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Abstract

Purpose: Thallous-201 chloride produced at Korea Cancer Center Hospital(KCCH) is used in detecting
cardiovascular disease and cancer. Thallium impurity can cause emesis, catharsis and nausea, so the
presence of thallium and other metal impurities should be determined. According to USP and KP, their
amounts must be less than 2 ppm in thallium and 5 ppm in total. In this study, the detection method of
trace amounts of metal impurities in ' TITICI injection with polarography was optimized without
environmental contamination. Materials and Methods: For the detection of metal impurities, Osteryoung
Square Wave Stripping Voltammetry method was used in Bio-Analytical System (BAS) 50W polarograph.
The voltammetry was composed of Dropping Mercury Electrode (DME) as a working electrode, Ag/AgCl
as a reference electrode and Pt wire as a counter electrode. Square wave stripping method, which makes
use of formation and deformation of amalgam, was adopted to determine the metal impurities, and pH 7
phosphate buffer was used as supporting electrolyte. Results: T1, Cu and Pb in thallous-201 chloride
solution were detected by scanning from 300 mV to -800 mV. Calibration curves were made by using
TINO;, CuSO4 and Pb(NO3), as standard solutions. Tl was confirmed at -450 mV peak potential and Cu
at -50mV. Less than 2 ppm of Tl and Cu was detected and Pb was not detected in KCCH-produced
thallous-201 chloride injection. Conclusion: Detection limit of thallium and copper is approximately 50
ppb with this method. As a result of this experiment, thallium and other metal impurities in thallous-201
chloride injection, produced at Korea Cancer Center Hospital, are in the regulation of USP and KP.
Polarograph could be applied for the determination of metal impurities in the quality control of
radiopharmaceuticals conveniently without environmental contamination. (Korean J Nucl Med
2000;34:336-43)
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Fig. 1. Cyclic voltamograms of Tl (I) are shown, which are obtained using

Au-working electrode in pH 7 solution (0.50 M KH,PO4). Peak
currents are not directly proportional to Tl (I) concentration.

Scan rate=50 mV/s, Number of segments=20

Initial scan direction=negative at -600 mV

(1) 50 ppm (2) 100 ppm (3) 200 ppm (4) 400 ppm
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Fig. 2. Cyclic voltamograms of Tl (I) are shown, which are obtained using
DME in pH 7 solution (0.50 M KH;PO,). Peak currents are directly
proportional to Tl (I) concentration.

Scan rate=50 mV/s, Number of segments=20
Initial scan direction=negative at -600 mV
(1) 50 ppm (2) 100 ppm (3) 200 ppm (4) 400 ppm

Table 1. Peak Potentials According to Supporting Electrolytes (Working electrode: DME)

Supporting electrolyte

Peak potential of metal (mV)

Tl Pb Cu
0.5 M KOH -410 -684 -324 (broad)
1.0 M HNO; -450 -400 -100
pH 7 sol’n -450 X* -50

* x means hon-detected.
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Fig. 3. Calibration curves of Tl (I) and Cu (II) are shown, which are obtained with standard solution of Tl (I)
and Cu (II) in the range of 100 ppb to 500 ppb with deposition time of 30 seconds. It can be shown
that the peak currents are linear in those concentration range. Therefore, the concentration of metal ions
in ®'TICI injection can be determined.
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Fig. 4. Calibration curves of Tl (I) and Cu (II) are shown, which are obtained with standard solution of Tl (I)
and Cu (II) in the range of 100 ppb to 500 ppb with deposition time of 45 seconds. It can be shown
that the peak currents are linear in those concentration range. Therefore, the concentration of metal ions

in *'TICI injection can be determined.
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Fig. 5. In the polarogram of o'TTICI injection produced at June 14, 1999, peaks at -50
nV and at -482 mV indicate Cu (II) and Tl (I) respectively. The concentration of Cu
(I) is zero and Tl (I) is 0.2 ppm. The concentration of Cu (II) is same as
background (Electrode: DME, Mode: OSWSYV, Deposition time: 45 sec, Supporting
electrolyte: pH 7 phosphate buffer solution)

Table 3. Quality Assurance of Metal Ions in *'TTIC) injection

Date " Cu*’ Pb*’
June 14, 1999 0.2 ppm x* X
June 16, 1999 0.2 ppm 0.1 ppm X
June 29, 1999 1.0 ppm X b3
July 1, 1999 0.1 ppm 0.1 ppm X
July 5, 1999 0.2 ppm X X
July 15, 1999 0.5 ppm 0.1 ppm X
July 19, 1999 0.1 ppm X X
July 21, 1999 0.1 ppm X X
July 26, 1999 0.2 ppm X X
July 28, 1999 0.08 ppm 0.1 ppm X

* X means non-detected.
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