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Abstract — This study presents an angular-based measurement on three-dimensional paper-based analytical devices
(3D-PADs) for quantitative detection of albumin without using an image analyzer. We demonstrate a simple quantitative
and straightforward approach based on the angle of the discolored area as detection criteria. 3D-PADs are rapidly fabricated
by the wax-printing and laminating process. The 3D-PADs are treated with citrate buffer and tetrabromophenol blue to react
with albumin in a sample solution. Dropping sample solution into sample pad in the 3D-PAD, fluid flows toward the assay
zone laterally and vertically by capillary action. We find that the change of angle of the discolored area correctly reflects
the concentration of albumin and is reliable determinant for the measurement of the albumin concentration. It is the first
demonstration of angular-based detection as a simple, inexpensive, and equipment-free approach for point-of-care
diagnosis.
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Angular-based Measurement for Quantitative assay of Albumin in three-dimensional
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Fig. 1. Fabrication procedure of three-dimensional paper-based analytical devices (3D-PADs). (a) First, sample pad and assay zone on the
paper are patterned by double side wax printing. And we perform a laminating process to form a three dimensional fluidic channels.
Scale bar indicates 10 mm. (b) The scheme diagram of angular-based measurement. We treat 3D-PADs with wicking of citrate buffer
solution (CBS) and tetrabromophenol blue (TBPB) to detect albumin in a sample solution (yellow colored area). When sample solu-
tion is dropped on the sample pad, the fluid flows toward the assay zone. The reaction of albumin with TBPB instantly shows a color

change from yellow to green.
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Fig. 2. Formation of three dimensional fluidic channels based on sin-
gle and double-sided printing and lamination. (a) The docking
wax-barrier is formed by laminating the vertical symmetric
wax-patterns on both sides. (b) The channel is formed by lam-
inating the vertical asymmetric wax-pattern (H;, ;¢ fronte His of back
Heated height of the wax). (c) The cross-section images show the
formation of black docking wax, a sample pad, a lower channel,
and an upper channel in a single sheet of paper before and after
the loading a blue dye solution into the sample pad. (all scale bar
size =1 mm).
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Fig. 3. The comparison of the flow rate between curved and straight channel. The snapshot images of the curve channel (a) and the straight
channel (b). Two types of channels have a same size of the sample pad and microfluidic channel to assay zone (all scale bar size = 10
mm). (¢) The flow rate of the curved and straight channel. In set: The flow rate of without TBPB and CBS treatment channel. Each
value plotted are obtained from the average result (n = 7) of travel distance measured. In the case of the curved channel, we measure
the angle and convert to length for comparing the straight channel.
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Fig. 4. Snapshot images of angular-based measurement 3D paper-based device after the introduction of a sample solution with different con-
centrations of BSA (Negative, +1, +2, +3 (0.1, 0.3, 1.0, 3.0 mg/ml), and 8 mg/ml according to urine test criteria). The blue line indicates
baseline and the red line indicates the BSA travel angle. The angle of blue colored area shows a relationship with the BSA concentra-
tion in the sample solution. (assay time: 20 min, scale bar size = 10 mm).
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bars represent standard derivation (n=5).
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