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current design, the cutting line of the sample plug and the pressure valve are relatively wide.  Thus, the repeatability 
could be improved by designing a thinner cutting line and pressure valve. 

Table 2 presents the results of the sample adhesion on channel walls (ncartridge=5), cartridge base plate (ncartridge=3) and 
cover plate (ncartridge=4).

Table 2. Plasma adhesion on the cartridge. In each adhesion study one patient sample is used, and the number of 
cartridges used varies as mentioned above. 

Adhesion on Average [%] Standard Deviation [%] Coefficient of Variation [%] 
Channel Walls 32.2 7.7 24.0
Cartridge Base 3.6 1.1 29.7
Cartridge Cover 4.6 0.7 14.8

The results indicate variation in the repeatability of the sample adhesion on the surfaces.  It seems that the adhesion 
on the cover plate is more repeatable than on the injection moulded cartridge plate.  The sample adhesion on the cartridge 
plates lowers the actual sample volume that takes part into the immunoreactions.  In addition, due to the high relative er-
ror of the sample adhesion on the surfaces, variation in the sample volume increases compared to the metered sample vo-
lume.  To reduce the sample adhesion and increase the repeatability, surface modifications or change of the cartridge ma-
terial will be considered.

The average of the determined surface tension values of the plasma samples (n=5) in room temperature is 53.5 mN/m 
± 1.4 mN/m with CV=2,6%.  Each sample is measured three times.  The results indicate good reliability. In the literature 
only the values of surface tension for whole blood, blood sediment and serum are found [6].  Compared to those, the re-
sults can be considered to be at an adequate level.  Based on the results, there should not be a significant variation in the 
sample adhesion on the cartridge surfaces.  Thereby, the causes of the variation in the sample adhesion on the channels 
and surfaces require more study. 

The cross-sectional area of the volume metering area in the sample channel (ncartridge=10) is 0.757 mm2 ± 0.040 mm2

with CV=5.23%.  The estimated volume values in this work assume the depth of the channel to be constant.  However, 
the cartridge dimensions do not affect the repeatability measurements presented in this paper.  The relative error in the 
cross-section of the channel should be decreased to 1% – 2%.  This indicates improvements to the injection moulding 
process or changing the manufacturing method.  In the injection moulding, the higher tolerances might lead to increased 
costs.  However, the repeatability of the cartridge dimensions is essential in immunoassays with strict requirements on 
the sample volume in relation to the reagent volume. Thereby, it is suggested that an electric injection moulding machine 
should be used because of the better overall repeatability.   

CONCLUSION
The coefficients of variation in metering plasma sample volumes are 4.6% and 3.9% between the patients and within 

the patient samples, respectively, indicating that there are no significant differences between the patients compared to the 
variations within the samples from a patient.  The coefficient of variation in the channel cross-sections fabricated using 
injection moulding is 5.2%.  The sample adhesion studies indicate that sample adhesion is much stronger in the channels 
than on the base and cover plates.
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