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ABSTRACT 

This work presents a disposable chip for metering and transferring an exactly defined liquid volume into a paper ma-
trix by capillary filling and emptying of a microchannel together with 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.  The 
presented concept allows accurate volume metering for lateral flow devices and is here designed to the specific purpose 
of metering blood spots for DBS analysis.  The material costs for each chip are below 0.04 €. 
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INTRODUCTION 

With increased sensitivity in analysis techniques such as LC-MS/MS (liquid chromatography tandem mass spectros-
copy), DBS sampling is considered to be a simple and convenient alternative to venous blood sampling, especially inter-
esting 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 and imprecise.  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 variations in hematocrit value and chromatographic 
effects in the paper (fig 1A).  Previous works have shown that the influence factors that are affecting the accuracy of 
quantitative analysis are in a complex interaction and measurement results, can depending on those factors, exceed regu-
latory based guidance stating a ±15% acceptance criteria for the accuracy of such measurements [2,3].  In earlier works, 
it has been tried to increase the accuracy of DBS by using precut DBS-disks or pre-sampling into glass capillaries [4,5]. 
Pipetting a defined amount of blood on the paper and punching out the whole spot has been shown to increase the accu-
racy but does still require venous blood sampling at a clinic [4].  However, an engineered solution to ensure exact blood 
volume sampling directly from a fingerprick into conventional DBS paper has not been reported yet. 
 

 

Figure 1: A) 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.  Right side: punched out chip-DBS of ~1 µl, the whole 
outline of the spot is on the sampled disk.  B) Top view of a metering chip.  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 com-
pletely dissolved.  C) The different materials, used to produce the metering chip together with the surface properties and 
the thickness of each film.  D) Illustration of the cross section of the chip and all components. 
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THEORY 
Valving action through dissolvable films has been shown feasible in centrifugal microfluidics [6].  However, the chip 

presented in this work uses two dissolvable valves to create a completely self-actuated metering function only driven by 
capillary forces.  The chip consists of a combination of DBS paper, six structured transparencies and a dissolvable thin 
film (DTF).  The transparencies are structured with a cutting plotter and the DTF is produced in the required thickness by 
spin coating a polyvinylalcohol (PVA) solution.  For the fabrication of the chips all layers are laminated stepwise togeth-
er using a conventional bureau laminator.  A cross-section of the whole layer stack along the channel and the functionali-
ty of the different materials used is illustrated in Figure 1 C-D.  The surface of the metering channel consists of a Xerox 
film surface, usually used for printing on it with a Xerox hot melt printer and has a highly hydrophilic surface treatment 
which allows fast capillary filling. 

The DTF at the inlet and outlet separates a microfluidic layer (inlet, channel, outlet) from a paper storage layer 
(fig. 1 B, D) and controls by its thickness the timing of the dissolvable valves and hence the sequence timing 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 the 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 causes a pinch-off at the beginning of the channel where the 
excess volume is first absorbed (fig. 2 D-E) and separates the defined volume.  The metered volume is then sucked out 
from the channel through the outlet by the capillary forces in the paper matrix (fig. 2F).  The whole stored spot in the 
paper at the outlet-region can now be punched out.  Since the volume has been metered in the microchannel, spot inho-
mogeneity is no longer a concern (fig. 2G). 
 

 

Figure 2: Illustration of a simplified cross-section of the chip with the corresponding top view picture during application 
of an 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.  The function can be described by the sequence 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 excess vol-
ume.  F) Channel volume is absorbed into paper matrix.  G) Blood spot ready for drying, punch out and further sample 
processing. 
 
EXPERIMENTAL 

For determining the accuracy of the method and the chips, 64 chips were produced in batches of eight chips.  For 
characterization purpose, 50 ml of a dyed aqueous amphetamine solution with a concentration of 20 ng/µl was prepared. 
The testing itself was performed by applying an amount of the amphetamine solution varying between 20 µl and 40 µl 
with a pipette to the inlet of the chips.  The metering sequence is then automatically performed by the chip itself as de-
scribed above.  Chips with a non-successful metering sequence (wrong chip timing or a bubble in the metering channel) 
were marked as failing chips and were excluded from the results.  After drying the spots for 1.5 hours, they were punched 
out with a punching tool (Figure 3) and transferred to Eppendorf Tubes.  50 µl of methanol was added for sample dilution 
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over night with vortex mixing.  Another 50 µl of ultra-pure water was added before transferring the solution to the 
LC-MS/MS system for analysis to measure the concentration of amphetamine and calculate the amount in each spot. 
 
RESULTS AND DISCUSSION 

From 64 tested chips 55 showed a successful filling sequence.  The measurement data showed metered dried liquid 
spots with an average volume of 0.87 µl (±0.099 µl) which means a relative standard deviation of 11.35%.  The batch-
internal (eight chips) minimal relative standard deviation was 2.8% with an average volume of 0.89 µl.  When possible 
and visible error sources for the accuracy of the metering chip are analyzed and evaluated, a variation in the channel 
height has the biggest impact and it is likely that this factor constitutes the main part of the measured deviations.  The use 
of more accurately specified materials and production methods will potentially improve the accuracy of the metering 
chip.  For high reliability, the production of the TDF is essential.  A homogeneous film fabricated by spin coating of 
PVA solution showed out to be difficult and other film forming techniques such as liquid casting could improve the film 
homogeneity and hence make the chips even more reliable and also enable reliable sampling with blood. Nevertheless, 
the working principle has been successfully performed with fresh blood from a fingerprick.  
 

  

Figure 3: A) A batch of eight chips tested with dye-colored aqueous amphetamine solution (20 ng/µl) together with a 
6 mm punch-out-tool and an Eppendorf Tube for reagent extraction from the punch sample.  B) Measurement results 
from the LC-MS/MS measurements with the average metered volume (0.87 µl, red line) and the ±15% borders (yellow 
lines). 
 
CONCLUSION 

This paper demonstrates a disposable and accurate low cost chip for microliter metering of liquid samples into a DBS 
paper matrix.  Thereby the presented method offers 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. The con-
cept could furthermore be used for accurate volume metering in lateral flow devices since it is simple, actuation free and 
only driven by capillary forces.  The fabrication is based on a lamination process and the materials costs per chip are 
below 0.04 €. 

 
REFERENCES 
[1] P.M. Edelbroek et al., Dried Blood Spot Methods in Therapeutic Drug Monitoring: Methods Assays, and Pitfalls, 

The Drug Monit. 2009 Vol. 31, pp. 327-336. 
[2]  P. Denniff et al., The effect of hematocrit on assay bias when using DBS samples for the quantitative bioanalysis of 

drugs, Bioanalysis 2010 Vol. 2, pp. 1385-1395. 
 [3] O`Mara et al., The effect of hematocrit and punch location on assay bias during quantitative bioanalysis of dried 

blood spot samples, Bioanalysis 2011 Vol. 3, pp. 2335-2347 . 
[4] Youhnovski et al., Pre-cut dried blood spots (PCDBS): an alternative to dried blood spot (DBS) technique to over-

come hematocrit impact, Rapid Communication in Mass Spectrometry 2011 Vol. 25, pp. 2951-2958. 
[5] Kenney et al., Evaluation of a Novel Micro dispensing Technique for quantitative DBS, Scientific Poster, pres. 

AAPS National, 2011. 
[6] R. Gorkin et al., Centrifugo pneumatic valving utilizing dissolvable films, Lab Chip 2012 Vol. 12, pp. 2894-2902. 
[7] http://www.perkinelmer.com/Catalog/Category/ID/Dried%20blood%20spot%20DBS%20kits - accessed 30.04.2013 
 
CONTACT 
*G. Lenk, tel: +491778873386; glenk@kth.se – N. Roxhed, +4687909143; roxhed@kth.se 
 
 
 
 

0

0,2

0,4

0,6

0,8

1

1,2

0 20 40 60

m
ea

su
re

d
 v

ol
u

m
e 

[µ
l]

sample #

A B 

283


	MAIN MENU
	Help
	Search
	Search Results
	Print
	Author Index
	Keyword Index
	Table of Contents

