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Abstract

Dance festival attendees are at high risk for consuming adulterated drugs. In recent years, drug 

checking studies have been conducted at various dance festivals to provide valuable harm 

reduction information to attendees regarding drug content. We conducted a review of the literature 

to determine the generalizability of findings to the target population of interest—festival attendees 

at risk for using adulterated drugs. Six published studies involving drug checking at festivals were 

reviewed. All relied on self-selected samples and male attendees were overrepresented based on 

previous research. Test methods, drugs tested, definitions of adulteration, and prevalence of 

adulteration varied across studies. Prevalence of detection of adulterants ranged from 11% to 55%. 

While the drug checking services described appear to have been beneficial for participants, results 

have limited generalizability to the target population. We recommend that researchers expand 

beyond the self-selection model in future studies and utilize recruitment methods that involve 

random sampling techniques such as systematic random sampling, stratified random sampling, or 

time-space sampling within festivals. We also recommend that individuals approached are 

surveyed for demographic characteristics, planned drug use at the festival, and willingness to test 

their drugs. These methods would help determine how representative the sample is compared to 

the target population and allow for more generalizable estimates. In conclusion, as these valuable 

harm reduction services expand, it may be possible to reach a wider portion of the population at 

risk and to obtain more generalizable estimates of engagement, adulteration, and reactions to 

learning one possesses adulterated drugs.
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The popularity of dance festivals has increased over the past decade. There are now 

hundreds of dance festivals held throughout the world—some of which are attended by tens 
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or hundreds of thousands of people (Ridpath et al., 2014). Electronic dance music (EDM) 

festivals in particular have grown both in size and in number in recent years. In fact, EDM is 

now a $7.2 billion dollar industry (Watson, 2019). EDM dance festivals are legal and more 

mainstream versions of underground rave parties, which are now commonly sponsored by 

major corporations, regulated by local governments, and held on public or government-

owned grounds. However, despite dance festivals becoming large mainstream events, 

synthetic drug use among attendees is highly prevalent (Palamar & Keyes, 2020), and there 

have been numerous clusters of drug-related poisonings and deaths of young adults at such 

events in recent years (Armenian et al., 2013; Centers for Disease Control & Prevention, 

2010; Chhabra et al., 2018; McAndrew et al., 2019; Ridpath et al., 2014; Ruest et al., 2018). 

It is therefore important for public health practitioners to aim to reduce potential harm 

among festival attendees who are at risk for use.

Ecstasy, also known as 3,4-methylenedioxymethamphetamine (MDMA) or Molly, is among 

the most prevalent synthetic drugs used by festival attendees (Griffin et al., 2020; Hughes et 

al., 2017; Southey et al., 2020). A national survey of adults in Australia who had attended a 

dance festival found that of the 78% who reported using an illegal drug at their most recent 

festival attended, 85% used ecstasy (Hughes et al., 2017). Recent studies of adults in New 

York City (NYC) who attended EDM events at nightclubs or festivals estimated that over a 

quarter (26.5%) who attended such events used ecstasy in the past year (Griffin et al., 2020; 

Palamar, 2020b). In fact, an estimated 17.9% of EDM festival attendees used ecstasy the 

days they attended festivals (Palamar, Acosta, & Cleland, 2019), and a third (33.4%) of 

EDM event attendees who used ecstasy were estimated to have initiated use at a festival 

(Palamar, 2020a). While ecstasy is the most prevalent drug used among festival attendees, 

past-year use of drugs such as powder cocaine (26.1%), lysergic acid diethylamide (LSD; 

15.3%), and ketamine (8.5%) is also prevalent compared to the general population (Palamar, 

2020b).

Illegal drugs such as ecstasy and cocaine are well-known to be associated with a wide range 

of risks for adverse effects (Gable, 2004; Nutt et al., 2007; Palamar, Acosta, & Le, 2019), 

but another potential risk associated with use of such drugs is that they can be adulterated or 

contaminated with other synthetic drugs some of which can be even more dangerous than 

the purported drug. For example, synthetic cathinones, which are commonly referred to as 

“bath salts” in the United States (U.S.), have been among the most common adulterants 

detected in ecstasy over the past decade (Brunt et al., 2017). Some synthetic cathinones such 

as α-pyrrolidinova-lerophenone (alpha-PVP, “Flakka”) and methylenedioxypyrovaler-one 

(MDPV) are about equipotent to methamphetamine (Watterson & Olive, 2017), and 

mephedrone and methylone may have higher abuse potential than MDMA (Papaseit et al., 

2016; Watterson & Olive, 2014). This suggests these compounds may be relatively more 

dangerous to use than MDMA—especially when used unknowingly or in combination with 

MDMA. Many other drugs have been commonly detected in ecstasy, including 

methamphetamine, cocaine, ketamine, 2,5-dimethoxy-4-bromophenethyla-mine (2-CB), 4-

fluoroamphetamine (4-FA), 5/6-(2-aminopropyl) benzofuran (5/6-APB), 

paramethoxyamphetamine (PMA), and paramethoxymethamphetamine (PMMA) (Brunt et 

al., 2017; Parrott, 2004; Tanner-Smith, 2006). Adulteration, however, is by no means limited 

to ecstasy. LSD can contain highly potent psychedelic stimulants such as N-methoxybenzyl 
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(NBOMe) or DOx series drugs such as [1-(4-bromo-2,5-dimethoxyphenyl)-2-aminopropane 

(DOB; Mendoza-Valencia et al., 2019). Cocaine is also commonly adulterated with 

substances such as levamisole (Brunt et al., 2017; Energy Control, 2017). In recent years, 

drugs such as cocaine have also been found to be adulterated or contaminated with fentanyl 

or its analogs (Armenian et al., 2019), so increased attention is needed toward what 

purported drugs actually contain in order to help prevent adverse outcomes related to 

unintentional exposure to such adulterants.

Drug Checking at Dance Festivals

Drug checking at festivals has emerged as a harm reduction method to help people who use 

drugs ensure that their drugs indeed contain what they were purported to contain. Drug 

checking has been conducted since at least the 1970s (Renfroe, 1986), and a variety of 

methods can be used to test drugs for their contents. Some tests can determine the mere 

presence of specific compounds, while others can detect the amount of compound present, 

with such testing ranging from colorimetric reagent testing to more advanced methods such 

as ultra-high performance liquid chromatography-tandem mass spectrometry (UHPLC-

MS/MS) (Barratt et al., 2018; Palamar et al., 2020). An estimated 23.1% of EDM nightclub 

or festival attendees in NYC have had their ecstasy tested in the past year (Palamar & 

Barratt, 2019). We believe most of such testing in the U.S. is conducted by the attendees 

themselves or by their peers using standard reagent tests. Reagent tests, however, have been 

found to have low sensitivity and specificity when testing for adulterants in drugs such as 

ecstasy (Murray et al., 2003). Some European countries have services in which drugs can be 

mailed in or dropped off and more advanced analysis is conducted using expensive 

machinery (Barratt et al., 2018; Brunt et al., 2017; Palamar et al., 2020). Despite varying 

ability of drug checking services throughout the world, well-equipped drug checking 

services at places where people commonly use drugs such as at dance festivals has been 

lacking.

While drug checking organizations such as DanceSafe have been testing people’s drugs at 

festivals and other parties for some two decades (Henricksen, 2000; Saleemi et al., 2017), 

drug checking studies conducted at festivals have been lacking. However, in recent years, 

some studies have been conducted in which researchers have formally documented their 

drug checking efforts at such events along with test results. Since drug checking studies 

conducted at festivals are in their infancy, we conducted a systematic review of the study 

methods, results, and generalizability of results of such studies in order to detect potential 

limitations that can be addressed during future studies.

Methods

We searched PubMed, PsycInfo, Embase, and Web of Science for studies published in 

English between 2015 and 2020 focusing on drug checking at dance festivals around the 

world. We limited the search to these years in order to ensure that all studies were recent. We 

identified articles through the following keyword search: “drug checking,” “pill testing,” 

“drug testing,” and “fentanyl testing.” We then searched within these articles to determine 

whether dance festivals were a focus of the studies. We searched for mentions of festivals 
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within located articles in case names of specific festivals were mentioned without the term 

“festival.” We also screened reference lists of eligible articles to determine whether any met 

our search criteria. While we did not search the Internet directly for grey literature, we 

considered university or government reports that covered relevant studies.

To be eligible for inclusion, studies had to be based upon drug checking studies conducted at 

dance festivals, meaning researchers tested participants’ drugs at one or more festival. 

Studies were deemed eligible if results were reported based on aggregated data from 

multiple festivals, but we deemed studies ineligible for inclusion if drug checking was 

conducted at multiple types of venues (e.g., dance festivals and nightclubs) with aggregated 

data. Studies focused on drug checking that did not involve drugs being tested at festivals 

were excluded. For example, surveys that only asked festival attendees about drug checking 

behavior, without offering testing, were excluded. Review articles, letters, and editorials 

were also excluded. Two reviewers (Nicole Fitzgerald [NF] and Joseph Palamar [JP]) 

independently searched for articles and screened titles and abstracts to determine studies that 

met eligibility criteria. Both reviewers read all articles identified to confirm eligibility. There 

were no discrepancies regarding which articles met inclusion criteria. Of 102 unique articles, 

72 were research articles; six met the criteria for inclusion in our review. This study was 

exempt from review from the New York University Langone Medical Center as it did not 

involve human subjects.

Results

The six studies that fit the criteria are summarized in Table 1. Two studies were conducted in 

Portugal, two were conducted in Canada, one was conducted in the United Kingdom, and 

one was conducted in Australia. In all studies, drug checking was conducted inside tents or 

“hubs” in designated areas of the festivals. Though four studies did not provide information 

regarding recruitment methods, two noted having recruited via word of mouth during the 

festival. Regarding demographic characteristics of participants, two studies did not report 

these, but of studies that did, participants overwhelmingly identified as male (ranging from 

66% to 78%). The mean age of participants ranged from 23 to 28.5 years of age; only one 

study reported participants’ education, and 76% of participants reported a college degree 

(Valente et al., 2019).

Most studies used a combination of drug checking procedures. Four studies utilized Fourier 

transform infrared (FTIR) or Raman spectroscopy, which are complementary vibrational 

spectroscopy techniques. One study used only FTIR; the other studies used FTIR or Raman 

in combination with fentanyl immunoassay strips, colorimetric reagents, thin layer 

chromatography (TLC), and/or gas chromatography–mass spectrometry (GC–MS). One also 

utilized mass loss analysis in addition to measure MDMA content in pills (Measham, 2019). 

While each study focused on specific purported drugs as well as the specific drugs they 

might contain, each reported prevalence of adulteration differently with rates of detection of 

adulterants ranging from 11% to 55%.

Two studies recorded whether drugs were discarded by participants (e.g., in amnesty bins at 

the tent) and three studies queried intention to not use the drug after receiving a result, 
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regardless of discovering it was adulterated. In one study, 66.7% of participants who learned 

their drug contained another substance disposed of it (Measham, 2019). Further, in another 

study that focused on fentanyl adulteration, 16.1% of participants whose drug tested positive 

for fentanyl discarded it (Mema et al., 2018). With respect to intention to discard any of their 

drugs, 29%–94% reported intention to either not use the drug or to discard the drug after 

learning they possessed an adulterated or impure substance.

Discussion

We reviewed six manuscripts that focused on drug checking studies conducted at dance 

festivals. Each study yielded important results and helped disseminate important harm 

reduction information to people who might have been at risk for using adulterated or 

contaminated drugs. Future studies, if conducted in a similar manner, will also likely yield 

important findings to people who attend festivals and use drugs.

It is difficult to directly compare studies examined in this review as they used a variety of 

test methods, tested different combinations of drugs, and reported test results in a non-

uniform manner. Limitations of test methods used also made it difficult to compare findings. 

For example, FTIR and Raman have limited sensitivity and can typically only detect the 

most abundant molecule. Therefore, when a smaller amount of adulterant is present in drug 

product, it can easily go undetected. Some studies added colorimetric tests to FTIR or 

Raman to help balance out the low sensitivity of these techniques, but colorimetric tests can 

also be somewhat limited as results are not always accurate and can be difficult to interpret 

(McGowan et al., 2018; Murray et al., 2003). Two studies added fentanyl immunoassay test 

strips, which have high sensitivity and specificity, to test for fentanyl and some of its analogs 

(Tupper et al., 2018). Two additional studies also included additional testing using GC–MS 

which provides quantitative results with low pg to ng-level detection (Palamar et al., 2020). 

However, this type of testing is often not feasible in festival studies as GC–MS machines can 

cost tens of thousands of dollars and participants would likely have to wait at least 20 min to 

obtain results. Given the wide variety of test methods used, it is unknown to what extent 

specific adulterants were present in specific drugs across studies. For example, fentanyl can 

be detected through test strips and through GC–MS, but it is unlikely to be detected using 

colorimetric tests or FTIR. In addition, regardless of the methods used to test drugs, focusing 

on only one type of drug (e.g., LSD) or only testing for one type of adulterant (e.g., fentanyl) 

does not provide results for other drugs or adulterants being used by attendees.

Reporting results also varied between studies with some studies clearly presenting percent of 

specific adulterants detected in specific drugs, and others focusing more on whether drugs 

were what they were purported to be. At least one study also reported results based on 

specific test results (when multiple tests were used) rather than reporting on combined 

results. Further complicating interpretation was that sometimes “unexpected” results were 

based solely on the presence of adulterant drugs, and other times based on the presence of 

inert substances. Given varying definitions of adulteration, we were unable to directly 

compare the prevalence of adulteration, though reported prevalence ranged from 11% to 

55%. We believe more uniform reporting in future studies could be beneficial. Researchers 

should also ensure that reporting of results to participants are presented in a uniform and 
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complete manner. For example, researchers should be clear regarding which compounds 

were tested for and which were not. Given the current lack of uniform determination of 

adulteration and communication of test results across studies, we believe research should be 

conducted to determine best practices. Development of a standard test result form that can 

be used to record and communicate results across all types of studies would be most 

beneficial.

With respect to participant responses to results, only some studies gauged disposal or 

intention to discard of adulterated drugs. It is unknown to what extent intention translated 

into action. Further, it is unknown to what extent adulterated drugs were thrown on the 

ground or sold for someone else to use.

Based on the gaps in the literature, we discuss the importance of survey and sampling 

methods that may help researchers achieve more representative results in future drug 

checking studies at festivals.

Representativeness of the Target Population

All studies we reviewed were based on individuals who self-selected into visiting the drug 

checking tent. Those who approached tents were assumed to have been interested in testing 

their drugs, likely due to concern about the contents of the drug. Therefore, results of these 

studies may not be generalizable to all festival attendees at risk for using an adulterated 

drug. This includes people planning to use a drug such as ecstasy, cocaine, or LSD at the 

festival—presumably a sizable portion of attendees. Researchers would likely want to 

estimate the percentage of: (a) those willing to test their drugs, (b) those receiving test 

results suggesting they possess an adulterated product, and (c) those who still take the drug 

after learning of adulteration.

An important component that cannot be estimated without more generalizable samples, 

however, is the prevalence of adulterated drugs among festival attendees. Estimation of 

prevalence can be an important addition to the next wave of drug checking studies. To our 

knowledge, the demographic and drug use characteristics of the target populations were not 

known in the studies conducted. For example, it was likely not known what percentage of 

people attending these specific festivals were male, young adults, or what drugs they 

planned on using. Further, among those planning to use a drug, it is unknown how concerned 

they were about drug purity, and it is unknown how willing they would have been to have 

their drugs tested. There are two ways to obtain such information. One way is for 

researchers to estimate characteristics of the target population based on previous research. 

For example, surveys of EDM event attendees in NYC have consistently estimated that the 

majority identify as white, heterosexual, and male (Griffin et al., 2020; Palamar, 2020b). 

Although, estimates would likely be needed for the specific festivals of interest as 

characteristics likely vary across festivals. Another way is to survey and/or have study staff 

estimate attendee characteristics as well as characteristics of those who allow researchers to 

test their drugs.

Representative samples are not necessary to answer all research questions related to harm 

reduction and drug adulteration among festival attendees. However, results of these studies 
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are conditional in that they only apply to those assumed to have willingly visited a drug 

checking tent and were also concerned about their drug’s contents. The clear majority 

(66%–78%) of participants also identified as male. We do not believe this is a function of 

males being more likely to use drugs because studies typically have not found that males are 

at significantly higher risk for use of drugs such as ecstasy than females in festival scenes, 

despite males being slightly more likely to attend (Griffin et al., 2020; Palamar et al., 2017). 

Female attendees in the drug checking studies we reviewed may be underrepresented, which 

not only limits generalizability to female attendees, but potentially limits important harm 

reduction services to this subpopulation. Indeed, the service is useful to concerned 

individuals who approach the tent, but we believe expanding the scope of such studies would 

make estimates more reliable, and will also help reach a wider population at risk for using 

adulterated drugs at festivals.

The Value in Conducting Brief Surveys

Active recruitment throughout festivals can eliminate bias normally associated with passive 

recruitment involving self-selection when representative samples are warranted. 

Approaching individuals inside the festival or entering the festival, and asking them to take a 

rapid survey, can serve as an important addition to drug checking studies. Survey 

recruitment is an efficient method not only to reach individuals to participate in the drug 

checking portion of the study, but also to collect important data on the target population. A 

rapid survey can be as short as a couple of questions; it could be administered electronically 

via tablet or on a sheet of paper. The most relevant questions would likely be (a) whether the 

individual plans on using a drug that day (and if so, which drug[s]) and (b) if the individual 

is willing to test the drug at the tent. Ideally, the survey would also query reasons why one 

may not be interested in having drugs tested (if they report intention to use a drug). These 

questions would allow researchers to determine the extent to which the target population 

(those at risk for using adulterated drugs) is in attendance, whether it was reached in the 

study, and which of those reached ultimately showed up to test their drug. Further, the 

information collected could help researchers estimate who their services were not reaching. 

Given the time and effort utilized to survey participants, researchers would likely also want 

to ask about other important topics (e.g., regarding drug use, perceptions of related risk). We 

recommend that surveys administered in festival environments are relatively rapid, and we 

recommend that participants are compensated (e.g., $2, $5) when a survey is longer than 2 

min.

Administering rapid surveys also allows researchers to collect response rates—among those 

approached and within those approached who agree to test their drugs. This is useful not 

only to determine the representativeness of the sample but also to inform researchers who is 

not presenting to test their drugs, and this can inform future recruitment methods.

Benefits of Utilizing Probability Samples

All six studies relied on self-selected samples in which enrollees were those who approached 

the tent on their own. Introducing a form of probability sampling which includes at least one 

element of randomness in being selected can make such samples more representative. This 

would eliminate selection bias and ensure that individuals had a similar chance for inclusion 
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(Evans, 1991). This, however, requires more intense recruitment efforts in which potential 

participants are approached inside the festival or as they enter the festival, rather than relying 

on self-selection. Below, we discuss three options for probability sampling to reduce 

recruitment bias: (a) systematic random sampling, (b) stratified random sampling, and (c) 

time-space sampling.

Through systematic random sampling, a systematic pattern can be applied in which study 

staff approach every ith passerby at the festival. This method can be complicated by the fast 

pace of people passing by, by people leaving and arriving to hangout areas, and by people 

who attend in a group. However, while approaching every ith individual is indeed 

systematic, this does not necessarily meet traditional criteria of true random sampling (Lohr, 

2019; Swinscow, 1976). It is possible, for example, that underrepresented groups, such as 

racial minority individuals (who may be less likely to attend) may be inadvertently skipped 

depending on where the interval begins.

If the researcher is aware of the demographic breakdown of the target population at the 

selected festival, stratified random sampling may be an option. When this multistage 

sampling method is used, subpopulations of attendees would be stratified into mutually 

exclusive groups. Such groups can be stratified by characteristics such as perceived age, sex 

or gender, perceived race/ethnicity, or by section within the festival. Each stratum is treated 

as an independent population and recruited separately (Lohr, 2019). Researchers can seek to 

obtain an equal number of people per stratum or over-sample underrepresented 

subpopulations (e.g., racial minorities), but typically, proportionate to size. An example of 

this method would be to stratify by age group with one group of recruiters approaching 

every fifth person who appears below age 21; others would approach every fifth person who 

appears older.

Time-space sampling, although a form of venue-based sampling, is a multi-stage sampling 

design that can also be applied to sampling within a festival. When this type of sampling is 

utilized, times and spaces are selected before recruitment (MacKellar et al., 2007). As such, 

festival sections and time slots are randomly selected from a list (e.g., Section 1, Time Slot 1 

…Section 20, Time Slot 8). Recruiters target individuals in chosen sections and times. Study 

staff can either add another level of random selection and approach every ith individual or 
every individual can be approached (Parsons et al., 2008). Here, it is not a goal to know the 

demographic breakdown of the target population, though denominators are needed to 

calculate response rates. As such, counts of all individuals passing a predetermined line in 

selected areas and times could also be informative—particularly if the researcher decides to 

weight the data for analysis (Palamar & Le, 2020).

Both response rates and clicker rates can further be used to create sample weights if the 

researchers aim to calculate estimates of willingness to test drugs, findings of the drug tests, 

and responses to the findings. Clicker rates are derived from having a staff member count 

how many people pass a predetermined line (MacKellar et al., 2007). For example, a 

recruiter can aim to track each person who walks past an imaginary line (e.g., the entrance, 

the bathroom section, a water fountain) during selected times using a clicker. Weighted data 

allows researchers to estimate these numbers to the target population rather than merely 
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describe percentages of the analytic sample. Weights can be computed to ensure that 

participant characteristics match the known characteristics of the target population and/or to 

adjust for non-response.

Conclusion

Drug checking studies at dance festivals are important because they generate data to promote 

harm reduction related to drug use. The studies we reviewed provided valuable harm 

reduction information to select persons who attended festivals. We believe our 

recommendations could close the gaps in the field, provide a safer venue for people who use 

drugs, and with the data, inform the field about what drugs are being used by festival 

attendees.
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