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ABSTRACT
Millions of Americans use cannabis in moderation each month without any problems. 
However, evidence is mounting of harmful physical and mental health effects associated 
with heavy or long-term regular cannabis use. At the same time, existing legal markets 
in the United States are making high-potency cannabis products available to adult 
consumers. Recent international recommendations suggest that governments adopt 
market regulations that promote responsible use. Federal policymakers in the U.S. are 
debating liberalizing cannabis policy and looking to states and nations with existing 
recreational cannabis laws as examples. Amid this debate, it is important to examine 
the extent to which regulations within various jurisdictions promote responsible 
use and protect public health. We review elements of cannabis legalization policies 
across U.S. states, Canada and Uruguay that research suggests could be important 
for promoting responsible use. Specific policy areas considered include: capping the 
amount of delta-9-tetrahydrocannabinol (THC) in all products, instituting sales limits, 
taxing cannabis based on potency of THC and implementing seed-to-sale tracking 
systems. We find that current regulations of legal cannabis markets are weaker in the 
U.S. compared to Canada and Uruguay in terms of preventing harmful use across these 
dimensions. Federal policymakers should understand the strengths and limitations 
of existing U.S. state policies and consider public health regulations being adopted 
abroad when developing federal cannabis regulations.

KEY TAKEAWAYS
•	 �Long-term or heavy use of cannabis—in particular, high-potency 

manufactured cannabis products—is associated with negative health 
outcomes, including psychosis, cannabis hyperemesis and addiction. 

•	 Vermont and Connecticut are the only states that cap potency of THC on 
most types of cannabis products sold, despite this being a useful tool to 
prevent harmful consumption. 

•	 Assuming a standardized dose of 10 milligrams of THC for average-
potency cannabis products, all states allow purchases exceeding 500 
doses. Current sales restrictions do not promote moderation in use. 

•	 Taxes based on potency, rather than price or weight, do a better job of 
incentivizing moderate THC consumption.

•	 A single, federal, seed-to-sale tracking system will assist with 
enforcement of all policies and aid in public health research, particularly 
given the restrictions in place on scientific inquiry of these products.
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INTRODUCTION 
Since the Controlled Substances Act (CSA) of 1970, 
cannabis has retained its federal status as a Schedule I drug, 
contending that it has (1) a high potential for abuse, (2) no 
currently accepted medical use in the United States and (3) 
lack of accepted safety for use under medical supervision. 
Although federal law prohibits possession and distribution 
of cannabis in the U.S. (except for research purposes), vast 
changes in state laws and policies have occurred over the past 
two decades. As of May 2022, 19 states and the District of 
Columbia have legalized adult use or “recreational” cannabis 
markets. Another 18 states allow use of cannabis containing 
more than trace amounts of delta-9-tetrahydrocannabinol 
(THC), the main psychoactive ingredient in cannabis, for 
medicinal purposes; 10 other states allow only low THC 
(i.e., ≤ 0.3%) to be sold for medicinal purposes. Public 
support for legalization of adult use cannabis is at an all-time 
high of nearly 70%.1  
	 In December 2020, the U.S. House of Representatives 
passed a landmark vote in favor of decriminalizing cannabis 
through the Marijuana Opportunity Reinvestment, and 
Expungement (MORE) Act with a slightly revised version 
passing the House floor again in April 2022.2 Senators Cory 
Booker (D-NJ), Ron Wyden (D-OR) and Chuck Schumer 
(D-NY) are expected to introduce a final draft of a similar 
proposal, the Cannabis Administration and Opportunity Act 
(CAOA), in August 2022, after soliciting public comments 
on a discussion draft in July 2021.3  As federal policymakers 
engage in more serious debates of the benefits of liberalizing 
cannabis policy, it is important to consider some key lessons 
learned thus far from experiments with recreational cannabis 
laws in U.S. states and abroad.
	 The statutory language of enacted state laws and proposed 
federal changes have largely focused on the goals of raising 
tax revenue, investing in communities most harmed by drug 
prohibition, eliminating the illegal market for cannabis and 
reforming the criminal justice system, specifically through 
expungement of prior offenses. These are important goals 
to consider when seeking to redefine cannabis policy given 
the significant harms and costs prohibition imposes on 
communities of color. Serious consideration also needs to be 
given to public health objectives and the value of a regulatory 
environment that promotes responsible use. The adult-use 
laws passed thus far in U.S. states have placed relatively 
little emphasis on public health objectives associated with 
promotion of responsible use. While preventing impaired 
driving and limiting youth access are generally mentioned 
in many states’ legislation, many states have failed to allocate 
adequate resources to implement appropriate technological 
changes and compliance checks to ensure these objectives are 
met.4,5 Furthermore, efforts to enact policies to disincentivize 
high-potency cannabis use (e.g., capping THC for all 

products, including flower), have repeatedly failed in five 
states despite clear public health harm from a rising number 
of unintentional poisonings.5,6,7  
	 Policymakers should keep in mind two important points 
about the research to date when developing cannabis 
legislation. First, the lack of decades-long scientific evidence 
on the harms from excessive cannabis use is not indicative 
of cannabis safety, but rather an artifact of prohibition, 
which also restricts scientific investigation into the harms of 
different gradations of use. Just like other intoxicants, there 
is a dose-response relationship between use of particular 
cannabinoids and harm.8,9,10 Understanding dose-response 
relationships requires measurement of the precise amounts 
of specific cannabinoids being consumed and in what 
fashion, but actual measurement of cannabis use in data has 
been limited due to prohibition.11 Second, the THC levels in 
cannabis products evaluated in clinical studies provided by 
the National Institutes of Health are much lower than that 
available in dispensaries.12  
	 This white paper describes why public health goals related 
to moderating consumption should be further considered 
and integrated into proposals to legalize cannabis federally. 
Cannabis legalization policies can minimize threats to public 
health while achieving social justice, equity and economic 
goals, but this requires the regulatory environment to 
prioritize the promotion of moderate, not excessive, use.

EARLY EVIDENCE OF THE IMPACTS OF 
LEGALIZATION ON POTENCY, PRICES AND 
PUBLIC HEALTH
Though few rigorous evaluations exist, early evidence 
from the U.S. demonstrates clearly that cannabis policy 
legalization is associated with (1) an increase in the potency 
of cannabis products available in the U.S. legal market;13,14,15 
(2) a decline in the average price per gram and per dose 
of THC;15,16 (3) an increase in frequency of use, heavy use 
and prevalence of cannabis use disorder among adults, 
including among pregnant women;17,18,19,20,21,22 (4) a rise in 
pediatric and youth cannabis-related emergency department 
visits;23,24,25 and (5) a rise in cannabis-involved impaired 
driving.26,27,28,29 These observed changes in the U.S. market 
are due in part to the content of state regulations pertaining 
to both medical and recreational cannabis markets, as similar 
observations have not been reported to the same degree in 
other medicalized and legalized countries.30,31 One possible 
explanation is that specific elements of the regulations can 
influence the potency of products available on the market 
and hence implications for excessive use and public health 
harms. 
	 Several challenges limit our ability to study the overall 
health impacts of cannabis use, and the effects of policy 
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on these impacts, to the same degree that we have studied 
alcohol and tobacco. These include the lack of precise data 
on cannabis involvement (e.g., measuring recency of use 
versus use at time of the health event) and on the amount 
actually used and absorbed into the bloodstream; inability to 
isolate impacts of the use of cannabis versus other substances 
(tobacco, alcohol or other drugs); the variety of modes of 
administration, which can differentially impact absorption 
and impairment; and the lack of a standardized dose or 
measure of cannabis use within these products.32,33 Some of 
these challenges are unique to cannabis, while others also 
impact research on alcohol, tobacco and other intoxicants. 
Even with these scientific challenges, there is evidence 
of both therapeutic benefits associated with medical use 
and adverse health effects associated with nonmedical use, 
particularly among vulnerable populations.34 This paper is 
focused on identifying regulatory strategies that mitigate the 
negative health consequences of cannabis use while retaining 
availability of a high-quality, legal product.
	 Strong research evidence links long-term or heavy use 
of cannabis with impaired short-term memory and motor 
coordination (e.g., driving skills); increased risk of cannabis 
use disorder; impaired cognitive function; altered brain 
development; increased risks of anxiety, depression and 
psychosis in certain populations; and lower educational 
attainment.10,18,35,36 For many of these outcomes, it is difficult 

to tease out correlation from causal links, but associations 
have been documented across contexts, time periods and 
populations. Moreover, associations are larger in groups 
exposed to greater doses of THC. Adolescents are especially 
susceptible to the adverse effects of cannabis since their 
brains are still undergoing neurobiological maturation.37  
	 Recent studies also point to a rise in negative health 
effects specifically associated with manufactured cannabis 
products, such as edibles, concentrates and liquids that 
can be vaporized.7,38,39 These products, which are typically 
higher in THC compared to flower, may be especially risky 
for inexperienced and vulnerable users.40 For example, in 
Canada, rates of cannabis-related emergency department 
visits and hospitalizations among children increased after 
edibles were introduced in the legal market.39 In states like 
Colorado where legal nonmedical cannabis markets have 
operated for almost a decade, there has been a rise in the 
number of cannabis-related emergency room visits due to 
acute psychiatric symptoms and cyclical vomiting.41,42 

POLICY TOOLS MAY BE EFFECTIVE AT 
PREVENTING HARMFUL USE OF CANNABIS
Testing of all cannabis products—when consistent, 
systematic and conducted by financially independent 
facilities—as well as regulations guiding the manufacturing 

Sources: ElSohly, M. A., S. Chandra, M. Radwan, C. G. Majumdar and J. C. Church. (2021). A Comprehensive Review of Cannabis Potency in the United 
States in the Last Decade. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, 6 (6): 603-6; Mehmedic, Z., S. Chandra, D. Slade et al. (2010). 
Potency Trends of Δ9-THC and Other Cannabinoids in Confiscated Cannabis Preparations from 1993 to 2008. Journal of Forensic Science, 55 (5): 1209-17.

Figure 1. Average Δ9-THC Concentration of Raw Plant Material 
Seized by the DEA, 1993 to 2019 
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and processing of edibles, concentrates and liquids are 
important preliminary steps to any public health agenda for 
establishing legal cannabis supply regimes. Indeed, many 
U.S. states have become increasingly aware of and taken 
steps toward implementing these regulations, as well as 
testing the integrity of these processes and procedures. At 
least four additional policy tools merit similar attention or 
consideration: (1) capping potency by limiting THC, (2) 
instituting sales limits based on potency and total THC 
purchased across products, (3) designing a tax structure 
based on potency of products and (4) implementing seed-
to-sale data-tracking systems and compliance checks in a 
manner that enables regulation of products, testing sites, 
distributors and retailers. We focus on these tools because of 
their feasibility and potential effectiveness if implemented at 
the federal level. For each policy tool, we detail how it may 
prevent harmful or excessive use, describe how it is currently 
used (or not used) in state laws and federal proposals, 
and provide examples of how it is implemented in other 
countries.

1. Capping Potency by Limiting THC
For decades, the University of Mississippi has been 
monitoring the level of different cannabinoids, including 
THC, contained in cannabis plants seized by the Drug 
Enforcement Administration (DEA). Figure 1 shows the 
trend in average  THC from these samples over the past 
three decades. During the 1990s, the average THC reported 
in cannabis plants seized by the DEA was low, below 5%.43,44 
Since 2000, the average THC in seized cannabis plants has 
tripled, to around 14%, slightly below the average THC 
levels found in dried flower in U.S. recreational markets, 
which ranges from 15% to 21% THC.15,16,40,45

	 Innovation in the legal medical and adult-use cannabis 
markets has not just led to higher potency plants; it has 
also led to a proliferation of new THC-infused products, 
including edibles, concentrates and extracts, with average 
potencies far exceeding that of the plant itself. The average 
THC levels in concentrates and extracts are above 60%.40 

Evidence from sales in legal markets shows that these high-
potency products are becoming increasingly popular. During 
the first two years of legal operations in Washington, the 
market share for extracts for inhalation increased by 145%—

Sources: 1 Smart, R., J. P. Caulkins, B. Kilmer, S. Davenport and G. Midgette. (2017). Variation in Cannabis Potency and Prices in a Newly Legal Market: Evidence from 30 
Million Cannabis Sales in Washington State. Addiction, 112 (12): 2167-77. 2 MPG Consulting and Leeds School of Business. (2020). Regulated Marijuana Market Update. 
Colorado Department of Revenue, Marijuana Enforcement Division. https://sbg.colorado.gov/sites/sbg/files/2020-Regulated-Marijuana-Market-Update-Final.pdf. 3 Cash, 
M. C., K. Cunnane, C. Fan and E. A. Romero-Sandoval. (2020). Mapping Cannabis Potency in Medical and Recreational Programs in the United States. PloS One, 15 (3): 
e0230167. 4 Naimi, T. S., K. Vallance, S. Churchill, R. Callaghan, T. Stockwell and A. Farrell-Low. (2021). Sales and Revenue from Regulated Cannabis Products: British 
Columbia, October 2018–December 2020. University of Victoria, Canadian Institute for Substance Use Research. https://www.uvic.ca/research/centres/cisur/assets/docs/report-
sales-and-revenue-from-regulated-cannabis-products-bc.pdf. 5 Hammond, D., and S. Goodman. (2020). Knowledge of Tetrahydrocannabinol and Cannabidiol Levels Among 
Cannabis Consumers in the United States and Canada. Cannabis and Cannabinoid Research, 7 (3). 6 United Nations Office on Drugs and Crime. (2021). Drug Market Trends: 
Cannabis, Opioids. Drug Report 2021. https://www.unodc.org/res/wdr2021/field/WDR21_Booklet_3.pdf.

Figure 2. Average Cannabis Potency Across U.S. States and Various Countries

Notes: 
A. Vermont: There is currently no data 

available on the average potency for 
concentrates. 

B. Canada: Potency of flower refers 
to British Columbia; potency for 
concentrates is self-reported. 

C. Uruguay: 9% THC represents 
the maximum for purchases from 
retail pharmacies; pharmacies are 
prohibited from selling concentrates.
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from 8.6% in October 2014 to 21.2% in September 2016.15 
In Oregon, sales of extracts and concentrates immediately 
jumped when recreational stores opened in October 2016, 
averaging 26% of total market sales each month between 
October 2016 and November 2018, the last month observed 
in the study.13 Survey evidence similarly reports a rise in use 
of these high-potency products, particularly among young 
adults and youth.46,47,48 
	 To moderate use of cannabis and prevent adverse health 
effects associated with high-potency products, policymakers 
may consider capping potency for all products, including 
edibles, concentrates, extracts and flower, by setting a limit 
on the percentage or total amount of THC in a given product 
sold in the U.S. States would be allowed to set their own 
stricter limits. Potency caps are generally only considered 
for edibles in the U.S., although a few states also cap some 
concentrates. Of the 19 states and D.C. that have legalized 
nonmedical cannabis use by adults, Vermont and Connecticut 
are the only states with a potency cap on both flower and 
concentrates. Both states limit the percentage of THC to 
30% in flower and 60% in solid concentrates sold.49,50 Both 
states, however, exclude prepackaged vape pens or cartridges 
from these potency limits. Throughout 2021, policymakers 
in other states, including Colorado, Washington, Montana, 
Massachusetts and Florida, introduced or drafted bills to 
similarly limit THC levels.51 These bills have either failed or 
been shelved until the following legislative session, primarily 
due to resistance from cannabis businesses and industry 
proponent groups, arguing that potency caps on the legal 
market will impact a large proportion of products and lead 
to diversion to the illegal, unregulated market.52,53,54 The 
inability of state policymakers to institute potency caps in 
markets that are already operating highlights the importance 
for federal proposals to include this policy at the onset of 
potential legalization.
	 THC potency caps on flower and other products are 
far from novel in other jurisdictions that have legalized 
cannabis for recreational use. Both Uruguay and Canada 
have adopted caps on potency for some products. In 
Uruguay, the maximum THC content across all products 
sold in pharmacies was initially set at 2% in 2013 and later 
increased to 9% in 2017. Extracts and edibles are prohibited, 
and only five companies are authorized to produce and 
distribute nonmedical cannabis.55 In comparison, the 
average potency is higher within Uruguay’s cannabis social 
clubs and home growers, where no potency limit exists, 
suggesting the potential effectiveness of this policy tool.56 
Further, Uruguay’s cannabis regulatory agency (Instituto 
de Regulación y Control del Cannabis) estimates that the 
legal market accounts for over 50% of the country’s total 
cannabis users, indicating that the legal market has displaced 
a sizable portion of the illegal market even with strict federal 

regulations.57 In Canada, the maximum THC content is 10 
mg/package for edibles, 10 mg/unit or dispensed dose for 
ingested extracts, with a maximum number of 1,000 mg per 
package of either an ingested or inhaled extract, and 1,000 
mg/package for topicals.58 The potency of flower material is 
not officially capped. The most recent data show the average 
THC potency for flower in British Columbia’s legal market 
is 19%, comparable to that sold in the U.S., but higher than 
that reported for Canada overall.59,60 This suggests that the 
average potency of cannabis flower may be on the rise in 
Canada. Figure 2 illustrates the variation in average THC 
of various products across jurisdictions and product type. 
Experiences in Uruguay and Canada suggest that limiting 
potency may be a viable option for policymakers to reduce 
the availability, and hence the consumption, of high-potency 
products.
	 Finally, while capping THC levels offers a promising 
policy tool for limiting consumption of high-potency 
cannabis products, consideration must also be given to newly 
emerging products that contain natural or synthetic THC 
isomers such as delta-8 or delta-10 THC, or THC analogues 
such as THC-O-acetate, which is created from hemp, a 
plant that comes from the same family as cannabis but has 
been federally legal to produce since the 2018 Farm Bill.61  
In a six-month period, from December 2020 to July 2021, 
the U.S. Food and Drug Administration (FDA) received 14 
reports of patients admitted to the emergency room due to 
adverse effects from ingesting delta-8 THC food products.62 

Over 600 exposure cases have also been reported to national 
poison control centers.62 THC-O acetate is known to 
be three times more potent than delta-9 THC and may 
have hallucinatory effects, raising additional public health 
concerns.63,64 These derivatives, which have not been tested 
or regulated in the U.S., demonstrate the ease with which 
the existing cannabis industry, keen on developing a regular 
consumer base, will innovate to attract new users. Some 
states, such as North Dakota and Michigan, have started 
to take legislative action by redefining THC to include 
all isomers and analogues under the same regulations.63,64 
While it is unclear the extent to which such actions will be 
effective, this evolution highlights the need to think carefully 
about legal cannabis in terms of both current cannabinoids 
of interest as well as innovative derivatives we have yet to 
understand.

2. Instituting Potency-Based Sales Limits
Sales limits offer another policy tool with the potential to 
reduce excessive use and prevent harmful consumption. Sales 
limits, which restrict the amount of cannabis that a retailer 
can sell to an individual in a single transaction or over a 
period of time, have the added potential benefit of reducing 
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diversion from the legal market. In comparison to potency 
limits, sales limits have been more widely implemented 
across states with recreational cannabis laws. Unfortunately, 
however, current state sales limits focus predominantly on 
product weight and cannabis type, not quantity of THC 
contained in each. As shown in Figure 3A, these limits vary 
considerably for concentrates.
	 As of January 1, 2020, state weight-based sales limits 
ranged from 1 to 2.5 ounces for flower and 3.5 to 15 grams 
for concentrates.67 However, given differences in potency 
across products, a single transaction with the same weight 
of cannabis could represent substantially different amounts 
of total THC sold. At the lowest product potencies, the 
number of 10 milligram doses per transaction allowed under 
state laws ranged from 226 in Massachusetts to 1,046 in 
Michigan. Limits for average potency products exceeded 500 
doses for every state and six states allowed single purchases 
exceeding 1,000 doses (Figure 3B).67 These sales limits allow 
large supplies for even individuals who use daily; with an 
average consumption of approximately 1.6 grams of flower 
per day, those who use daily could theoretically purchase 
more than a two-week supply in a single transaction.68,69

	 The July 2021 draft of the Senate proposal to legalize 
cannabis, the Cannabis Administration and Opportunity 
Act (CAOA), includes a retail sales limit even higher than 
current state policies, suggesting a retail sales limit of no 
more than 10 ounces of cannabis or the equivalent amount 
of any cannabis derivative in a single transaction.3 The stated 
intended purpose of this provision is to prevent diversion to 
the illegal market, but as Pacula et al. show, these limits are 

unlikely to accomplish this goal.67 Policymakers may also 
consider restricting the number of outlets a consumer can 
purchase from in a specified time period to better prevent 
diversion, which could be monitored and enforced through 
a retail sales system that tracks purchases by individual, 
not unlike a state prescription drug-monitoring program 
that tracks medications.67 Sales limits based on product 
weight alone also do little to discourage harmful cannabis 
consumption, as consumers can simply purchase products 
with higher potency.67

	 Other countries have effectively instituted much more 
restrictive sales limits than the U.S. In Uruguay, the sales 
limit for cannabis sold through pharmacies is 40 grams per 
month or 10 grams per week.55 Rather than placing limits 
on a single transaction, Uruguay is able to limit purchases 
over a period of time (per week and month) because each 
individual must be officially registered. This type of sales 
limit can better prevent excessive consumption as well as 
diversion, and was also implemented as part of several state 
medical cannabis laws here in the U.S. (e.g., Arizona). In 
the Netherlands, cannabis is not formally legalized for 
production and sale, but nonmedical purchases by adults 
have been tolerated through the Dutch coffee-shop system, 
where the sale of small amounts of cannabis is permitted for 
personal consumption under stringent guidelines. Though 
originally set at 30 grams, the sales limit for cannabis 
purchased at these coffee shops has dropped to 5 grams in 
order to combat drug tourism and misuse; the sales limit is 
still set based on product weight instead of potency.70 The 
lower sales limits implemented by these countries align 
better with public health and diversion concerns.

Source: Pacula et al (2021) “U.S. State Sales Limits for Cannabis Allow Large Doses for Use or Diversion.” American Journal of Preventative Medicine. 60(5): 701-705.

Figure 3. Sales Limits by Weight and Standardized 10 mg Doses

Figure 3A. Sales Limit on Concentrates (g)
based on Weight

Figure 3B. Number of Standardized 10 mg Doses 
(Flower and Concentrates)
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3. Designing a Tax Structure Based on 
Potency
Cannabis taxation is primarily thought of as a mechanism to 
raise revenue and help fund administrative costs associated 
with regulating the new market and enforcing its rules. 
However, taxation has also frequently been used as a public 
health tool for other intoxicating substances, particularly 
alcohol and tobacco.71,72 In the case of alcohol, the U.S. 
taxes products based on the amount of ethanol (the primary 
intoxicant in alcoholic beverages) contained in the drink, 
thereby taxing consumers based on the potential impairment 
and long-term harm associated with drinking alcohol, not 
the amount of liquid consumed. Taxation of cannabis in a 
similar fashion, based on intoxicating potential, may reduce 
excessive consumption and harmful use in a similar manner, 
as research has shown that cannabis use is responsiveness to 
price.73,74,75

	 As shown in Figure 4, the majority of U.S. states 
with recreational cannabis laws have imposed retail-level, 
price-based taxes on cannabis products, ranging from 10% 
(in Michigan) to 37% (in Washington). While useful in 
mature markets where efficiencies in production have 
already been realized so prices of goods are relatively stable, 
price-based taxes do little to disincentivize consumption in 
emerging markets, particularly those with declining costs 
of production and growing competition. As mentioned 
previously, legalization of cannabis has led to a tremendous 
drop in the average price per gram of cannabis in Washington 
State due to gains in efficiency that occur with legalization. 
In Washington, retail prices per gram of flower declined 

by more than 50% between July 2014 and June 2017.15,76 

Retail prices in Colorado have similarly declined, as the 
average price per THC dose for flower and concentrates in 
December 2020 was one-third of the price when recreational 
markets opened in 2014.16 When prices of goods fall by 
such substantial amounts, even large taxes do little to deter 
consumption. Moreover, tax revenue from price-based taxes 
will fall as prices fall, unless quantities purchased rise by a 
greater amount than the decline in prices, which contradicts 
the public health goal of preventing excessive consumption. 
Finally, large price-based taxes can incentivize consumers 
to seek out products with higher levels of THC so that 
consumers get more intoxicating effects per dollar spent. 
Washington State may exemplify this phenomenon—the 
state imposes a very high 37% retail price tax, and studies 
show a shift toward high-potency products (though this 
shift is not proven to be caused by the retail price tax).15 
Thus, price-based taxes may not be an effective tool for 
accomplishing public health objectives, even if they generate 
revenue.
	 Some states, such as Alaska, California, Colorado, Maine 
and New Jersey, also impose taxes based on the weight of 
raw cannabis, which varies by type (e.g., flowers, leaves; 
see Figure 4). These taxes are similar to those on packs of 
cigarettes. Weight-based taxes do not lead to reduced tax 
revenue with declines in price but they too can incentivize 
producers to provide higher levels of THC per ounce.77 
	 Only taxes based on the potency of cannabis products will 
provide the correct market incentives for both consumers and 
producers to moderate consumption. Taxes based on potency 

Source: Alcohol Policy Information System (data as of 1/1/2021). Recreational Use of Cannabis: Volume 1. National Institute on Alcohol Abuse 
and Alcoholism. https://alcoholpolicy.niaaa.nih.gov/cannabis-policy-topics/recreational-use-of-cannabis-volume-1/104

Figure 4. State Taxation on Recreational Sales of Cannabis
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can disincentivize producers from generating high-potency 
products that will be taxed at a higher rate and disincentivize 
consumers from purchasing these products.18,78 Since a 
potency tax is not necessarily tied to price, tax revenue would 
remain more stable as efficiencies in production continue to 
emerge with federal legalization. As explained earlier, many 
states tax alcohol similarly, according to the percentage of 
a product’s volume that is ethanol.79 As of January 2021, 
Illinois is the only state that considers potency as part of its 
tax structure; it does not, however, institute a true tax based 
on potency, but rather a tax based on price and involving 
potency thresholds. Illinois’ unique system taxes “smokable” 
products (flower, vaping cartridges, dabs, etc.) with 35% 
THC or less at a rate of 10%, and those with more than 35% 
THC at a rate of 25%. However, “non-smokable” products 
(edibles, beverages, tinctures, etc.) are taxed at a rate of 20% 
regardless of their THC content. Connecticut (at the retail 
level) and New York (at the distribution level) are the only 
states that currently have plans to tax products based on 
potency; however, these taxes have not been implemented 
at the time of this writing. The states’ plans also include 
different THC tax rates depending on the product. The 
California Legislative Analyst’s Office also recommended 
a potency tax in a March 2022 report.80 Federally, the July 
2021 draft of the CAOA does include a tax on potency, 
but only for extracts, and it begins five years after federal 
legalization occurs. This measure may be severely limited 
in its ability to protect public health. Experiences with the 
regulation of alcohol and tobacco exemplify that, even in 
the short-term, access to high-potency products may lead to 
increases in frequency of use.18 Moreover, the Washington 
State Liquor and Cannabis Board recently studied the 
feasibility of changing from an excise to a potency tax and 
concluded that a potency tax “could be a value for states that 
had not yet legalized or implemented their tax framework, 
but would present a costly infrastructure change to a state 
like ours that has,” suggesting the need for policymakers to 
carefully consider this policy tool more completely in the 
initial development of the tax structure.81  
	 In comparison to potency caps and sales limits, taxing 
potency is a less utilized policy tool in Canada and Uruguay. 
In Canada, only oils, edibles, extracts and topicals are taxed 
at $0.01 per milligram of total THC.60 However, as noted 
previously, Canada places restrictions on grams of THC 
sold in a single transaction. In order to focus on eliminating 
the illegal market, Uruguay has implemented a variable fee 
instead of a fixed tax rate.82,83 Uruguay, however, utilizes 
both potency caps and sales limits to prevent excessive 
consumption.

4. Implementing Seed-to-Sale Data-Tracking 
Systems
Seed-to-sale tracking systems allow regulatory agencies to 
view every gram of legal cannabis throughout the supply 
chain. State and local governments use these systems to 
assist with enforcing regulations, collecting taxes, verifying 
product quality and preventing illegal cannabis diversion. 
Seed-to-sale tracking emerged from the medical software 
industry.84 The technology was originally developed as a 
prescription drug precursor tracking system to assist state 
government and law enforcement agencies in preventing 
drug diversion and promoting public safety. These systems 
can also be used to understand consumer product choice, 
allowing regulators to modify policies so as to moderate 
consumption. 
	 To understand the impact that a heterogenous product 
like cannabis has on public health, it is important to 
understand which specific products are being consumed in 
terms of cannabinoid levels and mode of administration. 
Seed-to-sale tracking systems in Washington and Oregon 
have already demonstrated the value of collecting such 
information, identifying which products with high and low 
THC levels are gaining or losing market share in sales over 
time.13,15 Without FDA product regulation in place, these 
state seed-to-sale tracking systems have been the best source 
of data for researchers to gain insight into the actual potency 
of products being used; however, many states do not make 
this information readily available to outside researchers.
	 Seed-to-sale tracking systems permit comprehensive 
monitoring of product purchase behaviors and sales, 
surveillance of high-potency cannabis products through the 
legal supply chain, enforcement of potency caps, collection 
of taxes, and prevention of product diversion to youth or 
illegal markets. The systems can also enable quick recall 
of products if additives or other impurities are found. In 
addition to tracking all product concentration levels of 
CBD (a non-psychoactive component of cannabis), THC 
and other cannabinoids, platforms could also track pricing 
(including taxes) to facilitate evaluation of price responsivity 
of consumers to different products and identify whether 
some products should incur heavier taxes due to higher social 
costs.
	 All U.S. states with recreational cannabis laws require or 
plan to require some form of seed-to-sale tracking system, 
although implementation differs by state. A key limitation 
of many existing seed-to-sale platforms across states is the 
absence of information on customers. States may want to 
consider collecting information on the consumer to provide 
data for future regulations or assist with enforcement, 
such as enforcing limits on purchases within a day, week 
or month, as other countries do and as the U.S. does for 
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medications that can be misused. Such regulations have been 
implemented within regulated medical markets in some 
U.S. states. New York’s medical regulatory system requires 
detailed tracking of product characteristics (e.g., product 
type, potency levels) and administrative functions (e.g., 
prices, taxes), in addition to person-level characteristics (e.g., 
age and sex of the registered patient).85 Combining these 
detailed pieces of information, and examining individuals’ 
purchasing behaviors over time, is of great interest to public 
health because it can allow for targeted policy responses to 
curb excessive consumption of particular products rather 
than all cannabis-based products. 
	 As legal cannabis markets open, tracking key transaction 
information is important for public health, particularly given 
the restrictions that have been in place on scientific inquiry 
of these products. To the extent that states can allocate 
resources toward using these databases for public health 
research or providing de-identified datasets to the broader 
research community, we can gain better insights regarding 
nuanced patterns of cannabis and cannabinoid consumption, 
behavioral changes in response to policy variation, and 
implications for health benefits or harms. Indeed, by making 
their seed-to-sale data publicly available, Washington State 
has been the subject of a wide number of studies that have 
advanced our understanding of product and price trends in 
legal cannabis markets, potential regulatory noncompliance 
by testing facilities, the extent to which legal cannabis 
markets crowd out illegal markets, and cross-product and 
cross-border shopping.15,40,68,69,86,88,89 

DISCUSSION
Our knowledge of the public health impacts of nonmedical, 
adult-use cannabis markets in U.S. states, Canada and 
Uruguay is still evolving. Gaps in knowledge may widen 
as legal cannabis markets’ product innovation outpaces 

the speed of scientific research. Just as we begin studies 
evaluating the impact of 5 or 10 milligram doses of THC, 
the cannabis industry produces a new product with far 
more THC in a single serving, delivering it in a candy 
bar, ice cream or other normalized product. Moreover, 
there are hundreds of combinations of cannabinoids in 
the plant and its derived products that might differentially 
influence health, but for which we have limited or no data.90 

Additionally, though critically important in ascertaining the 
full impact of nonmedical, adult-use cannabis laws on health, 
the impact of cannabis use on alcohol and other substance 
use remains inconclusive.19,91 
	 Despite these limitations, as the nation continues to move 
toward the liberalization of cannabis policies, policymakers 
should make the protection of public health an important 
goal. As outlined above, existing state laws and federal 
proposals thus far have largely failed to include policies that 
comprehensively promote reasonable cannabis use despite 
calls from international groups to do so.92,93 Resentencing, 
expungement of criminal records and dedicated funds to 
support organizations serving communities targeted by drug 
prohibition are all policies that should positively influence 
health outcomes and are included in federal proposals. 
However, policies to mitigate the harmful effects of high-
potency products packaged as snacks and candies have 
received less consideration. 
	 Regulations such as potency caps, time-based sales 
limits, taxes based on potency and a seed-to-sale tracking 
system that monitors sales of all cannabis-based products 
can provide boundaries that limit the promotion of harmful 
cannabis use by a profit-seeking cannabis industry. Research 
showing the harms of high-potency cannabis products and 
excessive use is emerging. Federal legalization proposals 
should seek to design a system promoting responsible use 
until the science around the products being generated from 
this plant is more fully understood.
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