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Table 1. Routes of Pharmaceutical Administration and Examples.

Oral Solids, Liquids

Parenteral Injections, Implants, Ophthalmic
Topical, Dermal Creams

Mucosal Nasal, Urethral

Inhalation Aerosols, Inhalers, Gases

Table 2. Permissible Daily Exposure (PDE) Limits Defined in USP <232>/<2232>.

Oral Daily | Parenteral Daily | Inhalation
Element Dose PDE Dose PDE Daily Dose
(pg/day) (ng/day) (ng/day)
Cadmium (Cd) 5 2 2
Lead (Pb) 5 5
Arsenic (As)* 15 15 2
Mercury (Hg)* 30 3 1
Iridium (Ir) 100 10 1
Osmium (Os) 100 10 1
Palladium (Pd) 100 10 1
Platinum (Pt) 100 10 1
Rhodium (Rh) 100 10 1
Ruthenium (Ru) 100 1100 3
Chromium (Cr) 11000 1100 3
Molybdenum (Mo) 3000 1500 10
Nickel (Ni) 200 20 5
Vanadium (V) 100 10 1
Copper (Cu) 3000 300 30
* = inorganic forms
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Table 3. Samples Analyzed.

High blood pressure
Thyroid function

Heart function (baby aspirin)
Indigestion

Fish oil capsules

Krill oil capsules

Calcium + fiber, chewable
Calcium, gummy
Multi-vitamin, gummy
Fiber, gummy

Plant extract (cholesterol)

Oral Medications

Inhalation

Table 4. Titan Digestion Program.

Target | Pressure Ramp Hold

Step Temp Max Time Time P‘(’;")e’
(° Q) (bar) (min) (min) 4
150 30 5 5 60
2 200 30 5 20 90
3 50 30 1 10 0

Table 5. NexION 350 ICP-MS Measured Isotopes.

Arsenic (As) 75
Cadmium (cd) 111
Copper (Cu) 63
[ridium (Ir) 193
Lead (Pb) 208
Mercurv (Ha) 202
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Table 8. Contaminants in Oral Medications (all units in pg/day).

Table 6.] Values and MDLs.

J Value MDL
(pg/L in Solution) (pg/L in Solution)

cd 25 0.005
Pb 25 0.002
As 75 0.038
Hg 15 0.003
Ir 50 0.001
0s 50 0.029
Pd 50 0.002
Pt 50 0.001
Rh 50 0.001
Ru 50 0.001
Mo 1500 0.019
Ni 100 0.006
v 50 0.011
Cu 1500 0.052

Table 7. Contaminants in Oral Medications (all units in pg/day).
Blood Baby

Element Pressure Thyroid Aspirin Indigestion
Cd 0.14 0.01 ND ND
Pb 0.24 0.07 0.41 0.03
As 1.95 0.32 0.17 0.07
Hg ND 0.01 ND ND
Ir 0.04 0.94 0.11 ND
0Os ND ND ND ND
Pd 0.01 ND ND ND
Pt 0.01 ND ND ND
Rh ND 0.04 0.01 ND
Ru 0.01 ND 0.01 ND
Mo 139 0.07 0.02 0.02
Ni 3.46 0.31 0.71 0.22
Vv 6.50 0.64 134 0.49
Cu 0.05 0.20 0.04 0.03

Caplets Caplets Chewables Gummy Gummy Homeopathic
(€ ND ND 3.55 0.61 0.10 0.02 ND
Pb 0.06 0.09 0.37 1.28 0.11 0.1 0.08
As 0.29 1.77 432 4.85 0.24 0.77 0.71
Hg 0.01 0.01 ND ND ND ND ND
Ir 0.07 0.04 ND ND ND ND 0.18
Os ND ND ND ND ND ND ND
Pd 0.02 0.01 0.01 0.09 0.09 0.16 ND
Pt 0.01 ND ND ND ND ND ND
Rh 0.01 0.01 ND ND ND ND 0.0
Ru ND ND ND ND ND ND ND
Mo 0.04 0.01 0.16 6.10 167 0.53 0.71
Ni 0.30 0.36 193 3.29 0.95 1.03 2.67
Vv 0.30 0.36 10.8 13.8 1.00 1.60 0.38
Cu 0.47 0.81 2.24 6.86 0.88 7.59 0.38




Table 9. Sum of Medications and Supplements (all units in pg/day).

- Sum of Supplements
m Oral Daily Dose and Medications
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Mo 3000 189 Sk
Ni 200 326 1. General Chapter <232> Elemental Impurities — Limits: Apr. 2015.
Y o 32 2. General Chapter <233> Elemental Impurities — Procedures:
Cu 3000 19.6 Apr. 2015.
3. General Chapter USP <2232> Elemental Contamination in Dietary
Supplement: March 2012.
4. "Implementation of USP New Chapters <232> and <233> of Elemental
Fﬁﬁﬁ;’ﬁ*@% Impurities in Pharmaceutical Products”, PerkinElmer Inc., 2013.
Sample Uptake Tubing 0.38 mmd id (green/orange), PVC, flared, 2-stop N0777042
Drain Tubing 1.30 mm id (gray/gray), Santoprene, 2-stop NO777444
Internal Standard Addition Tee Tee for on-line addition of internal standard N0777295
Internal Standards Uptake Tubing 0.25 mm id (red/orange), PVC, flared, 2-stop NO773111
USP Oral Element Impurities (Big 4) Cd (25 mglkg), Hg (15 mg/kg), Pb (5 mg/kg), As (1.5 mg/kg); 125 mL N9304150
USP Precious Metal Impurities B (with Os) Ir, Pd, Pt, Rh, Ru, Os (100 mg/kg); 125 mL N9304151
USP Oral/Parenteral Elemental Impurities C Cu (1000 mg/kg), Ni (500 mg/kg), Mo, V (100 mg/kg) N9304153
Pure-Grade Au Standard 1000 mg/L N9303728 (125 mL)
Autosampler Tubes Conical, metal-fee, sterile mg;;g] 12 5158 QB
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