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How Accurate is Potency Testing?
RING TEST: A standard procedure in the analytical 

testing industry for external quality-control assurance, 

in which identical samples are sent to a variety of testing 

facilities in order to compare results.

 Want to know the potency of your medicine? How 

much, if any CBD, does it contain? Has it been sprayed 

with dangerous pesticides? Is it infested by molds or bac-

teria? The only way to answer these questions for sure is to 

have it tested by an analytical lab. 

Many labs now offer testing services for the medical can-

nabis industry. How accurate are the results they provide?  

Our investigation was launched in the winter of 2010/11. 

An identical set of samples was submitted to 10 labs. The 

labs were asked to measure THC, CBD, and CBN, the 

three major cannabinoids for which testing is generally 

available. To encourage participation, the identity of the 

labs was kept confidential; in this report they are identified 
by numbers only (Lab 1, 2 etc.).

In most cases, lab results were consistent to within 20% 

of each other. To some degree, the differences in results 

might be explained by natural variations in the consistency 

of the cannabis samples used; to some degree, by differ-
ences in lab procedures. In certain cases, there were glaring 

discrepancies suggesting laboratory error. Three of the 10 

labs performed poorly on half the tests. Particularly in the 

case of liquid alcohol extracts, test results were troublingly 

inconsistent. Nevertheless, the general results showed good 

agreement between most lab results involving herbal sam-

ples. Lab performance can be expected to improve in the 

future as the industry responds with improved standards.

SAMPLES
Labs were asked to examine six different samples: four 

herbal cannabis samples (A - D), and two liquid (ethanol) 

extracts (F - G). The cannabis samples were taken from 

herbal material homogenized in a blender to minimize vari-

ations in potency. Samples were stored in a cool, dark room 

in tightly closed containers until sent to the labs. All testing 

was blinded: labs did not receive any information about 

the samples that could have skewed their analytical results.

Samples A, C, and D: replicates

These samples were exactly identical, and intended to 

check the reproducibility of participating labs, including 

their extraction protocol, sample preparation, and analyti-

cal methodology. Samples consisted of roughly one-gram 

packets of a THC-rich cannabis mixture that had been ho-

mogenized in a kitchen blender, followed by manual stir-

ring.

Sample B: high CBD

This sample consisted of one gram of a similarly pre-

pared mixture of CBD-rich herbal cannabis. The sample 

was intended to check for labs’ capability of identifying 

and quantifying CBD.

Samples F and G: extracts

Samples F and G were alcohol tinctures of about one 

milliliter each. Both were prepared from a single CBD-rich 

herbal mixture. Material in Sample F was decarboxylated 

by heating in a closed glass jar at 100°C for 90 minutes 

before soaking in alcohol. Sample G was prepared from 

the same material, but unheated. Samples were extracted 

in 99% pure ethanol for 12 minutes and filtered in cheese-

cloth, then a coffee filter. These samples were intended to 
evaluate only the testing methodology of the participat-

ing labs, by removing the need for extraction and sample 

preparation.

METHODOLOGIES
Different kinds of lab equipment were used to test the 

samples.  Five labs employed gas chromatography (GC), in 

which the sample is first vaporized under heat. The result-
ing gases were subsequently analyzed either by means of a 

flame ionization detector (GC-FID, used by four labs),  or 
a mass spectrometer (GC-MS, used by one).   

Four labs used a technology known as high-pressure liq-

uid chromatography (HPLC), in which the sample is ana-

lyzed by forcing it at high pressure through long columns 

to separate its components.

 GC and HPLC are by far the leading technologies for 

cannabis testing. One lab used a third method, Thin Layer 

Chromatography (TLC), which is commonly used for qual-

itative analysis (fingerprinting/profiling) of cannabis sam-

ples.  As a tool for quantification (potency testing) it tends 
to be less accurate, because the results are scored inexactly 

by visually judging the size or density of a spot. 

Fresh herbal cannabis does not contain significant 
amounts of free THC. Instead, the plant produces its bio-

logical precursor, THC-acid (THCA), which lacks THC’s 

activity and is not psychoactive. The same is true for most 

other cannabinoids in the cannabis plant (e.g. CBD is pres-

ent as CBDA). Only after heating are THCA and CBDA 

converted into their more potent, non-acid forms, THC and 

CBD. This process is known as “decarboxylation.” 

When cannabis is smoked or cooked, the user mainly 

ingests activated, non-acid cannabinoids. However, if 

cannabis is consumed raw or in an unheated oil or alco-

hol extract, the cannabinoids remain in their natural acid 

form. The properties of cannabinoid acids have not been 

well investigated. Although THCA is not psychoactive, it 

is thought to have some medicinal activity.

Because it is performed at room temperature, HPLC  an-

alyzes cannabinoids in the chemical form in which they are 

actually present in the sample. For fresh herbal material, 

that means lots of THCA and a little free THC (as a result 

of ‘spontaneous’ decarboxylation during harvest, process-

ing and storage). Consequently, labs using HPLC reported 

two different entries: THC and THCA. From this it is pos-

sible to calculate the effective “THC Total” by adding the 

measured THC and THCA.  In order to adjust for differ-

ent molecular weights, the THCA measurements need to 

be multiplied by a factor of 0.877 (one lab failed to do this 

correctly). The same applies to the measuring of CBD and 

CBDA.

In contrast, when samples are analyzed by GC, the high 

temperature of the injector causes the cannabinoids in the 

sample to instantly decarboxylate, converting all THCA 

into THC before the sample enters the chromatographic 

column. Therefore, labs using GC have only a single corre-

sponding entry, “THC Total.” In the same way only a value 

for “CBD Total” is reported for GC.

As expected, labs using HPLC found high levels of 

THCA and CBDA and lower levels of active THC and 

CBD in green, unheated samples. Labs using GC generally 

reported comparable total levels of THC and CBD in the 

same samples.

RESULTS
The results of all tests performed are shown in the table 

on the page at right.  For the herbal cannabis samples (A-

D), potency is expressed in percent, so that 1% equals 10 

milligrams of a given cannabinoid per gram of plant mate-

rial. For the tinctures (F-G), it is expressed in milligrams 

per milliliter (mg/ml).   

While most labs measured the potencies of samples A-D 

in terms of percentage of total sample weight,  labs #2, #5, 

#7, and #9 reported them in terms of dry weight instead.   

In order to convert their measurements to total weight, labs 

that report dry weight need to report water content of the 

sample.  Measurements of water content in samples A-D 

ranged from 6% to 9%.  For the sake of consistency, the 

data in the table are all reported in terms of total weight.

In principle, when the majority of labs re-

port similar values, and one or a few labs 

have found significantly different results, 
it should be the outliers that need to take a 

closer look at their methodology.

Because we do not know what the true potency values 

were for our test samples (we would need a reliable lab 

to tell us, but evaluating reliability is the purpose of our 

study), we cannot say with certainty which lab gave more 

accurate results. We can, however, look at the reproducibil-

ity of the same sample in a single lab and the consistency 

of results between labs. In principle, when the majority of 

labs report similar values, and one or a few labs have found 

significantly different results, it should be the outliers that 
need to take a closer look at their methodology.

 Although the samples A, C, and D consisted of the same 

homogenized cannabis material, the results ranged from 

4.16% to 14.3% THC. Although lack of uniformity in the 

samples might account for some degree of the variance, the 

wide variation was mainly due to several results that were 

far out of line with the average reported by most labs. 

In a set of 40 THC measurements of cannabis samples, 

seven were more than 25% out of line with the average 

reported by other labs. In another set of 10 CBD measure-

ments, three were more than 25% out of line. Ignoring these 

outlying results, the reported potency of the three identical 

samples ranged from 8.4%  to 12.5% THC —a variation of 

about +/- 20% from the mean.

Three of the 10 participating labs reported anomalous 

results on at least half of the samples, raising obvious ques-

tions about their accuracy. Two other labs reported a single 

anomalous result. One of these admitted to technical dif-

ficulties in obtaining the necessary chemical standard for 
testing CBD-acid, which is indeed a common concern for 

labs using HPLC, as CBDA standards are not readily avail-

able.

Chemical standards of known potency are crucial to ac-

curately calibrate testing equipment. But because they con-

tain controlled substances, cannabinoid standards are sub-

ject to DEA regulations, making them difficult to obtain. 
As an alternative, some labs resort to obtaining them from 

illicit, gray market sources; others manufacture their own 
standards without independent validation. The reliability of 

such standards is uncertain.

The two liquid alcohol extracts (tinctures) were prepared 

by soaking cannabis in ethanol and filtering out the solid 
residues. After proper shaking, liquid extracts should be 

perfectly homogenized with respect to cannabinoid con-

tent, regardless of the presence of some minor solids such 

as fibers from the paper filter, or small particles of plant 
material. To our surprise, the tincture results proved very 

inconclusive and varied with the kind of testing technology 

employed. For unknown reasons, labs using GC generally 

reported higher readings for THC and CBD than labs us-

ing HPLC.  For GC, the THC measurements for samples F 

and G averaged 42% to 46% higher than for HPLC, while 

CBD measurements were 20% to 33% higher. Theoreti-

cally, there should have been no discrepancies between GC 

and HPLC analysis.

Alcohol tinctures are in principle easier to measure than 

raw plant samples, because tinctures (after proper dilu-

tion of the sample) are immediately ready to be analyzed. 

This raises obvious questions about the accuracy of current 

methods for testing tinctures and other extracts. 

One potential explanation could be that our sample ex-

tracts were made in a different solvent (ethanol) than labs 

commonly use to analyze their own samples or to dissolve 

their calibration standards in. This could lead to signifi-

cantly different outcomes, as a result of different expansion 

of solvents in the GC injector. HPLC or TLC methodology, 

in contrast, would not be affected by this. 

Another explanation could be problems in calibrating the 

equipment to the relatively weak potency of the tinctures, 

which was significantly lower than that of normal herbal 
samples. 

Although CBN is not produced by the cannabis plant it-

self, it is commonly formed by degradation of THC under 

the influence of light, storage and heat. It is therefore not 
surprising that all samples contained at least some CBN. 

Levels were generally very low, on average around 0.6% 

or less in all samples. However, reported CBN values in 

Sample G varied from 0 to 1.44%. Such a wide variation in 

results is unacceptable for quality control. 

Because most labs were informed that they were partici-

pating in a ring test, they were able to give these samples 

extra attention. Several labs revised or corrected results af-

ter initially misreporting them. In a couple of cases, this 

appears to have been due to simply misreading or misre-

porting the data. In one case, a lab initially misreported a 

sample as having no cannabinoids at all. After being ques-

tioned about it, they re-tested the sample and came up with 

reasonable results. Two other labs, whose results were gen-

erally reasonable, slightly misreported some initial data, 

but later corrected them on their own initiative. 

DISCUSSION
An examination of the reported data provides some in-

sight into technical issues that play a role in the laboratory. 

For example, fresh material might normally be expected 

to contain substantially higher amounts of acidic cannabi-

noids (THCA, CBDA) than neutral ones (THC and CBD). 

However, a couple of labs reported the opposite in certain 

tests (e.g, lab 3 for CBD and lab 7 for CBD and THC in 

samples A, C and D). Based on reported separation issues 

in HPLC, this might be caused by an overlap of CBD with 

the cannabinoid CBG (Cannabigerol), causing the two to 

be confused in the detector. CBG is present to some degree 

in most cannabis samples, so it should be confirmed that 
the chromatographic peak for it is positively identified in 
the chromatogram, and does not interfere with any other 

cannabinoid analyzed. The same applies to the commonly 

found cannabinoids Cannabichromene (CBC), Tetrahydro-

cannabivarin (THCV) and their acidic precursors.

Even though care was taken to homogenize the herbal 

samples, there is always a chance that one or more showed 

some deviation in cannabinoid content. Therefore, liquid 

samples (F, G) were included because they eliminate the 

need for extraction and have already been fully homog-

enized before distributing the samples. Analysis of these 

liquid samples therefore purely depends on the accuracy 

of the methodology applied. Liquid samples F and G were 

prepared from homogenized herbal material like the other 
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samples. Heating such a sample at a mild temperature of 

100°C (212°F) will lead to decarboxylation of THCA and 

CBDA into THC and CBD, but it should not change the 

ratio of THC-Total to CBD-Total, regardless of the method 

(HPLC or GC) used, and regardless of the factual accuracy 

of the results. 

This seems to be the case for most labs, with reported 

THC-to-CBD ratios in relatively close agreement (a notice-

able exception is Lab #7 employing TLC analysis, which 

produced a result that deviated from the average by a factor 

of more than 15). In contrast, the absolute values for THC 

and CBD show an unacceptably high variability, ranging 

over a factor two or more between all labs.

A similar evaluation of results can be applied to sample 

B, a CBD-rich mixture. Even though absolute values may 

vary between labs (as a result of differences in extraction 

efficiency, calibration, dilution errors, or slight sample in-

consistencies), the ratio of THC to CBD should be very 

similar. Again, this seems to be the case for most labs, with 

the exception of lab 6, which reported a CBD-Total value of 

26.7% when a value of close to 5% was expected.

Some labs expressed misgivings about the consistency of 

the sample, but they were far more homogeneous than the 

raw material typically submitted for testing, such as whole 

buds. Most labs obtained broadly consistent results for the 

three identical samples A, C and D, with variations ranging 

from (only) +/- 3.5% to 10%, strongly suggesting that the 

samples were properly homogenized. This is comparable to 

the variance typically observed in compounds with simi-

lar chemistry in the environmental industry, which ranges 

around +/- 10%. For example, in the Dutch medical can-

nabis program, potency variations of 1 to 5%  are typically 

allowed in tests of identical samples.

Some concern was expressed over the fact that the sam-

ples were not all tested at one time, and might therefore 

have degraded in storage. Indeed, nearly six months elapsed 

between when the first and last labs tested their samples.  
In the meantime, the samples were stored in a dark cool 

room in sealed containers. However, studies of the Dutch 

medicinal cannabis program (over the course of 12 months 

and longer) have shown that only modest degradation of 

cannabis occurs under such storage conditions, almost ex-

clusively in the form of decarboxlyation of THCA/CBDA 

into THC/CBD. Any such degradation would not have af-

fected the total THC/CBD contents reported by the labs, nor 

were there any signs of increased decarboxylation over time 

when comparing results of early reporting labs to those re-

porting later in the study. Moreover, the cannabinoid CBN 

is a main indicator of sample degradation. The low average 

CBN content of all the samples is an additional indication 

that samples did not degrade much during the course of the 

ring-test. In short, there seem to be no convincing reasons 

to assume that sample degradation has contributed signifi-

cantly to alterations in the samples during the ring test.

CONCLUSION
 The observed variations in potency could be considered 

high for a potent, active ingredient like THC. The allowed 

variation in dose of any officially registered medicine is usu-

ally no more than a few percent, or even less. On the other 

hand, variations of up to 15% are allowed in the medical 

cannabis produced by Bedrocan for the Dutch government, 

though in practice the variation is much lower. In any event, 

it must be recognized that the potency of cannabis can vary 

drastically between different parts of the plant. Even when 

samples are carefully chopped up and homogenized, the 

ring test indicates that variations in potency measurements 

of up to 20% are not uncommon. 

The cannabis testing industry is still in its infancy, and the 

ring test was intended to identify weaknesses and improve 

methodologies. Labs are aware of the current lack of indus-

try standards and are actively seeking to improve their pro-

cedures. Some participants in the ring test have formed an 

industry group to share technical information and standard-

ize their methodology. Whether such initiatives will help to 

get more accurate results will be indicated by future ring 

tests. Lessons learned during the current ring-test will help 

us to design even stronger studies in the future.

In the meantime, consumers should beware of the risk 

of misleading results and sub-standard labs. Customers are 

well advised to check out a lab’s professional credentials 

and references, and to ask some tough questions before they 

decide to work with a given lab. A list of suggested ques-

tions is provided in the box at right. Although it is easy to 

procure the necessary equipment for cannabis testing, pro-

fessional chemistry expertise is required to run it properly. 

Even then, well-qualified labs may come up with mislead-

ing or aberrant results. 

Consumers who need accurate results should consider 

doing back-up tests with different labs, at least every once 

in a while. With sufficient care, it is possible to get a good 
handle on the potency of well-mixed cannabis samples us-

ing the existing methodologies. However, it remains un-

clear how to assure similar accuracy with liquid samples 

or edibles.      

Even while labs struggle to establish industry standards 

for potency testing, many are already expanding their ser-

vices to other and potentially more challenging tests. Some 

labs offer testing for lesser-known cannabinoids such as 

CBC, CBG, and THCV, which occasionally occur in sig-

nificant quantities with uncertain effects on the user. Labs 
are also beginning to develop tests for terpenoids (or ter-

penes), the components that give cannabis its characteristic 

smell and are thought to contribute significant, additional 
“entourage” effects to the medical and psychoactive effects 

of cannabinoids.   

Although we did not attempt to evaluate testing for bio-

logical or chemical contaminants such as molds, bacteria 

or pesticides, these are important services for clients con-

cerned about health and safety. Labs have already reported 

finding traces of Aspergillus mold and E. coli bacteria in a 

fraction of samples submitted. Aspergillus can cause seri-

ous lung infections, especially in immune-compromised pa-

tients. Although the overall risk is modest, there have been 

a handful of case reports published in the medical literature 

about illness or death due to contaminated cannabis. 

The detection of pesticides presents yet another set of 

challenges to analytic chemists. Innumerable pesticides are 

available on the market, and no lab can test for all of them. 

It is unclear which pesticides pose a threat to the health of 

consumers. As of yet, no studies have been conducted on 

the safety of pesticides as applied to inhaled or ingested 

cannabis. Pesticides with known chemistry may be altered, 

destroyed, or rendered more or less toxic in the process of 

combustion or cooking. Different labs offer testing for dif-

ferent pesticides. More study is needed to determine which 

tests are most useful. 

The city of Los Angeles has already moved to require 

testing for pesticides and other contaminants in its new 

dispensary ordinance, without specifying what these tests 

might be. At this point it is not possible to evaluate the use-

fulness and accuracy of such contaminant testing.

In conclusion, a paid service such as potency-testing 

should deliver what it promises: accurate results that lead 

to a better understanding of an important and potent medi-

cine. We plan to organize a wider range of ring tests in the 

near future to help keeping the testing industry sharp, and 

to guarantee that patients will get what they deserve: high-

quality and safe medicinal cannabis.
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10 Questions to ask your cannabis scientist
1. What training or expertise do you have to be 

able to perform cannabis analysis?

2. Which cannabinoids do you test for? Do you 

have reliable reference standards for all of them?

3. How is CBN related to THC, and why is it im-

portant to test for it? 

4. What kind of samples do you test (flowers, edi-
bles, tincture)? Have you optimized your extraction 

and analysis protocol for each kind of sample?

5. Are you aware of acidic cannabinoids? In sam-

ples such as edibles and tincture they can be present 

at high levels. How do you deal with that? 

6. What is your analytical methodology for test-

ing cannabis (HPLC, GC, TLC, other)? What are the 

limitations of your selected method?

7. What is the average THC/CBD content your lab 

has measured? 

8. Did your lab ever test the same cannabis twice, 

with very different results? What was the explana-

tion for that, and what has been changed to prevent it 

from happening again?

9. Analytical methods need to be ‘validated’ before 

you can be sure they are fully reliable. Have you 

done this already, and how did you do this.  Did it 

include a third party?  If you didn’t do it yet, how 

can I be sure my results will be accurate?

10. What do you do with left-over samples?
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