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1000 | Table 3. Concentrations of elements in ppb in digested solutions of original and fortified samples as well as recovery yields in percent

IntrOdUCthn * The ICPMS-2030 was automatically tuned to adjust torch position, lens voltage and mass
While more and more states across U.S. continually resolution to optimize the signal intensity. The Labsolutions ICPMS software also collects
adopt legal medical and/or recreational cannabis, new screening data across the entire mass range from 5-260 m/z, referred to as Total Mass Scan.
cannabis-based products like edibles as an emerging The function of Total Mass Scan can provide mass spectra in the entire mass range to help
market are anticipated to bolster this growing industry identify possible interference when post-processing the measurement data.

in the coming years. Most of the states that have
legalized the medical and/or recreational cannabis have
enacted regulations for acceptable limits of toxic heavy
metal including Cd, Pb, As, and Hg in cannabis. New
regulations are likely to evolve to include more heavy
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107Ag 5ps 136B5 114cq S3cr 65Cu 4Fe 198Hg  55Mn 8Mo 60N 208pp 108pd 121G 77Se 51\ 667
Mean value n.d. n.d. n.d. n.d. n.d. 2.29 n.d. n.d. n.d. n.d. 0.146 n.d. n.d. n.d. n.d. n.d. 0.563
RSD(n=3)  --- 0.61 15.01 --- --- --- --- --- 0.76
Mean value 6.25 6.04 124 6.21 6.27 115 635 5.89 125 6.33 6.18 6.29 5.85 6.02 6.32 6.26 122
RSD(n=3) 0.29 0.73 1.75 0.84 0.27 0.83 0.42 0.57 0.29 1.38 0.87 0.31 0.87 3.14 2.27 0.35 0.18
e Scandium (Sc), indium (In) and bismuth (Bi) were selected as internal standard elements to A S Y S S RS Recovery (%) 100 97 99 99 100 90 102 94 100 101 97 101 94 96 101 100 97

cover the entire mass range. The internal standard solution was added to the calibration ° Concentration (uglL) 0 ° Concentration (UglL) 10 ° Concentation (ugll) 200 Cookie Meanvalue n.d. 0.0902 560 0.0557 0941 150 719 0.118 249 0561 1.48 0.0815 n.d. nd. 0341 0.175 41.7

standards and samples using an internal standard automatic addition kit, which utilizes a T- £ 54 (OB 100 F 193 08) Vi 55 (DB RSD(n=3) - 1.03 1.41 1.67 1.26 1.14 256 1239 2.09 1.78 2.47 1.48 9.05 1.13 1.08

standard sample and introducing the mixture to the nebulizer RSD(n=3) 3.99 0.58 0.65 1.07 0.09 1.28 0.67 1.81 0.26 1.23 6.65 0.34 1.18 1.90 2.35 0.51 1.20
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metals for cannabis-based products to manage this g 250 g 50 gsooo Recovery (%) 96 103 96 103 90 93 92 105 95 106 92 102 103 100 107 102 108
emerging market to ensure product quality and safety. Analytical methods are needed to develop Table 1. Operating conditions of Shimadzu ICPMS-2030 = 500 = = 2000 Chocolate Meanvalue n.d. 00599 412 153 58 727 333 00534 705 136 319 0.0777 0.0440 nd. 0378 0279 16l
to meet this trend. In this work, we explore and discuss the applicability of the Shimadzu , : 250 “i 1000 RSD(n=3) - D RN BN N U Uy T
inductively coupled plasma — mass spectrometer 2030 (Shimadzu ICPMS-2030) to the Parameter Setting Parameter Setting o ; Fortified chocolate V2N value 615 655 156 806 115 187 914 656 18 754 380 627 565 600 676 597 297
pe .y P p . . P . . ; : ; R S T E R B N A B I S S SR B RSD(n=3) 1.16 0.96 0.76 2.22 1.33 1.17 1.64 3.09 2.45 1.16 1.32 2.15 1.24 2.27 1.74 0.97 0.80
qualification and quantification of 17 different heavy metals in cannabis-based products Radio Freq. Power 1.20 kw Mix Gas 0.00 L/min 0 500 1000 0 5 10 0 100 200
. S li D h 50 cell G 6.0 L/ . Concentration (ug/L) Concentration (ug/L) Concentration (ug/L) Recovery (%) 98 104 92 104 90 91 93 104 92 99 98 99 90 96 102 91 109
. ampling Dept .0 mm ell Gas .0 mL/min
Expe ri mental . \ oS 1250 F o0 065 125 F 206 (650 S ees Mean value n.d. 0.174 0.805 n.d. 0.111 11.4 16.1 0.0289 0.787 n.d. 0.272 0.0186 0.204 0.0140 0.114 0.175 7.3
Plasma Gas 8.0 L/min Cell Voltage -21V 1000 | o RSD (n =3) --- 3.13 1.25 --- 2.18 2.87 3.55 13.99 0.81 - 13.20 3.20 0.05 8.74 10.85 4.13 0.25
N 1 I
Sample Preparation Auxiliary Gas 1.10 L/min Enerev Filter 20V ; - i Meanvalue 6.28 670 121 647 630 124 606 624 123 629 680 612 646 630 632 637 129
P P y / &Y 2 g 7o | g ortifiedgummybear on(n=3) 255 115 103 078 402 071 444 317 176 105 596 051 067 215 219 396 119
* Method was developed for 17 target elements. Carrier Gas 0.70 L/min Chamber Temp. 5°C £ £ 500 | £ 5 Recovery (%) 100 104 96 104 99 90 94 99 98 101 104 98 100 101 99 99 97
_ ) 250 25 | Olive oil Mean value n.d. nd. 0629 n.d. n.d. n.d. nd. 0.0450 0.170 0.00760 0.153 0.0177 n.d. 0.00730 n.d. n.d. 2.08
Cad cd M H Ch C C C Lead (Pb
admium (Cd) ercury (Hg) romium (Cr) opper (Cu) ead (Pb) Table 2. Analytical elements and their corresponding measurement parameters : N RSD(n=3) - 1.52 - 2031 230 292 1930 2.89 5.04 3.56
. 0
mm — . . T T o T T S B Fortified olive oil Mean value 6.09 6.77 124 6.65 6.20 125 607 6.56 112 6.26 6.07 6.13 6.62 6.55 6.90 6.26 114
Calibration i Detection i No. Spiked 0 > 10 0 > 10 0 > 10 RSD(n=3) 6.24 1.73 0.42 0.13 1.83 2.15 1.42 2.39 1.87 1.67 4.13 0.31 0.63 1.82 1.59 0.99 1.89
. ) Internal Cell Calibration L. Integration Repeat Concentration (ug/L) Concentration (ug/L) Concentration (ug/L)
y Standard Gas (ppbg) R (opb) Time (sec) Scan No. (ppb)? ' T TS 075 Fe77 8% Recovery (%) 97 108 99 106 99 100 97 104 89 100 95 98 106 105 110 100 90
B ciements listed in both state regulations and ASTM draft test method ] - i [ Butter Mean value n.d. 0.0435 0.595 0.0108 0.0201 n.d. nd. 0.0428 0.150 0.104 0.202 n.d. n.d. n.d. n.d. n.d. 4.8
Ag 107 In(115) Off 005-10 099998  3.156-4 20 03 6.25 0 RSD(n=3) -- 308 118 849 1244 - — 944 128 136 1273  — — 138
. : : 2 2507 2.
M ctoments listed n state regulations but ot n ASTM draft test method As 75 Sc(45)  Off 005-10 099998  9.0264 2.0 0 3 6.25 : : g os o rtified butter Meanvalue 6.10 684 136 648 606 121 601 565 115 622 634 594 640 655 640 619 118
BN ciements listed in ASTM draft test method but not in state regulations Ba 136 In(115) Of 1-200 099979 00121 2.0 0 3 125 . i < RSD(n=3) 588 158 020 051 243 084 08 099 123 026 247 025 064 103 632 340 090
0.25
* Seven matrices were selected as representative of cannabis-based products, including cookie, Cd 114 In(115) Off 0.05-10  0.99997 4334 20 10 3 6.25 [ Recovenid) 98 109 108 104 7 97 26 20 92 98 98 92 102 105 102 29 o1
h Iat b l il butter. hard d dh I : Hard cand Mean value n.d. 0.0574 0.579 n.d. 0.290 0.813 n.d. n.d. 0.464 0.0625 n.d. 0.00490 n.d. n.d. n.d. 0.193 2.04
chocolate, gummy bear, olive oil, butter, hard candy, and hops. Cr 53 Sc(45)  Off 0.05-10  0.99970 0.0134 2.0 10 3 6.25 A A ) y RSD (n=3) 457 202 433 415 088 035 531 543 0.70
* Approximately 500 mg of each sample was weighted into a sealed PTFE reaction vessel that Cu 63 Sc(45)  Off 1-200 0.99982 0.0850 2.0 10 3 125 0 Concentaton (gl 10 0 Concentaton (ualL) 10 0 Concentaton (gl 10 Fortified hard cand Mean value 6.85  6.80 136 6.62  6.54 128 621 6.29 136 6.07 588 620 6.27 6.52 6.87 6.63 138
contained 4 mL of 70% HNO; and 2 mL of ultrapure water. The sample was then digested with a Fe 54 Sc(45)  Off 5-1000 0.99994 2.95 2.0 10 3 625 S e Y RsD (h=3) 524 211 101 054 389 066 630 88 007 037 28 034 037 269 532 280 053
Multiwave GO microwave digestion system (Anton Par Inc.) using Organic A method: ramp time Hg 198  Bi(209) On 005-10  0.99996 0.0132 2.0 10 3 6.25 1250 & s00 | Recovery (%) 110 108 108 106 100 102 99 101 108 96 94 99 100 104 110 103 109
of 20 min to 180 °C and hold time of 10 min before cooling down. A blank sample consisting o s sews)  off 1.200 ooses 11163 20 o0 e oo ) Hop Meanvalue n.d. 0313 306 0.0602 1.91 209 1240 0.117 172 0626 102 130 nd. 0212 0326 2.04 108
only of the reagents was also prepared for quality control. 3 750 3 RSD (n =3) --- 2.53 1.88 2.68 3.86 1.00 3.53 1.78 1.51 3.14 1.48 2.55 --- 2.25 531 0.70 1.43
N o o _ Mo 2 Inlis) O QuB-1® @EsEEl  saEd 2L Ly & S - £ 250 | S Meanvalue 420 620 422 615 827 136 1820 668 308 72 166 7.89 621 582 715 847 220
* Fortified samples were prepared by spiking 1 mL stock standard solution into the reaction Ni 60  Sc(45) On 005-10 099986 00784 2.0 10 3 6.25 . > RSD(n=3) 19.01 0.84 169 173 094 154 482 207 128 075 121 127 168 197 330 129 1.06
vessels before digestion to confirm the quantitative recovery of the analytes. Because the Pb 208 Bi(209) Off 005-10  0.99999 T 2.0 10 3 6,25 § Recovery (%) 67 94 93 97 102 92 93 105 109 105 102 105 99 90 109 103 90
matrices usually have high amounts of common mineral elements like Fe, Ba, Cu, Mn and Zn, o 108 In(115) Off 005-10 0.99995 6 BOE.S 50 10 3 6 25 o o
and low amounts of other target elements, stock standard solution was prepared to contain % b1 s o 0.05 0 0'99997 1'24E S 2'0 ” S 6'25 0 Concentaion ol 10 0 coneo ey « The low recovery of Ag (67%) for Table 4. Concentrations of elements (in ng/g matrix) for raw materials, back-calculated for dilution and ~500 mg initial mass of matrices
elements at different levels of concentrations such that different elements can be calibrated D) S ' — ' ' . o the hop sample might be due to Ag  As Ba Cd Cr Cu Fe He Mn Mo Ni Pb Pd Sb Se Vv Zn
and spiked at different ranges. The stock standard solution contains 50 ppm of Fe, 10 ppm of >e /7 In(115) Off 005-10 099992  0.0305 20 0 3 6.25 Figure 1. Calibration curves for 17 target elements. 1). Ag was absorbed onto |Cookie nd. 144 892 887 150 2390 11456 18.8 3967 89.4 236 130 nd. nd. 543 279 6644
Ba, Cu, Mn and Zn as well as 500 ppb of Ag, As, Cd, Cr, Hg, Mo, Ni, Pb, Pd, Sb, Se, and V. v 51  Sc(45) On 005-10 099992  6.64E-4 2.0 10 3 6.25 Results and Discussion orecipitates and removed from |Chocolate nd. 9.56 6576 244 940 11604 53152 8.52 11253 217 5092 12.4 7.02 n.d. 603 445 25698
. Di ested sam Ies were diluted to contain 5(y HNO before measurements Calibration Zn 66 Sc (45) Off 1-200 0.99997 0.311 2.0 10 3 125 the solution by fiItration and 2) Gummy bear n.d. 27.3 126 n.d. 17.4 1789 2526 4.54 123 n.d. 42.7 2.92 32.0 2.20 17.9 27.5 1146
g P ] 70 3 ' . - : : : : , : . * All of the seven different matrices were completely decomposed, leaving clear solutions after , ’ , Olive oil nd. nd. 993 nd. nd. nd. nd. 710 268 120 242 279 nd. 115 nd. nd. 328
standards also contained 5% HNO. for matrix match. When samples have element at a a. Spiked concentration is the spiked concentrations of different elements in the final measurement solutions after dilution. hlgh amount of chlorine
trati  of th ibrati 3 | f h diluted f . digestion’ except hops’ which showed small white f|aky precipitateS. Those are silicone presents in hop Samp|e that Butter n.d. 6.82 93.4 1.69 3.15 n.d. n.d. 6.72 23.5 16.3 31.7 n.d. n.d. n.d. n.d. n.d. 753
concentration out of the calibration range, samples were further diluted for measurement. Calibration components that are difficult to decompose in HNO,. The precipitates were removed from the readily form precipitates with Ag Hard candy nd. 911 919 nd. 460 129 nd. nd. 737 992 nd. nd. nd. nd nd 306 324
Instrumentation hop solution by filtration through a 0.45 pm polytetrafluoreethylene (PTFE) membrane filter | it i Hops nd. 50.1 48960 9.63 306 3344 198400 18.7 27520 100 1632 208 nd. 339 52.2 326 17280
* Calibration curves for the target elements are shown in Figure 1. All of the calibration curves before analysis. Control sample collected by passing 5% HNO, blank sample through a PTFE and was removed irom the .
* Digested diluted samples were analyzed with a Shimadzu inductively coupled plasma — mass show excellent linearity across the respective calibration range. membrane filter was analyzed, and no significant contamination by filtration was observed. solution by filtration. Conclusions References
spectrometer 2030 coupled with a AS-10 autosampler. The ICPMS system was configured with ' * Table 4 shows concentrations : . . . “ : . .
P . P . . P : y . 8 75 F Ag 107 (0BN) 30 [ As 75 (0BN) [ Ba 136 (0BN) * Table 3 shows the concentrations of elements in ppb in digested solutions of original and . » Complex matrices of cannabis-based products can be digested with ¢ “Analysis of heavy metal contaminants in
the standard sample introduction system consisting of a coaxial glass nebulizer, a double-pass 300 - , _ of target elements in raw . di . q vzed with the Shimadzu ICPMS-2030 bis ing the Shimadzu ICPMS
cyclone spray chamber, and a mini-torch. The interface consists of a copper sampling cone and fortified samples for seven different matrices as well as blank sample. All of the target materials. All matrices contain microwave digestion system, and analyzed with the shimadzu ) cannabis . ower usmg. e. 'madzu )
a copper skimmer cone’: The ICPMS is equipped with a collision cell that is used helium (He) to o0 g *F 20r elements are below the detection limit for the blank sample, except Ni and Zn, which present high amounts of Mn and Zn to assess the levels of heavy metals in those cannabis-based products. 2030°, Shimadzu application note.
. 2 2 2 . . . . . . 4 . . . “«
discriminate polyatomic interferences based on kinetic energy. Data with selected elements 2 g g less than 1 ppb in blank sample, possibly due to contamination brought in during sample and negligible amounts of Ag, * Shimadzu ICPMS-2030 coupled with AS-10 autosampler and Labsolutions  * “Standard test method for analyses of trace
: 25 10 IS 100 H . 4 . ey . .. . . . .
were collected with He gas on to minimize the polyatomic interferences. While various isotopes preparation. As, Hg, and Pb. Cookie, ICPMS  software p.rowdes excellent sensitivity, precision, _ accuracy, elements in cannabis by '”dUCt'Ve[}’
were measured for one single element, the isotope with the least interference was chosen for o L oL o L * Most of relative standard deviations (RSD) are below 5, except those highlighted in red in Table chocolate, gummy bear and toIeranFe and fast time response to meet and gxceed compllan.ce with coupled plasma — Mass spectrometry”,
quantification. Table 1 lists the operating conditions used for the ICPMS-2030. Analytical T T T T S P —— 3, indicating the high precision of the Shimadzu ICPMS-2030. All spiked recoveries except Ag in hops contain high amount of regulations on heavy metals in complex matrices of cannabis-based ASTM draft test method.
elements and their corresponding measurement parameters are listed in Table 2. Concentration (ug/L) Concentration (ug/L) Concentration (ug/L) the hop sample were within £210% of the added amounts, further validating the methodology Fe, Cu, Mn and Ni. products.

and the accuracy of the Shimadzu ICPMS-2030.



