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BACKGROUND: The association between alcohol and certain cancers is well established, yet beyond ethanol and its metabolite acetaldehyde, little is
known about the presence of other carcinogenic compounds in alcoholic beverages, including polycyclic aromatic hydrocarbons (PAHs), such as
benzo[a]pyrene (a Group I carcinogen).

OBJECTIVES: We summarized the published literature on PAH levels in alcoholic beverages to identify potential gaps in knowledge to inform future
research.

METHODS: Medline and Scopus were searched for primary research published from January 1966 to November 2023 that quantified PAH levels
among various types of alcoholic beverages, including whisky, rum, brandy, gin, vodka, wine, and beer. Studies that were not primary literature were
excluded; only studies that quantified PAH content in the specified alcoholic beverages were included.

RESULTS: Ten studies published from 1966 to 2019 met the criteria for review. Other than beverage type, no publication reported selection criteria for
their samples of tested alcohol products. Studies used a variety of analytical methods to detect PAHs. Of the 10 studies, 7 were published after 2000,
and 6 assessed <20 products. Of the studies, 7 examined spirits; 3, beer; and 4, wines. Benzo[a]pyrene was most prevalent among spirit products, par-
ticularly whisky, with values generally exceeding acceptable levels for drinking water. Some beer and wine products also contained PAHs, albeit at
lower levels and less frequently than spirit products.

DiscussioN: PAHs are found in some alcohol products and appear to vary by beverage type. However, there is an incomplete understanding of their
presence and levels among large, representative samples from the range of currently available alcohol products. Addressing this gap could improve
understanding of alcohol—cancer relationships and may have important implications for public health and the regulation of alcohol products. In addi-
tion, novel methods, such as direct mass spectroscopy, may facilitate more thorough testing of samples to further investigate this relationship. https://

doi.org/10.1289/EHP13506

Introduction
Alcohol consumption in much of the world is widely seen as a
social norm, but it has serious health, social, and economic
impacts.! An area of great interest in the field of alcohol and
substance use policy is the relationship between alcohol and
certain cancers. There is an established, dose-response rela-
tionship between alcohol consumption and cancers of the oral
cavity, pharynx, larynx, colon, rectum, liver, and breast.23
Carcinogenic effects of alcohol are largely related to the effects
of ethanol and its primary metabolite, acetaldehyde,* both of
which have been classified by the International Agency for
Research on Cancer (IARC) as Group I carcinogens (i.e., cause
cancer in humans).>® Mechanisms of alcohol-induced carcino-
genesis include genotoxic effects of acetaldehyde, generation
of reactive oxidative species, cytochrome P450 induction,
changes to retinoic acid and folate metabolism, DNA methyla-
tion, and increased estrogen levels.*>

Awareness of ethanol-cancer relationships is limited among
the general population owing in part to a relative lack of knowl-
edge translation in developed countries, such as the UK and
Canada.”-® The awareness of formal studies of other carcinogens
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that may be present in alcohol products is unknown to the authors
at this time, including aflatoxins, ethyl carbamate, and polycyclic
aromatic hydrocarbons (PAHs).* PAHs are a family of related
compounds, many of which have been classified as Group IIA
carcinogens (i.e., probably cause cancer in humans), with benzo
[a]pyrene (BaP) being classified as Group I by the IARC, and
which have been found to be present in a variety of alcoholic
beverages.®%-10

PAH Structure, Function, and Carcinogenicity

PAHs are organic compounds produced during incomplete com-
bustion of carbon products.!' They are composed of fused aro-
matic rings that contain hydrogen and carbon, making them
highly hydrophobic and lipophilic.!! There are three main routes
of PAH absorption in humans: a) inhalation through the respira-
tory tract, b) absorption through the dermal layer, and c) ingestion
via the gastrointestinal tract (the route of absorption for ethanol).!!
Because of this lipophilicity, PAHs are sparingly soluble in aque-
ous solutions.!! However, PAHs are far more soluble in ethanol-
based solutions.!? Although PAHs are a class comprised of hun-
dreds of related compounds, there is substantial variation in their
size and structure.'>!# In addition, there is variability in their bio-
logical function and toxicity, with 16 being designated as high-
priority pollutants by the US Environmental Protection Agency
(EPA).%!5 These include naphthalene, acenaphthylene, acenaph-
thene, fluorene, phenanthrene, anthracene, fluoranthene, pyrene,
benzo[a]anthracene, chrysene, benzo[b]fluoranthene, benzo[k]flu-
oranthene, benzo[a]pyrene, benzo[g,h,i]perylene, indeno[1,2,3-c,
d]pyrene, and dibenz[a,h]anthracene.® The IARC has further clas-
sified PAHs based on their carcinogenicity in humans, with most
of the 16 US EPA high-priority PAHs classified as Group IIA
and III carcinogens.6 BaP, however, is classified as a Group I
carcinogen.®
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Formation of PAHs in Alcoholic Beverages

Spirits are produced through distillation to concentrate the bever-
age and increase its alcohol by volume (ABV); typically, spirits
are in the range of ~40% ABV. To achieve this ABV, the raw
ingredients of the spirits are first fermented, followed by alcohol
concentration by fractional distillation and often maturation in
charred barrels. All of these steps may introduce PAHs into the
beverages.'® Most studies in this review assessed different types
of spirits.

Whisky is made from cereal grains, such as barley, malt, rye,
wheat, and corn. Although whisky is often thought of as a single
type of alcoholic beverage, it describes a class of alcoholic bever-
ages that are differentiated based on the main grain used to pro-
duce them: scotch (malted barley), bourbon (corn), and rye
(rye).!” Nonetheless, the general production process remains sim-
ilar for all styles of whisky and consists of many steps, including
malting, mashing, fermentation, distillation, maturation, and bot-
tling.!” The introduction of PAHs into whiskies is primarily
attributed to malting and maturation. During malting, the grain is
heated or smoked, which introduces PAHs via the incomplete
combustion to which the grain is exposed.'® Maturation is con-
sidered to be the main driver of PAH exposure in whisky owing
to the process of storage in wooden barrels that are smoked or
charred before the aging process, resulting in PAH transfer from
the barrel to the whisky.!%!?

Rum is a spirit that is produced from fermented sugar cane juice
or molasses. Prior to harvesting of the sugar cane, the cane fields
are burned to remove excess foliar material, as well as to concen-
trate the sugar weight and evaporate excess water. This process has
been shown to introduce PAHs in the sugar cane, thereby contami-
nating the final rum product.? In addition, as with whisky prod-
ucts, some rum products are aged in charred wooden barrels,
which can also cause PAHs to leech from the wood into the final
product. However, rum is often aged for shorter periods com-
pared with whisky, leading to lower PAH concentrations in the
final products.’

Gin and vodka have been less extensively studied, possibly
because maturation in barrels is not an essential step for these prod-
ucts. On the other hand, aging in charred wood barrels occurs for
some brandy products.

Beer is produced from cereal grain, most commonly barley,
and fermented with yeast to produce a typical ABV of ~5.0%. In
some cases, the barley, or other cereal grain, is roasted or toasted
before the fermentation process, which has been found to introduce
PAH:s into the final product.?!->? This roasting process is the most
extreme in dark beer products, where the grain is roasted for a lon-
ger duration of time, leading to increased combustion and potential
exposure to PAHs.?? Consequently, research looking at PAH con-
tent in beer products has mainly focused on dark beer products,
although limited publications have assessed this relationship.

Wine is produced from fermented grapes with a typical ABV
of ~12%, depending on the style and production process used.
Although there is no initial burning or roasting process that
occurs to wine grapes before fermentation, wine can be aged in
toasted wooden barrels, or with burned wood chips, to introduce
novel flavors. Both of these processes have been found to intro-
duce PAHs into aging wine products.!®23

Permissible PAH Levels in Drinking Water

Per Canadian guidelines for drinking water quality, the maximum
acceptable concentration of BaP in safe drinking water is
40ng/L.2* Other countries have published similar guidelines for
BaP contamination in drinking water, including the United States
at 200ng/L,* the UK at 10ng/L,?° and Australia at 10 ng/L.%’
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Although the United States has less stringent guidelines for BaP
concentration in drinking water, US EPA guidelines surrounding
clean drinking water in the United States were introduced in
1994 and have not been updated since.?> Given that BaP is the
only IARC class I carcinogen of the 16 US EPA high-priority
pollutant PAHS, researchers have assessed BaP levels, as well as
total PAH levels, in alcoholic beverages.?282°

Objectives

Although some primary literature has examined the association
between the presence of PAHs in alcoholic beverages, to our
knowledge there has been no prior review of the topic to provide
an overview of the existing science (e.g., across multiple types of
alcoholic beverages). The objective of this review was to charac-
terize the published literature about the presence and levels of
PAHs in consumable alcohol products on a beverage-specific
basis.

Methods

This review assessed literature using the Medline and Scopus elec-
tronic databases for manuscripts published from 1966 to
November 2023. The initial search was conducted 7 May 2023, the
updated search was conducted 18 August 2023, and the final search
was conducted 23 November 2023. Searches were conducted using
the following keywords: (“polycyclic aromatic hydrocarbons” OR
“PAH” AND “alcohol”) OR (“polycyclic aromatic hydrocarbons”
OR “PAH” AND *“alcoholic beverages”) OR (“polycyclic aro-
matic hydrocarbons” OR “PAH” AND “whisky’’) OR (“polycyclic
aromatic hydrocarbons” OR “PAH” AND “whiskey”’) OR (“poly-
cyclic aromatic hydrocarbons” OR “PAH” AND “scotch”) OR
(“polycyclic aromatic hydrocarbons” OR “PAH” AND “rum’) OR
(“polycyclic aromatic hydrocarbons” OR “PAH” AND “brandy”)
OR (“polycyclic aromatic hydrocarbons” OR “PAH” AND “gin”)
OR (“polycyclic aromatic hydrocarbons” OR “PAH” AND “te-
quila”) OR (“polycyclic aromatic hydrocarbons” OR “PAH” AND
“vodka”) OR (“polycyclic aromatic hydrocarbons” OR “PAH”
AND “beer”) OR (“polycyclic aromatic hydrocarbons” OR
“PAH” AND “wine”). Both “polycyclic aromatic hydrocarbon”
and “PAH” were included as search terms to reduce the possibility
of missing a potential manuscript.

After the initial search, manuscripts were screened using
specified inclusion and exclusion criteria. Only primary litera-
ture was considered; review articles, meta-analyses, textbooks,
and other secondary or tertiary publications were excluded. In
addition, PAH is also an acronym for pulmonary hypertension,
thus all studies that investigated pulmonary hypertension were
excluded. The inclusion criteria included the following: a)
being a primary or original research article, b) analysis of one
or more beverage alcohols, ¢) quantification of PAH content, d)
publication in a peer-reviewed journal, and e) publication being
available in the English language.

Results

Manuscript Characteristics

The initial search yielded 464 publications. After applying the
above inclusion and exclusion criteria, 10 publications remained
and were included in the final review. Table 1 reports the baseline
characteristics of the included publications (n=10) in this
review, by type of beverage alcohol. The majority of publications
assessed PAH values in spirits (n=7), with wine (n =4) and beer
(n=3) having fewer studies. Across all studies, whisky had the
most total samples assessed (n=51), followed by rum (n=26),
beer (n=19), wine (n=15), brandy (n=7), and gin (n =6). Only

132(1) January 2024



BaP lower analytical

Samples per alcoholic prod-

Table 1. Characteristics of included manuscripts based on beverage alcohol type.

threshold [range

Methods used

Region of alcohol

uct tested per study [mean;

PAH compounds assessed

Studies

(mean)]
0.1-6.3ng/L (4.1ng/L)

(n studies)

HPLC-FLD (3), GC-

production

n (range)]
11.4 (1-18)

per study [mean; n (range)]

Years of publication
1966, 1996, 2007,

(n)

59,]9,28430

Alcohol product

Whisky

Scotland, Ireland,

11.8 (7-15)

(not specified for

2 studies)

MS (1), column/

USA, Japan

2009, 2016

paper chromatog-
raphy with UV

absorption spec-
troscopy (1)
HPLC-FLD (3) and

0.1-6.3ng/L (4.1ng/L)

Canada, Brazil,

6.5 (1-19)

12.3 (7-15)

2007, 2007, 2009,

49-28,29,31

Rum

(not specified for

GC-MS (1)
2 studies)

Mexico, Cuba,

2016

Jamaica, Venezuela,
Panama, Nicaragua

Not specified
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0.1-6.3ng/L (3.2ng/L)

HPLC-FLD (1) and

3.5(2-5)

9.5 (7-12)

2007, 2016

29,28

Brandy

0.1-6.0ng/L (2.9ng/L)

6.3ng/L
Not quantified

GC-MS (1)

GC-MS (1)
HPLC-FLD (2) and

GC-MS (1)

Not specified
Spain, Italy (not speci-

Spain

3.5(2-5)

12

16
12 (6-19)

1995, 2007, 2007,

2016
2019

49-32,33

128
132

Vodka

Gin
Wine

GC-MS (2)
HPLC-FLD (1), GC-

fied for all products)

Spain, Italy (not speci-

2019
1995, 2018, 2019

0.2-5.0ng/L (1.9ng/L)

MS (1), and SFC-

MS (1)

Note: BaP, benzo[a]pyrene; GC-MS, gas chromatography with mass spectrometry; HPL-FLD, high-performance liquid chromatography with fluorescence detection; PAH, polycyclic aromatic hydrocarbon; SFC-MS, supercritical fluid chroma-

tography with mass spectrometry; UV, ultraviolet.

fied for all products)

6.3 (4-9)

12.7 (6-19)

322,32,34

Beer
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7 studies were published after 2000. By beverage type, the mean
number of types of PAHs analyzed per study ranged from 10 to
13; all studies assessed BaP concentration. For any beverage
type, no study assessed >20 products. Other than geographical
location of beverage production, none of the studies reported the
basis for their selection of samples (e.g., brand popularity, pur-
chase location, price range). Of note, none of the included studies
had a potential conflict of interest or funding source from trade
groups or alcohol marketers. The majority of the included publi-
cations were based out of Brazil, Spain, and Japan; none were
based in North America, the UK, or Australia or New Zealand. In
addition, four different methods were used to test for PAHs
across studies: high-performance liquid chromatography with flu-
orescence detection (HPLC-FLD), gas chromatography coupled
with mass spectrometry (GC-MS), supercritical fluid chromatog-
raphy with mass spectrometry (SFC-MS), and column/paper
chromatography with ultraviolet (UV) absorption spectroscopy.
The BaP detection threshold ranged from 0.1 to 6.3 ng/L. Direct
mass spectrometry (DMS) was not used in any of the included
publications.

Studies of Spirits Products

Whisky. Five previous studies have assessed the PAH content level
in whisky products for either BaP levels or the sum of total PAHs
(3 PAH) (Tables 1 and 2). Kleinjans et al. assessed 18 different
whisky products, including scotch malt, scotch blend, American
bourbon, and Irish whisky using HPLC-FLD and found that BaP
equivalents ranged from 3.4 to 47.5ng/L.'? The levels of PAHs
and BaP equivalents were highest in the scotch malts, with some
PAHs being present in concentrations from 4,000 to 8,000 ng/L."°
Another study by Masuda et al. examined 5 brands of bourbon, 8
scotch brands, and 2 Japanese whisky brands for PAH content and
found that the scotch products contained BaP at a level of
40 ng/L.3° Although this study was done >50 y ago, and the ana-
Iytical techniques used are outdated, it is still an important study in
the field because it was one of the first to investigate the relation-
ship between alcohol and PAHs. A more recent study by Cacho
et al. assessed 5 whisky products for PAH content and determined
that BaP levels ranged from 66 to 72ng/L using GC-MS.28
Furthermore, > S PAH was also quantified for the 5 whisky brands,
ranging from 547 to 2,109 ng/L.?8 In a different study investigat-
ing whisky and PAHs by Galinaro and Franco, 18 whisky brands
were sampled, and the mean BaP concentration was determined
using HPLC-FLD to be 32 ng/L, with the highest BaP concentra-
tion being 48.5 ng /L.%° Finally, Garcia-Falcon and Simal-Gandara
measured BaP and > PAH contents among 1 whisky brand, as
well as other spirits, and found that it contained only 0.9 ng/L of
BaP and 3.6 ng/L of Y PAH using HPLC-FLD.?

Rum. Compared with whisky, the relationship between rum and
PAHs has been less comprehensively studied; however, some stud-
ies have investigated the PAH content in commonly consumed rum
products (Tables 1 and 2). Galinaro and Franco assessed the BaP
concentration in 19 rum products using HPLC-FLD. The mean BaP
concentration in all the rum products was 7.02ng/L, with concen-
trations ranging from undetectable levels to 93 ng/L in 1 product.?’
In a separate study, Galinaro et al. evaluated 4 rum products using
HPLC-FLD to assess the mean BaP concentration and found that
the average was 4.92ng/L, a value similar to their other work.?!
Two final publications have investigated the relationship between
rum and PAHs. Cacho et al. tested 1 rum product using GC-MS and
found that BaP was undetectable, but the > PAH was 996 ng/L.2®
Garcfa-Falcon and Simal-Géndara assessed 2 rum products using
HPLC-FLD and determined that the BaP concentration ranged from
undetectable to 0.7 ng/L, whereas the Y PAH ranged from 0.9 to
3.2ng/L.°
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Table 2. PAH and BaP content of beverage alcohols.

Samples/products BaP equivalent range Y'PAH range
(n) Methods (ng/L) (ng/L) Reference
Whisky
18 HPLC-FLD 3.4-475 NQ Kleinjans et al.'”
15 Column/paper chromatography ND-40.0 NQ Masuda et al.>°
with UV absorption
spectroscopy
5 GC-MS 66.0-72.0 547-2,109 Cacho et al.?®
18 HPLC-FLD <5.9t048.5 NQ Galinaro and Franco?®
1 HPLC-FLD 0.9 3.6 Garcia-Falcén and Simal-Gandara®
Rum
19 HPLC-FLD ND-93.0 NQ Galinaro and Franco®
4 HPLC-FLD Median BaP =4.92 NQ Galinaro et al.!
1 GC-MS ND 996 Cacho et al.?®
2 HPLC-FLD ND-0.7 0.9-3.2 Garcia-Falcén and Simal-Gandara®
Gin
6 GC-MS ND 138.0-327.0 Cacho et al .28
Brandy
5 HPLC-FLD 2.6-6.3 108.4-172.3 Garcia-Falcén and Simal-Gandara®
2 GC-MS ND-55.0 592.0-2,308.0 Cacho et al.?®
Vodka
1 GC-MS ND 3,100 Rascon et al.?2
Beer
4 GC-MS ND 1,140.0-4.,470.0 Rascén et al.32
9 HPLC-FLD ND-70.0 ND-720.0 Moret et al.3*
6 SFC-MS ND ND Yoshioka et al.??
Wine
3 GC-MS <6.0 42.0-326.0 Chatonnet and Escobessa®?
5 GC-MS ND 430.0-4,275.0 Rascén et al.3?
2 HPLC-FLD <5.0 <5.0 t0 50.0 Moret et al.3*
5 HPLC-FLD ND-3.1 ND-36.5 Garcia-Falcén and Simal-Gandara®

Note: BaP, benzo[a]pyrene; GC-MS, gas chromatography with mass spectrometry; HPLD-FLD, high-performance liquid chromatography with fluorescence detection; ND, not
detected; NQ, not quantified; PAH, polycyclic aromatic hydrocarbon; SFC-MS, supercritical fluid chromatography with mass spectrometry.

Other spirits. There are very few studies of other types of spirits
including gin, brandy, and vodka (Tables 1 and 2). Nevertheless,
Cacho et al. assessed six gin products using GC-MS and did not
detect any BaP in any of the samples, with > PAH levels ranging
from 128 to 327 ng/L.?® Garcia-Falc6n and Simal-Gandara inves-
tigated five brandy products using HPLC-FLD and detected BaP
at levels ranging from 2.6 to 6.3 ng/L.° In a separate study, two
brandy products were evaluated using GC-MS and the BaP con-
centration was found to be nondetectable and 55ng/L, respec-
tively.?® This finding highlights the variability between products
of the same spirit family. Finally, one sample of vodka was
assessed by Rascon et al., who found that that BaP was not iden-
tifiable in the sample.>?

Studies of Beer Products

Rascon et al. investigated four beer products using GC-MS to
assess . PAH and BaP content and found that there was no BaP
detected, whereas Y PAH ranged from 1,140 to 4,470 ng/L.*?Ina
different study, Moret et al. used HPLC-FLD to assess PAH con-
tamination in nine beer products and determined that BaP concen-
tration ranged from not detectable to 70 ng/L, and > PAH ranged
from not detectable to 720 ng/L.>* Finally, Yoshioka et al. exam-
ined six dark beer products using SFC-MS and determined that no
PAHs were present in any of the samples.??

Studies of Wine Products

Research into wine and PAHs is limited thus far, with only four
studies assessing PAH content (Tables 1 and 2). Chatonnet and
Escobessa (Table 2) explored wines aged in different styles of
barrels (French vs. American oak) for PAH content using GC-
MS and discovered that the BaP content in all the samples was
<6.0ng/L (their analytical threshold for BaP), which is less than
the permissible drinking water levels in various countries.?+~27-33
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Moreover, the Y PAH in these samples was found to range from
42.0 to 326 ng/L.** In a different study, Rascén et al. used GC-
MS to analyze five different wine products and found that
although BaP was not detectable in any samples, > PAH ranged
from 430 to 4,275 ng/L.3> Moret et al. analyzed two wine prod-
ucts using HPLC-FLD and determined that BaP was only present
in trace amounts below their analytical threshold of 5.0ng/L.3*
Finally, Garcia-Falcon and Simal-Gandara assessed five wine
products with HPLC-FLD and determined that BaP content
ranged from nondetectable to 3.1 ng/L, whereas >  PAH ranged
from nondetectable to 36.5ng/L.°

Discussion
Overall, the identified literature on the presence and levels of
PAH in alcoholic beverages was sparse and dated, but it suggests
that PAHs are prevalent across several beverage types, including
at levels that may pose a risk to human health. However, since
1966 there were only 10 studies that met our criteria, including
only 7 studies published since 2000. Although many leading
products are produced or consumed internationally, the composi-
tion of leading brands may vary by country or region, and other
popular products may be locally produced and consumed. In
addition, other than selecting one or more beverage types, no
study specified its sampling frame for products selected for test-
ing, which should be addressed in future studies. Furthermore,
few products were tested in any individual study, or even across
all studies (e.g., a total of <20 product samples for beer or wine
products were analyzed and reported in the literature since 1966).
The analytical techniques employed to assess PAH and
BaP content in alcoholic beverages varied across publications.
Thresholds for PAH detection also varied between studies, and
some studies had insufficient detection limits to measure PAH
levels associated with potential public health risks. Further, the
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wide range of analytical methods used for the determination of
PAHs (i.e., HPLC-FDC, GC-MS, SFC-MS, and column/paper
chromatography with UV absorption spectroscopy) may intro-
duce some variability in results across studies, but it is difficult
to assess the extent to which this may occur. We suspect that
the more recent literature using fluorescence- and MS-based
detection with chromatography should be representative of the
variability, and the older literature using UV absorption might
suffer from insufficient detection limits for trace measurements.

Several analytical techniques have been employed for the
determination of PAHs in complex matrixes, such as alcoholic
beverages, including HPLC-FLD and GC-MS.!¢ Although
these methods are widely used, challenges arise with the time-
consuming preparation, analytical, and cleanup steps that may
limit the number of samples that can be feasibly analyzed in a
study.%:28:29-31.32

Compared with previous techniques, an emerging technique
that may facilitate testing larger numbers of samples is DMS,
which eliminates the need for chromatography and greatly reduces
sample preparation and cleanup steps. In addition, DMS satisfies
several of the 12 Principles of Green Chemistry.>> Condensed
phase membrane introduction MS (CP-MIMS) is a type of DMS
that uses a semipermeable membrane directly immersed into a
sample to measure analytes of interest.>® This technique, coupled
with liquid electron ionization/chemical ionization, has been
shown to successfully resolve and quantify isomeric PAHs in soil
samples.3” Of note, no publication used DMS, which would facili-
tate PAH-level assessment of larger sample sets across all beverage
types and could lead to better relative estimates of PAH levels,
within or across various types of alcoholic beverages.

It is also important to address that environmental PAH expo-
sures are not solely from alcoholic beverages but, rather, from a
variety of sources, including air pollution, smoking, and open
flame cooking, such as barbequing and gas stoves. This is of vast
importance given that the aforementioned exposures can be far
more constant and unavoidable in certain settings, such as air pol-
Iution in populated areas. It is unknown how the magnitude of
PAH exposure in alcohol compares to environmental sources, but
it is important to recognize that there are likely additive effects of
prolonged exposure through different sources.®® As such, future
research that investigates the comparative magnitude of different
sources of PAH exposure could help elucidate the relative carci-
nogenic effect of alcoholic beverages vs. other sources, particu-
larly among those who regularly or heavily consume alcoholic
beverages. In addition, future research could compare the relative
carcinogenic magnitude of PAH exposures in alcohol in compari-
son with the effects of ethanol and acetaldehyde.

In terms of limitations of our review, only publications that
were published in the English language were considered. In addi-
tion, the published literature may not accurately reflect the actual
testing of PAHs in alcohol that may have been done in unpub-
lished or gray literature; however, it is important to emphasize
that only reported values in traditional scientific literature are
likely to be widely available and thus subject to discussion and
evaluation by health authorities.

This review highlights the knowledge gap that exists regard-
ing the presence of PAHs in alcohol products. This is noteworthy
given the carcinogenic risk that ethanol and its metabolite acetal-
dehyde already pose for health, with PAHs potentially creating
unmeasured additive or synergistic relationship with alcohol-
associated cancers, although the extent of this is unknown at this
time. Overall, to determine the estimates of human exposures to
PAH contamination in alcohol products, more research is
required to establish the prevalence and typical levels of PAHs
among representative samples of alcohol products on a beverage-
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specific basis. It is recommended that future studies assess PAH
levels across a large number and wide variety of alcohol products
within beverage categories, with priority given to products that
account for the largest volumes of consumption in the popula-
tions that are to be studied. In addition to studies of PAH levels
in alcohol products, future studies might also assess PAH levels
in different organ systems in relation to total alcohol consumption
and type (or even brands) of alcohol consumed to better assess
the potential of PAH consumption to cause cancer in humans.
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