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Supplementary Material
Step-by-step construction and preparation protocol for a locally constructed iodine phantom for spectral CT quality control
S1. Purpose
This supplementary material provides a step-by-step protocol for preparing iodine solutions and assembling a locally constructed multi-bottle iodine phantom for spectral-CT iodine quantification. The protocol is intended as a practical guide that can be reproduced using commonly available clinical materials, while allowing adaptation to local bottle size, vial type, and scanner-specific spectral CT protocols.
Although the example below uses iodinated contrast medium containing 300 mg I/mL of iodine and 14 mL vials, the same dilution approach can be adapted to other contrast medium concentrations, vial sizes, and locally available containers by recalculating the required stock and dilution volume.
S2. Materials
The following materials are required:
· Iodinated contrast medium containing 300 mg of I/mL of iodine.
· Sterile water for injection or an equivalent dilution medium.
· Syringes:
· 3 mL syringe, preferably with ±0.05 mL accuracy.
· 10 mL syringe, preferably with ±0.2 mL accuracy.
· 20 mL syringe, preferably with ±0.2 mL accuracy.
· High-gauge needles to minimise air bubble formation.
· Four or more small plastic tubes or vials, approximately 10-15 mL nominal capacity, filled to a final volume of 1 mL less than the total volume.
· 10–12 identical plastic water bottles, approximately 300–500 mL each.
· Cyanoacrylate adhesive or an equivalent fixation method, if needed, to secure iodine vials to bottle caps or bottle openings (e.g. plastics to plastic adhesive or glue).
S3. Preparation of the parent stock solution
A 30 mg I/mL parent stock solution is prepared from iodinated contrast medium containing 300 mg I/mL iodine.
1. Withdraw 2 mL of iodinated contrast medium containing 300 mg I/mL iodine using a 3 mL syringe.
2. Transfer the 2 mL of contrast medium into a 20 mL syringe or equivalent container.
3. Move the plunger several times to ensure complete transfer of the contrast medium.
4. Add sterile water to a final total volume of 20 mL.
5. Mix gently by rolling or slow inversion. Do not shake vigorously, as this may introduce bubbles or foams.
6. If a syringe is used as the stock container, leave a small air bubble to allow gentle re-mixing before subsequent use.
7. Label the syringe or container with: “Stock 30 mg I/mL,” preparation date, operator initials, and contrast medium batch.
This produces a nominal 30 mg I/mL parent stock solution.
S4. Preparation of iodine working solutions
The required stock volume is calculated as:

where  is the required volume of parent stock solution,  is the nominal iodine concentration,  is the final volume of the iodine insert, and  is the parent stock concentration. This equation allows the protocol to be adapted to different iodinated contrast media, parent stock concentrations, and final vial volumes. Centres using a contrast medium with an iodine concentration other than 300 mg I/mL, or vials with a different final volume, should recalculate using their selected , and .
Method 1 (using predefined volumes of parent stock solution)
Four iodine working solutions are prepared from the 30 mg I/mL parent stock solution. Each 15 mL volume iodine vial is filled to a final volume of 14 mL.
·  = 30 mg I/mL.
·  = 14 mL.
Table S1. Preparation of iodine working solutions from a 30 mg I/mL parent stock solution (Method 1)
	Iodine vial
	Nominal iodine concentration, mg I/mL
	Parent stock volume, mL
	Sterile water volume, mL
	Final volume, mL

	1
	1.1
	0.73
	13.27
	14.00

	2
	5.4
	2.52
	11.48
	14.00

	3
	10.7
	5.00
	9.00
	14.00

	4
	19.3
	9.00
	5.00
	14.00



Method 2 (specifying desired final iodine concentration)
Multiple iodine working solutions are prepared from the 30 mg I/mL parent stock solution. Each 12 mL volume iodine vial is filled to a final volume of 11 mL.
· CS = 30 mg I/mL.
· VT = 11 mL.
Table S2. Preparation of iodine working solutions from a 30 mg I/mL parent stock solution (Method 1)
	Iodine vial
	Target iodine concentration, mg I/mL
	Parent stock volume, mL
	Sterile water volume, mL
	Final volume, mL

	1
	1.0
	0.4
	10.6
	11.0

	2
	2.5
	0.9
	10.1
	11.0

	3
	5.0
	1.8
	9.2
	11.0

	4
	10.0
	3.7
	7.3
	11.0

	5
	15.0
	5.5
	5.5
	11.0

	6
	20.0
	7.3
	3.7
	11.0

	7
	25.0
	9.2
	1.8
	11.0

	8
	30.0
	11.0
	0.0
	11.0



For both methods 1 and 2, for each vial:
1. Withdraw the required parent stock volume using a 3 mL syringe. For volumes greater than 3 mL, perform multiple fillings using the same syringe.
2. Dispense the stock solution slowly into the vial, moving the plunger several times to minimise residual solution in the syringe.
3. Add sterile water to reach a final desired volume (e.g. 1 mL less than total volume of vial).
4. Seal the vial securely.
5. Leave a small air bubble and mix gently by slow inversion or rolling
6. Inspect the vial visually to confirm homogeneity and absence of large air bubbles.
7. Label each vial with the nominal iodine concentration, preparation date and operator initials.
8. Store the prepared vials protected from light at 20–25°C until scanning.
S5. Phantom assembly
The phantom is assembled using iodine vials submerged within a water background and surrounded by additional water-filled bottles to approximate an abdomen-sized geometry.
1. Fill 10–12 identical plastic bottles, approximately 300–500 mL each, with water.
2. Minimise air gaps in the bottles, particularly in regions close to the iodine vials.
3. Position the four iodine vials centrally within the bottle arrangement. Each iodine vial should be fully submerged in water, upright, and mechanically stable.
4. If required, secure each iodine vial to the inner aspect of the bottle cap or opening using cyanoacrylate adhesive or another suitable fixation method.
5. Ensure that the vials do not float, tilt, or touch the bottle wall in the region intended for the ROI analysis.
6. Arrange the water bottles in a compact oval or ellipsoidal cluster to approximate an adult abdominal cross-section.
7. Place additional water-filled bottles around the iodine-containing bottles to improve scatter conditions and maintain a reproducible transverse geometry. The final transverse diameter should be recorded. An approximate diameter of 30–40 cm is suitable for an abdomen-sized configuration, provided that the arrangement remains mechanically stable and fully covered by the scan range.
8. Secure the bottle cluster using minimal low-attenuation transparent tape or place the bottles in a plastic container to maintain geometry during scanning.
9. Record the position of each iodine concentration within the cluster using a photograph or simple diagram.
10. For longitudinal constancy measurements, reproduce the same bottle arrangement, vial order and phantom orientation at each scan session.
The final arrangement should be mechanically stable, contain no major air gaps in the expected measurement region, and allow all iodine vials to be scanned over their full length.
	

	PHASE 1: Preparation of Parent Stock Solution 

	

	PHASE 2: Preparation of Working Solutions

	

	PHASE 3: Phantom setup

	



Figure S1: Step-by-step workflow for the construction of the locally assembled iodine phantom. Phase 1 shows preparation of the 30 mg I/mL parent stock solution from iodinated contrast medium. Phase 2 shows preparation of iodine working solutions by dilution to the final vial volume. Phase 3 shows fixation of the iodine vial, insertion into the water background and assembly of the multi-bottle phantom.
Alt text: Workflow diagram summarising three steps for phantom construction: preparation of the parent iodine stock solution, dilution of working iodine solutions, and assembly of the multi-bottle phantom.
S6. Practical recommendations
· The prepared iodine concentrations should be considered nominal concentrations because they are calculated from dilution volumes and were not independently verified using a traceable chemical analysis method.
· The bottle and vial dimensions provided here are intended as practical examples rather than fixed requirements. The protocol may be adapted to other locally available containers, provided that the iodine inserts are fully submerged in water, the geometry is reproducible, and the same configuration is used for the longitudinal measurements.
· The main practical sources of uncertainty include syringe volume tolerance, incomplete transfer of contrast medium, residual stock solution in the syringe or needle, air bubbles, incomplete mixing, evaporation, vial positioning, and changes in CT reconstruction or material decomposition settings.
· For reproducible longitudinal monitoring, the same vial order, bottle arrangement, scan protocol, reconstruction settings, and ROI method should be used at each time point.
· This phantom is intended for practical implementation, assessment of iodine quantification linearity, and longitudinal consistency monitoring. It should not be considered a replacement for traceable reference phantoms or formal acceptance testing tools when absolute iodine quantification accuracy is required




Withdraw 2 mL contrast media (300 mg I/mL) with 3 mL syringe


Transfer to 20 mL syringe; pump plunger for full transfer


Dilute with sterile water using 10 mL syringe up to 20 mL


Leave a small air bubble and mix gently by slow inversion or rolling


RESULT
 30 mg I/mL parent stock solution



Draw the required stock volume using a 3 mL syringe


Dispense slowly into the Perspex tube, moving the plunger to release all iodine.


Add sterile water up to 14 mL total using a new 20 mL syringe


Leave a small air bubble & shake gently to homogenize


Label each tube with its final concentration


Fix the Perspex tube to the cup


Insertion of each vial into a bottle of water


Construction of multi-bottle phantom
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