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1 Project objectives for the period 

1.1 Introduction and General Objectives 
 
The goal of ARROWS is to develop a microengineered platform for the analysis of ‘real-world’ 
samples from the food, drink and healthcare industries. The principle deliverable will be a chip-
scale capillary electrophoresis/liquid chromatography mass spectrometer (CE/LC-MS) that matches 
the performance of today’s mainframe systems. 
 
The ARROWS innovation is to integrate and interface multiple chip technologies into a platform 
capable of analysing messy, sticky biological matrices like tissue, food, blood and urine. Our vision 
is to offer users from the food, environmental and clinical sectors ‘more for less’ by delivering the 
functionality of a laboratory-scale, high-end CE/LC-MS system, which today is the size of a filing 
cabinet, in a mass-deployable tool the size of a desktop PC. 
 
Next-generation micro-analytical devices from Tyndall, Microsaic, VTT and CSEM will be 
combined into powerful, multi-sensing tools capable of identifying trace quantities of the chemical 
species of interest (e.g. pesticides, disease biomarkers) in complex biological matrices such as 
tissue, food and drinking water. Microsaic Systems will develop a MS based on patented ionchip 
technology. CE/LC/MS is a universal technique and analytical applications are unlimited. Initially, 
ARROWS will focus on two applications: (a) detection of cancer biomarkers in fractional spots 
found on tissue, and (b) screening of imported food for contamination. End-users Charité 
Universitätsmedizin Berlin and FERA will evaluate the platform ARROWS utilizes the 
consortium’s ‘best-in-class’ capabilities to exploit the scaling laws associated with microfluidics, 
chip-based chromatography and electrophoresis and microengineered advanced mass spectrometry 
to minimise analysis time, sample volume and reduce manufacturing costs. These scaling laws 
address the cross-cutting issue of sustainability by reducing solvent consumption, waste and power 
consumption by orders of magnitude. 
 
The objectives related to the reporting period are directly linked to the WP’s which have been active 
during the course of this reporting period. These are basically: 
 

- Microneedle development (WP2) 
- Sample handling device (WP2) 
- Development of an LC Injection System (WP3) 
- Development of a polymeric CE chip (WP3) 
- Microfabricated Chip-set (WP4) 

 
A summary of the planned work and expected deliverables is outlined in the Gantt charts in Tables 

1, 2 and 3.  
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Table 1: Gantt Chart for WP1 and WP2 
 

 
 
Table 2: Gantt Chart for WP3 and WP4 
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Table 3: Gantt Chart for WP5,WP6 and WP7 
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2 Work progress and achievements during the period 
 

2.1 WP2 Sample Collection and Purification 
 

2.1.1 Objectives 
This work package comprises the analyte collection and purification from tissue samples. 
Sample collection will be performed with a silicon-based microneedle that enables selective analyte 
collection from highly defined sites of tissue materials. 
 
Task 2.1 Microneedle development (VTT) 
 
 Design of the silicon based microneedles for collecting samples from tissue materials.  
 Adjustment of the microneedle fabrication process to produce the designed microneedles 
 Design of the polymeric connections fluidics to the microneedle 
 Design of the connection of the microneedles to the microscale SPE and related microfluidic 

structures and functions 
 Deliverable D2.1 “Microneedle design” 

 
 
Task 2.2 Polymer chip development for SPE and CE (VTT) 
 
Disposable polymeric chips will be developed for separation of lipid components in sample 
solution. The dimensions and structures of the microfluidic SPE and CE will be designed and 
fabricated. As a fabrication method hot-embossing of thermoplastic polymers will be used. Hot-
embossing method is based on the earlier work done at VTT. Here the design of the polymer chip is 
adjusted to enable integration with the microneedle and SPE and with the rest of the sample analysis 
system 
 
Task 2.4. Sample collection and purification (VTT) 
 
The final aim of the task is to collect the analytes of interest (selected cell membrane lipids) from 
clinical tissue samples with a silicon microneedle developed in WP2. The analytes will be collected 
from tissues in a selective way using miniaturized liquid-liquid extraction (LLE), eluent suction and 
(optional) solid-phase extraction.  
 
Task 2.5. Sample handling device and micro-robotics to collect samples e.g. from microbial spots. 
(CSEM) 
 
To enable selective analyte collection from highly defined sites of tissue materials the micro needle 
needs to be placed in the region of interests (ROI). That means the micro needle and the tissue 
sample has to place in a situation that the micro needle can pickup samples automatically.  Within 
this task the following  R&D work will be carried out: 
- Study of concepts to detect micro needle and surface of different tissue sample materials and to 
recognize ROI on the tissue. Different concepts will be discussed. Based on the assessment one 
concept will be chosen for further development and tested. 
- Study of kinematic to guide micro needles for sampling the tissue. Different concepts will be 
discussed and one concept will be chosen for development and tested. 
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- Development of an effective sample handling and micro-robotics concept will be performed.  

 
 

2.1.2 Work Progress 
 

2.1.2.1 Task 2.1. Microneedle development (VTT) 
 
A summary of progress: 
 
In the ARROWS project silicon microneedles will be used for analysing cancer cell tissue. The 
objective is to take tiny samples from tissue sections and biopsies by liquid liquid extraction (LLE). 
For that purpose VTT has redesigned its multiport microneedle.  
 
The microneedle dimensions have been discussed and planned in co-operation  with Charite (VTT 
visit to Charite in Berlin on February 8th, 2011) and they are based on the requirements outlined in 
the Deliverable 6.1 “End-user requirements and use case scenarios”. All microneedles have two 
channels, which can be operated separately. The first channel is used to elute the sample with the 
aid of the solvent and the second channel is used for the actual sampling. The microneedles have 
been designed to fit the robotic system developed by CSEM in Task 2.5. The robotic system is used 
in aligning the microneedle over the tissue sample, in controlling the liquid flows through the 
microneedle channels during sampling, and in delivering the sample to the CE analysis.  
 
Two different microneedle designs have been made (Figure 1.). The first design with a sharp needle 
head (Figure 1a) is made for the biopsy samples and the second design with a blunt needle head 
(Figure 1b) is made for the tissue section samples. The exact dimensions of the needles are 
described in Deliverable 2.1 “Microneedle Design”.  
 

a)                                     b) 
 
Figure 1. The microfluidic needle designs for sampling a) biopsy samples and b) tissue sections.   
 
 
Since the microneedle chip in itself is small, only 2x2 mm2 in size, a polymer microfluidic chip 
(Figure 2) has been designed by VTT to establish the fluidic connection to the silicon microneedle 
and enable the collecting of larger liquid volume than the microneedle itself could do. The polymer 
chip also acts as an interface between the microneedle and the robotics to enable pressure controlled 
sampling. The liquid flow and the volume of the liquid intake/delivery in the microneedle is 
handled by sucking/pressing the two flexible polymer membranes connected to the microneedle 
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channels via the two winding polymer liquid channels shown in Figure 2. The silicon chip will be 
attached to the polymer chip by adhesives.  
 
 

     
 

Figure 2. Layout of the polymer microfluidic chip that forms the liquid connection to the 
microneedle. The microneedle chip (2x2 mm2) is seen as a small square in the lower edge of the 
polymer chip. The polymer chip dimensions are 25 mm by 26.2 mm.  
 
 
The position of the microneedle on a silicon chip has been designed so that the Arrows robotic 
system can see the silicon chip and/or the needle on the silicon chip. The positioning has been 
discussed with CSEM. It was decided that the microneedle tip is 0.5 mm from the edge of the 
silicon chip (figure 6). To facilitate a better view for the robotic system for needle positioning the 
silicon chip is bonded about 200 µm over the edge of the polymer microfluidic chip.  
 

 
 
Figure 3. Position of the microneedle on a silicon chip. The figure shows also the positioning of the 
silicon chip on the polymer microfluidic chip exceeding the chip edge by 200 µm. 
 
 
The existing microneedle fabrication process has been developed further to improve the quality and 
yield of the microneedle fabrication process. The main effort has been put on improving the 
microneedle etch process and especially the isotropic etching process that is used to define the 
microneedle body shape. The new process developed in the Arrows project enables that the needles 
in 100µm size can be etched to a total height of more than 200µm. Taller needle body is also 
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processable with thicker etch mask. Other needle sizes can be fabricated by adjusting the process 
time since the etching process is very well time controlled. However, both the lateral and the 
vertical etch rate uniformity become poor if the etch loading is large during the process. Therefore, 
in the mask design the etching uniformity must be compensated by the sacrificial area at the wafer 
edge. A scanning electron micrograph of the microneedle body after the process improvement is 
shown in Figure 4.  
 
 

 
 
Figure 4.  A scanning electron micrograph of the etched silicon microneedle. The opening of the 
needle channel is well visible. The needle has two channels in this case.  
 
 
 
From the polymer chip design a hot embossing tool out of steel has been manufactured by wet 
etching, micromachining and polishing (feature height: 60 µm). Polymer microfluidic chips have 
been hot embossed into 375 µm thick PMMA (containing channels and fluid exit holes to 
microneedle ports) and lidded by solvent bonding with another sheet of 375 µm PMMA (containing 
3 mm wide holes for membrane actuation). The lidded chip has then been covered with a layer of 
elastic "hotmelt" TPU (thermoplastic polypropylene) by heat bonding. The channels are open and 
no leakage over the channel edges is taking place.  
 
Membrane actuation to control liquid uptake and ejection was tested with syringe-generated 
pressure/underpressure on the membrane. The moved liquid volume is strongly dependent on the 
actuation pressure/underpressure, the membrane thickness and the diameter of the actuated 
membrane area. Both membrane thickness and diameter can be controlled in the chip design.  
 
Preliminary solvent compatibility tests for different polymer materials have been performed but as a  
next step more comprehensive solvent resistant tests will be made. Channels embossed into PP 
(polypropylene) will be fabricated in M14-M15. Polymer chips with different membrane thickness / 
hole diameter combinations will be fabricated and sent to CSEM for actual testing with their robot 
arm setup.  
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Silicon microneedles based on the two designs (sharp and blunt) will be fabricated. The needles will 
be attached to the polymer microfluidic chips. First polymer chips with silicon microneedles should 
be available for testing in M16. 
 
The deliverable D2.1. Microneedle design was completed in time and submitted in M11. 
 
Task 2.1 is well in schedule. The task has been planned to be finished around M18 and current 
status is such that this deadline can be met.  
 
 
Significant results: 
 
Microneedle design has been finalised and microneedle fabrication process has been optimised. The 
actual microneedle fabrication has been initiated. 
The connectivity of the microneedles to the robotic system has been designed.  
Polymer microfluidics interfacing the silicon microneedles has been designed and the first 
prototypes have been fabricated and tested successfully.  
 
Deviations from the Annex I: 
 
In Annex I (WP2 description, p.7) it has been proposed that the microneedle will be integrated with 
the polymer SPE/CE chip developed in task 2.2. This plan has now been changed so that the 
SPE/CE will be a single polymeric chip and the microneedle chip with its polymeric microfluidic 
connection chip will be a separate chip. The robotic system developed by CSEM in Task 2.5 will 
operate the microneedle and handle the tissue sampling and the transfer of the sample from the 
microneedle to the separate CE chip. This allows the microneedles to be disposable devices. The 
CE chip can now be fixed tightly to its measurement platform (and to the external fluidic 
connections) and there is no need to move the measurement platform as a whole as would have 
been the case if the microneedle had been integrated directly with the CE. This technical change 
simplifies the realisation of the analysis system and relaxes the system design requirements. It does 
not affect the actual sampling or the CE analysis. It has no effect on the use of resources. This was 
first time discussed, when Tyndall and CSEM visited in VTT on September 29th, 2010.  
 

2.1.2.2 Task 2.4: Sample collection and purification  
 
In order to optimize the LLE of target lipids from the breast cancer cells, a "bulk" sample matrix is 
needed to save the biopsy samples to optimized analyses. We are culturing one of the well-
characterized breast cancer cell lines MDA-MB-468 as "bulk" sample material. The membrane lipid 
composition of this cell line has been studied previously (Hilvo et al Cancer Res 71, 2011, 3236). 
Based on VTT's previous studies (Hilvo et al Cancer Res 71, 2011, 3236), the following compounds 
have been selected as primary targets: PC(14:0/16:0), PC(16:0/16:0) and PE (18:0/18:1).  
 
The LLE protocol will be optimized with the MDA-MB-468 cells. We will use the "standard" LLE 
protocol for membrane lipids based on the use of chloroform and methanol (Hilvo et al. Cancer Res 
71, 2011, 3236) and compare it to LLE performed by methyl-tert-butyl ether (Matyash et al. J. Lipid 
Res 49, 2008, 1137), which should be more compatible with polymer materials. Once the LLE 
method has been optimized off-line, the use of the microneedle in LLE will be tested. Once 
functional, the LLE method will be applied on the biopsy samples made available by Charité. At 
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first, the LLE will be performed off-line and then, the lipids from biopsy samples will be extracted 
using the microneedle.  
 
At this point, we are not planning to integrate an in-line SPE method in the system for lipid 
extraction (marked as optional in the DOW) since it would increase the complexity of the set-up. It 
will be developed later only if needed to allow more selectivity in the system.  
 
Task 2.4 is in schedule. The task has been planned to be finished around M24 and the current status 
is such that this deadline can be met.  
 
Significant results: 
 
None yet.  
 
 

2.1.2.3 Task 2.5:  Sample handling device and micro-robotics to collect samples 
e.g. from microbial spots. (CSEM) 

 
A summary of progress: 
 
CSEM was active in preparing the realization of a robotic handling system for automated sample 
extraction. The results have been presented to the partners and have been reviewed. The details are 
given in a deliverable report (D2.2). 
 
The concept is based on an end-user scenario provided by ARROWS partner Charité, where 
automated sample collection from real-life biopsies is aimed. Here the robotic solution brings high 
benefit as this kind of analysis requires local resolution: the operator is interested in the status of 
cells at different locations of the sample. This examination indicates for example the amount of 
penetration of tissue with cancer cells. 
 
The robotic system is working with the micro needle described above. It consists of several stations 
where following main operations will be carried out. The core of the concept is: 

 Desktop robot station (cartesian or SCARA kinematics) which is serving different working 
areas in the working space, 

 Vision sensor control for critical positioning tasks, especially for the probing of the sample, 
 Design proposal for a disposal micro needle and pressure based handling and actuation of 

the needle, 
 Compliant mechanism for detecting contact of the needle with sample, 
 User interface for definition of automated extraction tasks. 

 
A possible scenario for realization of the system is sketched in figure 5. CSEM discussed with VTT 
options how the micro needle – a disposable micro fluidic component – can be mechanically 
interfaced with the handling system. A solution has been proposed based on pressure actuation 
(details again in D2.2). 
 
Additionally CSEM worked on implementation of the automation software. An architecture for 
object oriented process control has been defined. A software framework already has been 
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implemented in C#, interface structures are available to communicate with 3rd party software 
elements. 
 
In the next months CSEM will realize the mechanical structure and implement automated 
sequences. An important task will be the practical proof-of-concept of the micro needle actuation. 
 
 
 
 

 
Figure 5: CAD sketch of robotic handling system with main operating areas in a desktop format. 
 
 
 
Significant results: 
 
A concept for the automated robotic handling procedure has been provided. A deliverable (D2-2) 
has been prepared.  
 
 
Deviations from the Annex I: 
 
None. 
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2.2  WP3 Sample Separation 

2.2.1 Objectives 
 
The objective of this work package is the parallel development of a capillary electrophoresis (CE) 
separation method chip and a high performance liquid chromatography (HPLC) system.The aim is 
to develop in-line capillary electrophoresis (CE) separation technique for analysis of lipid 
compounds collected from tissue samples with VTT's microneedle. The purpose of CE separation is 
to enable efficient lipid ionization and identification by subsequent MS/MS. The goal is to develop 
a disposable microfluidistic platform to ensure that there is no cross-contamination between 
different tissue samples.  
 
 

2.2.2 Work Progress 
 
Development of an LC system (TNI) 
 
The key elements of our HPLC system are sample injection and sample separation. In the first year 
of the project we concentrated on developing the injection component. This injection micro-
component is critical to efficient performance of the chromatography system. The smaller the 
injected sample volume, the higher separation efficiency can be achieved. Tyndall has developed a 
technique to achieve small volume injection by intersecting the sample input and mobile phase 
microchannels. 
 
A summary of progress 
 
The design of the sub-nl microinjector microfludics Silicon-Glass chip is outlined in Deliverable 
3.1. . The two different designs for the microinjector chip are profiled, along with the material 
which will be used to fabricate the microfludics chip. Also described is the overall microinjector 
setup, with pumps, valves and separation column. 
 
 
 

 
 
Figure 6: Injection overview 
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The overall system is depicted in figure 1. The injection will take place in the following manner. 
The two valves on the high-pressure line will be closed and the valves on the low-pressure (sample 
inlet line) will be open. A quantity of buffer liquid will be taken up the line by the low pressure 
syringe pump. The sample inlet will then move to the sample and a sub-nl amount of sample will be 
taken up the line. The sample inlet will then take up the buffer liquid, ensuring that there is no air 
trapped between the sample and the buffer liquid, and the sample is buffered on either side by the 
this liquid. The sample can then be injected onto the column.  
 
Significant results: 
 
Initial designs have resulted in a number of fabrication runs. The outcome was a series of dies that 
have been used for the initial testing. The injection did not work out as expected during the first set 
of tests due to spreading out of the sample on the die. The cause of this was a large reduction in the 
volume of the channel on the die. A second iteration has already commenced and the dies are 
currently being fabricated.  
 
Development of polymeric CE chip (VTT) 
 
 
Since a polymeric CE chip and the miniaturized MS detector are not yet available, the development 
of a capillary electrophoretic separation method for selected lipid standards has been started with 
use of a commercial CE instrument (P/ACE MDQ, Beckmann Coulter) and silica capillaries ( i.d. 
50-75 µm). At this point, the identification of lipids is done by UV, which is challenging since the 
lipids do not possess chromophoric structures. With this preliminary work with silica capillaries, we 
aim to define the conditions needed for the lipid separation, including separation matrix and 
physical conditions (temperature, required separation length, electric field etc).  A literature survey 
of CE analyses of phospholipids and related compounds has been performed, with special interest 
of hyphenated ESI-MS detection. We now have several potential methods to be tested when the 
polymeric CE chip and the miniaturized MS become available.  
 
Since the electrophoretic analysis of hydrophobic lipid compounds requires the use of organic 
solvents in the separation matrix (a.k.a. nonaqueous capillary electrophoresis, NACE), the 
compatibility of potential polymer chip materials with different organic solvents is being tested. The 
choice of the polymer chip material will be done considering the final NACE conditions.  
 
The ionization and fragmentation of five model lipid compounds have been investigated using a 
commercial ESI-MS instrument (LTQ Orbitrap, Thermo Fisher Scientific). Both negative and 
positive ionization modes can be used to analyze these lipids; however negative ionization mode 
produced more differentiating fragment ions than the positive ion mode and hence might be more 
suitable in the final set-up of miniaturized CE-ESI-MS. 
 
Significant results: 
 
We have created several potential capillary electrophoresis methods that can be tested with the 
polymer chips and ESI-MS. We have also tested the compatibility of several polymer materials with 
organic solvents that have been used as components of the lipid separation matrices in CE. Based 
on these preliminary tests, a suitable polymer CE chip will be developed.  
 
Task 3.8 is in schedule. The task has been planned to be finished around M18 and current status is 
such that this deadline can be met.  
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2.3 WP4 Detection and Identification 

2.3.1 Objectives 
 
The goal of work package WP4 is to define, design, build and test a breadboard Tandem MS system 
for the detection and identification of species of interest in chemically complex food and 
oncological samples. The Tandem MS system will be built from a combination of multiple mass 
spectrometer chips developed by Microsaic Systems and micro-fabricated using the knowledge and 
expertise of Tyndall.  
 
The specific WP4 objectives for the first year of the ARROWS project were as follows: 
 
D4.1 – a written report on a linear ion trap vs triple quadrupole concept – due month 6. 
D4.2 – Supply of a microfabricated tandem MS chip set from Tyndall to Microsaic – due  month 9. 
Task 4.2 based upon the findings from D4.1, to design, manufacture and build a breadboard tandem 
MS system at Microsaic Systems facility. – due month 12 

2.3.2 Work Progress 
 
D4.1 Tandem MS concept and feasibility study 
 
A feasibility study was conducted to determine the best architecture for a miniature tandem mass 
spectrometer system. The field of tandem mass spectrometry was thoroughly reviewed. Modes of 
operation and design criteria were described and critically assessed. There was an ovewhelming 
case in favour of a tandem-in-space geometry (triple quadrupole or variants thereof) rather than a 
tandem-in-time (linear ion trap).  
 
Microsaic conducted some initial experiments that showed that the key process of collisional 
cooling occurs in a miniature RF only ion guide/collision cell and that transmission efficiencies are 
high. 
 
Detailed discussions were held especially with Richard Fussell from The Food and Environment 
Research Agency (FERA), York, U.K. regarding possible applications for the ARROWS tandem 
MS analysis system. From these discussions and following correspondence with the ARROWS 
team at the Charité Hospital, Berlin, Germany, a comprehensive list of target instrument 
specifications were complied. These were included in section 6.0 of the deliverable report D4.1.  
 
The deliverable report 4.1 was completed and submitted in early February. The extension to the 
deliverable due date was agreed in advance with the project manager. 
 
Based upon the studies and input solicited above, the decision was taken to design the ARROWS 
tandem MS system around the triple quadrupole concept. 
 
D4.2 – Microfabricated tandem MS chip set  
 
The deliverable 4.2 was the microfabrication by Tyndall of the Microsaic tandem MS chip set. The 
chips are all manufactured by high precision deep reactive ion etching of silicon and anodic 
bonding to patterned glass wafers. The initial task was to transfer the MEMS device manufacture 
process to Tyndall. The current processes were outlined in July 2010 with slight modifications to 
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best suit the Tyndall toolset and experience. The initial mask sets agreed upon were for the devices 
Microsaic currently have in production in order that the Tyndall material could be directly 
compared with Microsaic’s own recognised quality and performance. This way the Tyndall process 
could be precisely verified.  
 
The Microsaic devices require silicon and glass wafers of specific thickness and flatness so these 
wafers had to be ordered by Tyndall. The quadrupole devices require shallow recesses patterned on 
the surface of the glass substrate. The process required the deposition of a mask layer that Tyndall 
were not able to do in-house so this part of the process was subcontracted. The Spraychip device 
requires through holes patterned in the glass substrate and again this process could not be carried 
out at Tyndall so a subcontractor was required. Tyndall reviewed potential suppliers in August 2010 
and placed orders. 
 
In September, Tyndall provided a plan for the delivery of the first run of devices by the end of 
November 2010 providing the wafers suppliers delivered on schedule. Unfortunately this did not 
prove to be the case. Both the silicon and the glass wafers were significantly late. In order that 
Tyndall could make a start Microsaic provided a batch of wafers that it had in stock. Processing of 
five of these wafers began in mid October 2010. The first shallow recessed glass wafers were 
received in mid November. This meant that Tyndall could supply material from the first quadrupole 
wafer in mid December 2010. 
 
Microsaic reviewed this first wafer using the metrology toolset it has developed for the very 
specific requirements of its devices. It was found that the edges of the structures critical for the 
device performance were poorly defined. This is usually an indication that the wafer overheated 
during the final etch process. These findings were explained to Tyndall and they immediately began 
investigating how to improve the cooling of the wafer during etching. Further wafers from this 
initial batch were etched and delivered and steady progress was made towards improving the etched 
edge definition. A second batch of five quadrupole wafers was started in January to continue the 
development. Finally Tyndall were forced to modify their etching tool to ensure good cooling with 
the Microsaic wafers. The tool had to be shut down for a significant period, impacting their entire 
facility’s production. But the result was worth it. The first wafer off the improved tool met the 
Microsaic requirements with all the die usable for device production. The first device made from 
Tyndall supplied die was assembled in June 2011. 
 
The Spraychip wafers have been beset with even more problems, the first through hole patterned 
glass supplier failed to deliver at all after many months delay and alternative supplier had to be 
found. The silicon wafers were cracking during processing prior to bonding to the glass. A number 
of suggestions were made by Microsaic to try to avoid this problem and the first silicon wafer was 
bonded to a through hole patterned glass wafer in June 2010. 
 
Tyndall are currently working on the third batch of quadrupole wafers and the second batch of 
Spraychip wafers. With delivery of both scheduled for the end of July 2011. 
 
Of the 10 ionchip wafers, 40 ionchip die, processed so far by Tyndall, 22 die were delivered for 
inspection, of which 7 die were usable. 5 more wafers are currently in manufacture. 
5 spraychip wafers have been partially processed, none have reached the dicing stage. 5 more 
wafers are in manufacture. 
 
These delays will not prevent the building and test of the tandem MS breadboard because Microsaic 
can supply its own manufactured die while we are awaiting good die from Tyndall. 
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Task 4.2 – design and construction of a breadboard tandem MS system 
 
Following discussion with the end users, it was clear that the complex samples to be analysed by 
the tandem mass spectrometer would result in possible contamination of the vacuum inlet interface. 
It was proposed that we incorporate a gas shield or counter-flow gas system to help keep neutral 
contaminants away from the inlet. Preliminary experiments with counter-flow gas indicated that the 
majority of liquid droplets and other particulate could be removed from the ionised sample flow. To 
maintain signal, extra electrostatic lenses would be required to encourage the ions through the 
counter-flow gas. This proof of concept for this has been demonstrated and will be reported in the 
D4.3 breadboard testing report during month 18. 
 
In parallel with the design and fabrication of the triple quadrupole breadboard, experiments have 
been undertaken using existing miniature single quadrupole research apparatus to determine the 
efficiency of ion transmission through components common to both systems. Of particular interest 
is the ion transmission of the quadrupoles as a function of mass spectral resolution, since both Q1 
and Q3 must be operated at unit resolution. In general, all of the ion flux passing into a quadrupole 
is expected to be transmitted at low resolution. At unit resolution, the transmission is expected to be 
much less, particularly if the ion flux is presented as a divergent beam, or if the quadrupole is of a 
poor quality. Experiments have shown that the relative transmission of the Microsaic miniature 
quadrupole is 20 % at m/z=242, and 37 % at m/z=609. This compares very favourably with the 
performance of conventional full size quadrupoles; the rule of thumb is that approximately 20% 
transmission is indicative of acceptable performance. Moreover, this result shows that there will be 
minimal mass bias across the mass range (low mass ions will be transmitted with the same 
efficiency as high mass ions). 
 
Following the recommendations from report D4.1, a tandem MS breadboard system has been 
designed based upon the miniature quadrupole technology pioneered by Microsaic Systems. 
 
This breadboard will allow study of the transmission of ions through the various tandem in space 
elements of the mass spectrometer. Of particular interest will be the design of the collision cell or 
Q2 and the optimisation of the transmission optics before and after the cell.  
 
Basic control of the functions of the various elements will be achieved using a mixture of our own 
software and controls used in our 3500 MiD single quadrupole product and custom Labview 
software and discrete power supplies for controlling the new elements of the tandem MS.  
 
A LabView program has been written to control the breadboard triple quadrupole system. The 
modes of operation supported by this software are product scan, precursor scan, neutral loss scan, 
and multiple reaction monitoring. A menu allows the user to select which of these scan modes is to 
be applied, while a master setup page is used to define precursor and product mass number 
selection, scan ranges, and dwell times. The three RF drives are controlled by a total of seven low 
voltage command voltages.  All three drives need one command voltage to set the RF level. Both 
Q1 and Q3 need a further two command voltages to set the high voltage DC components of the 
drive waveform. The main program interprets the scan mode and setup data provided by the user, 
and determines what RF and DC voltages must be generated by the drives. A sub-routine translates 
these absolute values into commands that are passed to two digital-to-analogue computer PCI cards, 
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the outputs of which are connected to the RF drives. Another sub-routine controls two racks of eight 
programmable power supplies via a GPIB interface card and cable. These auxillary power supplies 
are used to apply appropriate biases to the various ion optical components in order to optimise ion 
transmission and set parameters such as the collision energy.  

 
 

Figure 7  Design layout of the tandem MS breadboard system 
 
At the time of writing this report, the first parts of the breadboard hardware have been delivered and 
assembly has started. The aim is to have the system built in July ready for power up and 
commissioning to start at the end of the month. 
There have been no significant deviations from the activity outlined in annex 1 description of work 
during the first year of the ARROWS project for WP4. In year 1 Microsaic have spent 39.3 Man 
Months on WP4 activity or 78.6% of the 50 MM budgeted. This is in line with the expected activity 
in completing the feasibility study and breadboard tandem MS design and construction.  
 
The remaining work involves testing and optimisation of the tandem MS breadboard and writing the 
deliverable reports D4.3 and D4.4. This testing and optimisation includes evaluating several 
iterations of the mass spectrometer chip set supplied by Tyndall. 
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2.4 WP5 System Integration 

2.4.1 Objectives 
 
The goal of this work package is to integrate the micro-fabricated MEMS based sample collection, 
separation and analytical elements from CSEM, VTT, Tyndall and Microsaic to produce the 
World’s first compact CE-MS/MS and LC-MS/MS instruments. Tyndall will be responsible for the 
microfluidic integration of the modules and the sample collection to separation module integration. 
Microsaic will be responsible for overall integration and the integration of the Tandem MS system. 
This instrument will be tested in-house at Microsaic Systems and the components iterated to 
produce a system ready for beta trials at one of the end user partners C-UB or FERA. 
There were no specific WP5 deliverables or milestones due during the first year of the ARROWS 
project. 
 

2.4.2 Work Progress 
 

 
Task 5.1 – Integrated system design 
An initial discussion with the partners was held at the ARROWS project 6 month review in Woking 
hosted by Microsaic Systems. Microsaic outlined the sort of information that would be required by 
to enable the design of the integrated system to be completed. Discussion took place between the 
partners regarding spatial, microfluidic and control requirements of the ARROWS modules. 
 
A questionnaire is being prepared to be sent out to the partners which will capture the detail design 
information required to begin the overall integrated system definition and interconnection design. 
We are awaiting further definition of the partners’ hardware to enable the integration information to 
be finalised. 
 
The next activity following the initial testing of the breadboard tandem MS system from WP4 will 
be an integrated design for the tandem MS. This activity cannot start until the performance of the 
breadboard has been validated during months 13-18.  
 
There have been no significant deviations from the Annex 1 description of work. About 6 man 
months have been spent by Microsaic or 15% of the budgeted total of 40MM. This has mainly been 
spent upon designs of a further iterations of the ionchip masks for extended mass range options and 
preparing for the overall integrated system design. 
 
Task 5.2 Build and test the integrated instrument 
There was no planned activity for this task during year 1. 
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2.5 WP6 End User Applications 
 

2.5.1 Objectives 
 
During the first year of ARROWS work concerning the following tasks and deliverables was done 
in WP6: 
 
Task 6.1 End-user requirements (month 1-7) 
End-user requirements will be defined through workshops involving representatives of all the 
partners at the outset of the project. Use-case scenarios, applications and market opportunities will 
be understood. 
 
Task 6.2 End-user progress review (each half year) 
End-users will participate in bi-annual reviews of technical progress, and will advise the consortium 
on analytical methods and solutions as appropriate. 
 
Task 6.3 Technology development and demonstration (month 7-14) 
During the project we will integrate the ARROWS components into a breadboard system and to 
demonstrate their capability against representative samples of the chemical species of interest. In 
particular, breast cancer tissue and normal tissue will be evaluated using the expertise of the partner 
C-UB to build a basis for applications in clinical biomarker testing. With the assistance of end-users 
at FERA and C-UB, testing and evaluation will be conducted at Microsaic and VTT. For reasons of 
geographic proximity, FERA will participate in testing of technology developed by Tyndall and 
Microsaic during WP 4, by coming on-site to review data, contributing chemical standards and 
some man-hours to testing of breadboard systems developed in WP4. Similarly, VTT will involve 
C-UB in testing of breadboard technology from WP2 and WP3 in Helsinki. These co-operative tests 
will take place at Microsaic and VTT in advance of availability of the integrated systems from WP5 
 
Deliverable 6.1 End user requirements and user case scenarios (due: month 3) 

2.5.2 Work Progress 
 
End user requirements (T6.1 and D6.1) – status: finished 
 
The end-user requirements (Task 6.1) were defined in an interactive communication process 
between the end users (FERA and C-UB) and the partner that provide sample acquisition and 
analysis techniques (CSEM, VTT and MICROSAIC). This process started in October 2010 and was 
finished with completion of the final version of Deliverable 6.1 at March 1st, 2011. 
 
This deliverable concluded that FERA will provide an evaluation of the ARROWS MS system 
using two ‘real life’ scenarios from the from the food testing world:  
 

1. Analysis of residues at high concentration in samples due to deliberate contamination of 
food 
  

2. Analysis of residues at low concentration in samples at Border Inspection Posts (BIPs) and 
other upstream scenarios. 
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The typical analyte concentration to be covered by the ARROWS system for these applications 
should be between 0.01 and 0.5 mg/kg. From FERA’s perspective, the main challenges to be 
overcome are sample extraction and sample introduction into the MS. For the application to food 
testing, a large sample will be homogenized to provide a crude extract. This extract will then require 
purification (to remove interfering co-extractives) and/or  concentration of the target chemical 
residues before the introduction of an aliquot into the CE/LC-MS system. 
 
C-UB will evaluate the ARROWS MS system for the detection of marker metabolites in breast 
cancer tissues. The following two use cases were identified: 
  

1. Comparison of the ARROWS device with established metabolic profiles using frozen tissue 
samples that were previously profiled by GC-MS and LC-MS. 
 

2. Investigation of breast cancer biopsies. 
 

A challenge in cancer research is the inherent spatial inhomogeneity of tissue samples. Therefore, 
there is a need to develop a sample collection technology that allows acquiring and investigating 
multiple specimens from different regions of a sample.  
 
Further, although it is feasible to distinguish cancer and normal tissues by a few hydrophilic or 
lipophilic metabolites, metabolic profiling should be as comprehensive as possible. To quantify as 
many metabolites as possible is desirable for applications in biomarker research beyond cancer 
detection. 
 
Technology development progress review (T6.2 and T6.3) – status: ongoing 
 
Execution of Tasks 6.2 and 6.3 was started in the first year of ARROWS and is still ongoing: 
 
A meeting together with CSEM and VTT took place at C-UB in February 2011. Requirements for 
robot and micro needle in order to process specimens from cancer tissues were discussed in detail 
during this meeting.  
 
C-UB and CSEM elaborated two scenarios for sample extraction from cancer tissues (compare D 
2.2). In the first scenario, specimens are taken from a biopsy placed on a glass slide. In the second 
scenario, specimens are taken from a tissue section (typically 10µm thickness) that is attached to a 
glass slide. H&E is a popular staining method for tissues sections that is used for histopathological 
investigation. A pilot experiment was carried out, if a label on a H&E section can be automatically 
transferred to a corresponding unstained section using image processing techniques.  To this end, C-
UB shipped three pairs of H&E stained and unstained tissue sections to CSEM. H&E section 
guided samples extraction appears to be feasible when alignment of unstained and H&E section is 
done semi-automatically. 
VTT has presented design and dimensions of two kinds of micro needles, a sharp and a blunt one, in 
May 2011. The sharp needle can be used for taking specimens from bulk samples, like biopsies or 
surgical samples. The blunt needle was designed in order to take specimens from tissue sections that 
are attached to a glass slide. The blunt needle is designed in such a way that tissue inside a circle 
with diameter of 100 or 200 µm is acquired for LC/CE-MS profiling. Thus, the main part of the 
tissue section will be left unaffected and can be histomorphologically evaluated.  
 
MICROSAIC has demonstrated a miniaturized MS system during the 6 month project meeting in 
Woking, UK. 
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2.6 WP7 Dissemination and Exploitation  

2.6.1 Objectives 
In order to exploit the results of ARROWS, Microsaic Systems plc intends to develop and market 
products based on the ARROWS tandem MS. 
 
The objectives of the work package are: 
 

 Before initiating its product development programme (PDP), user surveys and market 
research will be conducted under the auspices of WP7 to identify applications, analyse the 
market opportunity and to determine customer demand specifications (CDS) for future 
products. 
 

 To involve a wider group of end-users.  These end users will be invited to join an industry 
advisory group (IAG).  The IAG will be invited to workshops to review results, contribute 
requirements and to participate in market research. 
 

 Users will be invited to define ‘use case scenarios’ as a means of defining the CDS.  
Potential end-users will be invited to become lead customers and to collaborate in any future 
PDP. 

 
 This work package will implement and refine the dissemination of the results both internally 

and externally. 
 

 The protection of IPR generated in the project and the exploitation of the intellectual 
property strategy will be managed. 

2.6.2 Work Progress 
 

 
Market research 
 
Most of the deliverables for work package seven fall after month twenty four (M24) and subsequent 
to formation of the industrial advisory group (IAG).  Only one deliverable falls during the first year 
of the project, D7.1, ‘initial plan for dissemination and use of results’.  Therefore this report deals 
mainly with that deliverable and activities associated with it.  The next deliverable D7.2, ‘IAG 
workshop’ occurs during summer 2012, at the end of the second year of the project.  Preparations 
for deliverable D7.2 therefore take place mainly after this report. 
 
During the first six months of the project new market research was purchased by Microsaic Systems 
from Strategic Directions International, Inc (SDI) on the market for analytical instrumentation.  In 
particular, recent market research and market data was purchased about the market for tandem mass 
spectrometers (MS-MS), and liquid chromatography mass spectrometry (LC-MS).   
 
SDI is the world leader in business intelligence for analytical & life science instruments, equipment 
and related products.  Established in 1981, SDI is headquartered in Los Angeles with a branch 
office in the UK.  As a major marketing intelligence provider, SDI has published over 125 reports 
since 1984 and is currently in the eleventh year of publishing Instrument Business Outlook, an 
industry newsletter that covers all aspects of the analytical instrument industry.  
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This market research was used to formulate a preliminary plan for dissemination and exploitation of 
the results from ARROWS.  A version of this plan was presented to the six month ARROWS 
project meeting in Woking, UK, hosted by Microsaic Systems plc on 17th February 2011.  This 
presented resulted in feedback from end-users FERA which was incorporated into the final 
deliverable on February 24th 2011. 
 
Customer demand specification 
 
Subsequent to a visit to FERA’s laboratory in York, UK, a preliminary CDS has been drawn up 
with input from FERA and Charité.  This information will be used to revise the specifications 
agreed by Microsaic in consultation with end-users from Charité and FERA.  This CDS will be 
starting point for further market research, user interviews and user surveys. 
 
Further market research 
 
A former vice president of analytical chemistry at a major pharmaceuticals company has been 
retained to identify applications of the ARROWS platform in the drug discovery industry.  A first 
report was delivered during July 2011, and potential early adopters identified. 
 
Initial plan for dissemination and use of results 
 
We present here extracts from the executive summary for the deliverable D7.1.  Purchased market 
data has been summarised and analysed.  The tandem LC-MS market is the largest segment of the 
$3.3B overall market for MS products, and is substantial at $0.75M.  This segment is growing at 
seven percent per annum.  Much of the tandem LC-MS market is underpinned by government 
regulation and it is increasingly diverse.  Tandem MS-MS is a relatively defensive instrumentation 
market. 
 
There are a handful of incumbent vendors marketing large, power hungry and infrastructure 
intensive products.  These products are ‘mainframes’ installed in specialist analytical laboratories.  
There is practically no product differentiation in terms of system size, weight, power consumption 
or cost of ownership. 
 
The market in China and BRICs is relatively small, but growing very rapidly and at over seventeen 
percent in some cases. 
 
The infrastructure required by tandem LC-MS is heavy, and infrastructure quality is lowest in the 
fastest growing markets.  These requirements lead to additional ‘hidden costs’ such as installing 
nitrogen gas generators and UPS.  ‘Green’ factors such as pollution and carbon production will be 
increasingly important. 
 
Therefore we conclude: 

(a) There is an opportunity for product differentiation by deployability, running costs and 
‘green’ factors, 

(b) These products would enjoy major advantages in the fast growing in the BRICs markets, 
(c) A strategy may be to target the system developed by ARROWS at applications in the BRIC 

economies. 
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The receptiveness of users to our concepts and specifications will be tested through the IAG, and 
we will to identify the ‘unmet’ needs and the ideal combination of price and performance. 
 
Our plans for the remainder of work package seven include user surveys to validate our hypothesis 
above, and to ‘sense check’ our product specifications and price.  While some of this can be carried 
out under the auspices of the IAG, a wider user survey is necessary as an orthogonal test of the 
IAG’s recommendations.  For the user survey we may retain SDI, or another market research firm, 
to survey a reasonable sample of end-users in a statistical fashion. 
 
Involving a wider group of end-users 
 
The 5th Concertation and Consultation Workshop of projects in Micro-Nano-Bio Systems 
 
Microsaic Systems and Tyndall National Institute represented ARROWS at the MNBS workshop in 
Ikerlan, Spain from the 4th to 5th April, 2011 (http://www.ikerlan.es/mnbs2011/en/workshop.html).   
Alan Finlay, CEO of Microsaic Systems plc, gave a presentation entitled ‘Chip technology, 
compact analysis’.  The conference was an opportunity to meet organisations conducting 
complimentary research in the area of ‘lab on a chip’.  Given their microfluidic compatibility, the 
ARROWS detector could provide an excellent analyser for ‘lab on a chip’ devices. Several potential 
end-users of the instrument developed under ARROWS were identified, some of whom could 
become members of the IAG.  In particular, potential end-users and industrial partners were 
identified from Philips and IMM/Fraunhofer. 
 
Formation of the IAG 
 
A number of activities were conducted during the period with a view to identifying potential 
members of the IAG. As preparation for formation of the IAG, the ARROWS concept was 
developed at several trade fairs during the period.  Microsaic Systems plc has been marketing its 
molecular ion detector (MiD) platform at these events, but used it as an opportunity to market test 
the opportunity for the ARROWS platform. 
 
During January 2011, Microsaic Systems plc exhibited at the 2011 Lab Automation fair in Palm 
Springs, CA.  Several visitors to the booth expressed an interest a Tandem MS version of the 
current product, the Microsaic 3500 MiD.  Organisations included US Department of Homeland 
Security, Bristol Meyer Squibb, Lilly, Merck & Co, BP Biofuels, Amgen, DuPont and the Mayo 
Clinic. 
 
During June 2011 Microsaic Systems plc exhibited at the 2011 ASMS conference.  Again, most 
visitor to the booth expressed a desire for a tandem MS version of the Microsaic 3500 MiD, and 
described applications including analysis of clinical and environment samples.  The feedback from 
end-users and customers was an important validation of the market opportunity.  In many cases the 
desire for a MS-MS version of the MiD was expressed spontaneously and unprompted.  
Organisations that approached the booth and discussed tandem MS applications included GSK, the 
FBI, John Hopkins University, GSK, Pfizer, BASF, the US EPA and the Vienna Institute of 
Technology.   
 
Similarly, potential members of the IAG were identified through one on one marketing to certain 
organisations.  Organisations approached included Tecan and Johnson Matthey.  Applications 
included clinical diagnostics and hydrocarbon analysis.   
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Significant results 
 
Significant results during the period are summarised here: 
 

 Analysis of up to date market data and research, 
 Initial plan for dissemination and use of results delivered, 
 Participation in the 5th Conference on MNBS, 
 Exhibition at Lab Automation and ASMS 2011, and successful market testing of ARROWS 

concepts, 
 Identification of potential participants in IAG, 
 Commissioning of report on potential applications of ARROWS platform in 

pharmaceuticals industry, 
 A preliminary CDS has been drawn up with help from FERA. 

 
Deviations from Annex I and their impact on other tasks 
 
There have been no deviations from Annex 1 and the project plan for work package seven (WP7) 
during the period.  We have achieved all of our critical objectives for the period; the first 
deliverable was completed, and we are on a schedule as regards the formation of the IAG having 
made good progress identifying potential industrial partners as potential members of the IAG.  
Therefore, there has been no impact on other tasks or available resources. 
 
Use of Resources 
 
The man-months used come to 1 man-month, whereas planned man-months were 2. 
 
Corrective actions. 
 
No corrective actions are proposed, the work package is proceeding according to plan. 
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3 Project management during the period 
 

3.1  Consortium management tasks and achievements; 
 
Management tasks included the report on the work progress including submission of deliverables. 
Project meetings were organised on a regular basis, as well as WP specific meetings and 
discussions.  
All required legal and administrative documents and procedures were taken care of. 
 

3.2 Problems which have occurred and how they were solved or 
envisaged solutions 
 
No specific problems were identified. All partners operated well. 
 

3.3 Changes in the consortium, if any 
None 
 

3.4 List of project meetings, dates and venues: 
 
 
Meeting Type Location  Date 
Kick-Off Meeting Tyndall Institute, Cork, Ireland 13th July 2010 
6 Month Meeting Microsaic, Woking, UK 17 February 2011 
Conference Call Via Telephone 12th May 2011 
WP3 Meeting Helsinki, Finland 28 October 2010 
WP2 Meeting Berlin, Germany February 2011 
 
Table 4: List of Meetings 
 

3.5 Person Months used ; 
A summary of the person months used per partner per workpackage is outlined in Table 5. 
 
  WP1 WP2 WP3 WP4 WP5 WP6 WP7 Total 
P01 TNI 3.5 0 8.3 6.5 0.5 0 1 19.8 
P02 VTT 0.2 8 4.2 0 0 0 0 12.4 
P03 MS 0 0 0 39.3 6 0 0.7 46 
P04 CSEM 0.2 9.7 0 0 0 0 0 9.9 
P05 FERA 0 0 0 0 0 1.4 0 1.4 
P06 C-UB 0 0 0 0 0 6.0 0 6.0 
 
Table 5: Person Months used in Year 1 per workpackage per partner. 
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3.6 Impact of possible deviations from the planned milestones and 
deliverables 
No changes in planning of Deliverables. Some delays have occurred but these have been explained 
in the report.  
 

3.7 Any changes to the legal status of any of the beneficiaries, 
None 
 

3.8 Development of the Project website 
 
A website has been designed, and is operational. The original website was designed by Tyndall but 
subsequently an external company was employed to design the site. A logo was also designed by  
the same company. This logo reflects the design of the MS chipset. 

 
Figure 8 : ARROWS logo 
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4 Deliverables and milestones tables 
 
Deliverables  
 
The deliverables due in this reporting period, as indicated in Annex I to the Grant Agreement have to be uploaded by the responsible participants 
(as indicated in Annex I), and then  approved  and submitted  by the Coordinator. Deliverables are of a nature other than periodic or final reports 
(ex:  "prototypes", "demonstrators" or "others"). If the deliverables are not well explained in the periodic and/or final reports, then, a short 
descriptive report should be submitted, so that the Commission has a record of their existence. 
 
If a deliverable has been cancelled or regrouped with another one, please indicate this in the column "Comments". 
If a new deliverable is proposed, please indicate this in the column "Comments". 
 
This table is cumulative, that is, it should always show all deliverables from the beginning of the project.  
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TABLE 1. DELIVERABLES 
 

Del. no.  Deliverable name Version WP no. Lead  
benefi
ciary 

 
Nature Dissemination  

level3 
 

Delivery 
date from 
Annex I 
(proj 
month) 

Actual / Forecast 
delivery date 
Dd/mm/yyyy 

Status 
No 
submitted/ 
Submitted 

Contractual 
 
Yes/No 

Comments 

D1.1 Project  Website  1 1  PU 4  Submitted Yes Website 
redesigned by 
external design 
company  

 
D1.2 1st Periodic 

Report 
 1 

 
1  CO 

 
14     

 
D1.3 2nd Periodic 

Report 
 1 

 
1  CO 

 
26     

 
D1.4 3rd Periodic 

Report 
 1 

 
1  CO 

 
36     

 
D2.1 Microneedle 

Design 
 2 

 
2  CO 

 
11 21/06/2011 Submitted Yes  

 
 
 
D2.2 

Review of Micro-
robotics and 
sample collection 
and handling  
devices 

 2 
 
 
 

4 

 CO 
 
 
 

11 

21/06/2011 Submitted Yes  

 
D2.3 

Sample 
collection using 

 2  
2 

 CO  
24 

    

                                                
3  PU = Public 

PP = Restricted to other programme participants (including the Commission Services). 
RE = Restricted to a group specified by the consortium (including the Commission Services). 
CO = Confidential, only for members of the consortium (including the Commission Services). 
Make sure that you are using the correct following label when your project has classified deliverables. 
EU restricted = Classified with the mention of the classification level restricted "EU Restricted" 
EU confidential = Classified with the mention of the classification level confidential " EU Confidential " 
EU secret = Classified with the mention of the classification level secret "EU Secret " 
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Microneedles 
 
 
D2.4 

Micro-robotics 
and sample 
collection and 
handling  devices 

 2 
 
 

4 
 CO 

 
 

30 
    

 
D3.1 Design  of 

Microinjector 
 3 

 
1  CO 

 
11 16/08/2011 Submitted Yes  

 
D3.2 Polymeric  CE 

Chip 
 3 

 
2  CO 

 
18     

 
D3.3 

Fabrication of 
integrated micro 
injector 

 3  
1 

 CO  
18 

    

 
 
 
D3.4 

Design  of 
optimum 
chromatography 
fluid pumping 
and switching 
system 

 3 
 
 
 

1 

 CO 
 
 
 

20 

    

 
 
D3.5 

Mechanical 
testing  of 
integrated 
components 

 3 
 
 

2 
 CO 

 
 

24 
    

 
D3.6 Chemical 

separation 
using 
integrated 
componen
ts 

 3 
 

1  CO 
 

24     

 
 
D3.7 

CE method 
development 
for clinical lipid 
samples 

 3 
 
 

2 
 CO 

 
 

30 
    

 
D3.8 

Demonstration 
of the finalized 
units 

 3  
1 

 CO  
36 

    

 
 
 

Linear ion trap 
versus triple 

 4 
 
 
 

 CO 
 
 
 

15/02/2011 Submitted Yes  
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D4.1 quadrupole – 
concept and 
feasibility study 

3 6 

 
D4.2 Microfabricated 

tandem MS chip 
 4 

 
1  CO 

 
9  Not 

Submitted 
Yes Ion Chip has 

been 
successfully 
fabricated but 
Spray Chip is 
problematic 

 
D4.3 Breadboard Test 

Report 
 4 

 
3  CO 

 
18     

 
D4.4 

Final Report  on 
Detection and 
Identification 

 4  
3 

 CO  
21 

    

 
D5.1 Integrated 

system test 
 5 

 
3  CO 

 
30     

 
D5.2 

Integrated 
System Ready 
For Field Trials 

 5  
3 

 CO  
31 

    

 
 
D6.1 

End user 
requirements 
and user  case 
scenarios 

 6 
 
 

3 
 CO 

 
 

3 
15/02/2011 Submitted Yes Rejected but 

resubmitted 

 
D6.2 End-user 

technologies 
 6 

 
3  CO 

 
14     

 
 
 
D6.3 

Install and 
commission 
the integrated 
demonstrator at 
FERA and CUB 
sites 

 6 
 
 
 

3 

 PU 
 
 
 

33 

    

 
D6.4 

Analysis 
of solvent 
standards 

 6  
6 

 PU  
34 

    

 
D6.5 Data for both 

types  of matrix 
 6 

 
3  PU 

 
35     

D6.6 On-site  testing  6 5  PU 36     
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D7.1 

Initial plan for 
dissemination 
and use  of 
results 

 7 
 
 

3 
 CO 

 
 

6 
15/03/2011 Submitted Yes  

 
D7.2 

Industry 
Advisory Group 
(IAG) workshop 

 7  
3 

 CO  
24 

    

 
 
D7.3 

Final Plan for 
dissemination 
and use  of 
results 

 7 
 
 

3 
 CO 

 
 

34 
    

 
D7.4 Exploitation and 

Business plan 
 7 

 
3  PU 

 
36     

 
 
 
D7.5 

Publication of 
scientific papers 
& and patent 
application (if 
appropriate) 

 7 
 
 
 

3 

 PU 
 
 
 

36 
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Milestones 
 
Please complete this table if milestones are specified in Annex I to the Grant Agreement. 
Milestones will be assessed against the specific criteria and performance indicators as defined 
in Annex I. 
 
This table is cumulative, which means that it should always show all milestones from the 
beginning of the project.  
 
 

 
TABLE 2. MILESTONES 

 

 

Mileston
e 

no. 

Milestone name Work 
packag

e no 

 
Lead 

beneficiar
y 

Delivery 
date  from 

Annex I 
dd/mm/yyy

y 

Achieve
d 

Yes/No 

Actual / 
Forecast 
achieve

ment 
date 

dd/mm/y
yyy 

Comments 

 
MS1 

SPE  Chips 
with 
Integrated 
microneed
le 

 
WP2 

 
2 

 
12 

No  Microneedle 

has been 

designed, 

polymer chip 

has been 

fabricated 

MS2 Micro-robotics  
device 

WP2 4 30    

MS3 Optimum LC 
Chip 

WP3 1 20    

MS4 Optimum CE 
Chip 

WP3 2 20    

 
MS5 Breadboard 

Tandem 
MS system built 

 
WP4 

 
3 

 
12 No August 

2011 

 

 
MS6 

Tyndall 
Fabricated 
Advanced 
Tandem MS 
Chip Set 

 
WP5 

 
1 

 
25 

   

 
MS7 Integrated 

System 
Built 

 
WP5 

 
3 

 
26    

 
 
MS8 

Installation  
of the 
integrated 
demonstrato
rs at C-UB 
& FERA 

 
 
WP6 

 
 

3 

 
 

33 
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MS9 Launch  of 

ARROWS 
platform at fair 

 
WP1 

 
3 

 
36    

 


