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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 and previous work: 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]. 
Previous works have tried to increase the accuracy of DBS by either using precut DBS-disks or pre-
sampling into glass capillaries [4,5]. However, 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 (fig. 3) and controls by its thickness the timing sequence of different events 
(fig. 2). When a droplet is applied to the chip inlet (fig. 2A), capillary filling of a microchannel occurs 
which defines a precise volume. Simultaneously DTF at the inlet starts to resorb. As soon as the 
channel is filled, the DTF at the outlet starts to dissolve likewise (fig. 2C). 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 
(fig. 2 D-E) and separates the defined volume, which is then sucked out from the channel through the 
outlet by the capillary forces in the paper matrix (fig. 2F). 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 (fig. 2G). 

Experiments and 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) (fig. 6) which is comparable to state of the art 
pipetting (DIN 12650). The working principle was also demonstrated with blood from a fingerprick 
(fig. 2). 

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 6: HPLC-MS/MS measurements of the amphetamin solution- 
more then 87.5 % of the measured spots are within the range of ± 0.15 μl 
(black solid lines) that is defined in DIN 12650 for 1 μl pipetting devices.
The red line marks the average of 0.86 μl sampled volume.
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Figure 3: Simplified cross-section of the chip along the channel. The 
transparencies have hydrophilic surfaces that cause capillary channel 
filling, the double sided sticky tape defines the channel geometries and 
is 75 μm thick. All layers are laminated together after the transparen-
cies and the sticky tape are structured with a cutting plotter. The fiber 
bundle at the outlet is needed to provide high capillary forces between 
the channel and the paper matrix to empty the channel. The DTF 
thickness is controlled by spin coating an aqueous solution of PVA 
(poly vinyl alcohol) so the device timing can be controlled. Similar 
dissolvable film valving has been shown feasible in centrifugal 
microfluidics [6].

Figure 4: Top view of  a metering chip, the chipsize is 20 mm × 40 
mm. The storage paper under inlet and outlet is protected by a thin 
dissolvable film (dashed squares) so that liquid can only absorb into 
the paper when the film is completly dissolved. Channel venting in 
required to allow capillary filling.

Figure 5: A batch of 8 chips tested with dye coloured aqueos 
amphetamin solution (20 ng/μl) together with a 6 mm punch-out-tool 
and a eppendorf tube for reagent extraction from the punch.

Figure 2: Illustration of the crossection of the chip with the coresponding 
top view picture during application of a undefined blood volume from a 
fingertip. The chip extracts a defined volume from the applyed droplet, 
seperates it and transfers it to the paper matrix. The function can be 
described by the sequenze of the following events. A) applying a droplet at 
the inlet zone B) wetting of the dissolvable film starts the dissolving process 
at the inlet while the channel fills by capillary forces C) filling stops when 
the fluid reaches the outlet and starts dissolving the dissolvable film D) 
absorption of excess  volume due  to film dissolving E) pinch-off at the 
channel inlet, separation from the access volume F) channel volume is 
absorbed into paper matrix G) blood spot ready for drying, punch out and 
further sample processing. 
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