
Copyri

LETTERS TO THE EDITOR
Readers are inv
letters online a
ght © 2015 American Coll

Address correspondence to: Jac
MD, MPH, Department of
Occupational and Environme
gram, Yale University Schoo
Cedar St, ESHA 2nd floor,
06510 (jacqueline.cook@yale

The authors report no conflicts o
Copyright � 2015 American C

pational and Environmental M
DOI: 10.1097/JOM.00000000000

e136
ited to submit letters for publication in this department. Submit
t http://joem.edmgr.com. Choose ‘‘Submit New Manuscript.’’ A

signed copyright assignment and financial disclosure form must be submitted with
the letter. Form available at www.joem.org under Author and Reviewer information.
Elevated Blood Lead
Levels Related to the

Use of Firearms

To the Editor:

L ead is well known to cause toxicity to
multiple organs, even at low levels of

exposure.1 Public health workplace and
environmental regulations and practices
have resulted in substantial reductions in
lead exposure in the United States2,3; how-
ever, lead remains a serious and preventable
hazard, with lead ammunition and the use
of firearms an important preventable but
underappreciated source of lead exposure.4

Elevated blood lead levels have been docu-
mented in firing range workers, military
and enforcement personnel,5 and increas-
ingly in recreational firearm users.6

Although lead-free ammunition is avail-
able, the most common source of nonoccu-
pationally elevated blood lead levels
reported in the United States is now the
use and maintenance of firearms.7 Despite
the well-documented risks of leaded ammu-
nition, the risks of lead exposure from fire-
arm use are not well appreciated among
health care providers and the general pub-
lic, hindering recognition and preventive
measures.

The potential for lead exposure and
toxicity from the use of firearms is of
particular concern in the United States,
given that approximately 15% of the US
adult population are estimated to regularly
participate in target shooting,8 and many
others hunt wildlife. Lead-based ammuni-
tion is also an important source of lead in
the environment, leading to toxicity in
wildlife as well as humans.9,10

Summarized in Table 1 are six cases
of elevated blood lead levels in our clinic
related to firearm use from 2011 until 2014,
with associated lead exposure settings,
blood lead levels, and symptoms reported.
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CONNECTICUT ADULT LEAD
SURVEILLANCE DATA

T he Connecticut (CT) Department of
Public Health, as part of the Centers

for Disease Control and Prevention’s state-
based Adult Blood Lead Epidemiology and
Surveillance (ABLES) program, collects
data on adult blood lead levels from labora-
tories and providers.7 As shown in the Fig.
1, the total number of elevated blood lead
levels (>20 mg/dL) reported in CT rose
from 64 in 2003 to 113 cases in 2013,
and the number of adult cases associated
with firing ranges rose from 0 in 2003 to 26
in 2013. The percentage of elevated blood
lead levels related to firing ranges rose from
0% in 2003 to 23% in 2013 (Fig. 1).
DISCUSSION
This case series and the related lead

surveillance data demonstrate substantially
elevated blood lead levels among individ-
uals involved in recreational and occu-
pational firearm use in CT. These
findings demonstrate that lead exposure
from the use of firearms, which constitutes
a serious, known and preventable occu-
pational and environmental hazard, persists
and may even be increasing. The findings,
consistent with nationwide ABLES surveil-
lance data, highlight the inadequacy of the
current regulatory efforts to prevent lead
exposure associated with firearm use, as
well as the lack of awareness of this import-
ant hazard among clinical providers and the
general population. In one of the cases, an
elevated blood level in a firing range cow-
orker prompted lead blood testing. In all
other cases, lead exposure related to firearm
use was not suspected and was identified
only after an elevated blood lead level in
the patient or a family member triggered
further evaluation, most importantly ques-
tions regarding the patient’s occupation and
hobbies.

The degree of elevation in blood
lead levels (35 mg/dL to 52 mg/dL, mean
43.3 mg/dL) is also notable. It is unclear
whether these levels represent acute or
more chronic exposures. Although acute
lead toxicity is not typically seen at these
levels, chronic lead levels less than 20 mg/
dL have been associated with increased risk
of neurologic, cardiovascular, renal, and
reproductive adverse effects, and lower
blood lead levels (<5 mg/dL to 10 mg/dL)
of concern in children.11,12

Our findings also underscore the
importance of lead surveillance and the
al and Environmental Medicine. Unauthoriz
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underappreciated risk of firearm-related
lead exposure in young children, who are
at much greater risk of chronic neurologic
toxicity.11,13 Two of the cases came to
medical attention because of mandatory
lead surveillance of a young child (in these
cases, it was the son or the grandchild).
Pediatric lead surveillance, motivated by
the historic use of leaded paint, is manda-
tory in CT but not nationwide. Given how
widespread gun ownership is in the United
States, firearm use among household mem-
bers may be an important and unrecognized
source of childhood lead exposure.

These cases also highlight the many
different sources of lead exposure related to
the use and maintenance of firearms,
including inhalation and/or ingestion of
lead dust and/or fumes from spent bullets,
contact with contaminated surfaces and
clothing, bullet making, and cleaning fire-
arms. Lead contamination of surfaces in
indoor firing ranges, as well as upholstery
and other surfaces in the homes and
vehicles of firearms workers, has been
reported.11 Lead can thus be brought home
unknowingly to family members or to other
workplaces, as likely occurred in three of
the cases here.

Although indoor firing ranges have
been the primary concern, elevated blood
lead levels have also been reported from the
use of outdoor ranges, as likely occurred14

with case 4. Published data on the risks of
lead exposure from tasks such as gun clean-
ing and bullet making, especially in the
home setting, are limited. Given our limited
ability to perform lead sampling, it is diffi-
cult to be certain which gun-related activi-
ties contributed to each case’s elevated
blood lead level; however, thorough evalu-
ation of the six cases, including a careful
exposure, and workplace and/or home site
visits where possible revealed no other
sources of lead exposure.

The extent of lead exposure related
to firearm use is unclear because lead
surveillance is not mandatory, and an elev-
ated blood lead level does not mandate
lead surveillance in coworkers or family
members; however, available surveillance
data suggest that cases of elevated lead
levels associated with firearm use are
underreported and may be increasing.
National ABLES surveillance data from
2002 to 2012 show an increase in the
percentage and total number of elevated
blood lead levels related to firearm over
this time period, from 22.9% (n¼ 572) to
38.0% (n¼ 1156) of all nonoccupational
ed reproduction of this article is prohibited 
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TABLE 1. Lead Exposure Settings and Associated Blood Lead Levels and Symptoms Among Cases

Lead Exposure Setting Blood Lead Level� Symptoms

Case 1 A 70-year-old male self-employed firearms instructor, who instructed firearms classes and
shot recreationally in an indoor firing range. He routinely cleaned firearms on the
kitchen table. He was referred to our clinic by his neurologist for unsteady gait.

47 mg/dL Unsteady gait

Case 2 A 28-year-old male part-time maintenance worker at indoor shooting range, whose elevated
blood level was discovered after his 1-year-old son was found to have a markedly elevated
blood lead level (33 mg/dL) on routine pediatric lead screening. No source of lead, such as
lead paint, was identified at the child’s home. The maintenance worker’s job tasks included
sweeping used ammunition and picking up residual bullet casings.

45 mg/dL Abdominal pain, fatigue

Case 3 A 59-year-old male firearm salesman at an indoor shooting range, who assisted with pistol
permit classes and retail sales. Elevated lead levels in coworkers prompted him to
check his own blood lead level, after which he self-referred to our clinic.

52 mg/dL Asymptomatic

Case 4 A 66-year-old male US veteran, who was referred to our clinic by his neurologist for
symptoms of intermittent paresthesias in his left foot, with decreased lower extremity
motor nerve conduction velocity on diagnostic testing and an elevated lead level. He
worked as a firearms instructor for 8–18 yr olds at an outdoor shooting range.

37 mg/dL Intermittent parasthesias
in left foot

Case 5 A 36-year-old male, who was referred by his physician for further evaluation of an
elevated lead level. He owned a firearm shop that was adjacent to an indoor firing
range. Countertops, surfaces, and floors in his shop were contaminated with lead dust
tracked in from customers after using the range.

44 mg/dL Fatigue

Case 6 A 62-year-old US veteran grandfather, who was noted to have an elevated blood level after
his 2-year-old granddaughter’s elevated blood lead level was detected on routine
pediatric screening, similar to case 2. No source of lead was identified in the child’s
home. As a competitive shooter, he practiced in an indoor range several times a week,
wearing the same clothes home in the pickup truck he drove his granddaughter around
in. He also melted lead blocks to cast bullets in the back of his truck and sanded the
bullet edges in his basement.

35 mg/dL Asymptomatic

�Blood lead levels at least 10 mg/dL in adults are considered elevated by the National Institute of Occupational Safety and Health, and the Centers for Disease Control and
Prevention. Blood lead levels 5 mg/dL or more in children are considered elevated by the Centers for Disease Control and Prevention.
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elevated blood levels. Firearm use has
become the most commonly reported non-
occupational source of lead exposure in
the United States, more common than lead
paint.11 The percentage of occupational
elevated blood lead levels related to shoot-
ing ranges also increased, from 0.4%
(n¼ 56) to 1.9% (n¼ 357).11 A recent
report found that almost half of the firing
ght © 2015 American College of Occupation

FIGURE 1. Number of elevated blood lea
levels (>20mg/dL) related to firing rang
exposures and the percentage of all elevate
blood lead levels in adults related to firing rang
exposures (2003–2013).
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range employees (22/46) in the State of
Washington had elevated blood lead
levels.11 Another recent investigation
found elevated blood lead levels in 6 of
6 firing range workers (100%), none of
whom had undergone medical surveil-
lance, along with widespread lead con-
tamination of surfaces, clothing, and
hands.11 Yet surveillance of firearm
al and Environmental Medicine. Unauthoriz
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workers or recreational shooters is not
mandated nor routinely performed.

The CT surveillance data presented
here are consistent with these published
reports. A review of our clinic database
also found an increase in the number of
elevated blood lead levels related to firearm
use, with six patients in the last 4 years and
only one patient in the prior 15 years. The
ed reproduction of this article is prohibited 
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ABLES data likely represent a low estimate
of the problem of gun-related lead. For the
cases presented, testing of coworkers or
family members was recommended where
indicated but was difficult to implement.

Despite the increasing number of
reported cases of lead exposure related to
firearm use, clinician and general public
awareness of this important hazard remains
low,15,16 and there has been little attention to
primary prevention, namely the use of lead-
free bullets. The principal concern of adult
and pediatric medical organizations regarding
firearms has focused on safety. The American
Academy of Pediatrics recommends address-
ing firearm safety with parents, and the
American College of Physicians advocates
for counseling patients on the risk of firearms,
especially when children are present17,18;
however, neither professional organization
mentions the risk of lead exposure.

This article demonstrates the chal-
lenges in preventing lead exposure using
secondary and tertiary preventive efforts,
including engineering controls and surveil-
lance, respectively. Lead-free bullets are
available and would greatly reduce human
and environmental lead exposure.11 Cali-
fornia has banned the use of lead for hunt-
ing ammunition by 2019,19 and the United
States military is transitioning to lead-free
ammunition20; however, leaded bullets
remain the primary consumer ammunition
in the United States.

Until lead-free bullets become wide-
spread, clinicians should inquire about fire-
arm use and employment as a source of lead
exposure in adults and children and should
have a low threshold for obtaining a blood
lead level. An elevated blood lead level
should prompt further investigation of
potential sources of exposure in the home,
at work, and related to leisure activities, and
also prompt testing of family members,
ght © 2015 American College of Occupation
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especially young children, and coworkers
if also at risk.
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