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ABSTRACT

Objectives: To demonstrate the application of life cycle assessment (LCA) to firearms and
ammunition in order to connect injury prevention and control research to scholarship in
environmental and occupational health.

Methods: We collected data from the ATF on manufacturers, from the EPA and OSHA
compliance databases, from the CDC detailed mortality tables, and from two state firearm law
databases to explore the upstream and downstream impacts of firearms and ammunition.
Results: We identified significant environmental and occupational health violations among
firearms manufacturers, and occupational health violations among shooting range facilities, most
commonly related to lead emissions and exposures. An exploration of the correlation between
firearm deaths and state firearm laws revealed significant associations between all deaths due to
firearms, and suicide deaths due to firearms, but insignificant results for firearm homicides.
Last, we found evidence that state implementation of Stand Your Ground policies is associated
with firearm homicide rates that significantly exceed the national average.

Conclusion: The LCA approach to firearms and ammunition opens up new avenues for public
health interventions that extend beyond traditional injury prevention and control research to
include negative health outcomes attributed to environmental and occupational health hazards.

INTRODUCTION

This article uses a product life cycle assessment framework to demonstrate the multiple
opportunities for public health intervention across different stages in the life of firearms and
ammunition. Life cycle assessment (LCA) offers a compelling complement to the Haddon
matrix, described by Hemenway,! and the expanded Haddon matrix, described by Runyon,? for
communicating the type and intention of public health policies, and for comparing multiple
products. Additionally, an LCA or “cradle to grave” framework for firearms and ammunition
connects environmental health methods to research in injury prevention: a methodology that has
also been applied to the study of motor vehicles,® alcohol* and consumer tobacco products.®
While scholarly use of LCA has explored lead in ammunition,® and stores of ammunition,’ the
application to firearms presents a novel use.

The Haddon matrix was instrumental in public health work related to motor-vehicles because its
application enabled researchers to identify multiple points of policy intervention: before, during
and after the accident or injury. Hemenway! extended the Haddon matrix to explore
opportunities for intervention for three forms of injury: accidental firearm injuries, homicides,
and suicides. A variety of policy options exist to help prevent injuries, respond to injuries and
develop mechanisms for recovery and rehabilitation. Hemenway’s® interpretation of firearms in
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public health has been transformative to the field of injury prevention. In the spirit of extending
this work to further identify multi-pronged approaches to firearms in public health, this paper
explores the application of Life Cycle Assessment (LCA) to firearms and ammunition.

Using LCA, a consumer product can be understood as an object that operates in a system with
multiple phases (shown in Figure 1), beginning with design and material extraction, proceeding
to manufacturing, followed by distribution and retail, to reach the consumer, who is not the
beginning of the cycle, but one piece of the journey of the product. Consumption of the product
is followed by disposal, perhaps with opportunities for looping back into the cycle through reuse
or recycling. Like the Haddon matrix, applying the LCA to firearms and ammunition helps to
convey the many, varied options for public health action.

Interventions exist to limit harmful designs (e.g. plastic guns, micro

Design guns, 3D printed guns, ammo size)
L New regulations could consider interventions to design flaws.
s . . s .
Material Extraction * Some materials are currently prohibited from use in firearms
. manufacturing, and other materials could be considered.
and Production

* Extraction and production externalities could be quantified.

¥
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* Quality control, occupational health, and proper handling of
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Use’ Support and * Physician intervention
Maintenance * Health interventions: before, during, after injury event
¥
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Material Recovery * Disposal is also problematic, toxic

Figure 1. Schematic of the Life Cycle Analysis as Applied to Firearms and Ammunition

While the complete and thorough life cycle of firearms and ammunition is beyond the scope of
this article, it is possible to identify a few areas to better understand the processes of production
and use and to quantify their effects on public health. Working as a team in a summer research
setting, we identified four subtopic areas to explore in greater depth. These include: the
environmental health impact of firearms and ammunition manufacturing, the occupational health
impact of firearms manufacturing and recreational shooting ranges, summaries of the public
health impact of firearms as the injury mechanism in comparison to state firearm laws, and the
specific policy impact of Stand Your Ground laws on firearm homicides.

METHODS
Supplementary Table 1 summarizes the data and methods explored in each of the subtopic areas.

Quantifying the environmental health impact of production is an important component to any
LCA. The environmental health research conducted here emphasizes collection of recent data on
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toxic emissions from small arms and ammunition manufacturing. EPA Compliance and Toxic
Release data were obtained for all active facilities engaged in small arms and ammunition
manufacturing. Using reports from the Bureau of Alcohol, Firearms, Tobacco and Explosives
(ATF), we first identified the top twenty locations where the majority of all firearms in the
United States are produced®*° to identify current and historical records related to emissions and
compliance with federal laws, including: the Clean Air Act (CAA), the Clean Water Act (CWA),
the Resource Conservation and Recovery Act (RCRA), and the Emergency Planning and
Community Right-to-Know Act (EPCRA). Specific chemical emissions, such as lead and
chromium were quantified, and environmental justice summaries, known as “EJReports” were
aggregated. The facility locations were also geocoded and visualized using ArcGIS Online and
ArcGIS Pro.

The second topic explores occupational health hazards attributed to firearms
manufacturing and recreational shooting ranges. Using commerce reports from the ATF,? all
current manufacturers were identified. These records were then cross reference with recent data
from the Occupational Safety and Health Association’s (OSHA) Integrated Management
Information System (IMIS)*! on recent inspections, from 2014-2019, using NAICS code 332994
which specifically targets inspections within firearms manufacturers. These records included
facilities with and without violations. The facility database was georeferenced and visualized
using CARTO software.'? In our work, it emerged that shooting ranges were a recurring source
of hazardous occupational exposure related to firearms, so the project was extended to include
records for four thousand shooting ranges compiled on the website Range Listings.'®* As with
firearms manufacturers, these facilities were cross-referenced with OSHA inspection reports to
quantify compliance. Exposure to lead was identified as a primary source of violations and
exposures for workers in both firearms manufacturing and recreational indoor and outdoor
shooting ranges.

For the third topic area, we obtained and summarized detailed mortality data from
Centers for Disease Control and Prevention (CDC) WONDER to quantify the recent public
health burden of firearm injuries, focusing on the most recent five year period for data collection:
2013-2017.%* This work explores associations between total firearm deaths, firearm homicides
and firearm suicides in relation to state firearm laws. We did not include unintentional deaths due
to firearms because there was insufficient data for each year. State Firearm Laws were quantified
in The Changing Landscape of U.S. Gun Policy report from the Boston University School of
Public Health. States were given one point for every one of 133 listed firearm laws they had,
except for the five of the 133 that were categorized as a preemption, immunity, or stand your
ground law. Zero points were given for each preemption, immunity, or stand your ground law,
and one point was given for each one of these laws that the state did not have.’® We used the
total number of gun laws in each state from 2015 because it is the median year of the range
(2013-2017) that was examined for crude homicide and suicide rates, as well as total gun death
rates. Correlation analysis for the datasets were explored in both Google Sheets and RStudio
statistical software. An alpha level of 0.05 was used to determine if p-values generated from
statistical analysis were statistically significant. State-level residuals were visualized and
examined in Google Sheets.
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Last, the fourth topic examined the impact of Stand Your Ground policies on firearm
homicides. Expanding traditional self-defense doctrine, these laws permit the use of deadly force
in both public and private settings, which eliminates the duty to retreat from danger. Using the
RAND State Firearm Law Database,® the statutory code and start date for Stand Your Ground
(SYG) policies was identified. To retrieve additional information on each state’s SYG policy,
we used data from Everytown for Gun Safety.

ArcGIS Pro 2.3 was used to visualize and characterize the severity of Castle Doctrine and
Stand Your Ground policies across states. CDC WONDER detailed mortality records for the
five years before and the five years after implementation were compared. Google Sheets was
used to visualize national and state-level firearm homicide records, contrasting Stand Your
Ground states to other states.

Though these subtopics within the Life Cycle Assessment of firearms and ammunition do
not provide a comprehensive analysis, they illustrate the value of LCA in opening ideas for

possible public health interventions that may positively influence the health of communities and
individuals both upstream and downstream of this dangerous consumer product.

RESULTS

Environmental Health

EPA ECHO? results for NAICS 332994, small arms, ordnance, and ordnance accessories
manufacturing, and NAICS 332992, small arms ammunition manufacturing, identified 155 and
93 facilities, respectively. Among these facilities, over 100 quarters of non-compliance was
found over the past three years. The combined penalties paid for non-compliance total 0.8
million US dollars. Nearly 50 million pounds of toxics were released in 2017, as uncovered by
reporting requirements mandated by the 1986 Emergency Planning and Community Right-to-
Know Act, monitored by the EPA Toxics Release Inventory.'®

Fortunately, most of the toxics used in the production of firearms are recaptured and
recycled. Many firearms manufacturers participate in the voluntary EPA TRI P2 program, which
implements the Pollution Prevention Act of 1990° to document and encourage energy recovery
and recycling. However, given current manufacturing practices, as production increases, it is
inevitable that toxic releases will increase. Figure 2 illustrates the relationship between firearms
production® and toxic releases not recycled or recovered, as quantified by the EPA Risk
Screening Environmental Indicators (RSEI).?° During the ten year period, shown in the figure,
1.4 million pounds of toxics were released, while 42.6 million firearms were manufactured. This
is roughly equivalent to a half ounce (14 grams) or one tablespoon of toxic emissions for every
firearm produced.

This estimate does not include the larger costs of energy used to produce the firearm, or
in transportation from manufacturers to distributors, or internally along the supply chain.
However, these emissions tend to be borne in a few geographic locations, often over long periods
of time, affecting air, soil and water, and nearby communities. Additionally, recaptured and
recycled raw materials, while certainly preferable to direct emissions, also enter into a new
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supply, processing and distribution sequence. The overall impact of these systems is not known;
however, there are many more companies involved in the processing of recycled materials than
in manufacturing.?
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Figure 2. Domestic Firearms Production (ATF) and Toxic Releases Not Recovered (EPA
TRI, RSEI), 2007-2017

Of these releases, 54 percent were lead or lead compounds, second and third most
common releases included sodium nitrite (13.2%) and chromium and chromium compounds
(11.1%).%° Several major companies were confirmed to have released lead and lead compounds:
the top five emission sites are summarized in Figure 3. All of them had violations pertaining to
the Clean Air Act (CAA), the Clean Water Act (CWA), or the Resource Conservation and
Recovery Act (RCRA). Notably, Remington Arms Company LLC, the largest emitter of lead
compounds by over 1.5 million pounds compared to the second highest lead emitter, received
three formal enforcement actions, and one informal enforcement action at their Lonoke,
Arkansas facility, including a significant violation of the CWA. The Remington Arms facility
affects Hall Creek-Bayou Meto and Coleman Creek-Maumelle River, both 303(D) listed
impaired waters, with impairments caused by dioxins and metals.
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Figure 3. Top Five Manufacturers by Total Releases of Lead and Lead Compounds in
2017. Summarized from the ECHO Detailed Facility Reports, United States Environmental
Protection Agency.

The stacked graph in Figure 4 displays the emissions data we were able to collect from
the 2017 EPA report concerning the toxic emissions of the top 20 firearms manufacturers in
America. The total emissions (in pounds) are displayed at the top of each bar. Eleven of the
facilities reported their emissions in 2017, while nine of them failed to report any data.
Remington Arms is a significant contributor to the copper and lead compounds emitted.
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Figure 4. Total Pounds of Toxic Emissions Released by Top 20 Firearm Manufacturing Facilities
in 2017.
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The Environmental Justice (EJ) Report Percentiles provided by the EPA were collected
for each of the companies investigated. The percentile defines what percent of the defined
area/population (state, regional, or national) has an equal or lower risk/potential for exposure to
the parameter the percentile is referring to. For example, the ozone levels in a three mile radius
surrounding Glock's largest factory are in the 85th percentile when compared to the larger
surrounding region.?! The EPA regional percentile is used in this investigation in order to
analyze smaller areas than national data allows while considering an area larger than the
immediate perimeter of each factory examined.

There are 11 different percentiles available for comparison, but we chose to focus on only
six due to their relevance to the emissions/manufacturers studied: Particulate Matter, Ozone,
National Air Toxics Assessment (NATA) Air Toxics Cancer Risk, NATA Respiratory Hazard
Index, Hazardous Waste Proximity, and the Wastewater Discharge Indicator. The five other
percentiles were not investigated because of their lack of relevance to firearms manufacturing
and their emissions. Figure 5 shows EJ report percentiles that are relevant to the environmental
conditions surrounding firearm manufacturers. Four of the six EJReport Percentiles were higher
than 50%, and the two others were both greater that 40%. This demonstrates that there is an
unequal burden of exposure to environmental hazards attributable to firearms manufacturing.
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Figure 5. Average Regional EJReport Percentiles for Manufacturers Investigated. Gathered from
EPA ECHO Database Reports, 2019.

Overall, we found that firearms manufacturers emitted a multitude of toxic materials into
the surrounding environment (Fig. 6). The EJReports and percentiles from 2017 highlighted the
magnitude of this impact with the quantities of toxic compounds released in one year for each
factory. The number of TRI Releases and penalties for noncompliance from firearms and
ammunition manufacturers were concentrated in the New England and Missouri/Arkansas areas.
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Figure 6. Summary of Total Toxic Releases from Firearms and Ammunition Manufacturing, by
Site and State, 2017

Several of the factories released considerable amounts of toxic emissions, including
multiple substances that are proven to have both environmental and human health consequences.
Lead has been linked to many different health defects, including various cancers and brain
damage.?? However, lead’s useful properties including malleability, the ability to block high
levels of radiation, availability/low cost, and high density make it a desirable material to use in
manufacturing and have thus kept it from being banned from consumer products. As a whole, the
top 20 firearm manufacturing companies released 1,821,470 Ibs of lead compounds, in addition
to 475,211 Ibs of lead. Releasing these high quantities of lead can have many detrimental effects
on human health and the environment.

Another significant waste product produced by the top producing firearms companies is
chromium. Chromium waste, if released as an air pollutant in manufacturing, can pose a serious
risk to human health. It is linked to skin rashes, respiratory problems, and lung cancer among
other health problems.?® Compared to other emissions, chromium can have a more harmful effect
on plants and animals in the environment. The 1,702,516 Ibs. of chromium released is easily
enough to cause environmental damage. Overall, the vast quantities of copper, lead, chromium,
sodium nitrite, and other toxic compounds released by munitions factories have the potential to
pose a serious threat to human health, the environment, and the economy in the areas
surrounding them.

After a piece of land has been contaminated by toxic materials, the materials will
continue to persist and leach into the environment for decades. Some toxins, such as mercury and
lead, persist in the environment for many years and accumulate over time. Humans or wildlife
can easily and unknowingly ingest these toxins through their water, food, or airborne contact.?
Not only will the land remain contaminated for many years, but clean up and containment
processes can take millions of dollars out of the federal Superfund program.
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Occupational Health

The firearm manufacturing and firing range industries are quite expansive, with
thousands of employees.? These people work with and around firearms regularly and are exposed
to dangerous levels of lead. In order to evaluate the severity of occupational health hazards in the
firearms manufacturing and firing range industries, data concerning the occupational conditions
of the industries was collected by sorting through the OSHA database! on firearms
manufacturers and firing ranges’ violations. After data analysis, it is clear that the firearms
industry is severely under-inspected, violations pertaining to lead levels are the most common,
and the prominence of these violations has not improved in the past 15 years.

Some recent studies have observed state-based legislation that protects shooting ranges
from liability for environmental and occupational health hazards.? As a result, many ranges are
able to establish and maintain very unhealthy work environments, which negatively impact the
health of those working there. The Best Management Practice for Lead at Outdoor Shooting
Ranges report, compiled 20 years ago by the US EPA in collaboration with the National Rifle
Association (NRA) and National Shooting Sports Foundation (NSSF), estimates that in the latter
half of the 1990s, about four percent of all lead produced in the United states was made into
bullets and shot; quite a bit of this eventually ended up in the environment at shooting ranges.?
Another report by the National Institute for Occupational Safety and Health estimated that
16,000-18,000 firing ranges were in operation in the US.?” Medical studies have identified
elevated blood lead levels among employees, families and customers of indoor firing ranges.?32°
Two Norweigan studies of soldiers identified respiratory hazards from indoor firing practice,
finding declines in forced expiratory volume and reported respiratory symptoms similar to metal
fume fever.*®3! Voie, et al. explains that there are no bullets available that do not have any
toxins; subsequently, those who work with firearms regularly, such as soldiers, are exposed to
these harmful substances, including CO emissions, particulate matter, copper, zinc and tin,
among others, on a daily basis.3! Not only are soldiers and firing range employees exposed to all
these unhealthy conditions, but so are the employees of the firearm manufacturing industry.
Among them, lead poisoning is a significant problem. The firearms manufacturing industry is
responsible for 17,393 employees, with a payroll of $1.1 billion, but also for the multitude of
hardships many face due to lead poisoning from working in the industry.®? This section
quantifies and explores the trends and extent of the unhealthy occupational conditions within the
firearm manufacturing and recreational industries.

This research originally focused on the occupational health of the workers of the firearm
manufacturing industry; however, since little to no primary literature particularly addressing that
topic was found, we created our own database using the list of violations found on the OSHA
online database.** OSHA regulations are intended to outline safe working conditions in order to
preserve the health of individual workers. These regulations include limiting the amount of lead
allowed to be released by a specific work site in order to avoid adverse effects (namely lead
poisoning) on the people working in that facility. The dataset included all of the manufacturers
with and without violations. The data collecting process began by locating a complete list of
firearm manufacturers throughout the entire United States on the Bureau of Alcohol, Tobacco,
Firearms, and Explosives (ATF) database.'® Once located, the process continued by searching the
OSHA database using NAICS code 332994 which specifically targets inspections within
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firearms manufacturers. Through this data set, information about the number and type of a
company’s OSHA violation from 2014 to 2019 was collected. Once consolidated, the data was
used to create a map depicting the locations of the arms manufacturers as well as the locations of
the manufacturers with OSHA violations (see Fig. 7).
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Figure 7. Map of All US Firearms Manufacturers and the Accompanying OSHA Violations from
2014-2019. Green dots represent individual arms manufacturers. Red dots represent
manufacturers with OSHA violations.

Figure 7 shows the 2,184 firearms manufacturers in the United States, and those that have
violations. The map also summarizes trends seen among firearms manufacturers” OSHA
violations as well as the severity of these violations, illustrating the risk of harm to employees of
these manufacturers. The green dots represent manufacturers without violations, and the red dots
represent the manufacturers with violations. Red dots are shown as proportional symbols, with
larger and darker red dots indicating more violations received by the manufacturer. There are
more violations in the manufacturers located on the coast, whereas there is a lack of
manufacturers with violations in the midwest.

This analysis also includes data concerning the occupational health risks of those who
work with firearms on shooting ranges. While searching for literature on the occupational health
and risks of those who work with firearms, a dataset of violations among firearm ranges for
2004-2013 was found. Additionally, a separate dataset of firing range violations from 2014
through 2019 was also compiled. Since firing ranges fall under the NAICS code for recreational
facilities (713990) all the data for recreational facility OSHA violation was sorted and firing
range violation data was extracted. This data set was then matched with a list of all of the firing
ranges in the United States.*®

Figure 8 displays 4,048 firing ranges (indoor and outdoor) and 517 OSHA violations
from 2014-2019 as dots. The small, green dots represent the ranges free of OSHA violations,
while the red dots represent ranges with one or more OSHA violation(s). The larger and darker
the red dot is, the more violations that range has received. Many of the large red dots are on both
the east and west coasts, with a lack of ranges with violations in the west.
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Figure 8. Map of US Firing Ranges (Indoor and Outdoor) and the Accompanying OSHA
Violations from 2014-2019. Green dots represent individual arms manufacturers. Red dots
represent manufacturers with OSHA violations.

OSHA violations related to lead are the most common form of violation for both firearms
manufacturers and shooting ranges. From 2004-2013 there were 1,931 violations for shooting
ranges, of which 1,512, or 78.30% were lead related. From 2014-2015, there were 517 violations
issued that of which 417, or 80.70% of the total violations were lead related. Though the overall
number of annual violations has been halved, a large majority of violations that continue are
related to lead exposures.

The total number of searchable inspections from 2014-2019 on the OSHA database is
134. This equates to a mere 6.1% of manufacturers inspected in this time period. A multi-part
investigative report by the Seattle Times, several years ago, explored occupational health
conditions among workers at shooting ranges.®® They identified the total number of firing ranges
in the US as 6,000. The total number of searchable inspections from 2004-2014 on the OSHA
database was 201: this equates to only 3.3% of all firing ranges receiving inspection during this
time period. Even though inspections have risen significantly, the proportion of inspections is
still very low. There is no comprehensive data that shows the total number of firing ranges from
2014-2019 in the US or their violations. As of now, we can estimate that there is somewhere
between 4,000-10,000 ranges and of those ranges 680 is the maximum number of inspections
that could have taken place from 2014-2019. Thus, the percentage of inspected ranges could only
be somewhere from 6 - 18%. As figures 7 and 8 both indicate, there are also significant
geographic variations in OSHA inspections by state, some states receiving no inspections of
manufacturing or shooting facilities. Future research should explore the geographic disparity in
OSHA inspections, related to firearms, and the inequality in protections for works on an
interstate level.

Both firearms manufacturers and firing ranges throughout the US pose major threats to
the employees who work in them. The most prominent of these threats being lead related
poisoning. Lead has devastating effects on the body notably, its ability to reproduce. These
dangerous levels of lead can accumulate through a number of range and factory deficiencies
ranging from incorrect airflow direction to filter degradation.?® Additionally, the only reason
these deficiencies prosper may indeed be caused by the lack of inspection of both firearms
factories and firing ranges. Our data analysis shows the minimal amount of inspections that took
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place from 2014-2019 in the 2,184 firearms manufacturers across the United States. Of these
2,184 manufacturers only 134 inspections took place, and of these 134 inspections, 214
violations were issued. The fact that only 6.4% of the manufacturers in the US had record of
being inspected, truly shows how insufficiently regulated this industry is. Furthermore, this
neglect is not only in the manufacturing industry, it continues into firing ranges as well. Though
inspection rates have improved from 2004-2013, data from 2014-2019 estimates only a 6 - 18%
inspection rate among firing ranges. This is an increase in percentage compared to the firearms
manufacturers, and this may be due to the public access of firing ranges, but the percentage is
still not nearly as high as it should be. The inadequacy of reporting on inspections for both firing
ranges and firearms manufacturers, our data suggests, is a major reason for which these
occupations are not safe for employees.

In addition, of the violations documented, a majority of them, especially in firing ranges,
were lead related. For both the 2004-2013 and 2014-2019 time periods, the percentage of lead
violations in firing ranges was close to 80%. This demonstrates that lead exposure remains one
of the most pressing occupational health concerns in the operation of shooting ranges. The lack
of inspection throughout firearms-related workplaces in combination with the prominence of
elevated lead levels is the main reason for which firearms occupational establishments are not
safe for the people who work in them. A good suggestion of a plausible solution to this life-
threatening problem is to increase the number of inspections across the country in these facilities.
The more inspections that occur, the less likely facilities whom continually violate the OSHA
regulations are able to stay open and harm their employees.

Firearm Injury Prevention & Control

In this section, we analyze whether or not the strictness of state gun laws has an impact
on the crude suicide, homicide, and overall death rates due to firearms in each state. To
determine the relationships between state gun laws and homicides and suicides, we used various
databases to gather the crude rates for firearm deaths and the number of gun laws in each state
and compared them using statistical techniques. The results show that there was a negative
association between the number of gun laws a state has and its firearm death crude rate and
suicide by firearm crude rate; however, there is no correlation between a state’s number of gun
laws in 2015 and its homicide by firearm crude rate, between 2013-2017. It should be noted,
however, that a significant body of literature connects specific gun laws with reductions in
firearm homicide;! however, the total number of laws alone did not appear to be a significant
predictor, during this time period. Our results could have significant effects in the public health
realm, as our research supports the idea that passing more restrictive state gun laws could help to
prevent gun deaths, specifically due to suicide.

Figure 9 shows the number of gun laws per state with a range of 2 to 102 gun laws, with
Mississippi having the lowest and California having the highest. The coasts seem to have a
higher number of laws compared to states in the midwest and central America. Additionally,
there are only a few outliers such as California, Massachusetts, and New York.
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Figure 9. Number of gun laws per state. The number of gun laws are depicted based on the
shading of the state with lighter shades corresponding to fewer gun laws.

Table 1 summarizes the correlation coefficient between state gun laws and crude death
rates where firearms were the injury mechanism. States with more gun laws tended to have
lower crude rates of firearm deaths. States with a greater number of gun laws did not show a
statistically significant negative trend in relation to the number of homicide deaths by firearm (p-
value = 0.126). States with more gun laws showed lower rates of suicide by firearm (p-value <
0.001).

Table 1. Correlation Coefficient VValues for Total State Gun Laws

Crude Suicide Rate  Crude Homicide Rate Crude Firearm Death Rate

-0.796 -0.219 -0.740

A residual is the difference between the observed value of the dependent variable and the
value predicted by the linear regression model. In this study, the residuals correspond to the
differences between the actual crude suicide and homicide rates for each state from the state’s
crude suicide and homicide rates predicted by the two models generated from the bivariate
regressions above. A positive residual means the linear regression model underestimated the
crude death rate for that particular state, while a negative residual means the model
overestimated the crude death rate. The map of residual values from Figure 10 shows that the
crude firearm suicide death rates were generally overpredicted for states in the midwest and
northeast based on the number of restrictive gun laws issued in each. This is with the exception
of West Virginia which has a high residual indicating a relatively large underprediction of crude
suicide death rate. Many of the states in the West have positive residuals showing a general
underprediction of crude suicide rates in this region.
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Figure 10. Residual values for the number firearm suicide deaths per state. The residuals are
depicted based on the shading of the state with dark orange corresponding to lower negative
values and dark green corresponding to higher positive values.

Figure 11 shows the residuals for homicide rates. Alaska has a higher residual as
compared to many other states. In the southeastern US, there is a cluster of states, namely
Louisiana, Mississippi, and Alabama, that had more firearm deaths than predicted by the linear
regression model. Opposingly, many northern states have negative residuals, meaning that there
were fewer homicides due to firearms that was predicted based on the number of laws.

-

_3"3'1‘1 ‘ I 6.326
Figure 11. Residual values for the number firearm homicide deaths per state. The residuals are

depicted based on the shading of the state with dark red corresponding to lower negative values
and dark blue corresponding to higher positive values.

A decrease in the total crude death by firearm rate and the suicide crude rate by firearm
crude rate but not the homicide by firearm crude rate was associated with an increase in the
number of gun laws. We saw a similar negative relationship between a state’s suicide rates and
the number of gun laws, revealing that increased firearm laws were correlated with a decrease in
suicide rate by firearms and all other suicide methods combined.

Our primary independent variable, the total number of laws according to the State
Firearm Laws database, might not truly reflect the restrictiveness of a state’s laws, since a state
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with fewer laws may have stricter legislation than it appears to have if each of the state’s laws
are extremely severe. Future studies could create a system for rating the severity of laws and find
their correlation with violent deaths. While our study does not provide evidence on the impact or
lack of impact of specific laws, our study provides evidence that a general increase in the number
of restrictive state gun laws prevent gun violence. Our study supports much of the public health
literature on firearms, which reveals that firearm regulation likely prevents gun violence. While
deciding whether to issue more gun legislation could be impacted by much more than public
health factors, our study provides evidence that an increase in restrictive state gun legislation
prevents gun deaths, one of many important factors for policy makers to weigh.

Impact of Stand Your Ground Policy on Firearm Homicides

Expanding upon traditional self-defense doctrine, Stand Your Ground (SYG) policies
eliminates the duty to retreat, justifying the use of violence in any place — public or private —
when in perceived danger. These laws first garnered national attention when neighborhood watch
captain George Zimmerman evoked Florida’s SYG legislation to defend his fatal shooting of
unarmed Trayvon Martin in 2012.3* Despite its controversy, these laws have proliferated across
the country since 2005, when Florida first passed SYG policies. To this day, 27 states have
implemented SYG in varying capacities.>>3°

Critics denounce these “shoot first” laws, claiming that it permits gratuitous violence in
situations that can be safely deescalated by retreating. On the other hand, advocates argue that
SYG laws would deter crime since the threat of retaliation causes criminals to reconsider
assaulting an individual. As firearms continue to comprise a substantial portion of injuries and
deaths across the nation, the adoption of SYG policies by a majority of states has generated
considerable public discourse over their implications with regard to public health and criminal
justice.®’

Since SYG laws remove the “duty to retreat” from danger in public, they may increase
firearm homicides by increasing the likelihood of violent encounters. Several studies have
empirically verified this hypothesis, such as in Florida.®® In this study, we examine whether this
trend would also hold true on a national scale.

Figure 12 depicts the range of SYG laws, which have now been implemented by a
majority of states. Nevada, Tennessee, North Carolina, Florida, and Kansas are the most lenient
in their SYG policies. These states presume that deadly force is presumed lawful, even if the
homicide is done by the aggressor.
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Duty to Retreat Rating

. Duty to Retreat laws in place

[ No Duty to Retreat or Stand Your Ground

I stand Your Ground laws in place

I Stand Your Ground laws, deadly force presumed lawful
T No stipulation against homicide by aggressor

Figure 12. The varying degrees of SYG laws across the United States. The two lightest shades
represent states without SYG policies. The lightest shade refers to states that legislate a duty to
retreat, while the darker shade denotes states that do not have a duty to retreat. The two darkest
shades refer to states with SYG laws currently in place, with the darkest shade signifying that
any claim of justifiable homicide is presumed to be valid. Most states have a stipulation that
SYG laws cannot be invoked when the shooter provoked the conflict; the states lacking this are
displayed with hash lines.

As shown in Figure 13, SYG states followed a similar trend as the rest of the United
States. The spikes in the SYG crude death rates are marginally higher and longer. For instance,
from 2014 to 2017, the firearm homicide mortality crude rate of SYG states increased by 1.4
while that of non-SYG states increased only by 0.7. However, holistically, SYG states do not
deviate significantly from the national trend in firearm homicides.
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Figure 13. Firearm homicide mortality crude death rates from 1999 to 2017.

Figure 14 depicts the change from before implementation of SYG laws in 2007 to after
their adoption. 2007 represents the average year of adoption of SYG legislation and can therefore
act as a reasonable demarcation date for the purposes of our study. While SYG states
experienced a slight increase in crude death rates, non-SYG states experienced a decrease. This
suggests that SYG legislation is correlated with higher firearm homicide mortality.

0.1
. ]
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-0.2
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Firearm Homicide Mortality Crude Rate

-0.5
SYG States Non-SYG States
Figure 14. Changes in firearm homicide mortality crude death rates from 1999-2006 period to
2008-2017 period.

There is an association between SYG laws and increased firearm homicide mortalities.
SYG states witnessed slower declines in firearm homicide rates compared to the rest of the
nation, and the implementation of SYG widened the firearm homicide rate gap between SYG
and non-SYG states. However, our analyses were not conclusive to prove causation between
SYG and firearm homicide mortalities. There were confounding factors that may have
influenced our results, especially since SYG laws are passed part and parcel with other gun
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legislation such as concealed carrying policies and the rise in firearm possession. Our data could
not appropriately separate the impact of SYG policies and other related laws.

Ultimately, SYG laws do represent a meaningful factor out of many that are correlated
with the rise in total firearm homicide deaths across the country. Additionally, data suggests that
SYG laws are correlated to volatility in homicide rates. A public health approach would advise
caution in the implementation of SYG laws. Moreover, SYG laws may have disproportionate
impacts on certain demographics, which would be a meaningful avenue to explore. Finally, we
recommend that the Dickey Amendment, which precludes the CDC from using its funds to
advocate for gun control, and the Tiahrt Amendment, which prevents firearms trace data of the
National Tracing Center from being used in gun violence research, be repealed as they limit the
scope and extent of firearm research.

CONCLUSION

As the results from the subtopics demonstrate, the life cycle assessment approach is an
effective mechanism for opening up public health research on firearms to a variety of upstream
and downstream interventions. LCA extends the interpretation of public health and firearms
beyond the realm of injury prevention and control to environmental and occupational health and
public health jurisprudence. One consequence of this expansion is that policy attempting to
minimize the health impact of firearms may consider the toxic emissions in the manufacturing of
firearms and ammunition, improving OSHA surveillance of both small arms manufacturers and
firing ranges, particularly in areas where no inspections are conducted, emphasizing the
importance of gun policy to reduce suicide by firearms, and exercising caution against current
efforts to expand “Stand Your Ground” policy.

Though these four areas of focus are a start toward developing a research agenda that
takes advantage of the LCA approach to firearms and ammunition, much still remains to be
done. For purposes of comparison, our work focused on the US. Though the majority of guns
produced in the US are for the private, civilian US market,*4° we do not know the
environmental health impact of the sizable market for firearm imports to the US. This
information could be identified and studied, because the US EPA has worked to expand Toxic
Release Inventory practices to many other countries,** and data are collected in Canada, Europe,
and Japan, which produce high volumes of firearms imported to the US.%?

Though the life cycle of ammunition has received more scrutiny, particularly in efforts to
encourage adoption of non-leaded or reduced lead ammunition, environmental and occupational
health work done here highlights the significance of ammunition as a “single use disposable”
product, leading to lead contamination that affects humans and wildlife. The environmental and
occupational health harms are amplified by what public health scholars have emphasized: the
widespread acquisition and use of firearms is harmful to human health, particularly in the
elevated levels of suicide, homicide and accidental deaths and injuries that are a result of a
largely unregulated civilian firearm market, when held in comparison to all other industrialized
countries.
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Supplementary Table 1. Summary of Data and Methods for Life Cycle Assessment Subtopics

Area Data Methods
Upstream
Environmental Health: Bureau of Alcohol, Tobacco, Statistical Summaries and
Firearms and Ammunition Firearms and Explosives (ATF)  Comparisons
Manufacturing
Environmental Protection Geocoding
Agency (EPA):
ECHO: data set on Geographical analysis and
compliance visualization using ArcGIS
(CAA, CWA, RCRA) Online and ArcGIS Pro
Toxic Release Inventory
(TRI)

Risk Screening
Environmental Indicators

(RSEI
Occupational Health: Firearms  Bureau of Alcohol, Tobacco, Statistical Summaries and
Manufacturing and Firearms and Explosives (ATF)  Comparisons

Recreational Shooting Ranges
Occupational Safety and Health  Geocoding
Association (OSHA)
Geographical analysis and
Shooting Ranges, NSSF visualization using CARTO
Seattle Times

Downstream
Injury Prevention & Control: Centers for Disease Control Statistical Summaries and
Firearms as injury (CDC) Detailed Mortality Comparisons
mechanism: total deaths, Records: WONDER
homicides and suicides, by Bivariate Regression and
state (2013-2017) State Firearm Laws compiled by  Correlation Analysis
Boston University School of
Public Health Visualization using Google
Sheets
Stand Your Ground Policy: Centers for Disease Control Statistical Summaries and
Firearms as injury (CDC) Detailed Mortality Comparisons
mechanism: homicides Records: WONDER

Visualization using Google
RAND State Firearms Database  Sheets and ArcGIS Pro
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