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ARTICLE INFO ABSTRACT
Keywords: Objective: The objective of this observational epidemiological study is to examine recent shifts in the street opioid
Ilicit opioid supply supply of the largest U.S. open-air drug market, including changes in prevalence and concentration of key

Drug checking
Drug market
Street fentanyl

compounds.

Methods: From March 2024-March 2025, samples of street drugs sold as opioids were collected at a harm
reduction program in Philadelphia’s Kensington neighborhood and shipped to the National Institute of Standards
and Technology, where they underwent qualitative testing using direct analysis in real-time mass spectrometry
and quantitative testing using liquid chromatography tandem mass spectrometry. Bootstrapped quantile
regression models assessed changes in concentration over time.

Results: Among 260 samples, fentanyl (98 %) and xylazine (65 %) were the most prevalent psychoactive com-
pounds. While fentanyl was consistently present, the median fentanyl concentration decreased significantly, from
9.6 % by mass in May 2024-5.3 % by mass in March 2025 (P = 0.020). Xylazine prevalence declined from 100 %
in March 2024-58 % in March 2025. Conversely, lidocaine and tetracaine prevalence increased from 3 % each in
March 2024-63 % each in March 2025. Two novel compounds, medetomidine and bis(2,2,6,6-tetramethyl-4-
piperidyl) sebacate (BTMPS), were first detected in April and June 2024, reaching prevalence rates of 83 %
and 25 % by March 2025, respectively.

Conclusion: The street opioid supply in Kensington is erratic and volatile, with decreasing fentanyl concentrations
alongside increasing adulteration with medetomidine and local anesthetics. These shifts underscore urgency for
timely systematic drug checking and robust inquiry into the organization of street opioid retail markets to inform
harm reduction strategies and prevent drug-related harms.
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1. Introduction

Drug checking services are beginning to take hold across the United
States as a public health surveillance and harm reduction tool to monitor
street narcotics supplies and prevent unintentional harms such as
overdose. These drug checking programs have detected new chemicals
in the narcotics market, augmenting awareness of toxic supply changes.
In recent years, the narcotics supply in many jurisdictions has been
found to contain xylazine, an alpha-2-adrenergic agonist and a common
veterinary tranquilizer, the use of which is associated with deep sedation
and the development of persistent skin wounds. More recently, drug
checking programs have identified medetomidine, a veterinary anal-
gesic approximately 200 times more potent than xylazine, and BTMPS, a
light stabilizer used in plastics manufacturing (Mann, 2024a; Shover
et al., 2024; Alpert Reyes, 2024; Medetomidine Rapidly Proliferating
Across, 2025). Drug testing labs have also recently reported that nar-
cotics suppliers are diluting fentanyl more aggressively and purity is
decreasing (Mann, 2024b; Hoffman and Weiland, 2024). However, data
on fentanyl purity are limited and the reasons behind these supply
changes remain unclear, (Weiland, 2024) suggesting urgency of quan-
tification of drug checking to enable proactive responses by public
health officials, harm reduction organizations, and individuals using
street-purchased drugs.

Despite reports of new adulterants and claims of decreasing fentanyl
potency in recent months, publications systematically quantitating
changes in composition of street opioid supplies are scarce. Lacking
systematic data limits public health’s understanding of the impact and
potential logics for shifting street drug market supplies and harmful
health outcomes. This observational epidemiological study documents
significant changes in prevalence and concentration of key psychoactive
compounds and toxic adulterants over a 13-month period in the street
opioid supply of Philadelphia’s Kensington neighborhood, the largest
open air drug market in the US (Porreca, 2024).

2. Methods

We collected 260 dope samples from people who use drugs in Ken-
sington street markets (March 2024-March 2025). “Dope,” also known
as “trang-dope”, is fentanyl with or without xylazine. People visiting a
harm reduction program in Kensington who were in possession of dope
were invited to participate, representing a convenience sample of people
who use drugs. The clients served by this harm reduction program are
62 % white, 26 % Black, 67 % male, and 83 % unhoused. The resources
in highest demand at this program include clothing (79 %), housing
(78 %), support/love (67 %), and wound care (63 %).

After providing verbal consent, participants submitted one sample
per retail-dose glassine packet (“bag”) of dope. Multiple samples per bag
were not allowed. However, if a participant had multiple bags branded
with different stamps, they were allowed to submit a sample for up to 4
distinctly ink-stamped bags. A stamp is an ink-stamped logo used as a
branding technique by drug retailers in Kensington to market their
product; the stamp on each bag was collected. Participants received $10
per sample. No identifiable information was collected. This study was
approved by the WIRB-Copernicus Group (WCG IRB). National Institute
of Standards and Technology (NIST) scientists did not receive any other
study data or provide funding for incentives.

Approximately 10 mg of powder per sample were collected using
microscoops, transferred into 2 mL vials containing ~0.5 mL acetoni-
trile, and shipped to the NIST laboratory. All samples underwent qual-
itative analysis by NIST using direct analysis in real-time mass
spectrometry (DART-MS), testing for the presence of > 1300 compounds
in the DART library including drugs, cutting agents, and adulterants
(Appley et al., 2022). For samples collected after April 28, 2024,
quantitative testing was conducted using liquid chromatography tan-
dem mass spectrometry (LC-MS/MS), quantifying percent-by-mass
concentration for a limited set of key compounds. Compounds to be

Drug and Alcohol Dependence 274 (2025) 112763

quantified (see Table 1) were selected by NIST based on a combination
of factors including prevalence in qualitative results, input from col-
laborators on key compounds, and availability of laboratory standards.
The goal of the quantitative panel was to better understand the puri-
ty/concentration of common drugs (fentanyl, cocaine, heroin, and
methamphetamine), adulterants (xylazine, medetomidine, etc.), and
synthesis compounds (4-ANPP and phenethyl 4-ANPP) (Appley et al.,
2022; Sisco et al., 2021). Samples collected prior to April 28, 2024 did
not undergo quantification testing and were therefore excluded from the
concentration analyses as the NIST lab had not finalized LC-MS/MS
protocols until this time. Lidocaine was added to the quantification
panel in July 2024. When new compounds such as medetomidine or
BTMPS were discovered and added to the quantification panel, older
samples were back-tested to determine whether they contained these
substances. Older samples are preserved to allow for future testing if
novel compounds of interest emerge that are not currently included in
the quantification panel. For statistical testing using quantitative results,
we imputed 0.1 % for values below the limit of quantification and 95 %
for values > 95 % by mass.

We calculated the proportion of samples that contained each com-
pound identified via DART-MS (i.e., prevalence), overall and by month.
For compounds in the quantification panel, we calculated median,
interquartile range (IQR), and minimum/maximum concentrations,
overall and by month. We examined changes in median concentrations
per month using separate bootstrapped quantile regression models for
each compound. Bootstrapped quantile regression was chosen to ac-
count for small sample sizes and skewed distributions and outliers in the
concentration data. State/MP 18 (College Station, TX) was used for all
analyses; statistical significance was defined as o< 0.05. Operational
challenges prevented sample collection in October and December 2024.

3. Results

The 260 dope samples had 129 unique stamps (stamp information
was missing for 4 samples). Compounds detected in the 260 dope sam-
ples, along with median (IQR) concentration for compounds included in
the quantification panel, are presented in Table 1. Overall, fentanyl and
xylazine were the most prevalent compounds, detected in 98 % and
65 % of samples at median concentrations of 4 % and 3 % by mass,
respectively. However, there were large differences in the concentration
of compounds between samples.

The prevalence (Fig. 1) and median concentration (Fig. 2) of each
compound varied considerably over time. Almost all dope samples
contained fentanyl. However, median fentanyl concentrations dropped
steadily from 9.6 % by mass in May 2024-5.3 % by mass in March 2025
(P = 0.020). Xylazine prevalence dropped from 100 % in March and
April 2024-58 % in March 2025. Conversely, sharp increases in lido-
caine and tetracaine were found. Lidocaine and tetracaine were found in
3 % of samples each in March 2024 compared to 63 % each in March
2025. Two new compounds were detected during this study period:
medetomidine in April 2024 and BTMPS in June 2024. By March 2025,
83 % of samples contained medetomidine and 25 % contained BTMPS.
The median concentration of medetomidine increased significantly over
time (P < 0.001), surpassing the median fentanyl concentration and
reaching 8.0 % by mass in March 2025.

4. Discussion

These data demonstrate significant and meaningful changes in the
composition of the dope supply in Kensington — the largest open-air drug
market in the U.S (Porreca, 2024). — over a 13-month period. Moreover,
the major month-to-month changes observed in this study demonstrate
how the unregulated drug supply remains highly toxic and volatile.
These findings further demonstrate the urgent need for improved drug
checking initiatives capable of keeping pace with rapid changes in the
supply and informing PWUD and health service providers in real-time.
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Table 1
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Prevalence and median concentration of compounds found in dope supply, Philadelphia, March 2024 to March 2025.

Percent by mass (i.e., concentration)

N Total (%) N Quantified® (%) Median IQR Min Max
Total dope/tranq samples 260 (100 %) 198 (76.2 %)
Fentanyl and fentanyl analogs
Fentanyl 256 (98.5 %) 196 (76.6 %) 4.0 1.9-7.6 0.1 24.7
Fluorofentanyl 24 (9.2 %) 20 (83.3 %) 0.2 0.1-0.8 0.1 10.1
Acetyl Fentanyl 1 (0.4 %) NA NA NA NA NA
Fentanyl and fentanyl analog precursors
4-ANPP 109 (41.9 %) 93 (85.3 %) 1.0 0.1-3.0 0.1 11.0
Phenethyl 4-ANPP 36 (13.8 %) 34 (94.4 %) 0.1 0.1-0.1 0.1 0.3
Norfentanyl 5 (1.9 %) NA NA NA NA NA
Despropionyl Fluorofentanyl 6 (2.3 %) NA NA NA NA NA
N-phenethyl-N-phenylpropionamide 9 (3.5 %) NA NA NA NA NA
Ethyl 4-ANPP 13 (5.0 %) NA NA NA NA NA
NPP 3(1.2%) NA NA NA NA NA
1-Phenethylpiperidin—4-ol 2 (0.8 %) NA NA NA NA NA
Aniline 4 (1.5 %) NA NA NA NA NA
Alpha—2 agonists
Xylazine 169 (65.0 %) 107 (63.3 %) 2.6 0.1-31.7 0.1 79.2
Medetomidine 127 (48.8 %) 127 (100 %) 4.0 2.0-9.2 0.1 24.3
Etomidate 2 (0.8 %) NA NA NA NA NA
Non-Fentanyl opioids
Heroin 6 (2.3 %) 5(83.3 %) 0.4 0.1-5.1 0.1 6.8
Metonitazene 1 (0.4 %) NA NA NA NA NA
N-desethyl Etonitazene 4 (1.5 %) NA NA NA NA NA
Protonitazene 1 (0.4 %) NA NA NA NA NA
Tramadol 1 (0.4 %) NA NA NA NA NA
Cocaine 3(1.2%) 1(33.3%) 9.3 9.3 9.3
Local anesthetics
Lidocaine? 122 (46.9 %) 103 (84.4 %) 4.5 1.6-28.7 0.1 76.6
Tetracaine 97 (37.3 %) 94 (97.0 %) 11.2 4.5-20.6 0.1 65.4
Procaine 72 (27.7 %) NA NA NA NA NA
Benzocaine 2 (0.8 %) NA NA NA NA NA
Bupivacaine 4 (1.5 %) NA NA NA NA NA
Dimethocaine 2 (0.8 %) NA NA NA NA NA
Other Drugs
Methamphetamine 1 (0.4 %) 0 (0.0 %)
Ketamine 1 (0.4 %) NA NA NA NA NA
Buspirone 2 (0.8 %) NA NA NA NA NA
Cutting agents and diluents
Bis(2,2,6,6-tetramethyl—4-piperidyl) sebacate (BTMPS) 46 (17.7 %) 46 (100 %) 2.7 1.3-5.4 0.1 18.2
Mannitol 61 (23.5 %) NA NA NA NA NA
Acetaminophen 43 (16.5 %) NA NA NA NA NA
Caffeine 55 (21.2 %) NA NA NA NA NA
Diphenhydramine 3(1.2%) NA NA NA NA NA
Theobromine 1 (0.4 %) NA NA NA NA NA
Nicotinamide 2 (0.8 %) NA NA NA NA NA
Quinine 2 (0.8 %) NA NA NA NA NA
Dimethyl Sulfone (MSM) 11 (4.2 %) NA NA NA NA NA

“NA” indicates compounds not included in the quantitative panel

!Quantification of the samples using LC-MS/MS began April 29, 2024. Therefore, 62 dope samples collected in March and April are not included in the quantification

analysis.
2Lidocaine was added to the quantification panel on July 9, 2024.

While we observed an overall decline in median fentanyl concen-
tration — supporting reports of fentanyl “drying up” (Mann, 2024b) —
fentanyl remains highly prevalent and in lethal amounts. Importantly,
the slight increase in median fentanyl concentration observed in
February-March 2025 signals that these trends may not be long-lasting.
The reduction in xylazine prevalence also has considerable public health
implications, as xylazine is associated with severe soft tissue injuries that
may result in sepsis or limb amputation (Carroll, 2024; Reyes et al.,
2012). In Philadelphia, the epicenter for the U.S. mainland of xylazine
adulteration and xylazine-associated wounds, 90 % of the street opioid
supply contained xylazine from 2021 until the start of this study (Zhu,
2023). While the decline in xylazine prevalence may appear advanta-
geous, the significant increase in the concentration of medetomidine — a
veterinary alpha-2 agonist that is significantly more potent than xyla-
zine — presents new challenges for PWUD and health care providers, as
medetomidine is associated with symptoms of prolonged sedation,
bradycardia, and hypotension (Medetomidine Rapidly Proliferating

Across USA, 2025). The significant changes in fentanyl and medetomi-
dine concentrations found in this study suggest an important shift in the
public health risk environment and likely have direct implications for
withdrawal management and addiction treatment.

Future studies should examine the impact of supply changes on drug
use behaviors, and health outcomes such as overdoses, skin wounds, and
initiation into medication for opioid use disorder, while remaining
vigilant for unforeseen health outcomes linked to novel compounds and
supply changes. For example, with fentanyl being the leading cause of
overdose in the U.S (Tanz, 2024). and a major driver of poor treatment
outcomes, (Mackay et al., 2021) research is needed to understand the
extent to which the decrease in overdose fatalities observed in provi-
sional data from 2023 and 2024 (National Center for Health Statistics,
2024) is due to changes in fentanyl purity and whether changes in
fentanyl purity have impacted addiction treatment outcomes. Key fac-
tors driving narcotics supply changes also remain unknown and require
further study, including drivers for proliferating local anesthetics such as
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Fig. 1. Prevalence of key compounds in all analyzed dope samples by month, Philadelphia, March 2024 to March 2025.
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Fig. 2. Concentration of key compounds in the dope supply by month, Philadelphia, May 2024 to March 2025. *Lidocaine was added to the quantification panel on
July 9, 2024. Note: The line inside of each box represents the 50th percentile (median). The bottom of each box represents the 25th percentile and the top of each box
represents the 75th percentile. The interquartile range (IQR) is the difference between the 75th and 25th quartiles. The “whisker” below the box is the lower adjacent
value, which is equal to the 25th percentile minus 1.5 times the IQR). The “whisker” above the box is the upper adjacent value, which is equal to the 75th percentile
plus 1.5 times the IQR.

lidocaine and tetracaine. These compounds may be expected as adul- including international production, regional wholesale, local wholesale,
terants in the cocaine supply but their presence in the street opioid and retail requires further study (Montero et al., 2022).

market is unexpected. The dynamics of adulteration and experimenta- This study has limitations. First, this is a convenience sample from
tion at different and often disconnected levels of narcotics supply chains one Philadelphia neighborhood and we were unable to quantify the
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number of unique individuals that provided samples, which may limit
generalizability. However, we limited the number of samples an indi-
vidual could provide at a time (up to 4) to address this limitation.
Furthermore, the 260 samples came from 129 different stamps. While
each street corner typically sells only one stamp, a corner may occa-
sionally (every few weeks, months, or years) change their stamp. Thus,
each stamp is associated either with a geographically distinct street
corner where that product is sold or with a different period of time for a
street corner, demonstrating the diversity of our samples as well as our
geographic and temporal breadth. Although this study is focused in a
single neighborhood, the narcotics market of Philadelphia’s Kensington
neighborhood has long been the largest U.S. open-air drug market
supplying several mid-Atlantic Rustbelt states, (Porreca, 2024; Rose-
nblum et al., 2014) and it was the entry-point for xylazine adulteration
of fentanyl in the US mainland in 2016 (Johnson et al., 2021). Conse-
quently, shifts in Kensington’s drug supply have potential regional
geographic impact. Another limitation is that sample sizes were small or
missing for some months due to collection interruptions. The limited
number or complete lack of samples in these months prevents us from
understanding whether the few samples collected are representative of
the larger supply and whether trends in the supply were interrupted or
continued during these months. Additionally, because we did not test
the entire bag, it is possible that compounds were not evenly distributed
throughout the dope and that our samples are not representative of the
entire bag. However, glassine bags typically contain approximately
100 mg of product, and this small amount of starting material means
there is a smaller chance of settling and dispersion and that we sampled
a relatively substantial percentage of the bag (~10 % of the total bag).
Additionally, internal testing by NIST has demonstrated that there are
not significant variations across microscoops from the same bag (data
not yet published). Lastly, the timeframe for this study was only 13
months. Although the changes documented during this study may not be
permanent, the findings demonstrate the extreme volatility of the supply
and the critical need for timely monitoring systems. Despite these lim-
itations, this is the first peer-reviewed study to examine changes in the
concentration of key compounds in dope during the fentanyl era.

In conclusion, the composition of the unregulated street opioid
supply is rapidly evolving. These supply changes are outpacing public
health efforts to monitor drug market trends and prevent harms. Lags in
data availability about drug market characteristics limit the utility of
surveillance data, hamper the effectiveness of prevention interventions,
and harm people who use street opioids. More timely drug checking data
systems and faster communication between researchers, service pro-
viders, and public health personnel are urgently needed for rapid
dissemination of information and targeted deployment of resources.

5. Disclaimer

Certain commercial products are identified to adequately specify the
procedure; this does not imply endorsement or recommendation by
NIST, nor does it imply that such products are necessarily the best
available for the purpose.
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