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This work presents a disposable chip for metering and transferring an exactly defined liquid volume into 
a paper matrix using self-actuated dissolvable valves. Once a liquid droplet of 20-50 µl is applied to the chip, 
a volume of 1 µl is automatically metered, separated from the applied volume and subsequently transferred into 
conventional Whatman 903 paper used in Dried Blood Spot (DBS) sampling. 

Background: With increased sensitivity in analysis techniques such as HPLC-MS/MS, DBS sampling is 
considered to be a simple and convenient alternative to venous blood sampling, especially interesting for 
Therapeutic Drug Monitoring (TDM) [1]. However, conventional DBS sampling stores an unknown volume 
of blood from a fingerprick in a paper matrix, thus making quantitative analysis inaccurate. The problem 
with quantitative analysis of DBS stems from the unknown volume that is stored in a punched out disk from the 
spot. Inhomogeneous distribution of analytes within the spot is caused by hematocrit and chromatographic 
effects in the paper [2,3]. An engineered solution to ensure exact blood volume sampling directly from a 
fingerprick into conventional DBS paper has, to the best of our knowledge, not been reported yet. 

This work: The chip we present consists of a combination of DBS paper, structured transparencies and a 
dissolvable thin film (DTF). The DTF separates a microfluidic layer (inlet, channel, outlet) from a paper storage 
layer and controls by its thickness the timing sequence of different events (fig.2). When a droplet is applied to 
the chip inlet, capillary filling of a microchannel occurs which defines a precise volume. Once the barrier 
between the microfluidic layer and the storage layer is broken up, the fluid is absorbed by the paper matrix. This 
cause a pinch of at the beginning of the channel where the excess volume is first absorbed and separates the 
defined volume, which is then sucked out from the channel through the outlet by the capillary forces in the paper 
matrix. The whole stored spot at the outlet can now be punched out. Since the volume has been metered in the 
microchannel, spot inhomogeneity is no longer a concern. 

Results: From 64 tested chips 55 showed a successful filling sequence. Quantitative measurements using HPLC-
MS/MS showed metered dried liquid spots (DI-water spiked with amphetamine) with a volume of 0.86 µl 
(±0.099 µl). The working principle was also demonstrated with blood from a fingerprick. 

Conclusion: This paper demonstrates a disposable and accurate low cost chip for microliter metering of liquid 
samples into a DBS paper matrix. The presented method offer a viable solution to achieve quantitative 
measurements from simple and convenient DBS sampling which may have an enormous impact on 
individualized drug therapy and TDM. 
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 Figure 1: Comparision of DBS on Whatman 903. 
Left side: a DBS paper with the punch taken from 
its center, the dark outline of the spot indicates 
inhomogeneous spot properties. On the right: 
punched out chip-DBS of ~1 μl, the whole outline 
of the spot is on the sampled disk. 

Figure 2: Illustration of the metering sequence 
showing the cross-section of the chip with the 
corresponding top view picture during application 
of a undefined blood volume from a fingertip. The 
chip extracts a defined volume from the applied 
droplet, separates it and transfers it to the paper 
matrix. 


