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1 Executive Summary
The phrase “599 additives” has a real documentary origin, but it is often described inaccurately. In 1994,
major U.S. cigarette manufacturers publicly released a pooled list titled Ingredients Added to Tobacco in the
Manufacture of Cigarettes by the Six Major American Cigarette Companies. A contemporaneous confiden-
tial version submitted to the U.S. Department of Health and Human Services identified the companies as
American Tobacco, Brown & Williamson, Liggett, Lorillard, Philip Morris and R.J. Reynolds and explic-
itly characterized the compilation as confidential trade-secret information. The public document dated 12
April 1994 is preserved in the UCSF Industry Documents Library; the 2010 U.S. Surgeon General’s report
independently confirms that the six manufacturers had reported a pooled list of 599 ingredients used in U.S.
cigarette manufacture. [1, 2, 5]

The list does not mean that every cigarette contained 599 additives. It was a pooled universe of substances
that could be used across manufacturers and products. It included individual chemicals, botanical extracts,
essential oils, juices, sugars, amino acids, humectants, acids, salts, flavour compounds and processing aids.
The Surgeon General specifically identifies flavouring, pH adjustment, moisture retention, mitigation of
smoke harshness and burn-rate control as functions of cigarette additives. [5, 28]

Nor is a manufactured cigarette chemically equivalent to “tobacco plus nicotine.” Tobacco itself contains
thousands of compounds; combustion, pyrolysis and distillation generate thousands more. Modern cigarette
design additionally involves paper chemistry, filters, ventilation, blends, reconstituted or expanded tobacco,
humectants, sugars and flavour-related compounds. The Surgeon General concluded that cigarette design,
tobacco blend and manufacturing variables profoundly influence smoke chemistry and toxicant delivery.
Tobacco smoke contains more than 7,000 identified chemicals; at least hundreds are hazardous, and at least
roughly 70 are established carcinogens under commonly cited U.S. public-health summaries. [5, 6, 8]

The popular statement that “all 599 additives were FDA-approved food additives” is materially mislead-
ing and should be discarded in that form. The 1994 industry list annotates different substances variously
as “FDA approved food additive,” “FDA GRAS,” “FEMA GRAS,” naturally occurring substances and other
categories. Under U.S. law, GRAS status is not synonymous with FDA pre-market approval; a GRAS con-
clusion can be reached without pre-market FDA review, and FEMA is a private flavour-industry association
whose expert panel makes independent GRAS determinations. FDA itself warns that inclusion of a sub-
stance evaluated by FEMA in its food-substances inventory does not mean FDA approved or evaluated that
use. [11, 12, 13, 1]

The central toxicological concern, however, is valid: a safety determination for eating a substance under
specified conditions cannot be transposed automatically to heating, pyrolysing, burning and inhaling
that substance or its reaction products. FDA states expressly that GRAS and food-additive safety deter-
minations are conditional on their intended use. The Surgeon General noted that food-use status had been
extrapolated to cigarette manufacture even though gastrointestinal and pulmonary exposure differ, while later
combustion studies identified aldehydes, furans and other products generated from additives at cigarette-
relevant temperatures. [12, 5, 29]

The strongest modern example is sugar chemistry. Sugars occur naturally in tobacco and can also be added
duringmanufacture. Experimental and observational work shows that thermal degradation of sugars can form
formaldehyde, acetaldehyde, acrolein, furans and related carbonyl compounds. A 2026 stable-isotope study
established direct precursor relationships for several furans and aldehydes in machine-generated cigarette
smoke. The labelled sugars accounted for up to 58% of measured 5-hydroxymethylfuran but only up to
2% of the measured aldehydes in that experiment; this finding should not be extrapolated as the fraction
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of all smoke toxicity attributable to added sugar. Commercial-cigarette measurements likewise found that
aldehyde and volatile-organic-compound yields depend on the sugar and humectant content of the tobacco.
[30, 31, 32, 48]

The evidence does not support a simplistic proposition that additives are the sole, or necessarily dominant,
reason cigarettes kill. Burned tobacco without the 599 additives is itself highly toxic and carcinogenic. Met-
als, tobacco-specific nitrosamines, polycyclic aromatic hydrocarbons, carbon monoxide, aldehydes, volatile
organic compounds and other hazards arise from tobacco composition, cultivation, curing and combustion
as well as from additives and cigarette engineering. Consequently, an “additive-free,” “natural,” or even
“organic” combustible cigarette is not a safe cigarette. [5, 6, 7]
On corporate conduct, the evidence is considerably stronger than mere suspicion. In United States v. Philip
Morris USA Inc., the U.S. District Court found a decades-long racketeering scheme in which major cigarette
companies lied, misrepresented and deceived the public about smoking’s health effects, nicotine addiction,
cigarette engineering, “light” cigarettes, youth marketing and second-hand smoke. The D.C. Circuit substan-
tially affirmed those liability findings. The U.S. Department of Justice summarizes the judgment as finding
deliberate deception and manipulation of nicotine to sustain addiction. [38, 41, 40]

There is also specific evidence concerning ingredient disclosure. A previously secret Philip Morris strategy,
reconstructed from corporate documents, used third-party coalitions, polling and political messaging to op-
pose state ingredient-disclosure requirements. Internal policy documents advocated protecting proprietary
trade secrets and opposing pack-level disclosure. The pre-1994 ingredient submission itself was expressly
marked confidential and protected from public disclosure. These records support a defensible conclusion
that cigarette manufacturers deliberately sought to control how much product-composition information
reached consumers and regulators. They do not, by themselves, prove that every additive was concealed
for the purpose of hiding a known toxic effect. [42, 2, 43]

The “599” story therefore survives rigorous scrutiny, but in a more precise form than the viral version:

Claim OSINT finding

“There really was a 599-additive list.” Verified.
“Every cigarette contains 599 chemicals.” False. The list was pooled across

manufacturers/products.
“Every one was FDA-approved.” False/misleading. FDA approval, FDA

GRAS and FEMA GRAS are distinct.
“Food-safe means smoke-safe.” False. Safety is route- and use-specific;

combustion creates new products.
“The 599 additives create all cigarette toxicity.” False. Tobacco combustion itself is

carcinogenic and toxic.
“Some additives modify flavour, harshness, burn, moisture or
nicotine delivery.”

Verified.

“Industry knew smoking was dangerous and addictive while publicly
denying/minimizing it.”

Judicially established for major
defendants.

“Industry resisted detailed ingredient disclosure.” Supported by internal documents and
historical litigation.

“One billion people have already died from tobacco.” False. The figure is a projection for the 21st
century, not a historical death count.
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Claim OSINT finding

“One billion could die this century if tobacco use persists.” Supported by WHO/epidemiological
projections.

WHO historically estimated about 100 million tobacco deaths in the twentieth century and projected that
tobacco could kill roughly one billion people during the twenty-first century under persistent smoking
patterns. More recent Global Burden of Disease work estimated more than 175 million smoking-attributable
deaths during 1990–2021 alone. Thus, the “one billion already dead” premise should be removed from any
publication intended to withstand scientific or legal scrutiny. [18, 45, 46]

Finally, this report uses commercial tobacco deliberately. Traditional or ceremonial tobacco use in In-
digenous cultures should not be collapsed analytically into industrial cigarette manufacture; public-health
agencies themselves distinguish commercial tobacco products from traditional Indigenous tobacco practices.
[7]

2 Methods
This review used anOSINT evidence hierarchy inwhich primary legal, regulatory and corporate sources were
weighted above secondary commentary. Searches were conducted through official U.S., Canadian, European,
Australian andWHO repositories; PubMed/PMC; theUCSFTruth Tobacco IndustryDocuments archive; U.S.
court and Department of Justice material; and historical cigarette-industry documents. Wikipedia was used
only as a discovery and transcription aid for Appendix A, then cross-checked against the 1993 confidential
submission, the 12 April 1994 industry list, Surgeon General documentation and UCSF archival metadata.
[47, 1, 3]

Evidence-review limits. This is a critical OSINT evidence synthesis, not a PRISMA-registered systematic
review, a census of all cigarette studies, or a statistical meta-analysis. Studies were not pooled into a com-
mon effect estimate because products, doses, exposure regimes and biological endpoints are heterogeneous.
Historical industry documents document disclosed formulations and internal conduct, not necessarily current
market formulations. The list is a historical aggregate, not a representative sample of brand-specific ingredi-
ents. Sources accessed through archives may retain historical terminology or outdated regulatory status; the
legal overview describes the regime at the stated research cut-off.

The scientific search concentrated on four linked questions: what substances were added; what functions
they served; what thermal transformations occurred during smoking; and whether those transformations
measurably altered smoke chemistry or biological activity. Particular attention was given to sugars, poly-
ols/humectants, ammonia chemistry, flavour compounds, acids and botanical mixtures because these cate-
gories recur both in the 599 list and the experimental literature. [5, 29, 30]

Industry-funded toxicology was not excluded. Instead it was treated as evidence requiring conflict-of-interest
analysis. Philip Morris’s Project MIX, for example, tested 333 additives and reported limited toxicological
change after normalizing some endpoints to total particulate matter. Independent re-analysis of the under-
lying documents later concluded that the normalization obscured increases in particulate matter and certain
toxicants and identified post-hoc analytical changes. The disagreement is material and is reported rather than
suppressed. [33, 35, 36]

For legal conclusions, this report distinguishes four evidentiary levels: documented corporate knowledge,
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corporate strategy, scientific inference, and judicial finding. The word “deception” is used strongly only
where supported by court findings or documents showing contradiction between internal knowledge and
external representations. Allegations such as murder, intentional poisoning, genocide or knowingly causing
a specific numerical death toll are not inferred from public-health evidence alone.

2.1 Analytical assumptions
“Additive” is used broadly unless the source specifies otherwise. Modern U.S. law defines a tobacco additive
as a substance intended to become a component of or affect a tobacco product, apart from tobacco itself and
certain pesticide residues. A “smoke constituent” can either transfer directly from a product component or
be formed during combustion or heating. [15]

Functional categories overlap. For example, glycerol is principally a humectant but may influence smoke
chemistry; cocoa is a flavour material containing multiple pharmacologically active molecules; ammonium
compounds can be processing agents, flavour/harshnessmodifiers andmodifiers of nicotine chemistry. There-
fore classification below is mechanistic rather than mutually exclusive.

3 Results
3.1 The 599-list provenance and what the list actually represents
The archival trail is unusually strong. The confidential 1993 submission states that the list was submitted
through Covington & Burling to HHS under Section 7 of the Federal Cigarette Labeling and Advertising Act
and calls it confidential trade-secret information. Its public successor dated 12 April 1994 identifies the same
manufacturers and beginswith acetanisole, acetic acid, acetoin, acetophenone and 6-acetoxydihydrotheaspirane.
The later Surgeon General review independently identifies the collective list as 599 additives used in U.S.
cigarettes. [2, 1, 5]

The list spans several broad functional/chemical families:

Functional family Representative 599-list entries Principal reason for use / relevance

Sugars and carbohydrate
materials

sugars, honey, molasses, maple syrup,
beet juice, malt, maltodextrin

casing, flavour, mouthfeel; thermal
precursors of carbonyls/furans

Humectants glycerol, propylene glycol, sugar alcohols retain moisture, influence aerosol/smoke
properties

pH / acid-base modifiers ammonia, ammonium bicarbonate,
ammonium hydroxide, sodium carbonate,
phosphoric acid, citric acid

processing, flavour, nicotine
protonation/free-base equilibrium

Flavour/aroma esters ethyl acetate, isoamyl acetate, benzyl
butyrate, linalyl acetate

aroma and sensory profile

Aldehydes/ketones benzaldehyde, cinnamaldehyde,
acetophenone, diacetyl

flavour/aroma; some have intrinsic
toxicological relevance

Pyrazines/pyridines acetylpyrazine, methylpyrazines, pyridine roasted/nutty flavour; sensory effects
Terpenes/essential oils menthol, linalool, geraniol, pinene,

peppermint, lavender
flavour, cooling, aroma, sensory
modification

Botanical extracts liquorice, cocoa, coffee, tea, fenugreek,
valerian, dandelion

flavour/casing; complex chemical
mixtures
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Functional family Representative 599-list entries Principal reason for use / relevance

Amino acids alanine, arginine, asparagine, glutamic
acid, leucine, proline

processing and flavour precursors;
participate in Maillard chemistry

Preservative/process
agents

sodium benzoate, potassium sorbate, guar
gum, xanthan gum, cellulose fibre

preservation, binding, processing

Burn/design agents carbonate salts, phosphates, paper-related
salts

burn rate and physical performance

The Surgeon General describes a “casing” stage containing materials such as glycerol, propylene glycol,
cocoa, honey, liquorice and fruit extracts and a later top-flavour stage containing more volatile compounds
including menthol and aromatic oils. [5]

A major conceptual error is to treat the list as equivalent to the composition of smoke. Ingredients and
smoke constituents are different inventories. A chemical may transfer largely intact, decompose, react
with other constituents, or never reach the inhaled smoke. Conversely, many important smoke toxicants are
not deliberately added at all; they arise from tobacco, combustion or reaction chemistry. [27, 5]

3.2 Combustion chemistry and toxicant formation
A burning cigarette operates across steep temperature and oxygen gradients; an additive may undergo evapo-
ration, distillation, pyrolysis, oxidation, Maillard chemistry or secondary reactions. Experimental pyrolysis
of 19 tobacco additives at 350, 700 and 1000◦C under inert and oxidative conditions identified several com-
pounds formed specifically during additive decomposition and demonstrated why room-temperature toxicol-
ogy is an incomplete surrogate for smoking. [29]

Sugars are among the clearest examples. Their degradation generates aldehydes, furans, organic acids and
other volatile compounds. In commercial cigarettes, aldehyde and VOC yields were related to one another
and depended on the sugar and humectant content of the tobacco. The 2026 isotope-labelling experiment
traced isotope-labelled added sugars into smoke compounds, establishing precursor--product relationships
rather than mere correlation. In that study, labelled sugars contributed up to 58% of 5-hydroxymethylfuran
and up to 2% of the measured aldehydes under the tested machine-smoking conditions; precursor attribution
is not equivalent to an individual additive’s contribution to population disease burden. The study detected
no direct isotope-labelled sugar contribution to PAHs but observed changes in unlabelled PAHs, tobacco-
specific nitrosamines and nicotine; the authors interpreted these as indirect effects on the experimental burn-
ing process. [30, 32, 48]

Glycerol and propylene glycol illustrate a second mechanism. They are used primarily as humectants, but
thermal decomposition can generate smaller carbonyls. Commercial-cigarette data show that aldehyde and
VOC yields depend on humectant content as well as sugar content, while pyrolysis experiments indicate that
substantial fractions of humectants can also transfer intact. [30, 35]

Ammonia chemistry is more directly related to nicotine delivery and sensory properties. An internal indus-
try document on “free nicotine/ammonia treatment” stated that increasing tobacco pH produced more free
nicotine and discussed ammonia reducing combustion-related harshness. FDA’s current educational material
likewise says manufacturers may add ammonia compounds and that these compounds can make cigarettes
more addictive. [37, 14]

The evidence around acetaldehyde and addiction requires more qualification. Acetaldehyde is abundant in
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smoke and can be increased by sugar combustion. Animal experiments cited in industry-document reviews
showed enhanced reinforcing effects when nicotine and acetaldehyde were administered together, but trans-
lation of that result to human cigarette dependence is not established at the same level as nicotine’s causal
role. It is appropriate to say acetaldehydemay contribute to reinforcing effects; it is excessive to claim that
sugar-derived acetaldehyde has been proven to “make smokers addicted” independently of nicotine. [28, 31]

Representative smoke-toxicant evidence

Toxicant / class Relevant origin pathways Health relevance

Formaldehyde sugar/polysaccharide pyrolysis;
broader combustion

carcinogenic and respiratory toxicant

Acetaldehyde tobacco and sugar thermal
degradation

carcinogenic; respiratory toxicant; possible
reinforcing interaction

Acrolein glycerol/sugar/organic-matter
degradation

potent respiratory and cardiovascular toxicant

Benzene combustion/pyrolysis of organic
material

carcinogen

1,3-Butadiene combustion carcinogen; high estimated cancer-risk
contribution

PAHs incomplete combustion multiple carcinogens
Tobacco-specific nitrosamines tobacco curing/chemistry and

smoke
tobacco-specific carcinogens

Carbon monoxide incomplete combustion hypoxic/cardiovascular toxicity
Hydrogen cyanide nitrogen-containing material

combustion
respiratory/cardiovascular toxicant

Metals plant uptake, soil/fertilizer and
product materials

carcinogenic/systemic toxicity for several
metals

NCI lists acetaldehyde, arsenic, benzene, 1,3-butadiene, cadmium, formaldehyde, PAHs and tobacco-specific
nitrosamines among carcinogens in tobacco smoke. The Surgeon General identifies 1,3-butadiene as a ma-
jor cancer-risk contributor and acrolein and acetaldehyde among major respiratory toxicants in quantitative
prioritization analyses. [6, 5]

Project MIX provides an instructive conflicting dataset. Philip Morris investigators reported that adding
mixtures representing 333 ingredients increased total particulate matter by roughly 13–28%, while normal-
ization to particulate matter often reduced individual constituent ratios; formaldehyde nevertheless increased
substantially in some test cigarettes. An independent re-analysis argued that particulate normalization ob-
scured additive-associated increases and that the biological studies were underpowered. The scientifically
responsible conclusion is not that “all additives dramatically increase toxicity,” nor that they are “proven
harmless”; rather, the available testing was endpoint-limited, design-sensitive and sometimes methodologi-
cally contested. [34, 36]
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3.3 Corporate knowledge, deception, disclosure and lobbying
The best-evidenced allegation in this report is not that companies secretly knew the precise pulmonary tox-
icology of all 599 additives. It is that major tobacco companies possessed extensive internal knowledge
concerning smoking hazards, nicotine pharmacology, cigarette engineering and consumer behaviour
while publicly denying or minimizing major portions of that knowledge. That proposition became a
judicial finding in the federal RICO case. [38, 40]

The court found that defendants falsely denied or minimized nicotine addiction, manipulated nicotine de-
livery, misrepresented “light” cigarettes, denied the hazards of second-hand smoke and coordinated public-
relations and scientific strategies. The appellate court upheld central liability findings, and court-ordered
corrective statements eventually required companies to tell consumers that they had deliberately deceived
the public. [41, 39]

Specific additive-related documents show sophisticated product engineering. Philip Morris and other com-
panies studied ammonia/pH manipulation, nicotine delivery, aldehyde production, flavour chemistry and
neurophysiological responses to menthol, pyrazines, vanillin and propylene glycol. A large academic review
of industry files concluded that more than 100 substances on the 599 list had pharmacological properties
potentially relevant to smoke sensory characteristics, nicotine delivery or symptom masking, although the
authors explicitly cautioned that evidence of a pharmacological property does not itself prove that manu-
facturers intentionally selected each substance for that pharmacological effect. [28, 37]
Product-additive science was also used strategically. Project MIX was developed as regulators increasingly
focused on additives. Independent analysis of released Philip Morris records reported post-hoc changes in
analytical methods after early results indicated higher toxicity and particulate yields, while the eventual publi-
cations emphasized normalized measurements. This is evidence relevant to scientific framing and regulatory
strategy, although it does not justify treating every tobacco-industry publication as fraudulent. [36]

Ingredient secrecy was institutional rather than accidental. The 1993 list states in capital letters that the
information was confidential trade-secret material protected from disclosure. Later internal political material
called for ingredient-disclosure rules to “balance” government health interests against company trade-secret
interests and opposed package disclosure that would interfere with trademarks or packaging. [2, 43]

The Massachusetts/Vermont disclosure episode is even more probative. Researchers using Philip Morris
documents found that the company retained a public-relations firm to create a coalition opposing disclosure,
commissioned polling to identify persuasive arguments and sought to portray regulation as harmful to other
industries and the local economy. This is strong evidence of organized political resistance to ingredient
transparency. [42]

A legal nuance matters. Historically, U.S. federal law itself required manufacturers to submit ingredients
confidentially. Modern law now requires brand-and-quantity ingredient reporting to FDA and reporting of
harmful or potentially harmful constituents, but that does not translate into a comprehensive consumer-
readable ingredient declaration printed on the front or back of every cigarette package. FDA may re-
quire certain constituent disclosures by specifiedmechanisms, while trade-secret and confidential-commercial
protections continue in regulatory practice. [16, 9, 17]

The “personal choice” defence is therefore incomplete as an account of the historical market. Choice does
not disappear simply because nicotine is addictive, but informed choice depends on accurate risk information.
A market in which firms concealed or misrepresented addiction, product engineering and health risk does
not satisfy a strong conception of informed consumer autonomy. That conclusion is an inference from the
RICO findings, not a separate legal holding. [40, 41]
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3.4 Current regulatory and disclosure regimes
By 2026, regulatory systems have moved far beyond the 1994 pooled list, but transparency remains uneven.

Jurisdiction Ingredient reporting
Combustion/emission
evidence

Public/on-pack
disclosure Important restrictions

United
States

Manufacturer reports
ingredients by
brand/subbrand and
quantity to FDA

HPHC reporting; FDA
list expanded to 111
HPHCs in 2026

HPHC/public-health
information available;
no universal full
ingredient panel on
pack

Characterizing
flavours other than
tobacco/menthol
prohibited in cigarettes;
FDA product standards
authority

Canada Manufacturers and
importers report each
ingredient (name,
amount, tobacco origin,
supplier) and their
R&D activities to
Health Canada each
year

26 listed constituents;
41 mainstream and 40
sidestream smoke
emissions; annual
toxicity testing of every
cigarette brand sold

Packages carry health
warnings and toxicity
messages; Health
Canada’s labelling
summary does not
describe an ingredient
panel

Extensive packaging
and appearance
controls; health
warnings printed on
individual cigarettes
(phased in 2024–2025)

European
Union

Brand/type list of all
ingredients with
quantities, reasons for
inclusion, and REACH
and CLP status (Art. 5)

Toxicological data in
burnt or unburnt form
(Art. 5);
comprehensive studies
for the 15 priority-list
additives (Art. 6)

Member States must
publish the submitted
data online, subject to
trade-secret protection
(Art. 5)

Characterising flavours
prohibited; additives
that ease inhalation or
nicotine uptake, and
additives with CMR
properties in unburnt
form, prohibited (Art.
7)

United
Kingdom

Ingredients by brand
and variant, in
descending order by
weight, with reasons
for inclusion,
REACH/CLP status
and available
toxicological data (reg.
19)

Emissions information
(reg. 20); enhanced
reporting and studies
for Schedule 2 priority
additives (regs.
20A–20B)

Public-disclosure
provisions (reg. 26)
not reviewed here

Retains the EU-derived
additive-reporting
structure

Australia Annual reports to the
Department of
ingredients used in
manufacture, plus sales
volumes and marketing
expenditure (due 30
July; first reports
covered 2024–25)

Emissions reporting
not described on the
Department’s reporting
page

Minister must publish
each report unless
satisfied that
publication is not
appropriate

Public Health (Tobacco
and Other Products)
legislation, Chapter 5

WHO
FCTC

Article 10 calls for
manufacturer/importer
disclosure to
authorities

Articles 9–10
contemplate
contents/emissions
testing and regulation

Calls for public
disclosure of toxic
constituents and
emissions

Guidelines recommend
brand-specific
quantitative reporting
rather than pooled lists
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Sources: FDA, Health Canada, EU Tobacco Products Directive, UK regulations, Australian Department of
Health and WHO FCTC. [9, 10, 21, 22, 23, 24, 25, 26, 20]

The EU framework is especially relevant to the “food-safe versus smoke-safe” problem because Article 5
requires toxicological data for ingredients in burnt or unburnt form as appropriate, while Article 6 re-
quires comprehensive studies of priority additives for toxicity, addictiveness, characterising flavour, inhala-
tion/nicotine uptake and formation of carcinogenic, mutagenic or reprotoxic substances. The first EU priority
list (Decision 2016/787) names 15 additives, including cocoa, diacetyl, glycerol, guar gum, liquorice, maltol,
menthol and propylene glycol, most of which appear in the historical 599 list. [23, 24]

Canada’s system is notable for requiring standardized testing of tobacco constituents, mainstream and sidestream
smoke and toxicity endpoints, while its packaging regime communicates health warnings and toxicity mes-
sages, including warnings printed on individual cigarettes. [21, 22]

Timeline of pivotal events

Date Event Significance

1964 First major U.S. Surgeon General report on
smoking

Establishes authoritative smoking-disease
evidence

1984 U.S. federal ingredient-reporting requirement
begins

Manufacturers submit aggregated ingredients
confidentially

1993 Confidential six-company list
prepared/submitted

Documentary precursor to public 599 list

7 March 1994 ABC Day One publicizes ingredient issue Major public exposure
12 April 1994 Six companies issue public 599 list Historic disclosure
1994 Tobacco CEOs testify on nicotine/addiction Later becomes central evidence in tobacco

controversy
1998 Master Settlement Agreement Industry documents become available through

litigation architecture
2002 Project MIX publications 333 additives evaluated by Philip Morris

researchers
2006 United States v. Philip Morris judgment Federal RICO liability and extensive findings

of deception
2009 Family Smoking Prevention and Tobacco

Control Act
FDA gains tobacco-product regulatory
authority

2010 Surgeon General reviews additive and
combustion chemistry

Authoritative synthesis

2014–2016 EU Tobacco Products Directive implemented Ingredient, combustion and priority-additive
reporting system

2017 onward U.S. corrective statements Tobacco companies required to communicate
court findings

2023–2025 Canadian package and individual-cigarette
warning reforms (in force 1 August 2023)

Health warnings printed directly on cigarettes:
king-size by July 2024, regular-size by April
2025

22 April 2026 FDA adds 18 HPHCs U.S. HPHC list reaches 111 constituents
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Sources: U.S. Surgeon General, UCSF archive, DOJ, FDA, EU and Health Canada. [4, 1, 41, 23, 10, 22]

Causal map

The arrows represent supported causal or institutional pathways, not an assertion that every additive generates
every toxicant or health outcome. [5, 28, 38]

4 Discussion
The central finding of 599 Tobacco Additives is that the strongest indictment of the manufactured cigarette
does not require exaggerating the 599 list. The scientific case is stronger when the list is treated as evidence
of industrial formulation rather than as a slogan implying 599 poisons inside every cigarette.

A cigarette is an engineered combustion system. Tobacco selection determines nicotine, sugars, nitrogen
chemistry, metals and nitrosamine precursors; curing alters chemical composition; additivesmodifymoisture,
flavour, pH and smoke characteristics; paper and ventilation influence burn and dilution; smoking behaviour
determines actual dose. The resulting smoke is a dynamic aerosol whose chemistry cannot be inferred simply
from an ingredient label. [5, 27]

That distinction also exposes why “natural tobacco” is not a scientifically adequate safety category. Re-
moving additives would eliminate some precursors and sensory modifiers but would leave nicotine addiction,
carbon monoxide, tobacco-specific nitrosamines, PAHs, aldehydes, volatile organics, metals and particulate
matter generated from tobacco itself. FDA action against misleading “natural” and “additive-free” cigarette
claims reflects exactly this problem: consumers may infer reduced harm where combustion risk remains
profound. [44, 6]

The user-supplied formulation “poisoning the plant matter” is therefore rhetorically powerful but analytically
imprecise. Some additives can generate or enhance hazardous smoke constituents, alter sensory properties,
facilitate inhalation or influence nicotine pharmacokinetics; others are largely transferred intact; others may
make little measurable difference at realistic concentrations; and tobacco itself is intrinsically hazardous
when burned. The stronger formulation is “industrial formulation and combustion of tobacco create a
toxic, addictive aerosol whose hazards cannot be reduced to nicotine alone.”
Likewise, “FDA-approved for food but never tested when burned” is too categorical. Historically, manymate-
rials were selected partly because of food-use status, and food safety plainly does not certify inhalation safety.
But substantial pyrolysis, smoke-chemistry, inhalation and biological testing was subsequently performed on
subsets of additives, including industry programmes involving hundreds of ingredients. The problem is not
literally “zero testing”; it is that food authorization was never a valid substitute for tobacco-product inhala-
tion assessment, and the later evidence base remains incomplete, heterogeneous and in some cases conflicted.
[35, 33, 36, 12]

The “personal choice” argument is similarly incomplete. Nicotine is highly addictive, most smoking begins
before mature adulthood, and a court has found that manufacturers intentionally misled consumers on addic-
tion and health risk. An ethical defence based on autonomous choice becomes substantially weaker where the
product is engineered for persistent dependence and where historically relevant information was concealed
or distorted. That is a normative inference grounded in documented facts, not a finding that smokers have
no agency. [19, 41]
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Tobacco leaf
natural sugars,

nicotine, metals, ni-
trosamine precursors

Manufacturing additives
sugars, humectants,
flavours, ammonium
compounds, acids

Cigarette engineering
paper, filter, ventilation,
reconstituted tobacco

Internal product research

Heating / pyroly-
sis / combustion

Nicotine delivery and
sensory modification

Marketing, disclosure
strategy, trade-secret
claims and lobbying

Transfer of in-
tact compounds

New reaction products
aldehydes, furans,

VOCs, PAHs, CO, HCN

Inhaled complex
smoke aerosol

DNA damage, oxidative
stress, inflammation,

vascular injury, addiction

Cancer, COPD, cardio-
vascular disease, repro-
ductive and other harms

Regulation, litiga-
tion, warnings,

product standards

Figure 1: Causal and institutional pathways linking tobacco, additives, engineering, combustion, exposure,
disease and the regulatory response. Blue: inputs; orange: physical and chemical processes; red: exposure
and harm; green: institutional pathways.
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4.1 Claims discarded as false, unsupported or overstated
“One billion people have already died from commercial cigarettes.” — Discarded. WHO and Jha/Peto
describe approximately 100 million tobacco deaths in the twentieth century and project roughly one billion
during the twenty-first century under persistent patterns. [18, 45]
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(WHO estimate)
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Figure 2: Estimated past tobacco deaths versus a projection. The first two bars are estimates for different
periods made by different methods and are not additive; the third is a projection for the twenty-first century,
not a count of deaths that have occurred. The GBD bar shows the stated lower bound (“over 175 million”).
Sources: WHO (2008); GBD 2021 Tobacco Forecasting Collaborators (2024). [18, 46]

“Every cigarette contains 599 additives.” — Discarded. The list is an aggregated list across companies
and products. [1, 5]

“All 599 were FDA-approved.” — Discarded. Some were FDA-authorized food additives, some FDA
GRAS, some FEMA GRAS or natural materials; FEMA GRAS is not FDA approval. [13, 1]

“The additives were never tested after burning.” — Discarded as an absolute. The original food-safety
rationale did not establish inhalation safety, but subsequent pyrolysis, smoke-chemistry, animal inhalation
and in-vitro studies exist for many substances. [35, 34, 29]

“Additives are what makes cigarettes carcinogenic.” — Discarded. Combustion of tobacco itself gener-
ates carcinogens and toxicants. Additives can modify the mixture and generate additional products but are
not required for cigarette smoke to be lethal. [5, 6]

“The 599 list proves a criminal conspiracy tomurder smokers.” —Discarded. The documents and RICO
judgment establish fraud, deception and racketeering conduct, not a judicial finding of murder or intent to
kill. [38, 40]

“Tobacco companies did not disclose ingredients to government.” — Discarded as a general historical
claim. U.S. manufacturers were legally required to disclose aggregated ingredients to HHS beginning in the
1980s, although disclosures were confidential and did not provide consumers with brand-specific package
ingredient panels. Modern FDA law requires much more detailed reporting. [16, 9]

What remains after those corrections is substantial: manufacturers formulated cigaretteswith hundreds of pos-
sible non-tobacco ingredients; food-use status was often rhetorically invoked despite route-of-exposure limi-
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tations; additives can alter smoke chemistry, palatability and nicotine delivery; industry scientists possessed
sophisticated knowledge of cigarette pharmacology and engineering; manufacturers historically fought de-
tailed public ingredient disclosure; and major cigarette companies were judicially found to have deceived the
public about fundamental product risks.

5 Policy Recommendations
A modern regulatory response should move beyond the historical 599-list paradigm. WHO’s Articles 9 and
10 framework already identifies the correct architecture: brand-specific quantitative disclosure, emissions
testing and public communication, not a pooled list that tells consumers neither what is in a particular brand
nor what appears in smoke. [20]

First, require completemachine-readable product composition by brand and variant. Regulators should
receive ingredient name, CAS identifier where applicable, quantity per unit, component location, supplier
function and reason for inclusion. Complex flavours and botanical extracts should be decomposed into known
constituents wherever technically possible rather than hidden behind mixture names. This follows WHO
guidance and the EU’s brand-specific model. [20, 23]

Second, separate three disclosures that are too often conflated: formulation, emissions and toxicologi-
cal transformation. Consumers need to know what was added; regulators need to know what is present in
unburned product; and public-health assessment needs to know what is transferred or newly formed during
realistic use. Ingredient disclosure alone does not describe smoke exposure. [15, 5]

Third, reverse the food-GRAS presumption for combustible products. Food authorization should carry
no presumption of inhalation or combustion safety. Any additive intentionally used in combustible tobacco
should require evidence covering thermal degradation, mainstream and sidestream emissions, interaction
with the tobacco matrix, dose, respiratory toxicity, genotoxicity and effects on nicotine pharmacokinetics
and sensory inhalability. The EU priority-additive mechanism provides an existing regulatory template. [12,
23, 24]

Fourth, prohibit additives whose principal effect is to facilitate initiation, inhalation or dependence
where no overriding public-health benefit exists. Particular scrutiny should attach to additives that reduce
harshness, generate attractive characterizing sensory properties, facilitate nicotine uptake or generate CMR
compounds. EU legislation already articulates several of these criteria. [23]

Fifth, require independent testing financed by industry but firewalled from industry control. Project
MIX demonstrates why sponsor control of protocol, normalization and publication can become part of the reg-
ulatory question. Raw data, preregistered protocols, adverse findings and analysis code should be deposited
with regulators and made public subject only to narrowly construed legitimate trade-secret exceptions. [36]

Sixth, create consumer-readable digital ingredient and emission labels. AQR-accessible database could
identify ingredients by brand, explain their functions and distinguish “present in tobacco,” “added during
manufacture,” “transferred to smoke” and “formed during combustion.” Such a system is more informative
than printing 599 chemical names on a pack and avoids the false inference that unlisted combustion products
are absent.

Seventh, preserve the distinction between commercial cigarettes and Indigenous ceremonial tobacco.
Commercial tobacco regulation should not appropriate or stigmatize traditional cultural tobacco practices
that differ fundamentally in manufacture, frequency, context and purpose. [7]

Eighth, archive tobacco-industry research permanently. The UCSF archive demonstrates enormous
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public-health value: more than 16 million historical industry items are now searchable because litigation
and settlement processes made documents public. Similar automatic archival requirements should attach to
future tobacco and nicotine-product research. [47]

6 Conclusions
599 Tobacco Additives supports a serious indictment of manufactured combustible cigarettes, but the evi-
dence is more compelling when stripped of viral inaccuracies.

The historical 599 list is authentic. It shows that twentieth-century cigarettes were formulated products con-
taining a potentially extensive palette of flavours, sugars, humectants, acids, salts, plant extracts, aroma
chemicals and processing agents. Those ingredients served functional purposes including flavour, moisture
control, pH adjustment, burn characteristics and reduction of harshness. [1, 5]

Food-use status did not and does not demonstrate safety when chemicals are burned and inhaled. Contem-
porary experimental evidence confirms that additives can contribute to aldehydes, furans and other thermal
products, while product engineering and additives can alter nicotine delivery and smoke sensory character-
istics. [29, 32, 37]

Yet it would be scientifically wrong to imply that a cigarette made from unadulterated tobacco becomes safe.
The lethal core of cigarette smoking is the repeated inhalation of combustion products from tobacco, com-
pounded by nicotine dependence and modified by product design and formulation. “Additive-free,” “natural”
and “organic” descriptors therefore do not negate the carcinogenicity of smoke. [6, 5]

The OSINT record also substantiates far more than generic corporate negligence. Major cigarette manufactur-
ers were found in federal court to have engaged in a prolonged fraudulent enterprise involving false statements
about health effects, addiction, nicotine manipulation, “light” cigarettes and second-hand smoke. Separate
archival evidence demonstrates political strategies intended to restrict or defeat ingredient-disclosure rules
and preserve trade-secret protections. [40, 42]

What the record does not prove is equally important. The 599 ingredients were not all present in every
cigarette; not every additive is demonstrably toxic at cigarette-use concentrations; not every compound was
“FDA approved”; additive-free tobacco remains carcinogenic; the industry did conduct combustion and in-
halation studies on subsets of ingredients; and one billion people have not already died from tobacco. These
corrections make the core conclusion harder, not easier, to dismiss.

The defensible thesis of 599 Tobacco Additives is therefore:

The manufactured cigarette is not “just nicotine” and not merely dried natural tobacco. It
is an engineered drug-delivery and combustion productwhose formulation, physical design
and burning behaviour determine exposure to a complex toxic aerosol. Major cigarette
manufacturers possessed sophisticated knowledge of smoking, nicotine and cigarette engi-
neering while a federal court found that they repeatedly deceived the public about central
health and addiction risks. Historical reliance on food-use status was not a scientifically
sufficient basis for assuming inhalation safety, and historical ingredient disclosure regimes
protected substantial product information from consumers.

That formulation is supported by the documentary, chemical, regulatory and judicial record and does not
depend on claims the evidence cannot sustain.
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Appendix A — Historical 599-Additive List

1. Acetanisole
2. Acetic acid
3. Acetoin
4. Acetophenone
5. 6-Acetoxydihydrotheaspirane
6. 2-Acetyl-3-ethylpyrazine
7. 2-Acetyl-5-methylfuran
8. Acetylpyrazine
9. 2-Acetylpyridine
10. 3-Acetylpyridine
11. 2-Acetylthiazole
12. Aconitic acid
13. dl-Alanine
14. Alfalfa extract
15. Allspice extract, oleoresin, and oil
16. Allyl hexanoate
17. Allyl ionone
18. Almond bitter oil
19. Ambergris tincture
20. Ammonia
21. Ammonium bicarbonate
22. Ammonium hydroxide
23. Ammonium phosphate dibasic (diammonium phos-

phate)
24. Ammonium sulfide
25. Amyl alcohol
26. Amyl butyrate
27. Amyl formate
28. Amyl octanoate
29. alpha-Amylcinnamaldehyde
30. Amyris oil
31. trans-Anethole
32. Angelica root extract, oil and seed oil
33. Anise, anise star and oils
34. Anisyl acetate
35. Anisyl alcohol
36. Anisyl formate
37. Anisyl phenylacetate
38. Apple juice concentrate, extract, and skins
39. Apricot extract and juice concentrate
40. L-Arginine
41. Asafetida fluid extract and oil
42. Ascorbic acid
43. L-Asparagine monohydrate
44. L-Aspartic acid
45. Balsam of Peru and oil
46. Basil oil
47. Bay leaf, bay leaf oil, and sweet bay leaf oil
48. Beeswax, white

49. Beet juice concentrate
50. Benzaldehyde
51. Benzaldehyde glyceryl acetal
52. Benzoic acid
53. Benzoin
54. Benzoin resin
55. Benzophenone
56. Benzyl alcohol
57. Benzyl benzoate
58. Benzyl butyrate
59. Benzyl cinnamate
60. Benzyl propionate
61. Benzyl salicylate
62. Bergamot oil
63. Bisabolene
64. Black currant buds absolute
65. Borneol
66. Bornyl acetate
67. Buchu leaf oil
68. 1,3-Butanediol
69. 2,3-Butanedione
70. 1-Butanol
71. 2-Butanone
72. 4-(2-Butenylidene)-3,5,5-trimethyl-2-cyclohexen-1-

one
73. Butter, butter esters, and butter oil
74. Butyl acetate
75. Butyl butyrate
76. Butyl butyryl lactate
77. Butyl isovalerate
78. Butyl phenylacetate
79. Butyl undecylenate
80. 3-Butylidenephthalide
81. Butyric acid
82. Cadinene
83. Caffeine
84. Calcium carbonate
85. Camphene
86. Cananga oil
87. Capsicum oleoresin
88. Caramel colour
89. Caraway oil
90. Carbon dioxide
91. Cardamom oleoresin, extract, seed oil, and powder
92. Carob bean and extract
93. beta-Carotene
94. Carrot oil
95. Carvacrol
96. 4-Carvomenthenol
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97. L-Carvone
98. beta-Caryophyllene
99. beta-Caryophyllene oxide
100. Cascarilla oil and bark extract
101. Cassia bark oil
102. Cassie absolute and oil
103. Castoreum extract, tincture and absolute
104. Cedar leaf oil
105. Cedarwood oil terpenes and virginiana
106. Cedrol
107. Celery seed extract, solid, oil, and oleoresin
108. Cellulose fibre
109. Chamomile flower oil and extract
110. Chicory extract
111. Chocolate
112. Cinnamaldehyde
113. Cinnamic acid
114. Cinnamon leaf oil, bark oil, and extract
115. Cinnamyl acetate
116. Cinnamyl alcohol
117. Cinnamyl cinnamate
118. Cinnamyl isovalerate
119. Cinnamyl propionate
120. Citral
121. Citric acid
122. Citronella oil
123. dl-Citronellol
124. Citronellyl butyrate
125. Citronellyl isobutyrate
126. Civet absolute
127. Clary oil
128. Clover tops, red solid extract
129. Cocoa, cocoa shells, extract, distillate and powder
130. Coconut oil
131. Coffee
132. Cognac white and green oil
133. Copaiba oil
134. Coriander extract and oil
135. Corn oil
136. Corn silk
137. Costus root oil
138. Cubeb oil
139. Cuminaldehyde
140. para-Cymene
141. L-Cysteine
142. Dandelion root solid extract
143. Davana oil
144. 2-trans,4-trans-Decadienal
145. delta-Decalactone
146. gamma-Decalactone
147. Decanal

148. Decanoic acid
149. 1-Decanol
150. 2-Decenal
151. Dehydromenthofurolactone
152. Diethyl malonate
153. Diethyl sebacate
154. 2,3-Diethylpyrazine
155. Dihydro anethole
156. 5,7-Dihydro-2-methylthieno(3,4-D)pyrimidine
157. Dill seed oil and extract
158. meta-Dimethoxybenzene
159. para-Dimethoxybenzene
160. 2,6-Dimethoxyphenol
161. Dimethyl succinate
162. 3,4-Dimethyl-1,2-cyclopentanedione
163. 3,5-Dimethyl-1,2-cyclopentanedione
164. 3,7-Dimethyl-1,3,6-octatriene
165. 3,7-Dimethyl-1,6-octadien-3-ol (linalool)
166. 4,5-Dimethyl-3-hydroxy-2,5-dihydrofuran-2-one
167. 6,10-Dimethyl-5,9-undecadien-2-one
168. 3,7-Dimethyl-6-octenoic acid
169. 2,4-Dimethylacetophenone
170. alpha,para-Dimethylbenzyl alcohol
171. alpha,alpha-Dimethylphenethyl acetate
172. alpha,alpha-Dimethylphenethyl butyrate
173. 2,3-Dimethylpyrazine
174. 2,5-Dimethylpyrazine
175. 2,6-Dimethylpyrazine
176. Dimethyltetrahydrobenzofuranone
177. delta-Dodecalactone
178. gamma-Dodecalactone
179. para-Ethoxybenzaldehyde
180. Ethyl 10-undecenoate
181. Ethyl 2-methylbutyrate
182. Ethyl acetate
183. Ethyl acetoacetate
184. Ethyl alcohol
185. Ethyl benzoate
186. Ethyl butyrate
187. Ethyl cinnamate
188. Ethyl decanoate
189. Ethyl fenchol
190. Ethyl furoate
191. Ethyl heptanoate
192. Ethyl hexanoate
193. Ethyl isovalerate
194. Ethyl lactate
195. Ethyl laurate
196. Ethyl levulinate
197. Ethyl maltol
198. Ethyl methylphenylglycidate
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199. Ethyl myristate
200. Ethyl nonanoate
201. Ethyl octadecanoate
202. Ethyl octanoate
203. Ethyl oleate
204. Ethyl palmitate
205. Ethyl phenylacetate
206. Ethyl propionate
207. Ethyl salicylate
208. Ethyl trans-2-butenoate
209. Ethyl valerate
210. Ethyl vanillin
211. 2-Ethyl (or methyl)-(3,5 and 6)-methoxypyrazine
212. 2-Ethyl-1-hexanol
213. 3-Ethyl-2-hydroxy-2-cyclopenten-1-one
214. 2-Ethyl-3,(5 or 6)-dimethylpyrazine
215. 5-Ethyl-3-hydroxy-4-methyl-2(5H)-furanone
216. 2-Ethyl-3-methylpyrazine
217. 4-Ethylbenzaldehyde
218. 4-Ethylguaiacol
219. 4-Ethylphenol
220. 3-Ethylpyridine
221. Eucalyptol
222. Farnesol
223. D-Fenchone
224. Fennel sweet oil
225. Fenugreek, extract, resin, and absolute
226. Fig juice concentrate
227. Food starch modified
228. Furfuryl mercaptan
229. 4-(2-Furyl)-3-buten-2-one
230. Galbanum oil
231. Genet absolute
232. Gentian root extract
233. Geraniol
234. Geranium rose oil
235. Geranyl acetate
236. Geranyl butyrate
237. Geranyl formate
238. Geranyl isovalerate
239. Geranyl phenylacetate
240. Ginger oil and oleoresin
241. L-Glutamic acid
242. L-Glutamine
243. Glycerol
244. Glycyrrhizin ammoniated
245. Grape juice concentrate
246. Guaiac wood oil
247. Guaiacol
248. Guar gum
249. 2,4-Heptadienal

250. gamma-Heptalactone
251. Heptanoic acid
252. 2-Heptanone
253. 3-Hepten-2-one
254. 2-Hepten-4-one
255. 4-Heptenal
256. trans-2-Heptenal
257. Heptyl acetate
258. omega-6-Hexadecenlactone
259. gamma-Hexalactone
260. Hexanal
261. Hexanoic acid
262. 2-Hexen-1-ol
263. 3-Hexen-1-ol
264. cis-3-Hexen-1-yl acetate
265. 2-Hexenal
266. 3-Hexenoic acid
267. trans-2-Hexenoic acid
268. cis-3-Hexenyl formate
269. Hexyl 2-methylbutyrate
270. Hexyl acetate
271. Hexyl alcohol
272. Hexyl phenylacetate
273. L-Histidine
274. Honey
275. Hops oil
276. Hydrolyzed milk solids
277. Hydrolyzed plant proteins
278. 5-Hydroxy-2,4-decadienoic acid delta-lactone
279. 4-Hydroxy-2,5-dimethyl-3(2H)-furanone
280. 2-Hydroxy-3,5,5-trimethyl-2-cyclohexen-1-one
281. 4-Hydroxy-3-pentenoic acid lactone
282. 2-Hydroxy-4-methylbenzaldehyde
283. 4-Hydroxybutanoic acid lactone
284. Hydroxycitronellal
285. 6-Hydroxydihydrotheaspirane
286. 4-(para-Hydroxyphenyl)-2-butanone
287. Hyssop oil
288. Immortelle absolute and extract
289. alpha-Ionone
290. beta-Ionone
291. alpha-Irone
292. Isoamyl acetate
293. Isoamyl benzoate
294. Isoamyl butyrate
295. Isoamyl cinnamate
296. Isoamyl formate
297. Isoamyl hexanoate
298. Isoamyl isovalerate
299. Isoamyl octanoate
300. Isoamyl phenylacetate
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301. Isobornyl acetate
302. Isobutyl acetate
303. Isobutyl alcohol
304. Isobutyl cinnamate
305. Isobutyl phenylacetate
306. Isobutyl salicylate
307. 2-Isobutyl-3-methoxypyrazine
308. alpha-Isobutyl phenethyl alcohol
309. Isobutyraldehyde
310. Isobutyric acid
311. d,l-Isoleucine
312. alpha-Isomethyl ionone
313. 2-Isopropylphenol
314. Isovaleric acid
315. Jasmine absolute, concrete and oil
316. Kola nut extract
317. Labdanum absolute and oleoresin
318. Lactic acid
319. Lauric acid
320. Lauric aldehyde
321. Lavandin oil
322. Lavender oil
323. Lemon oil and extract
324. Lemongrass oil
325. L-Leucine
326. Levulinic acid
327. Liquorice root, fluid, extract and powder
328. Lime oil
329. Linalool oxide
330. Linalyl acetate
331. Linden flowers
332. Lovage oil and extract
333. L-Lysine
334. Mace powder, extract and oil
335. Magnesium carbonate
336. Malic acid
337. Malt and malt extract
338. Maltodextrin
339. Maltol
340. Maltyl isobutyrate
341. Mandarin oil
342. Maple syrup and concentrate
343. Mate leaf, absolute and oil
344. para-Mentha-8-thiol-3-one
345. Menthol
346. Menthone
347. Menthyl acetate
348. dl-Methionine
349. Methoprene
350. 2-Methoxy-4-methylphenol
351. 2-Methoxy-4-vinylphenol

352. para-Methoxybenzaldehyde
353. 1-(para-Methoxyphenyl)-1-penten-3-one
354. 4-(para-Methoxyphenyl)-2-butanone
355. 1-(para-Methoxyphenyl)-2-propanone
356. Methoxypyrazine
357. Methyl 2-furoate
358. Methyl 2-octynoate
359. Methyl 2-pyrrolyl ketone
360. Methyl anisate
361. Methyl anthranilate
362. Methyl benzoate
363. Methyl cinnamate
364. Methyl dihydrojasmonate
365. Methyl ester of rosin, partially hydrogenated
366. Methyl isovalerate
367. Methyl linoleate (48%) and methyl linolenate (52%)

mixture
368. Methyl naphthyl ketone
369. Methyl nicotinate
370. Methyl phenylacetate
371. Methyl salicylate
372. Methyl sulfide
373. 3-Methyl-1-cyclopentadecanone
374. 4-Methyl-1-phenyl-2-pentanone
375. 5-Methyl-2-phenyl-2-hexenal
376. 5-Methyl-2-thiophenecarboxaldehyde
377. 6-Methyl-3,5-heptadien-2-one
378. 2-Methyl-3-(para-isopropylphenyl) propionaldehyde
379. 5-Methyl-3-hexen-2-one
380. 1-Methyl-3-methoxy-4-isopropylbenzene
381. 4-Methyl-3-pentene-2-one
382. 2-Methyl-4-phenylbutyraldehyde
383. 6-Methyl-5-hepten-2-one
384. 4-Methyl-5-thiazoleethanol
385. 4-Methyl-5-vinylthiazole
386. Methyl-alpha-ionone
387. Methyl-trans-2-butenoic acid
388. 4-Methylacetophenone
389. para-Methylanisole
390. alpha-Methylbenzyl acetate
391. alpha-Methylbenzyl alcohol
392. 2-Methylbutyraldehyde
393. 3-Methylbutyraldehyde
394. 2-Methylbutyric acid
395. alpha-Methylcinnamaldehyde
396. Methylcyclopentenolone
397. 2-Methylheptanoic acid
398. 2-Methylhexanoic acid
399. 3-Methylpentanoic acid
400. 4-Methylpentanoic acid
401. 2-Methylpyrazine
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402. 5-Methylquinoxaline
403. 2-Methyltetrahydrofuran-3-one
404. (Methylthio)methylpyrazine (mixture of isomers)
405. 3-Methylthiopropionaldehyde
406. Methyl 3-methylthiopropionate
407. 2-Methylvaleric acid
408. Mimosa absolute and extract
409. Molasses extract and tincture
410. Mountain maple solid extract
411. Mullein flowers
412. Myristaldehyde
413. Myristic acid
414. Myrrh oil
415. beta-Naphthyl ethyl ether
416. Nerol
417. Neroli bigarde oil
418. Nerolidol
419. Nona-2-trans,6-cis-dienal
420. 2,6-Nonadien-1-ol
421. gamma-Nonalactone
422. Nonanal
423. Nonanoic acid
424. Nonanone
425. trans-2-Nonen-1-ol
426. 2-Nonenal
427. Nonyl acetate
428. Nutmeg powder and oil
429. Oak chips extract and oil
430. Oakmoss absolute
431. 9,12-Octadecadienoic acid (48%) and 9,12,15-

octadecatrienoic acid (52%)
432. delta-Octalactone
433. gamma-Octalactone
434. Octanal
435. Octanoic acid
436. 1-Octanol
437. 2-Octanone
438. 3-Octen-2-one
439. 1-Octen-3-ol
440. 1-Octen-3-yl acetate
441. 2-Octenal
442. Octyl isobutyrate
443. Oleic acid
444. Olibanum oil
445. Opoponax oil and gum
446. Orange blossom water, absolute, and leaf absolute
447. Orange oil and extract
448. Origanum oil
449. Orris concrete oil and root extract
450. Palmarosa oil
451. Palmitic acid

452. Parsley seed oil
453. Patchouli oil
454. omega-Pentadecalactone
455. 2,3-Pentanedione
456. 2-Pentanone
457. 4-Pentenoic acid
458. 2-Pentylpyridine
459. Pepper oil, black and white
460. Peppermint oil
461. Peruvian (Bois de Rose) oil
462. Petitgrain absolute, Mandarin oil, and terpeneless oil
463. alpha-Phellandrene
464. 2-Phenethyl acetate
465. Phenethyl alcohol
466. Phenethyl butyrate
467. Phenethyl cinnamate
468. Phenethyl isobutyrate
469. Phenethyl isovalerate
470. Phenethyl phenylacetate
471. Phenethyl salicylate
472. 1-Phenyl-1-propanol
473. 3-Phenyl-1-propanol
474. 2-Phenyl-2-butenal
475. 4-Phenyl-3-buten-2-ol
476. 4-Phenyl-3-buten-2-one
477. Phenylacetaldehyde
478. Phenylacetic acid
479. L-Phenylalanine
480. 3-Phenylpropionaldehyde
481. 3-Phenylpropionic acid
482. 3-Phenylpropyl acetate
483. 3-Phenylpropyl cinnamate
484. 2-(3-Phenylpropyl)tetrahydrofuran
485. Phosphoric acid
486. Pimenta leaf oil
487. Pine needle oil
488. Pine oil, Scotch
489. Pineapple juice concentrate
490. alpha-Pinene
491. beta-Pinene
492. D-Piperitone
493. Piperonal
494. Pipsissewa leaf extract
495. Plum juice
496. Potassium sorbate
497. L-Proline
498. Propenylguaethol
499. Propionic acid
500. Propyl acetate
501. Propyl para-hydroxybenzoate
502. Propylene glycol
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503. 3-Propylidenephthalide
504. Prune juice and concentrate
505. Pyridine
506. Pyroligneous acid and extract
507. Pyrrole
508. Pyruvic acid
509. Raisin juice concentrate
510. Rhodinol
511. Rose absolute and oil
512. Rosemary oil
513. Rum
514. Rum ether
515. Rye extract
516. Sage, sage oil, and sage oleoresin
517. Salicylaldehyde
518. Sandalwood oil, yellow
519. Sclareolide
520. Skatole
521. Smoke flavour
522. Snakeroot oil
523. Sodium acetate
524. Sodium benzoate
525. Sodium bicarbonate
526. Sodium carbonate
527. Sodium chloride
528. Sodium citrate
529. Sodium hydroxide
530. Solanone
531. Spearmint oil
532. Styrax extract, gum and oil
533. Sucrose octaacetate
534. Sugar alcohols
535. Sugars
536. Tagetes oil
537. Tannic acid
538. Tartaric acid
539. Tea leaf and absolute
540. alpha-Terpineol
541. Terpinolene
542. Terpinyl acetate
543. 5,6,7,8-Tetrahydroquinoxaline
544. 1,5,5,9-Tetramethyl-13-oxatricyclo(8.3.0.0(4,9))tridecane
545. 2,3,4,5- and 3,4,5,6-Tetramethylethyl-cyclohexanone
546. 2,3,5,6-Tetramethylpyrazine
547. Thiamine hydrochloride
548. Thiazole
549. L-Threonine
550. Thyme oil, white and red
551. Thymol

552. Tobacco extracts
553. Tocopherols (mixed)
554. Tolu balsam gum and extract
555. Tolualdehydes
556. para-Tolyl 3-methylbutyrate
557. para-Tolyl acetaldehyde
558. para-Tolyl acetate
559. para-Tolyl isobutyrate
560. para-Tolyl phenylacetate
561. Triacetin
562. 2-Tridecanone
563. 2-Tridecenal
564. Triethyl citrate
565. 3,5,5-Trimethyl-1-hexanol
566. para,alpha,alpha-Trimethylbenzyl alcohol
567. 4-(2,6,6-Trimethylcyclohex-1-enyl)but-2-en-4-one
568. 2,6,6-Trimethylcyclohex-2-ene-1,4-dione
569. 2,6,6-Trimethylcyclohexa-1,3-dienyl methanal
570. 4-(2,6,6-Trimethylcyclohexa-1,3-dienyl)but-2-en-4-

one
571. 2,2,6-Trimethylcyclohexanone
572. 2,3,5-Trimethylpyrazine
573. L-Tyrosine
574. delta-Undecalactone
575. gamma-Undecalactone
576. Undecanal
577. 2-Undecanone
578. 10-Undecenal
579. Urea
580. Valencene
581. Valeraldehyde
582. Valerian root extract, oil, and powder
583. Valeric acid
584. gamma-Valerolactone
585. Valine
586. Vanilla extract and oleoresin
587. Vanillin
588. Veratraldehyde
589. Vetiver oil
590. Vinegar
591. Violet leaf absolute
592. Walnut hull extract
593. Water
594. Wheat extract and flour
595. Wild cherry bark extract
596. Wine and wine sherry
597. Xanthan gum
598. 3,4-Xylenol
599. Yeast

Archival reconciliation and scope. These 599 numbered entries have been reconciled against the historical
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numbered industry list dated 12 April 1994 (UCSF Industry Documents Library). Entries representing mix-
tures or grouped botanicals are retained as single historical list items; chemical synonyms such as diacetyl/2,3-
butanedione and linalool/3,7-dimethyl-1,6-octadien-3-ol are not double-counted. Spelling, punctuation and
capitalization have been editorially standardized. This is a historical list of possible manufacturing ingredi-
ents, not evidence that any single brand contained 599 additives and not an analytical inventory of cigarette
smoke. [1]
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Verification Notes — Publication Edition
1. Archival basis: 12 April 1994 six-company list, accessioned by UCSF, is the documentary authority for

the historical 599 count. Appendix A was reconciled to 599 list items. An earlier working transcription
had 601 bullets because it split certain grouped entries and repeated aliases while combining other distinct
entries.

2. Research design: A critical documentary and scientific evidence synthesis. No quantitative effect-size
pooling or formal systematic-review search protocol was conducted.

3. Study scope: The 2026 isotope experiment is experimental evidence of particular smoke-chemical pre-
cursor pathways, not an estimate of the percentage of smoking-related illness caused by additives.

4. Historical versus current: Manufacturer practices and regulatory obligations have changed; the 1994
ingredient list is not a present-day brand-specific composition inventory.

5. Legal scope: The federal tobacco RICO rulings establish specified deception and racketeering findings,
not homicide or proof of specific knowledge about every listed additive.

6. Publication limits: Cross-references and key official sources were reviewed for this edition. The bibli-
ography is a source trail rather than a representation that every original scientific dataset or archival page
has received independent forensic authentication.
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