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Abstract

Background: Retail sales of Delta-8 tetrahydrocannabinol (THC) products have increased in the U.S. market since
the passing of the 2018 Farm Bill, and there is currently little regulation of marketing/sales and limited related
safety standards in many states. After thousands of calls to poison control centers (40% for individuals under
18 years old and 70% requiring health care facility evaluation), the Food and Drug Administration issued warn-
ings on Delta-8 THC products, stating their psychoactive effects and that some manufacturers may synthesize
Delta-8 using unsafe household chemicals. The current study describes the Delta-8 THC retail sales environment
in Fort Worth, Texas. Given its relatively inexpensive manufacturing and that low prices are a major determinant
of cannabis use, the price of Delta-8 THC products was examined. This study also examined whether retail outlets
in areas with greater socioeconomic deprivation had higher odds of selling Delta-8 THC products. This is impor-
tant because if Delta-8 THC retailers are disproportionately located in more socioeconomically deprived commu-
nities, residents of these communities can more easily access these products and may have higher risk of adverse
consequences.

Methods: Potential Delta-8 THC retailers were selected by identifying lists of current retail locations with alcohol,
cannabidiol, and/or tobacco licenses in Fort Worth. Trained research assistants called outlets in September and
October 2021 to query about sales of products containing Delta-8 THC. The response rate was 69% (n=1,223).
Outlets’ 9-digit zip codes were merged with Area Deprivation Index scores. Products and purported minimum
age were described. Chi-squared and Student's t-tests were used.

Results: Eleven percent of outlets (n=133) reported selling Delta-8 THC. Ninety-six percent sold vapes and/or
“flower” (i.e., hemp leaves coated with Delta-8 THC distillate) and 76% sold edibles. Among the least expensive
products available, edibles cost, on average, $8.58 less than flower/vapes (p<0.001). Outlets that sold Delta-8
THC were located in areas with greater deprivation (p=0.02). Most reported a minimum purchase age of 21;
however, 4% reported 18 years or no minimum age.

Conclusions: Delta-8 THC retail outlets were disproportionately located in areas with more socioeconomic dep-
rivation. Legal intervention such as zoning, minimum age, and tax laws may help reduce Delta-8 THC-related
disparities.
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Introduction

Cannabis is one of the most widely used psychoactive
substances in the United States.’ Federally, cannabis
is classified as a Schedule I drug, meaning it is consid-
ered to have no accepted medical use and a high poten-
tial for “abuse.”® Thus, the federal government aims to
limit access to cannabis’ psychoactive compounds, in-
cluding A-9-tetrahydrocannabinol (Delta-9 THC), the
psychoactive compound most prevalent in cannabis
crops.

Regardless, there is economic value from cannabis’
nonpsychoactive elements (e.g., hemp, cannabidiol
[CBD]).? Through the 2018 federal Agriculture Im-
provement Act (i.e., Farm Bill), U.S. regulators attemp-
ted to legislate a balance between cannabis’ economic
and medical pros and cons. It therefore allowed for in-
dustrial hemp production, defined as containing less
<0.3% Delta-9 THC by dry weight.*

However, the Farm Bill inadvertently created a loop-
hole that gave rise to Delta-8 THC products. Delta-8
THC is another psychoactive compound nearly identi-
cal in chemical structure to Delta-9 THC, but its con-
centrations in cannabis flower are so low that it is
economically impractical to harvest.’” Consequently,
Delta-8 THC is now being synthetically derived from
CBD and sold for human consumption in the cannabis
market with little regulation of marketing and sales and
limited safety standards in most states.®

Following the Farm Bill, Google Trends data indicate
that the frequency of internet searches for Delta-8 THC
increased rapidly, roughly sevenfold in the United
States from 2020 to 2021.”® This surge in Google
searches was highest in states where nonmedical can-
nabis use is illegal.”® These findings suggest that people
may be looking to Delta-8 as a legal THC product.

Delta-8 THC is a psychoactive substance, and the re-
lated products sold are often synthesized using poten-
tially harmful chemicals.” Some notable adverse
experiences reported to the U.S. Food and Drug Admin-
istration include confusion, hallucinations, vomiting,
and loss of consciousness.” Moreover, Delta-§ THC
synthesis and sales have little regulation in most states,
allowing manufacturers and retailers to sell without a
required minimum purchasing age or packaging and
labeling standards.

Consequently, the packaging and labeling of these
products may be especially appealing to children,
which may help explain why a high percent of Delta-
8 THC exposure cases reported to poison control cen-
ters were of pediatric patients.”’
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A 2021 study commissioned by the CBD industry
tested 51 Delta-8 THC products and found that 76%
had Delta-9 THC levels above the legal limit of 0.3%
by weight (range 0.4% to 23.17%, average of 6.6%).”
This means these products met the federal definition
of nonmedical cannabis and are thus subject to related
state laws regarding their marketing and sale.’

Jurisdictions with legalized cannabis markets have
established certifying agencies to test products for po-
tency, consistency, and known contaminants.'® More-
over, some jurisdictions impose rules about product
packaging that can range from childproof or -resistant
packaging to restrictions on imagery that is attractive to
minors such as cartoons or images resembling candy.'
However, without such marketing and sales regulations,
some Delta-8 retailers may currently sell THC products
that are designed and marketed to appeal to children.

In states with legalized nonmedical cannabis, localities
often use local ordinances and zoning restrictions to reg-
ulate where and how cannabis can be sold, if at all.'*
Additional issues likely arise from selling Delta-8 THC
without such regulations. For example, if Delta-8 THC
retailers are disproportionately located in more socio-
economically deprived communities, residents of these
communities can more easily access the products and
may have higher risk of adverse consequences.

There is a long pattern of historically disenfran-
chised communities having disproportionately higher
exposure to outlets that sell harmful products. This
includes a greater density of tobacco and alcohol retail-
ers and point-of-sale marketing in neighborhoods with
lower socioeconomic status and greater proportions of
some racial and ethnic groups.'*™'® Moreover, a recent
study conducted in Washington state (where adult
nonmedical cannabis sales are legalized) showed that
greater socioeconomic deprivation was associated
with a greater density of licensed cannabis retailers."”

Despite the growing interest in and potential harm
from use of Delta-8 THC products, relatively little is
known about the availability of these products in the re-
tail environment. As such, the current study had three
aims.

The first was to identify characteristics of outlets that
sell products containing Delta-8 THC, including their
location relative to socioeconomically disadvantaged
areas. Based on research documenting inequities in
the availability of alcohol, tobacco, and cannabis prod-
ucts,'>17 we hypothesized that outlets located in areas
with higher levels of socioeconomic disadvantage
would be more likely to sell Delta-8 THC products.
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The second aim was to describe the types of products
containing Delta-8 THC that were for sale and their re-
tail prices. Delta-8 THC can be created at a much lower
financial cost relative to growing Delta-9 THC and, as a
result, may be sold for low retail prices."® For alcohol
and tobacco, the strong association between price and
prevalence of use, especially among young people, is
the reason increasing the price is a best practice for
community-level prevention and control programs.'*°
Similarly, cannabis research shows that price is one of
the strongest determinants of use.”'>* For these rea-
sons, it is critical to better understand the price of
Delta-8 THC products being sold.

The third aim was to examine minimum age restric-
tions reportedly required for purchase of Delta-8 THC
products. Given the lack of related regulation and that
nearly 40% of Delta-8 THC exposure cases reported to
U.S. poison control centers involved patients under 18
years old,” we hypothesized that there would be incon-
sistencies in the reported minimum age for purchase.

Materials and Methods
Overview
This study used a telephone survey to examine the
Delta-8 THC retail environment in the City of Fort
Worth, Texas, the 12th largest city in the United States
based on population.® Fort Worth’s population is
comparable with the general U.S. population in terms
of housing, household size, education, and economic
conditions.”” Data were collected between September
8 and October 14, 2021, during which time retail sale
of Delta-8 THC had little regulation in Fort Worth.

Specifically, the Texas Department of State Health
Services (DSHS) required licensing of retail outlets sell-
ing consumable hemp products.”®> Among registrants,
DSHS randomly selects stores to have samples of
their products tested for compliance with the legal
limit of 0.3% Delta-9 THC by dry weight.*®

This study was determined to not be human sub-
jects’ research by the University of North Texas Health
Science Center’s Institutional Review Board.

Sampling frame and analytic sample

The Texas Alcoholic Beverage Commission, Comptrol-
ler, and DSHS provided lists of current alcohol, to-
bacco, and CBD licenses as of September 1, 2021,
respectively. Licensing records contained information
regarding business names, retail outlet addresses, and
licenses held. There were 3,084 nonexclusive retail
sales licenses in Fort Worth (Fig. 1).
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FIG. 1. Flow diagram of the sampling frame
for potential Delta-8 tetrahydrocannabinol
retailers.

After removing duplicate licenses for each retail out-
let location (n=1,093) and licenses for outlets located
outside Fort Worth (n=30), there were 1,961 total
unique outlet locations included in the sampling
frame. Phone numbers could not be identified for
184 outlets. Among the remaining 1,777 retail outlets
called, 69% (n=1,223) answered the phone and the
question about Delta-8 THC product availability.

Data collection procedures

Google was used to obtain telephone numbers for each
retail location. Trained graduate student research assis-
tants called retailers between September 8 and October
14, 2021. Outlets were called three times during normal
business hours; if there was no response each time, they
were classified as nonresponders. The first question the
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student researchers asked retailers was “Do you sell
Delta-87” The call ended if the retailer did not sell
Delta-8 THC products.

Outlet audit measures

Delta-8 THC products. Availability of Delta-8 THC ed-
ibles was assessed by asking, “Do you sell any Delta-8
stuff I could eat or drink?” Availability of Delta-8 THC
products intended for smoking/vaping was assessed by
asking, “Do you have any Delta-8 stuff I could smoke
or vape?” The edibles and smoking/vaping questions
were coded as two binary (yes/no) variables. The re-
searchers probed to obtain a list of the types of edibles
and smoking/vaping products sold at each outlet.

Delta-8 THC pricing. Researchers asked, “What’s the
least expensive way I could try it?” and recorded both
the product type and the associated cost in dollars.
A least expensive product category variable was created
to distinguish whether the least expensive product
reported was an edible (1) or a product designed for
smoking/vaping (0).

Minimum purchase age. The last question researchers
asked was “Do you have to be a certain age to buy it?”
Responses were dichotomized (yes/no), and the mini-
mum reported purchase age in years was reported if
the clerk said there was one.

Area Deprivation Index

To estimate relative neighborhood disadvantage, we
used the Area Deprivation Index (ADI), v3.1, a vali-
dated measure of neighborhood disadvantage available
from the Neighborhood Atlas at the 9-digit zip code
level.*>*° Recent research conducted in Washington
state showed that greater socioeconomic deprivation,
measured using ADI scores, was associated with a
greater density of licensed cannabis producers, proces-
sors, and retailers in those areas.'”

ADI scores are calculated by weighting data for 17 in-
dicators of socioeconomic context by their factor score
coefficient derived from the long-form census and Amer-
ican Community Survey 5-year estimates.”®>" The final
ADI was scaled as a state-level decile rank relative to
all Texas 9-digit zip codes, with a score of 1 representing
the most advantaged areas and 10 the most disadvan-
taged areas.””® Each outlet location (n=1,223) was
linked with its 9-digit zip code, using the U.S. Postal
Service online tool “Look Up a ZIP Code,” and then
linked with their estimated 2019 ADI scores.
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Statistical analyses

To assess Aim 1 (availability), two sets of analyses were
conducted. First, we examined the frequency of each
type of license that outlets held, by whether they sold
Delta-8 THC, and used chi-squared tests of association
to describe differences in the types of retailers that car-
ried these products.

Second, we used t-tests to assess whether outlets that
sold Delta-8 THC differed from outlets that did not in
the level of deprivation in the surrounding area. To as-
sess the potential for nonresponse bias, we compared
the level of deprivation surrounding outlets included
in the analytic sample with those that could not be
contacted.

To assess Aim 2 (products), we first described the
types of Delta-8 THC products sold, including edibles.
Second, we used a t-test to examine whether outlets
that sold edibles were in zip codes with greater socio-
economic deprivation than outlets that did not sell ed-
ibles and chi-squared tests to examine differences
between types of products sold and retail licenses held.

Third, we summarized the price of the least expen-
sive Delta-8 THC product sold in each outlet and
used bivariate tests to examine potential associations
between the lowest available price and (a) the type of
retail license held by the outlet, (b) the ADI of the out-
let’s zip code, and (c) whether or not the least expensive
product was an edible.

To assess Aim 3 (age), we summarized the purported
minimum age for purchase.

The sample size for each analysis varied slightly be-
cause some retailers refused to provide certain infor-
mation through telephone; 6 employees refused to
provide information regarding the types of products
sold and 24 would not provide price information. For
bivariate tests, sensitivity analyses were conducted,
which accounted for nesting within zip codes, and re-
sults were similar.

Analyses were conducted using Stata 17 (StataCorp
LLC, College Station, TX).

Results

Aim 1: Delta-8 THC product availability

Among the 1,223 outlets contacted, 11% (n=133)
reported selling Delta-8 THC products. Outlets with
a CBD license were the most likely to sell Delta-8
THC products: 72% versus 22% of tobacco outlets
and 6% of alcohol outlets. However, 92% of outlets
that reported selling Delta-8 THC products held a retail
tobacco license, 45% held a retail alcohol license, and
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16% held a retail CBD license. Furthermore, among
outlets that only had a retail alcohol license (i.e., they
had neither tobacco nor CBD license), only 0.6% sold
Delta-8 THC products.

Results from a t-test showed that outlets that sold
Delta-8 THC products were in areas with significantly
higher ADI scores (t=2.3, p=0.02, mean=>5.6 vs. 5.0),
indicating that they were in more socioeconomically
disadvantaged neighborhoods than outlets that did
not sell Delta-8 THC products. Results from another
t-test showed that outlets that answered their tele-
phones were in areas with significantly lower ADI
scores than outlets that did not answer their phones
(t=8.9, p<0.0001, mean=>5.0 vs. 6.4).

Thus, outlets that could be contacted tended to be in
more economically advantaged neighborhoods. Table 1
summarizes findings related to Aim 1.

Aim 2: Delta-8 THC product types and pricing

Nearly all outlets that sold Delta-8 THC products
(96%) carried product types that were intended to be
smoked or vaped, and three of four outlets (76%)
sold edibles. There was no statistically significant asso-
ciation between whether an outlet sold edibles and their
location’s ADI score (mean ADI=54 vs. 6.5, t=1.8,
p=0.07). Retailers with a CBD license were more likely
to sell edibles (95% vs. 72%; X>=4.8, p<0.03) than re-
tailers without a CBD license, whereas retailers with a
tobacco (73% vs. 100%; X?=3.9, p<0.05) or alcohol
license (56% vs. 91%; X>=21.2, p<0.001) were less
likely to sell edibles.

Among outlets that sold edibles, most employees
(86%) agreed to describe the types of edibles they sold
(n=83/96). The most commonly reported edibles
(80%, n=66/83) were gummies, including apple rings,
gummy bears, Gushers, and Starbursts. Other ingestible
Delta-8 THC products included energy bars, brownies,
candies, cereals, cereal treats, Cheetos, granola bars,
chips, chocolates, cookies, fries, gum, juices, M&Ms,

Table 1. Delta-8 Tetrahydrocannabinol Product Availability

Sold Delta-8 THC

Overall (n=1,223) 11%

Alcohol license(s) (n=1,069) 6%

Tobacco license (n=547) 22%

CBD license (n=29) 72%

ADI score 5.6 vs. 5.0
t=2.3, p=0.02

ADI, Area Deprivation Index; CBD, cannabidiol; THC, tetrahydrocannabinol.

mints, pizza, seltzers, shots, soft gel capsules, syrups,
teas, and tinctures. Products sold for smoking/vaping
included disposable vape pens, vape cartridges, pre-
rolled joints or blunts, and flower (i.e., hemp leaves
sprayed or dipped with Delta-8 THC distillate).

Overall, 82% (n=109/133) of outlets provided price
data. The average price of the least expensive Delta-8
THC product sold at each outlet was $21.71 (medi-
an=$20, range=$2.99-$50). There were no statisti-
cally significant associations between price and (a)
the type of retail license held by the outlet or (b) the
ADI of the outlet’s zip code. However, there was a
large difference between the price of the least expensive
product that was an edible (mean=$15.39) and a prod-
uct intended for smoking or vaping (mean=$23.97,
t=4.1, p<0.001).

Aim 3: Purported minimum age for purchase

When asked if there was a minimum age for purchas-
ing Delta-8 THC products, 96% reported that custom-
ers needed to be 21 years or older or the “same age as
drinking or smoking.” However, 4% (n=5/122)
reported that the minimum age was 18 or that there
was no minimum age for purchasing Delta-8 THC
products. Among the five outlets that purportedly
allowed purchases among people 18 or younger, two
locations only had a CBD license, two had both tobacco
and alcohol licenses, and one had only a tobacco
license. The one store that reported having no mini-
mum purchase age held only a tobacco license.

Discussion
This is the first study to document characteristics of the
retail sales environment related to Delta-8 THC prod-
ucts. The current study showed that Delta-8 THC prod-
ucts could be purchased throughout the city at a variety
of outlets that held several different license types. Most
stores with a CBD license (72%) sold Delta-8 THC
products; however, 92% of outlets that reported selling
Delta-8 THC products held a retail tobacco license.
Given previous studies showing that tobacco, alcohol,
and cannabis retailers are disproportionately located
in neighborhoods with lower socioeconomic status
and a greater proportion of some racial and ethnic
groups,'>'*"'7>* there is the potential for geographic
disparities in access to Delta-8 THC products. This no-
tion is further supported by the current study finding
that retailers selling Delta-8 THC products were dispro-
portionately located in more socioeconomically de-
prived areas. Accordingly, municipalities may consider
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passing ordinances or zoning restrictions to regulate
where and how Delta-8 THC products can be sold.

Beyond the widespread and disparate physical avail-
ability at retail outlets, many characteristics of Delta-8
THC products may be appealing to young people. In
our survey, the sale of edible products was common. Edi-
bles may be especially appealing to young people as they
are easier to conceal and consume. Moreover, they are
also more likely to be unintentionally ingested by people
who mistake them for ordinary snacks or beverages.

Nearly 40% of overall Delta-8 THC exposure cases
and 77% of unintentional exposure cases reported to
poison control centers involved patients under 18
years old.” In addition to edibles being potentially
more appealing to younger people, edible products
were associated with lower average price points, mak-
ing them more economically accessible to young people
who are sensitive to cannabis pricing.

Increased accessibility and appeal to young people
highlight concerns from prior studies showing that
the dose of THC in Delta-8 products varies widely
and is often inaccurately labeled on packaging.” This
may result in consumers ingesting more than intended.
Similarly, lack of testing for contaminants may intro-
duce problems related to poisoning, given the synthesis
of Delta-8 THC.?

From a youth prevention perspective, it is concern-
ing that 4% of stores reported that they would sell
Delta-8 THC to patrons under 21 years old. Although
our results found that the vast majority of retailers
reported a minimum age of 21 years to purchase
Delta-8 THC, the extent to which age was verified be-
fore purchase is unknown. Previous studies have found
low rates of age verification (14%) for online sales of
Delta-8 THC products.’

Thus, research consisting of Delta-8 THC purchase
attempts among young people is warranted. Overall,
the limited regulation of Delta-8 THC products intro-
duces potential issues related to the lack of (a) mini-
mum purchasing age requirements and verification;
(b) packaging and labeling standards; (c) testing for po-
tency, consistency, and contaminants; and (d)
cannabis-specific taxes based on THC content.®

Limitations
Our findings should be interpreted with three limita-
tions in mind.

First, our sample was restricted to Fort Worth,
Texas, in September and October of 2021. Neverthe-
less, our sample size was large and relatively represen-
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tative of this area. Data were collected from 69% of the
nearly 1,800 retail outlets that the team attempted to
contact by telephone. Given that Delta-8 THC is also
available for purchase and delivery online, the brick-
and-mortar retail establishments in this sample do
not necessarily represent all Delta-8 THC sales in
Fort Worth. Although the City of Fort Worth is eco-
nomically similar to the United States overall,?” future
research should examine Delta-8 THC marketing in
other consumer marketplaces, including online retail
and mobile dispensaries.

Second, we relied on employee self-reports rather
than in-store observations of Delta-8 THC sales. The
use of telephone sampling afforded the opportunity
to obtain data from many retail outlets during a short
time window, which was critical given the rapidly
changing regulatory landscape of Delta-8 THC sales
in Texas.’>>* Nevertheless, this method of data collec-
tion may have introduced errors that would not be
present with in-person or web-based observations.

Third, given the limited time available on these calls,
a limited number of questions were asked of store em-
ployees. However, these data were combined with addi-
tional data that provided information about the retail
outlets and the surrounding community, including re-
tail licenses and ADI scores. Analyses did not account
for other area- or outlet-level factors.

Conclusions
This study provides initial information regarding the
Delta-8 THC brick-and-mortar retail landscape during
a period of limited regulation of marketing and sales.
Combined with the limited marketing and sales regula-
tions, the wide availability and affordability of Delta-8
THC products raise concerns particularly about youth
access and youth-oriented products and marketing.
Furthermore, this study provides initial evidence
that Delta-8 THC may be disproportionately available
in retail stores located in more socioeconomically de-
prived areas. Additional research is needed to under-
stand the potential adverse population-level effects
associated with Delta-8 THC consumption, retail avail-
ability, and business practices.
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