
Introduction

Cannabis and hemp products are becoming much more available for medicinal and recreational use making 
routine testing for toxic heavy metals much more important.  Advion introduces the Solation® ICP-MS for the analysis 
of heavy metals in cannabis plant and cannabis product samples.  While there are no federal guidelines for heavy 
metals in cannabis, states where cannabis use and production are legal have adopted exposure limits and QC 
criteria for Arsenic, Cadmium, Mercury, and Lead based on USP<233>.  Here, we report the results of our sample 
analysis using these guidelines. 
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Summary
This study demonstrates that the Advion SOLATION ICP-MS, coupled with a microwave digestion system, is 
suitable for the accurate, robust and reproducible analysis of heavy metals in hemp plant material – greatly 
exceeding the requirements of USP <233> protocol.

Validation of the microwave digestion method was reinforced by the excellent recovery results obtained for 
the NIST SRM 1575 Pine.

Element

Calif
ornia

Colorad
o
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Arsenic (As) 0.2 0.2 0.2
Cadmium (Cd) 0.2 0.2 0.2

Mercury (Hg) 0.1 0.1 0.1
Lead (Pb) 0.5 0.5 0.5

exposure limits as µg/g (ppm)

Table 1:  PDE limits for states that use the USP 
guidelines for heavy metal exposure by inhalation.
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USP<233> also defines the accuracy, repeatability, and ruggedness required for the analysis of these toxic 
elements. 

Validation Criteria

Cannabis is particularly efficient at sequestering heavy metals from the environment, so if there is any contamination 
in the growing medium, fertilizers, or water then it will be absorbed and concentrated in the plant.  This further 
underscores the need for diligent monitoring to ensure a safe product.

In this study, we used the Advion SOLATION® ICP-MS and a microwave digestion system to digest and analyze hemp 
samples using the validation methods described in USP General Chapter <233>.  The sensitivity, ability to handle 
complex matrices, and the ability to remove interferences with a helium collision cell makes this the ideal system for 
heavy metal analysis in the cannabis industry.

Sample Preparation

A sample of medicinal hemp flower was purchased locally.  Around 14 grams was finely ground and homoge-
nized, then 0.5g +/- 0.005g was weighed into digestion vessels and the appropriate amount of a spike solution 
added.  Nine mL of concentrated HNO3 and 1 mL concentrated HCl was added to each vessel and the samples 
were allowed to react for 15 minutes prior to sealing and placing the vessels on the turntable of the closed vessel 
microwave digestion system.  

The program controls the microwave energy such that the samples ramped up to the optimal digestion temperature 
of 200°C over 20 minutes, maintained 200°C for 10 minutes, and then cooled back to room temperature.  This 
method resulted in the complete digestion of all samples resulting in a clear, particulate-free solution once brought 
to volume with 18MΩ water in a 50mL volumetric flask. 

The calibration standards and spikes were based on the action levels in table 1.  The sample set included a hemp 
sample, a duplicate, the 50%, 100%, and 150% spikes, and NIST 1575 Pine needles to further validate the results, 
which were run in duplicate.  For the ‘ruggedness’ specification from USP<233>, there were 6 samples of the 100% 
spiked hemp.  The spike values are summarized in Table 2.

Element 50% Spike 100% Spike150% Spike
Arsenic (As) 100 200 300

Cadmium (Cd) 100 200 300
Mercury (Hg) 50 100 150

Lead (Pb) 250 500 750
Concentrations as ng/g (ppb)

Table 2:  Spike values based on the action limits defined in USP<233>

A second, 1:4 dilution was performed post digestion to bring the final acid concentration to 5% for an overall dilution 
factor of 400x.  

The calibration blank and standards were prepared using the same acid concentration, 5% of 9:1 HNO3/HCl, for 
matrix matching.  To stabilize mercury and help with wash-out, Gold was added at 20x the mercury concentration.  
The internal standards were added to all the samples, standards and blank for a final concentration of 10 ng/g 
(ppb).  The standard concentrations and internal standards are summarized in Table 3.

Standards m/z Std 1 Std 2 Std 3 Std 4 Std 5
Arsenic (As) 74.92 0.1 0.5 1 5 10

Cadmium (Cd) 111.90 0.1 0.5 1 5 10
Mercury (Hg) 201.97 0.05 0.1 0.5 2.5 5

Lead (Pb) 207.98 0.25 0.5 2.5 12.5 25
Concentrations as ng/g (ppb).  Standards include Au at 20x the Hg concentration.

Internal standard 10 ng/g 72Ge 115In 175Lu 209Bi
for analyte 75As 111Cd 202Hg 208Pb

Table 3:  Analyte masses, 
calibration standards, and 
internal standards.

Instrumentation

The Advion SOLATION incorporates a robust solid-state generator, orthogonal ion optics for keeping the most 
sensitive components of MS clean, and easy-to-use control and data processing software.  

Since HCl was used in the sample digestion, there is a significant amount of chlorine present which creates an 
isobaric interference on 75As from 40Ar35Cl+.  The collision cell effectively eliminates the contribution that ArCl+ 
makes to the signal at m/z 75 by taking advantage of kinetic energy discrimination (KED) to separate polyatomic 
interferences from analyte ions resulting in accurate quantitation of low levels of Arsenic.  Arsenic is the only analyte 
in the suite with this type of interference, so the collision cell isn’t used for Cd, Hg, or Pb.  

Results and Validation
Sample results

The concentrations of mercury and lead in hemp were less than the lowest standard and all values were less than 
the action limits.  The samples were prepared and analyzed in duplicate, and the average of those duplicates is 
shown in Table 4. In keeping with the ruggedness requirement, the samples were run on separate days by two 
different analysts.

Hemp ng/g (ppb) 75As 111Cd 202Hg 208Pb
Hemp run 1 45.3 305.9 7.1 51.9
Hemp run 2 42.1 305.1 4.8 49.5
Hemp run 3 41.2 315.4 5.7 52.6
Hemp run 4 40.2 295.9 5.4 55.8

Average 42.2 305.6 5.7 52.5

Table 4:  Hemp sample results 
(average of the sample and duplicate)

Accuracy: The samples were spiked at 50%, 100%, 
and 150% of the action level and the percent 
recoveries calculated.  Spike recoveries were all 
between 92.5% - 114.1%, well within the 70-150% 
range defined by the USP method.

Spike Recoveries 75As 111Cd 202Hg 208Pb
Averages ng/g ng/g ng/g ng/g

Hemp unspiked avg. 42.2 305.6 5.7 52.5
50% Spike avg. 142.0 402.9 52.6 314.4

% recovery 99.8% 97.4% 93.6% 104.8%
100% Spike avg. 242.7 501.4 99.6 622.9

% recovery 100.3% 97.9% 93.8% 114.1%
150% Spike avg. 342.2 637.6 144.5 818.8

% recovery 100.0% 110.7% 92.5% 102.2%

Table 5: Accuracy- Spike recoveries

Repeatability: Six hemp samples were spiked at 100% 
of the action level and digested.  The results that are 
summarized in Table 6 show that the %RSD of the mea-
sured concentrations are between 1.3% - 3.7%, demon-
strating repeatability well below the 20% limit.

Repeatability 75As 111Cd 202Hg 208Pb
ng/g ng/g ng/g ng/g

Hemp 100% spk 1 247.60 512.12 94.94 628.41
Hemp 100% spk 2 242.88 529.00 99.86 558.30
Hemp 100% spk 3 247.44 505.00 92.70 569.59
Hemp 100% spk 4 243.11 535.74 94.65 569.80
Hemp 100% spk 5 241.05 530.53 99.59 565.71
Hemp 100% spk 6 242.42 520.98 104.68 578.92

Average 244.08 522.23 97.74 578.46
SD 2.8 11.8 4.4 25.4

%RSD (< 20%) 1.1% 2.3% 4.6% 4.4%

Table 6: USP<233> Repeatability results

Repeatability: The repeatability sample set was prepared and run on a different day by a different analyst.  The 
results from that run are combined with the previous run to determine the ruggedness.  The ruggedness values 
are similar to the repeatability values and the measured %RSD (2.4 – 4.0%) are comfortably under the 25% limit 
defined by the USP method.

Accuracy Repeatability Ruggedness
The matrix and materials under 
investigation must be spiked with 
target elements at concentrations that 
are 50%, 100%, and 150% of the 
maximum permitted daily exposure 
(PDE). Mean spike recoveries for each 
target element must be within 70%-
150% of the actual

Six independent samples of the 
material under investigation must be 
spiked at 100% of the target limits 
defined and analyzed. The measured 
percent relative standard deviation 
(%RSD) must not exceed 20% for each 
target element.

Carrying out the repeatability 
measurement testing procedure by 
analyzing the six repeatability test 
solutions either on different days, 
either with a different instrument or 
by a different analyst. The %RSD of 
the 12 replicates must be less than 
25% for each target element.
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