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Abstract
Towards 2040 the global cancer burden could rise to 28.4 million cases. Early diagnosis and treatment
leads to a higher number of cancer survivors. 68Ga is a promising radionuclide in radio-imaging, and
it is often labelled with a labelling link called DOTA in radiopharmaceuticals. 68Ga can be produced by
a 68Ge/68Ga generator. However, the 68Ge supply issue, disposal issue, and an increasing demand in
radiotracers for radio-imaging have led to the development of cyclotron production. In this method 68Ga
nuclides are produced through proton irradiation of enriched 68Zn solutions. The produced nuclides are
extracted from the solutions using a chelator called BPHA. After back extraction, BPHA contamination
remains in the final solution and could possibly interfere with the labelling of 68Ga to DOTA. The two
objectives of this research were to investigate the effects of BPHA contamination on the labelling of
68Ga to DOTA, and whether the contamination could be washed from the extraction solution. Instant
thin layer chromatography, aWallac gamma counter, and phosphor imaging were used to determine the
labelling efficiency in 68Ga solutions with and without BPHA contamination. Experiments have shown
that without BPHA contamination an average labelling efficiency of 102.3% ± 2.5% can be calculated
from the phosphor imaging, crossing the 100% due to background correction, and an average labelling
efficiency of 99.58% ± 0.07% can be calculated from the Wallac gamma counter. In solutions with
BPHA contamination this labelling efficiency became 70.8670% ± 41.6798%, showing high error due
to major differences in BPHA concentration per extraction solution. In an attempt to remove the BPHA
contamination, the extraction solutions were washed with chloroform. The BPHA contamination was
measured in UV-Vis absorption, and showed a decrease after one wash. The remaining absorption
could be assigned to the solvent. This researched merely addressed the presence of contamination,
and did not measure quantitatively. Further research could investigate the quantitative relationship
between BPHA contamination concentration and the DOTA-labelling efficiency.
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Abbreviations

Abbreviation Definition

BPHA N-benzoyl-N-phenylhydroxylamine; CAS 304-88-1
Bq Becquerel
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11C-MET L-[methyl-11C]-methionine
cpm Counts per minute
DOTA 2,2’,2”,2”’-(1,4,7,10-tetraazacyclododecane-

1,4,7,10-tetrayl)tetraacetic acid; CAS 60239-18-1
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[(4-hydroxyphenyl)methyl]-13-(1H-indol-3-
ylmethyl)-6,9,12,15,18-pentaoxo-1,2-dithia-
5,8,11,14,17-pentazacycloicos-19-yl]amino]-1-
oxo-3-phenylpropan-2-yl]amino]-2-oxoethyl]-7,10-
bis(carboxymethyl)-1,4,7,10-tetrazacyclododec-1-
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1
Introduction

A worldwide estimation in 2020 showed 19.3 million new cancer cases and 10 million cancer deaths,
with breast cancer at 11.7% of all cases, and lung cancer as leading cause of cancer deaths with 18%
[59]. In The Netherlands, the total number of deaths due to cancer was 45,144 in 2019. This formed
almost 30% of all deaths [11]. Towards 2040 the global cancer burden could rise to 28.4 million cases.
Early diagnosis and treatment leads to a higher number of cancer survivors.

Visualizing the location and size of the tumor are crucial factors in cancer treatment. A way of doing
so is through positron emission tomography (PET). PET scanning is also a method to inspect whether
the cancer has spread and whether selected cancer therapies are effective [2, 14, 66]. In this imaging
method a positron emitting radionuclide is brought to the tumor cell. The emitted positron travels a short
distance, typically 1-2 mm [63], before interacting with an electron. This interaction causes annihilation
of both the positron and electron, which in its turn causes the emission of two high-energy photons,
both 511 keV, that travel into opposite directions [12]. Detectors surrounding the patient are hit by the
two photons almost simultaneously. Tracing the photons’ emission paths back to their original emission
in image reconstruction gives the location of the positron emitter and therefore the location of the tumor
cell [57, 51]. For optimal PET imaging, the radionuclide should be brought as close as possible to the
tumor cell.

Tumor cells differ among other things from healthy tissue by their proteins on the surface of the cell,
called the target proteins. Radionuclides can be labelled to a targeting molecule, resulting in so-called
radiotracers, that specifically bind to these target proteins. When a patient is injected with a labelled
radioactive isotope it accumulates around the tumor cells only. This type of therapy is called targeted
radionuclide therapy, a schematic overview can be found in Figure 1.1. By bringing the radiation close
to the tumor cells, damage to the healthy tissue is minimized and accurate images of the tumor can
be made [19]. The choice of radioactive nuclide should consider half-life, decay energy and imaging
opportunities.
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CHAPTER 1. INTRODUCTION 9

Figure 1.1: Schematic overview of targeted therapy. A targeting molecule with affinity for certain target proteins on tumor cells
is linked to a radioactive nuclide. The tumor can be accurately visualized as the radioactive nuclide decays.

Radio-metals like 68Ga have been investigated for their decay characteristics and targeting ability in
radio-chemistry [65]. A simplified decay scheme of 68Ga is shown in Figure 1.2 [68]. With a high
positron emission fraction and a half-life of only 68 minutes, 68Ga provides enough energy for PET
imaging with fast blood clearance and target localization [64].

Figure 1.2: Decay scheme of 68Ge to 68Zn, main decay type is positron emission [68]

68Ga can be produced in two ways, either by a 68Ge/68Ga generator or through proton irradiation of
enriched 68Zn solutions. The generator is commercially available and at low cost, but comes with
considerable waiting times between elutions, as well as decreasing activity with time as the parent
nuclide 68Ge decays [6, 47]. With the increasing need for radiopharmaceuticals, the production method
through 68Zn solutions is an inexpensive way to obtain clinical radionuclides and its separation process
for 68Ga is researched to meet the demand. Enriched 68Zn in nitric acid solutions are called liquid
targets, and their irradiation is done in a cyclotron, a charged-particle accelerator [61, 38, 1]. This
reaction is a 68Zn(p,n)68Ga reaction and the general equation for such (p,n) reaction is given in Equation
1.1 [12, 15]. Under irradiation of nucleus X, a high-velocity proton enters the nucleus while a neutron
is lost, keeping the mass number A the same while increasing the proton number Z by one.

A
ZX →A

Z+1 X (1.1)

After irradiation of the 68Zn target solution, the 68Ga radionuclide needs to be separated from the liquid
target. This can be done by liquid-liquid extraction combined with back-extraction. In liquid-liquid extrac-
tion, two immiscible solvents are brought together to create a two-phase system, usually one aqueous
and one organic solvent. A chelator, a molecule that is able to bind metal ions, can be added to one
of the solvents. This chelator selectively binds to the target compound, in this case the 68Ga radionu-
clides, forming an hydrophobic complex. After shaking or vortexing, the radionuclide complexes move
to the preferred solvent. When that extraction solvent loaded with the target compound is removed from
the two-phase system, the target compound is successfully extracted from its original solution [37]. In
so-called ’back extraction’, the target compound is again extracted into a new extraction solvent. After
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the back extraction process, the final 68Ga solution is obtained.

In this research, production of 68Ga through a 68Zn target solution is imitated without cyclotron irradia-
tion, and the organic phase in the liquid-liquid extraction consists of the N-benzoyl-N-phenylhydroxyl-
amine (BPHA) [56] chelator in chloroform, with selectivity for 68Ga. In the back extraction process,
contamination of the BPHA and chloroform can end up in the final solution. Drying the final extrac-
tion solution removes the chloroform contamination, but BPHA contamination remains, as seen in the
UV-Vis spectrum of Figure 1.3. The blue line represents absorption of the back-extraction, with high
chloroform contamination. The black line shows BPHA contamination after drying and redissolving in
water. The red line shows BPHA contamination after drying with addition of hydrogen peroxide and
redissolved in water [62].

Figure 1.3: UV-Vis: BPHA contamination in the final back-extracted solution. Blue line shows absorption with high chloroform
contamination. Black line shows BPHA contamination after drying and redissolving in water. Red line shows BPHA
contamination after drying with addition of hydrogen peroxide and redissolved in water [62]

Remaining BPHA contamination after back extraction could potentially interfere with the labelling of the
radionuclide to their targeting molecule in radiopharmaceuticals. To investigate the potential interfer-
ence this research studies the labelling of 68Ga with DOTA, a molecule often used as labelling link in
radiopharmaceuticals [41]. Several targeting molecules can be bound to DOTA, such as DOTA-TOC,
DOTA-TATE and DOTA-NOC, all with high affinity for somatostatin receptors [22, 30, 67]. These re-
ceptors are protein targets over-expressed in neuroendocrine tumors (NET), commonly found in the
gastrointestinal tract (48%), lung (25%) and pancreas (9%) [43, 69]. DOTA and its targeting molecules
creates stable chelates with various metal ions, resulting in radiotracers suitable for tumor imaging of
NET [49, 25].
The fore-mentioned BPHA contamination could influence the DOTA labelling efficiency to 68Ga as both
chelators have affinity for the radionuclide. Decreased labelling efficiency would result in less radiotrac-
ers in the solution and negatively affecting the PET imaging efficiency.

In this report two research questions are answered:
1. Does BPHA contamination influence the labelling efficiency of 68Ga radionuclides to the DOTA
labelling link?
2. Can the BPHA contamination be removed from the final extraction solution, when 68Ga is produced
from enriched 68Zn target solutions?



2
Background

In this chapter the background information for this research is presented. 68Ga is discussed in its pro-
ductionmethods, suitability as radiotracer and its labelling to the DOTA target molecule. The techniques
used are discussed in section 2.2 and the equipment is presented in section 2.3.

2.1. 68Ga-DOTA
A nuclide suitable for targeted radioimaging is 68Ga, as discussed in the introduction. The positron
emission percentage of 89% in decay would provide high quality imaging in PET [10]. Traditional
radiotracers used in PET are [18F]FDG, 2-[18F]fluoro-desoxy-D-glucose, and [11C]MET, L-[methyl-11C]-
methionine, with half lives of 109.7 minutes and 20.39 minutes respectively [23, 58]. The very short
half-life of 11C limits the use of this nuclide in PET imaging. The facility needs an on-site cyclotron to
produce the 11C nuclides, as the nuclides decay too fast for long-distance transport [60]. [18F]FGD
was developed in radiotherapy to remove these practical issues, but it has a longer half-life and is not
able to discriminate cancer from inflammation and infection [54, 42]. 68Ga with a half-life of 68 minutes
solves the transport-issues of 11C and provides clear tumor imaging. The patient is exposed for shorter
times and relieved from long treatment duration than with 18F [64].

Production of 68Ga can be done in two ways, either by a 68Ge/68Ge generator or through irradiation
of enriched 68Zn solutions. In a 68Ge/68Ga generator, the parent nuclide 68Ge is adsorbed in an ion-
exchange column, where it decays to its daughter nuclide 68Ga. Four hours after elution 68Ga radioactiv-
ity is regenerated and at least 60% of the 68Ge-activity can be eluted as 68Ga [27]. The yield decreases
with time, as the parent nuclide decays with a half-life of 270.95 days [46, 47]. The 68Ge/68Ga genera-
tor is usually eluted with hydrochloric acid [29]. With short elution times of 2 minutes the generator is
suitable for medical facilities without the need of an on-site cyclotron. However, the 68Ge supply issue,
disposal issue, and an increasing demand in radiotracers for PET imaging have led to the proposal of
the second production method: cyclotron production [27].
As described in the introduction, cyclotron production of 68Ga uses enriched 68Zn target solutions. A
cyclotron is a particle accelerator, which uses an electric field and magnetic field to give particles high
velocity speeds and use them as projectiles in nuclear disintegration [31]. The magnetic field holds
the particle in a horizontal plane. The electric current attracts the particle, and switches as the particle
almost reaches the electric pole. By switching the electric current each time, the particle starts spiraling
within the horizontal plane. As the high velocity is reached, the particle is set to collide with a nucleus.
The impact of collision causes nuclear disintegration and changes the nucleus’ structure [53, 13].
In cyclotron production of 68Ga the target solution is bombarded by high-velocity protons, inducing the
68Zn(p,n)68Ga reaction [50, 38]. The 68Ga radionuclides can be separated from the target solution by a
technique called liquid-liquid extraction, also solvent extraction, which is discussed in detail in section
2.2.

Before radionuclides are ready to use in radiotherapy, they are linked to targetingmolecules in a process
called labelling, a schematic overview was given in the introduction Figure 1.1. The characteristic target

11
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proteins on the surface of the tumor cell provide binding places for targeting molecules. When targeting
molecules with specific chemical characteristics bind to the tumor, the labelled radionuclide, also called
radiotracer, is brought close to the tumor cell.
Chelators are useful as labelling links between the radionuclide and targeting molecule, as they can
bind metal ions to create a radiotracer stable enough for in vivo treatment [7]. In PET imaging of
neuroendocrine tumors, targeting molecules bound to Dodecane Tetraacetic Acid (DOTA), 1,4,7,10-
tetraazacyclododecane-1,4,7,10-tetraacetic acid, called DOTA-TOC, DOTA-TATE andDOTA-NOC, have
promising affinity for the overexpressed somatostatin target proteins [44, 21]. Here, the DOTA serves as
labelling link to the radionuclide, while the -TOC, -TATE and -NOC groups serve as targeting molecules.
The carboxyl groups of DOTA can be fully protonated, this H4DOTA structure is given in Figure 2.1 [41].
When 68Ga is labelled to DOTA, chelation happens at the nitrogen and carboxyl groups and forms a
kinetically and thermodynamically inert metal chelate [24]. To prevent activity loss, fast chelation is nec-
essary for short-lived isotopes like 68Ga [9]. When the radiotracer is unprotonated and 68Ga is linked
with the maximum coordinate number of six [8], the structure looks as shown in Figure 2.2 [26].

Figure 2.1: Molecular structure of the fully
protonated chelating agent H4DOTA [41]

Figure 2.2: Depiction of the unprotonated
68Ga-DOTA complex with a maximum
coordination number of 6 [26].

2.2. Techniques
2.2.1. Liquid-liquid extraction / solvent extraction with back extraction
In liquid-liquid extraction (LLE), also called solvent extraction, the desired compound is separated based
on its solubility in different solvents. LLE is a time and cost-effective separation technique and shows
high recovery even with trace amounts of metals [34, 35]. The method combines two immiscible sol-
vents, usually one aqueous and one organic, to create a two-phase system. A general overview of LLE
is given in Figure 2.3. Liquid A is the original phase containing the desired compound. Liquid B, also
called the extraction solvent, is added to liquid A (1) and the desired compound should have a higher
solubility in B than in A. The system is shaken or vortexed to ensure good contact between the phases.
Solvent B is now loaded with the desired compound and can be separated from the system (2) [28].
When a desired compound is insoluble in both phases, but extraction is necessary, an hydrophobic
chelator can be added to the organic phase to form metal complexes with the desired compound. This
causes the desired compound to reside in the organic phase.
LLE can be combinedwith back-extraction, also depicted in Figure ??LLEwithbackextractionfigLLEwithbackextractionertheloadedextractionsolventBisremovedfromtheLLEsystem(2), solventCisaddedtocreateanewtwo−
layersystem(3).ThesystemisshakenorvortexedtoensureadequatecontactbetweenBandC.SolventCbecomesloadedwiththedesiredcompoundandcanbeextractedfromthesystem(4).Back−
extractionisatechniqueusedtoremovedesiredcompoundsfromaliquidorganicsolvent, anditprovidesfurtherpurificationofthedesiredcompound[16, 33].
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Figure 2.3: Overview of the liquid-liquid extraction process combined with back extraction. (1) Liquid A is the original phase
loaded with desired compound; liquid B is added to create a two-phase system. (2) The system is shaken or vortexed and
liquid B is now loaded with the desired compound; Liquid B is separated from the system. (3) Liquid C is added to the new
system with loaded liquid B. (4) The system is shaken or vortexed and liquid C is now loaded with the desired compound;
Separation of C further purifies the desired compound.

Liquid-liquid extraction combined with back extraction can be used after the production of 68Ga in a
cyclotron. Here, solution A in Figure 2.3 is the enriched 68 Zn in nitric acid target solution after irradiation,
loaded with desired 68Ga nuclides [38]. A suitable organic extraction phase for 68Ga is the chelator N-
benzoyl-N-phenylhydroxylamine (BPHA) [32] in chloroform. Chloroform was determined to be the most
effective solvent for BPHA [52]. BPHA in chloroform forms the organic extraction solution B from Figure
2.3. The structures of BPHA and chloroform are depicted in Figure 2.4 and 2.5 respectively [56, 40].
BPHA forms hydrophobic complexes with the 68Ga from the target solution, extracting the nuclides
from the aqueous phase to the organic phase. Back extraction can be done with a low pH HCl solution,
which protonates the BPHA and extracts the 68Ga nuclides into the aqueous phase.

Figure 2.4: Structure of BPHA [56]. Figure 2.5: Structure of chloroform [55].

2.2.2. Instant thin layer chromotography (iTLC)
Thin layer chromatography (TLC) is used to separate compounds from a mixture based on their affinity
for a mobile or stationary phase [5]. For instant thin layer chromatography (iTLC) the stationary phase
is a binderless, glass microfiber chromatography paper impregnated with a silica gel (SG) [3], which
can be conventionally cut with scissors and has faster developing time than traditional TLC. Depending
on the affinity of a compound to the mobile phase, it is carried upwards on the strip. Acetonitrile 5% v/v
can be used for the mobile phase, its structure depicted in Figure 2.6 [17].

Figure 2.6: Molecular structure of acetonitrile [17].
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The time that the iTLC strip stays in the mobile phase depends on the time it takes for the mobile layer
to reach the top of the iTLC strip. Figure 2.7 provides an overview of the iTLC process in three steps.
The mixed compound solution is brought onto an iTLC strip (A). The strip is then placed in the mobile
phase, such that the mobile phase is below the application place. The mobile phase starts to move
upwards on the iTLC strip (B). When the mobile phase has reached the top, the compounds in the
original solution have separated based on affinity for the mobile phase (C).

Figure 2.7: Overview of the iTLC process in three steps. (A) Application of the mixed compound; (B) Mobile phase moving
upwards on the iTLC strip; (C) Separation of compounds based on affinity for the stationary or mobile phase.

In 68Ga labelling to DOTA, the complex has affinity to the acetonitrile phase. Unlabelled 68Ga nuclides
have affinity for the stationary phase. When the iTLC strip is put into the mobile phase, the 68Ga-
DOTA complexes are carried upwards and the unlabelled 68Ga nuclides stay behind. Using iTLC, the
complexes can be separated from the 68Ga nuclides.

2.2.3. Washing and drying
The characteristic solubility of a compound in different solvents can also be used to remove impurities
from a solution. After the liquid-liquid extraction, BPHA contamination from liquid B in Figure 2.3 resides
in the final aqueous extraction solution C. An organic solvent can be added to form a two-phase system
and remove the impurity from solution C by a process called washing. The liquid-liquid extraction and
washing processes are similar, but in washing the compound is unwanted and removed from the system,
where in liquid-liquid extraction the compound is wanted and kept inside the system. Fresh chloroform
is a good solvent for BPHA [52]. As BPHA is more soluble in chloroform than in HCl solution, adding
chloroform to the system will move BPHA from the aqueous phase into the organic phase. Shaking
or vortexing the system will ensure good contact between the two phases.The BPHA will reside in
the organic phase as the aqueous phase is extracted, therefore ’washing’ the contamination from the
aqueous phase. Drying the solution will remove any traces of the chloroform, with a boiling point of 61.1
degrees Celcius [40]. After redissolving, any BPHA contamination left in the solution can be measured
using UV-Vis, discussed in section 2.3.3.

2.3. Equipment
2.3.1. Phosphor imaging
In phosphor imaging (PI), radioactivity can be visualized and quantified. The technique uses so-called
storage phosphors, which can store energy from X-rays or radioactivity [48]. When storage phosphors
are exposed, they trap excited electrons from their valence band into their conduction band. This pro-
cess is called the first exposure. The first exposure is done on a phosphor screen of storage phosphors,
inside a light-tight casette so that only the radioactivity excites the storage phosphors. The phosphor
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screen can be ’read’ inside a phosphor imager. Here, the second exposure takes place, where low-
frequency light on the storage phosphors causes the excited electrons to fall back from the conduction
band to the valence band. This process is paired with emission of blue light, proportional to the excited
electrons, which can be enhanced in a photomultiplier tube (PMT). In the phosphor imager, this creates
a map of the excited electrons from the phosphor screen. Places on the phosphor screen with more
excited electrons become more intense on the map, creating a visualization of the amount of radioac-
tivity that was present on that part of the screen.
In an imaging toolbox program, selections on the map can be made to determine the intensity in that
area. As discussed in section 2.2.2, in 68Ga labelling to DOTA the 68Ga-DOTA complex has affinity for
the mobile phase and moves up on the strip. Unlabelled 68Ga nuclides stay behind at the bottom of
the strip. When the iTLC strip is used in the phosphor imaging process, the intensities at the top and
bottom of the strip can be visualized and determined. The labelling efficacy of 68Ga to DOTA can be
calculated by taking these intensities and dividing the top value by the total intensity value, as given in
Equation 2.1.

Labelling efficiency =
Itop

(Itop + Ibottom)
∗ 100% (2.1)

2.3.2. Wallac gamma counter
In the Wallac gamma counter gamma rays of certain energy can be measured. During measurement
time, the radiated gamma rays from the sample hit a NaI(TI) scintillation crystal, exciting electrons from
the ground state to an excited state. When these electrons fall back from the excited state, it is paired
with the emission of a photon. The photon is multiplied in a photomultiplier tube (PMT) that is connected
to the scintillation crystal on one end and has a detector on the other end. When the multiplied photons
hit the detector, the amplitude of the output voltage is proportional to the amount of photons, and
therefore proportional to the energy of sample’s radiation [12]. The geometry of the samples should be
the same to keep the comparison of results reliable. In this research, the Wallac is used for quantitative
analysis of the iTLC strips to compare the separated compounds, namely unlabelled 68Ga and DOTA
labelled 68Ga, and determine the DOTA labelling efficiency. Equation 2.2 can be used for the labelling
efficiency, using the measured counts per minute (cpm) from the Wallac gamma counter.

Labelling efficiency =
cpmtop

(cpmtop + cpmbottom)
∗ 100% (2.2)

2.3.3. UV-Vis
UV-Vis spectroscopy takes place within the ultraviolet (UV) and visible light (Vis) spectrum, with wave-
lengths 10-400nm and 400-800nm respectively [4]. In a UV-Vis spectrophotometer a solution is ex-
posed to light of certain wavelengths. A molecule present in the solution absorbs the light based on
the wavelength. Measuring the absorption at different wavelengths creates an absorption spectrum
[39] of this molecule. By comparing the measured absorption spectrum to characteristic absorption
spectra in literature, the identity of the compound present in the solution can be determined. As the
absorption of light increases with increasing concentration, UV-Vis can be used as a qualitative and
quantitative analysis method, and the technique is able to detect small amounts of contamination in
aqueous solutions [45]. In UV-Vis measurement a reference solution is used, usually the solvent, to
account for any absorption not caused by the present molecule.



3
Materials and methods

In this section the used chemicals, instrumentation and process steps are discussed. This includes the
extraction, labelling, iTLC, phosphor imaging and UV-Vis processes.

3.1. Chemicals
An overview of chemicals used is given in Table 3.1.

Table 3.1: Overview of chemicals used.

Used material Product name Supplier
iTLC paper iTLC-SG Agilent

MilliQ Ultrapure water Merck Milli-Q Advantage A10

5% Acetonitrile (v/v%) Acetonitrile; CAS 75-05-08 Central warehouse L&M
Ultrapure water Merck Milli-Q Advantage A10

0.42mM DOTA 2,2’,2”,2”’-(1,4,7,10- CheMatech
tetraazacyclododecane-1,4,7,10-tetrayl)
tetraacetic acid; CAS 60239-18-1
Ultrapure water

1 M Acetic acid buffer Acetic acid; CAS 64-19-7 Merck Sigma
pH4.2 Sodium acetate; CAS 127-09-3 Merck Sigma

Ultrapure water Merck Milli-Q Advantage A10

HCl solutions Hydrochloric acid; CAS 7647-01-0 VWR International B.V.
Ultrapure water Merck Milli-Q Advantage A10

BPHA in chloroform N-Benzoyl-N-phenylhydroxylamine; VWR International BV
CAS 304-88-1
Chloroform >99.8%; CAS 67-66-3 Central warehouse L&M

Target solution Zinc nitrate hexahydrate 98%; VWR International
CAS 10196-18-6
Nitric acid 65% REAG. ISO; CAS 7697-37-2 Central Warehouse L&M
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3.2. Instrumentation
An overview of the lab instrumentation is given in Table 3.2.

Table 3.2: Overview of used instrumentation.

Used instrument Product name Manufacturer
Phosphor imager Typhoon Trio+ Amersham GE
Scanning program Typhoon Scanner Control v5.0
Image Analysis Toolbox ImageQuant TL
Phosphor screen
Screen eraser Amersham Screen Eraser
Exposure casette

Thermoshaker AccuTherm Microtube Shaking Incubator Labnet
Model I-4002-HCS

Vortex Vortex-Genie 2 Scientific Industries

pH meter 744 pH meter Metrohm

Automatic Gamma Counter Wallac Wizard 2480 PerkinElmer

Magnetic hotplate stirrer VMS-A S040 VWR

Pipettes, ranges:
1-5mL Biohit
200-1000uL Gilson
100-1000uL Biohit
20-200uL Gilson
2-20uL Gilson
68Ge/68Ga generator Eckert & Ziegler

Precision balance Mettler-Toledo B.V.

UV-Vis spectrophotometer UV-6300PC Double Beam VWR
Spectrophotometer
UV-Vis Analyst version 5.44 2014

Cuvettes 1050uL Quartz Absorption Cells Purshee Experiment
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3.3. Extraction from a Zn(NO3)2 target solution
A target solution of 300 uL 2M Zn(NO3)2 in 0.01 M HNO3 was spiked with 10-30 kBq Ga68 that was
eluted from the 68Ge/68Ga generator. This process was done in triplicate, giving batch 1-3, and the
activity of the spiked target solutions was measured in the Wallac gamma counter. 300 uL of 200 mM
BPHA in chloroform (>99.8%) was added to every batch and the solutions vortexed for 10 minutes at
the highest speed. Then, 250 uL of the loaded organic phase was pipetted into a new Eppendorf. For
the back-extraction, 250 uL of 2 M HCl was added to the loaded organic phase, keeping the ratio 1:1
between the organic and aqueous phase. The solution was vortexed at 10 minutes at highest speed.
From the loaded aqueous phase, 200 uL was separated into a glass vial. The solution was dried down
for 15 minutes at temperature ’4’ on the hotplate. The 68Ga was redissolved in 3 mL 0.1 M HCl and
measured in the Wallac spectrometer. By drying down chloroform contamination was removed, but the
BPHA contamination remained. By drying and redissolving in 0.1 M HCl, the final extraction solution
contained the same compounds as if the 68Ga was eluted from the generator, the only difference being
the BPHA contamination. The redissolved solutions were used in further DOTA labelling.

3.4. Labelling of DOTA to 68Ga
To investigate the effect of BPHA on the DOTA labelling to 68Ga, the labelling process was performed
with 68Ga solution eluted from the generator, as well as with 68Ga solution from the extraction process.
To three Eppendorfs was added: 120 uL acetic acid buffer pH4.2, 25 uL 0.42 mM DOTA in MilliQ
and 25uL 68Ga solution (10-30 kBq), either from the extraction process or eluted from the generator.
The solutions were put in the thermoshaker for 15 minutes, at 90 degrees Celcius and 300 rpm. The
68Ga-DOTA solutions were used in the iTLC process.

3.5. iTLC
For every labelling batch, three iTLC strips of 15 cm x 0.8 cm were prepared with 5 uL of DOTA-labelled
or unlabelled 68Ga solution, at 3 cm from the bottom of the strip. The strips were left to dry for 30minutes,
before putting them in acetonitril 5% v/v, submerging the strip 1 cm from the bottom. The mobile phase
was left to run for 5 minutes, until it almost reached the top. The strips were left to dry for another 30
minutes. A ’test’ strip was made by applying 2 uL of Ga68 from the 68Ge/68Ga generator 3 cm from the
top and 3 cm from the bottom of the strip. This would later serve as reference point in the phosphor
imaging.

3.6. Phosphor imaging
The iTLC strips were aligned in a plastic sleeve to prevent contamination of the machinery. The phos-
phor screen was erased in the eraser for at least 10 minutes. The screen was exposed to the iTLC
strips for 10 minutes in a black box. The exposed screen was put immediately onto the phosphor im-
ager. The option ’Best Resolution’ was chosen and the pixel size set to 50 microns. The .GEL file was
opened in Image Quant TL and the colours set to ’Pseudo colours I’. The top and bottom of each strip
were selected and analyzed in the ImageQuant Toolbox, also measuring the background to determine
labelling efficiency.

3.7. Wallac gamma counter
iTLC strips were cut 4 cm from the bottom and 4 cm from the top, and analyzed in the Wallac gamma
counter. A 68Ga protocol was used and measurement time was 2 minutes. The gamma counter ef-
ficiency was 0.0321 Bq/cpm. The DOTA labelling efficiency was determined for the eluted, DOTA-
labelled 68Ga solution, using Equation 2.2.
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3.8. UV-Vis measurements
For the UV-Vis measurements 1050 uL cuvettes were used and analysed over 200-500 nm wavelength.
A solution of 0.1 M HCl was used as reference to zero the equipment, as the measured solution was
redissolved in 0.1 M HCl. Measurements were taken of the extraction solutions used in DOTA labelling
and of the extraction solutions used in washing.

3.9. Washing extraction solutions
The back extraction process was done without 68Ga-activity in triplicate, to create three BPHA contami-
nated extraction solutions. For every back extraction, 5 mL 200 mM BPHA in chloroform was added to
5 mL 2 M HCl. The solution was vortexed for 1 minute. 4.5 mL of 2 M HCl was separated into a drying
vial. The solution was dried on the hotplate at temperature ’4’ to remove chloroform contamination. 4.5
mL of 0.1 M HCl was added to the drying vial for redissolving. From the 0.1 M HCl solution, 1050 uL
was transferred to a cuvette to measure the BPHA starting contamination in UV-Vis. From the same
0.1 M HCl solution, 3 mL was transferred into a washing vial and 3 mL chloroform was added, keeping
the ratio 1:1. The solution was vortexed for 1 minute. 2.5 mL of 0.1 M HCl solution was separated into
a drying vial, and dried on the hotplate at temperature ’4’ to remove chloroform contamination. 2.5 mL
of 0.1 M HCl was added for redissolving. From this solution 1050 uL was transferred to a cuvette and
the BPHA contamination after one wash was measured in UV-Vis.



4
Results

In this chapter the results of the extraction process, labelling process and the UV-Vis measurements
are presented. Pictures were made in the phosphor imager of the following 68Ga solutions: extracted
and unlabelled, eluted and DOTA-labelled, extracted and DOTA-labelled. The extraction solutions used
in DOTA-labelling to 68Ga were measured in UV-Vis for BPHA contamination. Results of the phosphor
imager are presented in section 4.1. UV-Vis measurements of the extraction solutions used in labelling
are presented in section 4.2.UV-Vis was also done in the washing process of contaminated extraction
solutions and the graphs are included in section 4.3.

4.1. Phosphor imaging of different 68Ga solutions
The phosphor imaging process was done for three different 68Ga solutions: extracted and unlabelled (1),
eluted and DOTA-labelled (2), and extracted and DOTA-labelled (3). Figure 4.1 provides an overview
of four typical iTLC strips found in this research. In the figure, five iTLC strips are shown, namely:
Strip R) Reference iTLC, with eluted 68Ga applied 3 cm from the bottom and 3 cm from the top.
Strip 1) Extracted 68Ga, unlabelled.
Strip 2) Eluted 68Ga, DOTA-labelled.
Strip 3A) Extracted 68Ga, DOTA-labelled, high BPHA contamination.
Strip 3B) Extracted 68Ga, DOTA-labelled, low BPHA contamination.

The iTLC from Figure 4.1 were taken from their original phosphor image to provide an overview. The
complete phosphor images can be found in Appendix A. Three batches were made per 68Ga solution,
and were named batch 1, 2 and 3. For every batch, three iTLC strips were made, named A, B and C,
totalling 9 iTLC strips per 68Ga solution in the phosphor imager.

Using the ImageQuant TL Toolbox, areas were selected for the top and bottom of the iTLC in the phos-
phor image. In Figure 4.1, 4.2 and Appendix A these areas are indicated by the green borders. The
areas were named ‘Bot’ for the bottom of the iTLC and ‘Top’ for the top of the iTLC. The reference iTLC
strip was named ‘Test’. The intensity was measured in arbitrary units and corrected for the background
intensity.

20
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Figure 4.1: Overview of four typical iTLC strips under the phosphor imager. (R) Reference strip with eluted 68Ga activity
applied 3 cm from the bottom and 3 cm from the top. (1) iTLC strip of extracted, unlabelled 68Ga solution. (2) iTLC strip of
eluted 68Ga solution labelled with DOTA. (3A, 3B) iTLC strips of extracted 68Ga labelled with DOTA.

The labelling efficiency of DOTA to 68Ga was calculated from the ImageQuant TL Toolbox using Equa-
tion 2.1 from subsection 2.3.1. The full raw data of the ImageQuant TL analysis is included in Appendix
B.2. Strip 1A was seen to be influenced by its neighbouring reference strip. An example of this influence
is given in Figure 4.2, taken from the phosphor image of extracted, DOTA-labelled 68Ga in Appendix A.
The average labelling efficiency was calculated per batch, and combined to form the average labelling
efficiency for the 68Ga solution. These values are given in Table 4.1.

Table 4.1: Labelling efficiencies using ImageQuant TL for the three different 68Ga solutions given per batch and the total
average labelling efficiency. The raw data is included in Appendix B.2

Type of 68Ga solution Batch 1 Batch 2 Batch 3 Average labelling
efficiency

Extracted, unlabelled 1.499% -0.08841% -0.10291% 0.4358% ± 0.7516%
Eluted, DOTA-labelled 105.87% 100.254% 100.810% 102.3% ± 2.5%
Extracted, DOTA-labelled 11.93676% 101.438% 99.2265% 70.8670% ± 41.6798%

Figure 4.2: Example of the influence of the reference ‘Bot Test’
iTLC on its neighbouring 1A strip.

The activity on the top and bottom of iTLC strips 1A, 2A and 3A from eluted, DOTA-labelled 68Ga
solution was also measured in the Wallac gamma counter. The labelling efficiencies were calculated,
the values are given in Table 4.2. The raw data can be found in Appendix B.1.
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Table 4.2: Labelling efficiencies using the Wallac gamma counter for eluted, DOTA-labelled 68Ga solution given per batch and
the total average labelling efficiency. The raw data is included in Appendix B.1

Type of 68Ga solution Batch 1 Batch 2 Batch 3 Total average labelling efficiency
Eluted, DOTA-labelled 99.49% 99.59% 99.66% 99.58% +- 0.07%

4.2. UV-Vis of the extraction solutions from the phosphor imaging
process

The extraction 68Ga solutions used in the DOTA-labelling process were measured for their BPHA con-
tamination in UV-Vis. The absorption spectrum is given in Figure 4.3, where the blue, red and green
line represent the extraction solutions used in batch 1, 2 and 3 respectively.

Figure 4.3: UV-Vis spectrum of the BPHA contamination of the three extraction solutions used
in phosphor imaging of extracted, DOTA-labelled 68Ga solution. The blue, red and green line
represent the extraction solutions used in batch 1, 2 and 3 respectively.
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4.3. UV-Vis of the washed extraction solutions
In an attempt to remove the BPHA contamination, back extraction solutions were washed with chloro-
form. Extraction was performed without 68Ga-activity. The solutions after back extraction were mea-
sured before and after washing. Figure 4.4, 4.5 and 4.6 provide graphs of the UV-Vis measurements
done on three extraction solutions. The reference was 0.1 M HCl. The blue line shows the UV-Vis ab-
sorbance before the washing process, and the red line shows absorbance after washing the extraction
solution once.

Figure 4.4: UV-Vis spectrum of extraction solution 1 before and after washing with chloroform. Reference 0.1M HCl.

Figure 4.5: UV-Vis spectrum of extraction solution 2 before and after washing with chloroform. Reference 0.1M HCl.
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Figure 4.6: UV-Vis spectrum of extraction solution 3 before and after washing with chloroform. Reference 0.1M HCl.



5
Discussion

This chapter is separated into two sections. Section 5.1 discusses the main scope of this research,
namely the influence of BPHA contamination on labelling 68Ga to DOTA. In section 5.2 the UV-Vis
measurements of section 4.3 are analyzed, where extraction solutions were washed with chloroform.

5.1. Influence of BPHA contamination on labelling of 68Ga to DOTA
To determine the influence of BPHA contamination on the labelling of 68Ga to DOTA, three different 68Ga
solutions were obtained: extracted and unlabelled (1), eluted and DOTA-labelled (2) and extracted and
DOTA-labelled (3). The 68Ga was extracted from Zn target solutions, imitated as if the solution was
produced in a cyclotron. The organic phase contained BPHA which chelated the nuclides and moved
the 68Ga into the organic phase. Back extraction was done with HCl solution to protonate the BPHA
and release the 68Ga nuclides from the complex into the aqueous phase. After back extraction BPHA
contamination in the final extraction solution occurred. The different solutions were used in iTLC and
the strips were used in the phosphor imaging process. The labelling efficiency for the different solutions
were calculated in the ImageQuant TL analysis on the phosphor images and theWallac gamma counter.

Extracted and unlabelled 68Ga solution contained BPHA contamination. The iTLC and phosphor imag-
ing processes showed where the unlabelled nuclides end up on the iTLC strip in presence of BPHA
contamination. From the phosphor images in Figure 4.1, strip (1), it can be seen that extracted and unla-
belled 68Ga has an affinity for the stationary phase, and ends up on the bottom of the strip. This reflects
in a low average labelling efficiency of 0.4358%± 0.7516%, calculated in the ImageQuant TL Analysis.

The eluted, DOTA-labelled 68Ga showed affinity for the mobile phase, seen in Figure 4.1, strip (2). Suc-
cessfully labelled nuclides showed up at the top of the iTLC strip. The solutions contained no BPHA
contamination, and had an average labelling efficiency of 102.3% ± 2.5% in the ImageQant TL toolbox.
Some intensities turned out negative after background correction, as can be seen from the raw data
in Appendix B.2. For this reason, labelling efficiencies can reach negative percentage values or lie
above 100%. In the Wallac gamma counter, average efficiency was calculated at 99.58% ± 0.07%.
This shows that the labelling process conditions were ideal for DOTA-labelling to 68Ga. The negative
intensities could be assigned to the sensitivity of the phosphor plate. When transferring the plate from
the exposure box to the phosphor imager, the plate was briefly exposed to outside light. This light ex-
posure could have activated the screen and therefore cause more background than originally present
in the black box.

For extracted, DOTA-labelled 68Ga, the solution contained BPHA contamination in the DOTA-labelling
process. When the nuclides stay chelated with BPHA contamination they are unavailable for DOTA-
labelling, and therefore the labelling efficiency would decrease. The iTLC strips (3A) and (3B) in Figure
4.1 were made from two different back extraction solutions. The UV-Vis measurements of these ex-
traction solutions were presented in Section 4.2. It was discovered that the solution for iTLC strip (3A)
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contained a higher BPHA contamination, while the solution for iTLC strip (3B) had almost no contami-
nation.
When the UV-Vis is compared to the phosphor image, it was seen that although the average labelling
efficiency was 70.8670%, the uncertainty was ± 41.6798%. This high uncertainty comes from the
differences in labelling efficiency per labelling batch. A high BPHA concentrationmeasured in extraction
solution 1 caused an average labelling efficiency of 11.9376%. Keeping in mind the influence of the
reference strip on the 1A iTLC strip, this labelling efficiency was even lower when 1A was excluded
from calculations. In extraction solution 2 a low BPHA contamination was measured, and the labelling
efficiency reached 101.438%, passing the 100% due to negative intensities after the background was
subtracted. It is suggested that high BPHA concentration in extraction solutions causes low labelling
efficiency of 68Ga to DOTA. However, the contamination of BPHA in the solutions used for DOTA-
labelling was merely addressed as being present, and not measured quantitatively. Due to dilution
the contamination concentrations in the experiments are not representative for the extraction solutions
used in cyclotron production of 68Ga.

5.2. Washing BPHA contamination from the extraction solutions
In Figure 5.1.a, graph (b) shows the characteristic absorption spectrum of 0.1mM BPHA + 20mM
Ga(ClO4)3 [36]. The complex has an absorption peak at 270nm, a decrease around 230nm and in-
creases below 240nm. In Figure 5.1 the reference spectrum is put next to the UV-Vis spectrum of the
extraction solution 1 from Chapter 4.3 for comparison. In the reference spectrum the two characteristic
absorption peaks lie between 0.4 and 0.8 on the y-axis for the BPHA complex with 68Ga. There was
no 68Ga present during the washing process, so the graph for extraction solution 1 should not show
any BPHA complexes. Although the extraction solution does show two absorption peaks they are not
exaggerated enough to be assigned as complex peaks and can be assigned as characteristic BPHA
peaks.

(a) Graph (b) shows the characteristic absorption spectrum of
0.1mM BPHA + 20mM Ga(ClO4)3 [36]

(b) UV-Vis spectrum of extraction solution 1 before and after
washing with chloroform. Reference 0.1M HCl.

Figure 5.1: Comparison of the characteristic absorption spectrum for BPHA and the
measured UV-Vis absorption spectrum for extraction solution 1 before and after washing.

It can be seen from Figure 5.1.b that the starting BPHA contamination concentration decreased after
one wash. Figure 5.2, graph (a), shows the UV-Vis absorption spectrum of pure distilled water [20].
Comparing this absorption spectrum to Figure 5.1.b, the remaining absorption after one wash could
be assigned to the solvent. This suggests that chloroform washing is a successful method to remove
BPHA contamination from the extraction solutions.
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Figure 5.2: UV-Vis absorption spectrum of (a) pure distilled water [20].

In Figure 4.3, Chapter 4.2, the red line showed the BPHA contamination in the extraction solution
used for the labelling batch 2. In the phosphor imaging process this solution was deemed to have a low
enough BPHA concentration to result in a labelling efficiency of 101.438%. For extraction solution used
in batch 3, the green line in Figure 4.3, also showed presence of BPHA contamination. This solution
resulted in 99.2265% labelling efficiency. These results can set the bar for BPHA contamination for
extraction solutions used in DOTA-labelling. The washed extraction solutions from Figure 4.4, 4.5 and
4.6 all showed BPHA contamination lower than extraction solution 2 in Figure 4.3. These washed
extraction solutions should have a contamination level low enough to ensure up to 100% labelling
efficiency.



6
Conclusion

In this report two research questions were answered:
1. Does BPHA contamination influence the labelling efficiency of 68Ga radionuclides to the DOTA
labelling link?
2. Can the BPHA contamination be removed from the final extraction solution, when 68Ga is produced
from enriched 68Zn target solutions?

For this research, 68Ga solutions were prepared with and without BPHA contamination.
It was found that for 68Ga solutions without BPHA contamination the average labelling efficiency reached
102.3% ± 2.5%. The 100% was surpassed as some intensities in the ImageQuant TL Analysis turned
negative as they were corrected for background. In the Wallac gamma counter the average labelling
efficiency was calculated to be 99.58% ± 0.07%.
For 68Ga solutions with BPHA, the average labelling efficiency became 70.8670% ± 41.6798%. The
extraction solutions used for labelling were measured in UV-Vis absorption. The absorption spectra
showedmajor differences in BPHA contamination concentration between the extraction solutions, caus-
ing the high uncertainty in the average labelling efficiency. The extraction solution with the lowest BPHA
contamination was found to have a labelling efficiency of 101.438%. Its UV-Vis absorption spectrum
could set the maximum for BPHA contamination in future extraction solutions. Keeping the contamina-
tion below this level would ensure high efficiency labelling.

Comparing the two average labelling efficiencies, it can be concluded that BPHA negatively affects the
labelling of 68Ga to DOTA. It can also be concluded that the effect of BPHA contamination depends on
its concentration in the labelling solution.

In washing experiments the extraction solutions containing BPHA contamination were washed with
chloroform. In UV-Vis absorbance the spectra showed a decrease in BPHA contamination after one
wash. As the remaining absorbance can be assigned to the solvent, it is concluded that chloroform
washing is a highly effective way of removing the BPHA contamination.
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7
Recommendations

For future phosphor imaging of iTLC strips, the strips should be placed further apart from each other.
This might significantly increase the measurement time, but ensures that the strips do not influence
each other during exposure. This way the labelling efficiency can be calculated more reliably.

The contamination of BPHA in the solutions used for DOTA-labelling was merely addressed as be-
ing present, and not measured quantitatively. Due to dilution the contamination concentrations in the
experiments are not representative for the extraction solutions used in cyclotron production of 68Ga.
Further research can include determining the concentrations of BPHA in labelling solutions, and the
effect of different concentrations on DOTA-labelling. It could be decided whether this effect follows a
trend linear to the contamination concentration. Also, it can be investigated whether the effect holds for
a threshold contamination concentration. If so, the back extraction solutions should be washed below
this threshold to ensure successful labelling.

The washed solutions in this research were not used for further labelling processes. However, the
UV-Vis spectra of the BPHA contamination after one wash showed promising removal of the contam-
ination. Adding the DOTA-labelling process after washing the back extraction solutions could further
prove successful washing, as this would be reflected in a high labelling efficiency.

[18]
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A
Phosphor imaging

In Appendix A the complete phosphor images as discussed in Chapter 4 are included for the three
different 68Ga solutions: Extracted and unlabelled (1) in A.3, eluted and labelled (2) in A.2, and extracted
and labelled (3) in A.3. On the images, the far left strip is the reference strip with eluted 68Ga activity
applied 3 cm from the top and 3 cm from the bottom of the iTLC strip. Three batches were made for
every 68Ga solution, and were named batch 1, 2 and 3. For every batch, three iTLC strips were made,
named A, B and C, totalling 9 iTLC strips per 68Ga solution in the phosphor imager. The green borders
indicate the selected area in the ImageQuant TL Toolbox, used in labelling efficiency calculations in
section 4.1.

A.1. Extracted, unlabelled 68Ga solution

Figure A.1: Phosphor imaging of unlabelled 68Ga extracted from the target solution on iTLC strips. Left strip
serves as marker strip, then from left to right three iTLC strips for batch 1, 2 and 3 respectively.

34



APPENDIX A. PHOSPHOR IMAGING 35

A.2. Eluted, DOTA-labelled 68Ga solution

Figure A.2: Phosphor imaging of DOTA-labelled 68Ga eluted from the generator on iTLC strips. Left strip serves
as marker strip, then from left to right three iTLC strips for batch 1, 2 and 3 respectively.

A.3. Extracted, DOTA-labelled 68Ga solution

Figure A.3: Phosphor imaging of DOTA-labelled 68Ga extracted from the target solution on iTLC strips. Left strip
serves as marker strip, then from left to right three iTLC strips for batch 1, 2 and 3 respectively.



B
Raw data

Appendix B.1 provides the raw data of this research. The Wallac measurements were taken after the
labelling and iTLC process for eluted, DOTA-labelled 68Ga solution. In Section B.2 the raw data for the
ImageQuant TL Analysis Toolbox is included, which was used in calculations of the labelling efficiency.
For the ImageQuant, the units were in arbitrary units (a.u.).
Three batches were made for every 68Ga solution, and were named batch 1, 2 and 3. For every batch,
three iTLC strips were made, named A, B and C, totalling 9 iTLC strips per 68Ga solution in the phosphor
imager.

B.1. Wallac gamma counter
The iTLC strips 1A, 2A and 3A from the eluted, labelled 68Ga solution were measured for their activity
at the top, ’Top’ and bottom, ’Bot’, of the strip. The strips were cut into pieces of 4 cm. The raw data
is presented in table B.1. The measurement time in the Wallac gamma counter was 2 minutes. The
counts per minute (cpm) was corrected for background. The activity was calculated using the given
efficiency factor of 0.0321 Bq/cpm of the Wallac gamma counter. In section 4.1 the data is used in
labelling efficiency calculation, using Equation 2.1 from section 2.3.1.

Table B.1: Raw data for the Wallac gamma counter for the 1A, 2A and 3A iTLC strips from eluted, DOTA-labelled 68Ga solution.

iTLC Measurement
Time (s)

Ga-68
Counts

Ga-68
CPM

Corrected CPM
for background Activity (Bq)

Top 1A 120.05 16882.98 8445.43 8416.94 270
Bot 1A 120.04 144 71.97 43.48 1.40
Top 2A 120.03 16013.2 8011.36 7982.87 256
Bot 2A 120.05 122.55 61.25 32.76 1.05
Top 3A 120.05 15900.57 7953.79 7925.3 254
Bot 3A 120.05 110.78 55.37 26.88 0.863
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B.2. ImageQuant TL Analysis Toolbox
In this section the raw data of the ImageQuant TL Analysis Toolbox on the phosphor imaging figures
is presented as discussed in chapter 4. Data for the extracted and unlabelled 68Ga solution, eluted
and labelled 68Ga solution and exracted and labelled 68Ga solution can be found in Table B.2, B.3 and
B.4 respectively. All values in the table are in arbitrary units (a.u.). In the toolbox, areas on the iTLC
were chosen, which are depicted with green borders in Appendix A, and called ’Area’ in the tables. The
average intensity was measured, and by multiplying this with the area, the total intensity was obtained.
The total intensity was corrected for the background.

Table B.2: ImageQuant TL Analysis of bottom ’Bot’ and top ’Top’ parts of the iTLC strips from unlabelled, extracted 68Ga seen
in Figure A.1.

Selection Background Average Intensity Area Total intensity Corrected total
intensity

Bot 1A 1321542 25.87 88640 2293117 971575
Bot 1B 586932.3 15.81 88640 1401398 814466
Bot 1C 534923.7 19.26 88640 1707206 1172283
Top 1A 1808741 12.64 144640 1828250 19509
Top 1B 591275.5 4.18 143360 599245 7969
Top 1C 250796.7 1.85 145600 269360 18563
Bot 2A 693832.5 55.08 88640 4882291 4188458.7
Bot 2B 743475.3 52.94 88640 4692602 3949126.3
Bot 2C 846684.1 57.45 88640 5092368 4245683.9
Top 2A 187536 1.31 142400 186544 -992.03
Top 2B 157816.9 1.08 147200 158976 1159.06
Top 2C 144839.8 0.91 146560 133369.6 -11470.17
Bot 3A 707725.2 42.7 88640 3784928 3077202.8
Bot 3B 717068.7 49.44 88640 4382362 3665293
Bot 3C 677636.9 50.21 88640 4450614 3772977.5
Top 3A 128408.2 0.89 144960 129014.4 606.22
Top 3B 133284.1 0.89 149120 132716.8 -567.25
Top 3C 131066.7 0.8 149120 119296 -11770.68
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Table B.3: ImageQuant TL Analysis of bottom ’Bot’ and top ’Top’ parts of the iTLC strips from labelled, eluted 68Ga seen in
Figure A.2

.

Selection Background Average Intensity Area Total intensity Corrected total
intensity

Bot 1A 702868.3 6.28 92480 580774.4 -122093.9
Bot 1B 344278.5 3.52 96476 339595.5 -4682.95
Bot 1C 348576.7 3.09 112320 347068.8 -1507.9
Top 1A 1316337 23.25 92480 2150160 833823.38
Top 1B 1339075 27.02 96476 2606782 1267706.4
Top 1C 1193308 25.85 112320 2903472 1710164
Bot 2A 293372.2 2.88 103984 299473.9 6101.68
Bot 2B 305006.7 2.66 110976 295196.2 -9810.53
Bot 2C 273573.2 2.67 100016 267042.7 -6530.44
Top 2A 1220615 23.23 103984 2415548 1194933.2
Top 2B 1066457 22.45 100016 2245359 1178902.5
Top 2C 1440156 26.72 110976 2965279 1525122.5
Bot 3A 281462.4 2.68 97916 262414.9 -19047.53
Bot 3B 270778.5 2.75 100068 275187 4408.49
Bot 3C 290515.7 2.77 101144 280168.9 -10346.82
Top 3A 1814310 27.47 97916 2689753 875442.27
Top 3B 1619445 25.39 100068 2540727 921281.37
Top 3C 1050808 25.51 101144 2580183 1529375.2

Table B.4: ImageQuant TL Analysis of bottom ’Bot’ and top ’Top’ parts of the iTLC strips from labelled, extracted 68Ga seen in
Figure A.3

.

Selection Background Average Intensity Area Total intensity Corrected total
intensity

Bot 1A 2939243.01 58.85 91008 5355821 2416577.8
Bot 1B 1201335.25 29.9 192304 5749890 4548554.4
Bot 1C 1011746.52 31.31 208000 6512480 5500733.5
Top 1A 549104.82 10.79 91008 981976.3 432871.5
Top 1B 955400.45 7.52 192304 1446126 490725.63
Top 1C 1011116.65 8.09 208000 1682720 671603.35
Bot 2A 426061.44 1.92 194000 372480 -53581.44
Bot 2B 345283.11 1.27 191616 243352.3 -101930.79
Bot 2C 219232.15 0.88 241808 212791 -6441.11
Top 2A 1983526.99 27.08 194000 5253520 3269993
Top 2B 2420552.86 34.19 191616 6551351 4130798.2
Top 2C 2791407.71 34.26 241808 8284342 5492934.4
Bot 3A 188527.52 0.91 222912 202849.9 14322.4
Bot 3B 142370.57 0.83 243552 202148.2 59777.59
Bot 3C 149742.14 0.81 257000 208170 58427.86
Top 3A 3321563.15 35.31 222912 7871023 4549459.6
Top 3B 3565136.05 37.69 243552 9179475 5614338.8
Top 3C 2182397.5 32.12 257000 8254840 6072442.5
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