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Abstract (300 word limit)

[bookmark: _GoBack]Flow measurements are critical in sectors like health, industry, chemistry and pharmaceutics. In the microflow range, there are several applications such as process technology, drug development, and special health-care applications as organ-on-a-chip technology or implantology, some of them developed very recently. The majority of the instruments used for the specified applications are not sufficiently studied in terms of their accuracy and traceability. It is, therefore, necessary to develop specific calibration methodologies for those instruments working at the specified low range with adequate accuracy and uncertainty values. During the last year, under the framework of the European Metrology Programme for Innovation and Research (EMPIR) - project Metrology for Drug Delivery -, the gravimetric and optical methods have been successfully employed on the preliminary calibration of insulin pumps and other microfluidic devices from 1000 L/h down to 1 L/h in the Volume and Flow Laboratory of the Portuguese Institute of Quality. One type of insulin pump was tested at 1 U/h representing 10 L/h, where U means a unit of insulin. The average error obtained from these measurements was 8 % and the uncertainty 44 %. After analyzing all uncertainty components, it was verified that the flow variability is the largest source. 
Although preliminary, the calibration of the studied insulin pump carried out during the course of this work shows beyond doubt that under continuous use, the patient will not get a continuous steady dose of insulin and this can potentiate a severe health problem, if not death. This variability is possibly due to the stepper motor operating mode. At these small flow rates the infusion is imposed in short positive-displacement pulses via the lead screw connected to the stepper motor which instead of continuously, operates for only short periods of time.
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