EPA has published several general information pamphlets. Copies of 
these pamphlets can be obtained from the National Lead Information Center or from various 
Internet sites, including http://www.epa.gov/opptintr/lead. 

OSHA regulations limit the concentration of lead in workroom air to 50 μg/m3 for an 8 hour 
workday. If a worker has a blood lead level of 50 μg/dL or higher, then OSHA requires that the 
worker be removed from the workroom where lead exposure is occurring.  

http://www.epa.gov/opptintr/lead
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FDA includes lead on its list of poisonous and deleterious substances. FDA considers foods 
packaged in cans containing lead solders to be unsafe. Tin-coated lead foil has been used as a 
covering applied over the cork and neck areas of wine bottles for decorative purposes and to 
prevent insect infestations. Because it can be reasonably expected that lead could become a 
component of the wine, the use of such foil is also a violation of the Federal Food, Drug, and 
Cosmetic Act. FDA has reviewed several direct human food ingredients (i.e., food dyes) and has 
determined them to be “generally recognized as safe” when used in accordance with current good 
manufacturing practices. Some of these ingredients contain allowable lead concentrations that 
range from 0.1 to 10 ppm.  

1.10 Where can I get more information? 
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The Health Effects of Lead 

The harmful health effects of lead have been known for thousands of years, but 
observations of injurious effects at low levels of lead have been the subject of 
increasing concern in the past few years. Recent research has pointed to possible 
dangers faced by specific populations who risk lead exposure from mobilization of their 
body lead stores, e.g., children, pregnant women and osteoporotics. Lead toxicity is 
reported to be a major public health problem in the United States today. The general 
population is exposed to lead in their environment. This lead can come from several 
sources, e.g., house paint, water and soil. Although lead has been banned from house 
paint, older housing stock still contains lead paint which can contaminate household 
dust. Lead was removed from American gasoline in the early 1980s, and lead levels in 
children has fallen considerably. Yet this previous use has resulted in soil 
contamination which still exists. Lead continues in use in many plumbing fittings. Many 
areas still receive their water supply through lead pipes. All of these factors can lead 
to an elevated total lead consumption. 

Environmental exposure to lead is not the only source of lead-related health effects. 
Many industrial workers in the United States have potential occupational exposure to 
lead, and lead poisoning is still seen at occupational health clinics. 

Clinical lead poisoning in itself does not define the extent of lead-related health 
problems. Recent research has shown that increased lead exposure, even at legally 
permissible levels, can lead to harmful, though sub-clinical, effects. Some of the 
earliest symptoms of the ailment are non-specific, such as fatigue and muscle pain and 
are frequently ascribed to factors other than lead poisoning. Other effects include 
changes in kidney function, inhibited central nervous system function and reduced 
nerve conduction velocity, the latter having been demonstrated in lead workers who 
showed no symptoms. This means that more adults may be affected by both 

http://www.mssm.edu/cpm/xrf/why.html#The Health Effects of Lead#The Health Effects of Lead
http://www.mssm.edu/cpm/xrf/why.html#Lead in Blood#Lead in Blood
http://www.mssm.edu/cpm/xrf/why.html#Blood-lead is not known for the general population#Blood-lead is not known for the general population
http://www.mssm.edu/cpm/xrf/why.html#Lead in Bone#Lead in Bone
http://www.mssm.edu/cpm/xrf/why.html#Possible mobilization of lead from bone#Possible mobilization of lead from bone
http://www.mssm.edu/cpm/xrf/why.html#K X-Ray Fluorescence measures long-term lead exposure#K X-Ray Fluorescence measures long-term lead exposure
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environmental and occupational lead exposure than can be estimated from the 
numbers who present at clinics. 

Lead in Blood 

At the present time, exposure to lead is most commonly monitored by measuring 
blood-lead levels. The criteria for lead poisoning and lead toxicity are based on blood-
lead as a standard. However, the biological half-life of lead in blood is approximately 
36 days. It is therefore an indicator only of recent lead exposure. Blood-lead reflects 
chronic exposure only if exposure is constant and the measurements were constant and 
well documented. Deleterious health effects of lead resulting from long-term lead 
exposure will only be correlated with current blood-lead levels if lead exposure has 
been relatively constant over a long period of time, up to the time of sampling. 

Measuring lead in blood has methodological drawbacks and limits on physiological 
interpretation. Methodologically, measuring lead in blood frequently requires a venous 
sample and sending blood to a laboratory for analysis. In most states, the delay 
between sampling and analytic results can be 6-8 weeks. This delay obviously impedes 
efficient public health prevention, since in the absence of immediate feedback no 
decision can be made on risk reduction at the time of initial screening or clinic visit. 
Often, it is difficult to locate the persons who were sampled after this delay, and, of 
course, exposures may continue in the interval. Physiologically, the measurement of 
lead in blood is not a direct assessment of target organ dose, since the red cell is not a 
critical target for lead toxicity. Kinetically, blood is not a good analog for critical 
targets, such as soft tissue, because of the relatively short half-life of lead in blood as 
compared to target organs or bone. 

Blood-lead is not known for the general population 

Long-term lead exposure is of primary health concern but can rarely be ascertained 
from blood-lead records. No one in the general population has an adequate blood-lead 
measurement history. However, 109Cd K X-Ray Fluorescence (XRF) bone-lead 
measurements allow the direct measurement of long-term lead exposure. 

At the present time, little is known about the range of chronic environmental 
exposures in the general population. Further research is required for the full 
implications of chronic lead exposure to be thoroughly understood. However, 109Cd K 
XRF bone-lead measurements have the potential to enhance our understanding of the 
effects of low-level lead exposure and consequently to determine whether the current 
intervention criteria, which are based on blood-lead levels, afford adequate protection 
against the effects of lead. Bone-lead measurements may also provide an additional 
screening technique in the identification of high-risk populations. 

Lead in Bone 

Lead is predominantly stored in the human body in calcified tissues; 90-95% of the 
total lead burden is contained within bone in non-occupationally exposed adults. The 
total lead content of bone is reported to be up to 200 mg in 60-70 year old men, less in 
women. The turnover rate of lead in cortical and trabecular bone is slow; quantitative 
estimates of the half-life vary, but there is a consensus that it is of the order of years 
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or even decades. Therefore, through childhood and most of adult life, lead exposure 
from both environmental and occupational sources results in an increased lead 
concentration within the bone matrix. A measure of bone-lead content thus reflects 
integrated or cumulative, and thus long-term or chronic, lead exposure and provides a 
useful surrogate indicator of the cumulative dose of lead presented over time to the 
target organs of lead. 

In vivo bone-lead measurements may therefore clarify the risks associated with lead 
exposure in two ways. Health effects which are associated with chronic lead exposure 
may be identified by their correlation with bone-lead level, and bone-lead 
measurements may ultimately allow the identification of subjects at risk from 
mobilization of their body lead stores and allow appropriate intervention strategies to 
be devised. 

Possible mobilization of lead from bone 

Under conditions where bone physiology is undergoing a period of change, such as 
during pregnancy, aging and osteoporosis, it would appear that lead can be released 
from the bone mineral matrix, increasing blood-lead levels and constituting a further 
source of lead exposure. It would seem likely that the level of this endogenous 
exposure would be dependent on bone-lead burden. 

K X-Ray Fluorescence measures long-term lead exposure 

Several large in vivo studies have confirmed that the integrated 109Cd K XRF bone-lead 
measurement is a measure of long-term lead exposure. Bone-lead measurements have 
been performed on more than 800 occupationally exposed workers in England, Sweden 
and Finland in several studies. The occupationally exposed groups were studied as 
extensive blood-lead records were available on these subjects; in some cases records 
extended as far back as 1950. It was found in all the individual studies that bone-lead 
level of all bone sites including the tibia, calcaneus and sternum, correlated with the 
"Cumulative Blood-lead Index" (CBLI). The CBLI is an integrated time-weighted average 
blood-lead level and thus corresponds to total lead exposure. The studies reported that 
109Cd K XRF bone-lead measurements could therefore be considered to be a measure of 
cumulative lead exposure. 

Evidence therefore exists that the 109Cd K XRF method can provide an accurate 
measurement of bone-lead level, to well within the currently available levels of 
precision, and further that this measurement of lead in bone can be considered to be a 
measure of long-term lead exposure. 

The radiation dose and consequent risk arising from a K XRF bone-lead measurement 
are very small for all age groups, including children. 
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