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Executive summary

EDEN ISS is a program funded by the EU having as main goal the development of a greenhouse to be
installed in Antarctica at the Neumayer Il station to test key technologies for a future space green-
house. The Antarctic environment has been selected for an analogue test campaign because of its
similarity with extraterrestrial outposts, with harsh ambient conditions, and similar limitations on, for
example, power, number of human operators, and accessibility. Taking advantage of the limited ac-
cessibility and constraints on data transfer between Europe and the Antarctic, EDEN ISS has the ob-
jective to test the operation scenario, i.e. the planning of activities, the procedures, and the interac-
tion between on-site and remote operators in a similar scenario as would apply for future planetary
bases.

One of the key points of the greenhouse performance monitoring is the plant health monitoring, and
most of all the early detection of plant disease and the subsequent activation of corrective actions.
For that reason, a plant monitoring system is foreseen with the objective of collecting information
suitable for analysis by a knowledge system (either local or remote) to assess and advise prophylactic
measures to the local operator. As only one operator will handle the system, there is a need for ob-
jective assessment of plant welfare and performance, through automatic detection and expert as-
sessment of remote information.

This document describes the final layout of the Plant Health Monitoring system. This system differs in
several aspects from the one proposed at the CDR. In particular the mobile platform hosting the
cameras for lateral views of the plants has been discarded due to budget issues. Nevertheless the
capability of lateral image acquisition will be maintained by means of fixed cameras.

The system relies on several components:

1. Top view images by a fixed system of visual cameras one for each/two trays
2. One HD-video camera modified for multispectral imaging
3. An automatic image acquisition and distributor system

After some local pre-processing of information, the Plant Health Monitoring will provide data to re-
mote experts from different disciplines, in order to implement their feedback into the overall control
loop. Some information on the data acquisition and transfer is provided within this document.

Aside from plant health monitoring, the on-site operator will have options to control plant health by
taking corrective actions to address issues with e.g. nutrient solution composition, environmental
conditions or microbial contamination. This document details the equipment which will be available
in situ to determine microbial contamination and, if necessary, to decontaminate the facility, to en-
sure safe and clean food production.

AN Co-funded by the Horizon 2020
LB Framework Programme of the European Union Page: 3/211



| SS EDEN ISS-DLO-WP3.5-D3.11-PHM Design Document-v1.3

Table of contents

EXECULIVE SUMMAIY .. iiiiiiiiiiiiiiiiiiiiiiieiirieiinasiiissiirsesiessssreesssrssssssassssasssssssssssnsssssnssssnsssns 3
Table Of CONENTES ...ccuuiiiiiiiiiiiiiiiir s ea s e s s e s s s s esasssssssansssssnsnsssssnenns 4
Y oL g0 T 41V o N 5
1 Plant Health MONitoring.....cccuceiiiiiiiiiiiiiiiiiiiininrrrs s esess s s s sensssssnenns 6
1.1 FEG Configuration and StrUCTUIE.........ooiiuiiie ettt ettt e et e e e st e e e s e e s e naee s 7
1.2 Plant Health Monitoring SySte€m LayOUL ......ccccuiiiieiiiie ittt 8
1.3 CameEra NETWOIKING.....vei et e e et e e e e srtae e e eeatee e eeaaes 12
2 Bio-Detection and Decontamination .........ccceeeiiiiiiiniiiiiniiiiiiincinnnnneee. 15
2.1 Tald o Yo [V o1 Te] o DRSSO S SUPRRUPPRTPPRTPON 15
2.2 27 To I e 1= =Tl 4 e Yo APPSR PSR 17
2.2 1 E-NOSE ittt e e e e e e e e e e e e e e e e s e re e e e s e ar e e e e e e e e e nnnreeees 17
- Ve oY o] (< = 1oV RS 18
2.2.3  Training Of the E-NOSE...cccicuiieecciiieeciee st e et e e e re e e et e e e e taeeeeseeeesaseaeeanseeeeaseeeessseeenn 22
2.2.4  EXPression Of the RESUILS ......cccciiii ittt et e s te e e st e e e e e e e e e naeeeenreeeas 25
2.2.5  MeaSUremMeENt LOCATIONS. .....uuiiiiiieiiieie ettt ettt e e e e ettt e e e e e s beet e e e e e e s e eanbeeeeeeesesnnneeeeas 26
23 DECONtAMINGTION ettt s e e s nee e e s 28
e T R - T T <] [T Y=l D 1T P-4 o U PUUUR 28
2.3.2  Selection of Decontamination AGENT .......coicciiiiiiie e e e e e e e e b e e e e e e anaraeeas 29
2.3.3  Decontamination SYSTEM ... uiiieieiiiiiettieieee it eeee et aeaeee et eeeseae et tata s raraterararaaerrrareran 30
2.3.4  BrIEf INSTIUCTION..eeeiiiiitete ettt st st e st e e sabe e st e e sabeesabeesabeesabeesabaesaseesas 33
2.3.5 Decontamination AZENT DIOSOL 3 ....euuuiiiiiiiiiiieiiieieieirereeirerrererererrerreereeee————————————————..... 33
2.3.6  Test Setup for positive control @XPerimeNnt........ccoccueieeiiiei i earee s 34
L] =T €= 1o =L 36
Annex A: Camera Specifications ........cccceiiiiiuiiiiiiiiiiiiiiiinir s eaaene 37
Annex B: TPZ SW application installation ...........ccceeiiiiimeiiiiiinniiiiinnnine. 43
Annex C: Plant Health Monitoring System Configuration......c...cccceeuciiiiirniiiiiinncininenninne 48
2.4 AcCtiVating the CAMEIaS ... e e e e e e et e e e e e e e e e ree e e e e e e eenanns 48
2.5 Accessing and configuring the CAMEIas .......ccviiiicciiii e 49
2.5.1 Adding online cameras to the IVIVIS SEIVET .......ueiiiii ittt e e e e e e e e aaaee s 51
T A e oV =W a1 = d o [N or- [ =] = F ST 53
2.6 LIVE VIBW ..ttt ettt e e s s e s b et e e e s e br et e e e e e s e nnraanreeeeeas 56
2.7 Automatic Image Acquisition SChedUliNG.........cooivciiii i 61
b R = 11V 1Y (o] o 1Y o}V UUUR 62
B R -1 V=T = WY - T o 1Y Lo fl o] o Jo o o V2SS 63
R T -V =Y = Y of o N o) o Yo V2SS 63
A oY = = Y o I o) o Yo L AV SR 64
P B R VY - I 1 o T o] oY) fN o3 V2SR UUUTR
2.7.6  Data_ftp_robot_NMIIl.py
2.7.7 System Configuration for Automatic Images Acquisition and Transfer to DLR............ccccceeeunnnneeen. 65
2.7.8 Manual use of the Python developed SW Applications .........ccocciiiiiieiieiciiiieee e 70
2.7.9 Telespazio SW Applications testing: Manually and Automatically.........ccccccovveiveieecciii e, 70
2.8 Automatic forwarding of the images to the UHB'S ..........ciiiiiieiii e 72
Annex D: Multi-Wavelength Imaging System Guide Manual .........cccceeeeuereeniereeeeeenerennnene 73
Annex E: Decontamination Test REPOILS ...c.cccecreerreireirenerencrencrenieeeneeencrnseressresssesssensennns 86

AN Co-funded by the Horizon 2020
LB Framework Programme of the European Union Page: 4/211



- ISS EDEN ISS-DLO-WP3.5-D3.11-PHM Design Document-v1.3

Acronyms
Acronym | Explanation Acronym | Explanation
AIT Assembly Integration and Test CDR Critical Design Review
APH Advanced Plant Habitat FEG Future Exploration Greenhouse
AS Aero Sekur S.p.A. HD High Definition
ASI Italian Space Agency MTF Mobile Test Facility
ATS Analogue Test Site NMIII Neumayer Il
BLSS Bio-regenerative Life Support System PHM Plant Health Monitoring
CRO.P. Com.bined Regenerative Organic-food Pro- POE Power over Ethernet
duction
CAB Bio-regenerative Environmental Control RAID Redundant Array of Independent Disks
CAD Computer Aided Design SW Software
CDH Command and Data Handling WLAN Wireless Local Area Network
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1 Plant Health monitoring

This document describes the components of the system for plant health monitoring that will be in-
stalled and operated in the Antarctic greenhouse, the Mobile Test Facility (MTF). As only one opera-
tor will handle the system, there is a need for objective assessment of plant welfare and perfor-
mance, through automatic detection and remote expert assessment of relevant information. This
document describes the system that will collect this information.

The main plant cultivation area within the MTF is named the Future Exploration Greenhouse (FEG).
One of the key points of the FEG performance monitoring is the plant health monitoring, and most of
all the early detection of plant disease and the subsequent activation of corrective actions. For that
reason, a plant monitoring system is foreseen with the objective of collecting information suitable for
analysis by a knowledge system (either local or remote) to assess and advise prophylactic measures
to the local operator.

The system relies on several components:

1. Top view images by a fixed system of visual cameras one for each/two trays
2. Lateral view images by a fixed system of visual camera’s one for each rack.
3. An automatic system for daily images acquisition, local storage and forwarding to the Eu-

ropean sites.

Remark: One or more GOPRO cameras modified for multispectral imaging will also be used for PHM.
This system is under responsibility of the University of Florida. A manual for operation of this system
can be found in Annex D.
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1.1 FEG Configuration and Structure

The whole EDEN ISS greenhouse (named the Mobile Test Facility or MTF) consists of two 20 ft. shipping
containers (Figure 1-1) which will be placed on an elevated platform a couple of hundred meters from the
Neumayer Ill Station in the Antarctic. One of these containers will house the Future Exploration Green-
house (FEG), which is the main plant cultivation area of the MTF.
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Figure 1-1: Mobile Test Facility.

The FEG houses 8 multi-level growth racks which will be used to cultivate the crops selected for the EDEN
ISS project. In Figure 1-2 a top view of the FEG is presented. As seen in the image, each rack will have two
growth trays (green rectangles in the image) per level, up to a maximum of eight growth trays per chamber.
A total of 42 growth trays can be used within the FEG at a time, according to the layout shown in Figure 1-3.

Figure 1-2: Future Exploration Greenhouse — Top view.
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Figure 1-3: Future Exploration Greenhouse: plant tray configuration — A mix of top view (the chamber) and lateral
view (the racks). This figure defines: chamber; rack; unit; level and tray.

1.2 Plant Health Monitoring System Layout
Following the analysis done before the CDR phase and in the post-CDR iterations, the HIKVISION DS-
2CD2542F-1 (4 Mpx, 2.8 7mm) has been selected for both top view and lateral images acquisition.

The HIKVISION DS-2CD2542F-1 is a camera with a fixed focus (Figure 1-4) whose functionalities are de-
scribed in Annex A.

Figure 1-4: HIKVISION DS-2CD2542F-I

A total of 40 HIKVISION DS-2CD2542F-1 cameras have been acquired for the project, they will be used as
follow:

e 17 are mounted on the ceiling of each rack level (with the exclusion of the nursery), pointing
downward towards two trays for top view imaging

e 8 are mounted on the ceiling of each nursery level (two per level, one for each tray), pointing
downward towards the trays, for top view imaging

e 8 are mounted along the corridor, on the rack structure pointing at the opposite rack for lateral
view imaging

e 4 are used as internal ambient monitoring
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e 3 cameras will be used as spares to replace active cameras in case of failures.

Figure 1-5: Camera placement in the FEG

In addition, two other HIKVISION cameras (Figure 1-6) have been acquired for exterior video-monitoring
purpose. In principle the description of this system is out of the scope of this document, nevertheless, since
this camera will be part of the same PHM network and managed with the same systems and tools, it is
worth to include their description in this document.

As already foreseen in the CDR study and part of the trade-off analysis, for exterior monitoring once again a
HIKVISION camera has been selected. Specifically the DS-2CD4026FWDA (Telecamera boxed IP 2 Mpx. P-
Iris. 0,01lux) model has been selected, which will be equipped with the multifocal lens of type HV3816D-
8MPIR (Varifocal Lens 3,8 / 16mm F 1.5). This camera has the capability to work in harsh environment and
extremely low temperatures (-30 °C) but that is not enough to survive and operate in the Antarctic site
where temperatures could drop to -50 °C. For that reason, this camera will be housed in a box equipped
with heaters (the VIDEOTEC HPV42K2A160) to increase its operating range to lower external temperatures.

Camera DS-2CD4026FWDA Lens HV3816D-8MPIR Housing HPV42K2A160

Figure 1-6: External Camera
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Figure 1-7: Camera’s Network
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The aforementioned cameras are connected to the MTF network via Ethernet switches located in the
FEG and the Service Section. They are controlled by a Camera Control PC which is equipped with
dedicated camera management software (SW).

Figure 1-8: Cisco-SLM2024-Gigabit-Smart-Switch with 24 ports

The Service Section, located within the other 20 foot container, will house a 24 port switch from Cis-
co (model: SLM2024T-EU 200 Series SG200-26), which is installed in the rack system of the Service
Section. The 24 port switch will be connected to the MTF camera system, as well as to two comput-
ers and a laptop in the Service Section for monitoring and control purposes. Furthermore, the WLAN
access point, patch antenna, VOIP telephone and the LED lamps in the FEG (over two 48 port switch-
es) will also be connected to this switch.

The aforementioned two 48 port switches (model: CISCO SG500-52P with 48 POE-ports) are mounted
near the ceiling on the right and left side of the FEG. The dimensions of the 48 port switches are 440
x 350 x 44 mm (B x H x T) and they are fully backwards compatible with IEEE 802.11af PoE, which is
needed for the camera system of the FEG. These switches will serve to connect the EDEN ISS network
to the FEG cameras and the LED lamps. In total there are 35 cameras and 42 LED lamps connected to
the 48 port switches.

Both switches are equipped with PoE ports, and for this reason all the cameras are directly powered

via the LAN cable. Only two power lines are needed (12VDC/24VAC), for the heaters in the external
camera boxes.

Figure 1-9: CISCO SG500-52P with 48 POE-ports.
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Two FUJITSU Server PRIMERGY RX1330 M2 computers are available at the Antarctic site for the
camera system configuration and control, one located in the MTF, the other in the NM-III station.
They have the same characteristics and features and will be configured in a similar way, such that
one is the backup of the other, providing the capability to replace a failed PC with minor or no modi-
fication.

Both have installed the same software for the camera system configuration and control, i.e. the op-
erator can do the same operations independently of the location. But only the computer in the NM-
[l station will be used for image storage, even if both are equipped with the same RAID system.

Figure 1-10: Fujitsu Server FUJITSU Server PRIMERGY RX1330 M2

Both the computers are equipped with the following software:

e Windows 10

e MS Office

e FTP Server (Filezilla Server)

e FTP Client (Filezilla Client)
HIKVISION SADP SW
HIKVISION iVMS SW

Phyton Source Code

Geany Editor

e TPZ Camera Management SW

1.3 Camera Networking

The camera system, including the switches and the computers for camera control, is part of the EDEN
ISS network that includes, of course, all the other systems and components for the EDEN ISS opera-
tions.

This chapter deals with the definition of all the network parameters that have to be assigned to the
camera system such that the communications between the different parts of the Plant Health Moni-
toring System are correctly defined, and are compatible with the existing NM-1ll Network.

The AWI IT-expert responsible for the NM-Ill network in Antarctica informed us that the subnet IP
192.168.39.0/24 has been reserved for the EDEN ISS operations and that it only is possible to use the
static IP addresses, i.e. it is not possible to use DHCP.
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Therefore the following network parameters have to be used for the camera system:

e |P-Address:

e Netmask:

o Gateway:

e DNS:

e Timeserver (NTP):

192.168.39.xxx
255.255.255.0
192.168.39.254
192.168.38.46
192.168.33.40

Item Position IP Address Server | Subnet Mask Gateway HTTP
Port Port

48 PoE Switch | MTF/FEG
48PoE Switch | MTF/FEG
24 PoE Switch | MTF/SS

Camera PC MTF/SS | 192.168.39.102 | 8000 | 255.255.255.0 | 192.168.39.254 80

Camera PC NMIII
Top View Cam L1-2C 192.168.39.111 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L1-4C 192.168.39.112 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L2-1C 192.168.39.113 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L2-2C 192.168.39.114 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L2-3C 192.168.39.115 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L2-4C 192.168.39.116 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L3-1C 192.168.39.117 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L3-2C 192.168.39.118 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L3-3C 192.168.39.119 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L3-4C 192.168.39.120 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L4-1L 192.168.39.121 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L4-2L 192.168.39.122 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L4-3L 192.168.39.123 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L4-1R 192.168.39.125 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L4-2R 192.168.39.126 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L4-3R 192.168.39.127 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam L4-4C 192.168.39.128 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam R1-2C 192.168.39.129 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam R1-4C 192.168.39.130 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam R2-2C 192.168.39.131 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam R2-4C 192.168.39.132 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam R3-4C 192.168.39.133 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam R4-2C 192.168.39.134 | 8000 | 255.255.255.0 | 192.168.39.254 80
Top View Cam R4-4C 192.168.39.135 | 8000 | 255.255.255.0 | 192.168.39.254 80
Side View L1-S 192.168.39.141 | 8000 | 255.255.255.0 | 192.168.39.254 80
Cam
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Side View L2-S 192.168.39.142 | 8000 | 255.255.255.0 | 192.168.39.254 80
Cam
Side View L3-S 192.168.39.143 | 8000 | 255.255.255.0 | 192.168.39.254 80
Cam
Side View L4-S 192.168.39.144 | 8000 | 255.255.255.0 | 192.168.39.254 80
Cam
Side View R1-S 192.168.39.145 | 8000 | 255.255.255.0 | 192.168.39.254 80
Cam
Side View R2-S 192.168.39.146 | 8000 | 255.255.255.0 | 192.168.39.254 80
Cam
Side View R3-S 192.168.39.147 | 8000 | 255.255.255.0 | 192.168.39.254 80
Cam
Side View R4-S 192.168.39.148 | 8000 | 255.255.255.0 | 192.168.39.254 80
Cam
External Cam. EAST 192.168.39.171 | 8000 | 255.255.255.0 | 192.168.39.254 80
External Cam. WEST 192.168.39.172 | 8000 | 255.255.255.0 | 192.168.39.254 80
Observ. Cam. MTF/CP | 192.168.39.181 | 8000 | 255.255.255.0 | 192.168.39.254 80
Observ. Cam. MTF/SS | 192.168.39.182 | 8000 | 255.255.255.0 | 192.168.39.254 80
Observ. Cam. MTF/SS | 192.168.39.183 | 8000 | 255.255.255.0 | 192.168.39.254 80
Observ. Cam. MTF/FEG | 192.168.39.184 | 8000 | 255.255.255.0 | 192.168.39.254 80

Remarks:

For top view camera position the position code (XY-ZK) is identified in this way:

e X (L = Left, R =Right) identifies the side of the corridor, with respect to the FEG entrance,
where the rack is located
e Y (1 to 4)identifies the rack number (1 is close to the FEG entrance, 4 is on the opposite side
of the FEG)
e 7 (1 to 4) identifies the rack level (starting from the bottom, 1 is the first level, 4 is for the
upper level)
e K (L = Left, R = Right, C = Center) defines the position of the camera with respect to the level.

For side view camera the position code (XY-Z) is identified in this way:

e X (L = Left, R =Right) identifies the side of the corridor with respect the FEG entrance where
the rack is located
o Y (1 to 4)identifies the rack number (1 is close to the FEG entrance, 4 is on the opposite side
of the FEG)
e Z(S) identifies the camera as a side view camera.

Information on the software used to control the cameras can be found in Annex C, while further
specifications on the camera hardware is presented in Annex A. Additionally, Annex B and C contain
information on software developed by Telespazio for the automatic image acquisition and image
transfer processes, which is used as part of the plant health monitoring system.
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2 Bio-Detection and Decontamination

2.1 Introduction

Microbiological contamination is an issue for crew and hardware in space. Fungi and bacteria will
become a great safety related-danger on the ISS or on long-term missions. This will affect the crew,
materials, environment and plants (if on-board during flight). Countermeasures have to be devel-
oped and deployed to prevent damage like microbial attack of materials or crop failure. Figure 2-1
shows leaves which are affected with fungi.

N
gl

Figure 2-1: Fungi on leaves.

All materials can be affected by microorganisms. Besides metal - also polymer, glass and ceramic can
be attacked and modified. This process is also called microbial induced corrosion (MIC). It is estimat-
ed that 20 % of all costs caused by corrosion are microbial induced. (E. Heitz, H.-C. Flemming, W.
Sand, 1996).

Sulfate Reducing Bacteria (SRB) are basically the main source of the problems, although other bacte-
ria, like iron oxidizing bacteria and fungi, could cause problems too.

1B P

A generated hole in aluminum by a fungus on the MIR

Figure 2-2: Microbial Induced Corrosion (MIC).
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Examples of materials affected by microbial contamination are aluminum panels on the Russian MIR
space station (Figure 2-2) and 15 year old cables within the ISS (see Figure 2-3). The affected cables
(could) have an increased risk of smoldering or fire.

Figure 2-3: Microbial attacked material.

During the concurrent engineering Study the Bio Detection and Decontamination was discussed with
the involved disciplines (Food Quality; Plant Health Monitoring; Microbial Investigations) regarding
the different requirements / limitations given by the plants.
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2.2 Bio detection

For the detection of the biological load on surfaces but also on the plants the commercial E-Nose
PEN3 of the company AIRSENSE (see Figure 2-4) will be used within the greenhouse. But it first had to
be checked if the available sample taking is sufficient for the required measurements.

2.2.1 E-Nose
This portable device is based on MOS-Technology (metal oxide semiconductors). An electronic nose
possesses an array of chemical sensors, which are sensitive to gas molecules. This sensor array is in

connection with a data acquisition unit.

Surfaces or samples can be analyzed by this device and existing fungi and bacteria can be located.
This device is optimized to analyze the VOCs (Volatile Organic Compounds) which are produced by
the bacteria or fungi.

Figure 2-4: E-Nose.

The device has internal pumps for taking samples or purging the system. During the purging phase,
air is sucked through an active charcoal filter and purges the sensors of an earlier sample. Sample gas
is sucked in by a sample taking unit and is analyzed by the sensor array of 10 metal oxide semicon-
ductors. The status of the device is tracked on the display on the front side. All generated data is
stored onto internal data storage and can be transferred to an external PC (Figure 2-5). For the data
transfer and the data evaluation the commercial software WinMuster will be used.

Figure 2-5: Schematic Diagram.
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Figure 2-6 shows an exemplification of a possible use case. The electronic nose is located inside a
habitat and is taking samples on different surfaces or on plants.

Plant

Figure 2-6: Sample taking inside the habitat.

2.2.2 Sample taking
Since the plants do not have flat surfaces, the following options have been considered:

2.2.2.1 Breaking off a leaf and measurement of the leaf with the available Sampler

In Figure 2-7 below the so-called Air-sampler can be seen. In this case the target is a piece of leaf. The
sample is sucked in by the E-Nose. To protect the sensor array from particles like spores or dust, the
particle filter is installed between the Air-sampler and the E-Nose itself. To generate a "Zero-Gas" a
charcoal filter is installed at the inlet of the Air-sampler.
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t Particle Filter

Luer-Lock
Connecticn

Check Valves

Activated
Charcoal Filter

Targetbook

Figure 2-7: Sample Taking Unit.

From discussions with plant biologists it was learned that if the plant is injured (e.g. by cutting off
leaves of pieces) it immediately starts to produce different compounds to close the "wound". These
organic compounds are very volatile and would strongly affect the measurements. So cutting out
samples of the plant for bio-detection was found to not be suitable for use with the E-nose.

2.2.2.2 Indirect Sample Taking on Plants with contact plate
With regards to the requirements of the Plant Health and the Microbial Investigation domain an indi-
rect sample taking method was developed for Bio-Detection (see Table 1).

Table 1: Indirect Sample Taking Process.

Step 1: Contact plate is attached to the
plant or surface, so a collection of the con-
tamination on a defined area can be guar-
anteed

e,
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Step 2: The Contact plate (Target) is now
placed under the Air-sampler

Step 3: The Contamination on the Contact
Plate is now measured with the E-Nose

Optional Step 4: Additionally the Contact
Plate can be incubated for the classical
counting of the CFUs (Colony Forming
Units).

Remark: Antarctica Protection issue has to
be checked

Figure 2-8 depicts the major drawback of this method. A test regarding the efficiency of this kind of
sample taking was performed at Airbus DS and showed that only approx. 1 % of the defined contam-
ination stuck and can be counted on the contact plate. The measuring result is only a subset of the
original sample and this has to be taken into account.

R Co-funded by the Horizon 2020

*

**n** Framework Programme of the European Union Page:
20/211



EDEN ISS-DLO-WP3.5-D3.11-PHM Design Document-v1.3
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Figure 2-8: Indirect Sample Taking Method Schematic

2.2.2.3 Sample taking directly on the leave:
As another alternative, it is expected that bio-detection directly on a leaf (as seen in Figure below),

without prior cutting of the leaf, should also be applicable for most of the selected plants. This kind
of sample taking does not allow measurements on e.g. the plant trunk.

=

Figure 2-9: Sample taking directly on the leaf.
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™ -.

Figure 2-10: Possible use inside a habitat.

Since the Plant Sampler is modular and based on the already introduced Air-sampler, measurements
on plants and on different surfaces can be performed (see Figure 2-11 below). The Air Sampler can
be demounted from the Plant Sampler to perform measurements on different surfaces.

Plant Sampler Air Sampler

Figure 2-11: Possible use inside a habitat.

2.2.3 Training of the E-Nose

For the detection of the contamination the E-Nose needs a dedicated training. Training involves cul-
tivation of a specific biological strain, measurement of the strain with the E-Nose and then including
the measurement data in the electronic database for the system.

In the ISS E-Nose project some strains have been trained already. First of all it had to be checked if
already trained strains are relevant for the EDEN project. The following cultures have been trained
before:

e  Bacillus subtilis

e Staphylococcus warneri
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* Aspergillus versicolor

*  Penicillium expansum

* Pseudomonas geniculata
*  Micrococcus luteus

In Figure 2-12 below the so-called PCA (principal component analysis) of the E-Nose training with 4
different strains (PE = Penicilium Expansum, AV = Aspergillus Versicolor, BS = Bacillus Subtilis, SW =
Staphilococcus Warneri) can be seen. If an additional strain will be trained, it will be included in the
database in the same manner.

Figure 2-12: PCA of a E-Nose Training Including 4 Strains.

Possible considerations for additional strains to be detected within the EDEN ISS project were

* Pathogenic strains, which could affect plant or human health
* Additional strains which could affect materials

* Strains which were likely to be present in high quantities

After research and discussion with the dedicated disciplines regarding the relevant strains for the
EDEN project, the following could be concluded:
*  Only Pathogenic strains need to be detected
* The most important strains regarding Food Safety are:
* E coli

e Salmonella spp.
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2.2.4 Expression of the Results

For the expression of the results gained with the E-Nose, the thresholds for the maximum allowable
concentration of biological contamination on the plants have to be considered. Since there is no ex-
pertise regarding regulations given by authorities, the requirements regarding the microbiological
load are planned to be combined with the inputs given in the document shown in Figure 2-13 below.

COMMISSION REGULATION (EC) No 2073/2005
of 15 November 2005
on microbiological criteria for foodstuffs
(Text with EEA relevance)

Figure 2-13: Regulation Documentation

This document also includes thresholds for the control of foodstuff contaminations which are not
applicable to the EDEN ISS project. In the document mentioned above there is only a requirement
that in 25 g of the fruit the dedicated contaminants have to be absent (the thresholds are still to be
clarified by the different disciplines). One common requirement in the EU regulations is the ALARA -
as low as reasonable achievable. However, from the microbial investigations domain the require-
ment is given to express the amount of contamination in CFUs (Colony Forming Units). For that rea-
son a new view for the expression of measurement data was introduced and agreed upon by the
dedicated parties (see Figure 2-14 below).

B e
f’ '\“ .‘/ \...‘
i i i '
% ’ Y !
L , LS £
N it - T
N
» - - : i x
§ L ] ¥ %
[ ] \ I
i ! I
% # % J
e - .»-J \-. ,’
No Load Caution Decontamination necessary /

not to be consumed

Figure 2-14: Expression of the Measurement Data.

* No Load: If either no contamination is detected or is below the requirement given by
the regulation above or below the LOD (Limit of Detection), the measurement can be
seen as without contamination
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e  Caution: If a contamination can be measured (e.g. in a range of 10e5 - 10e8 CFU) it
has to be checked if the plants have to be further processed (cleaning, etc.).

e Decontamination necessary / not to be consumed: If a contamination above the
maximum allowable limit (TBD) is measured (e.g. higher than 10e8 CFU tbc), the
plants are not to be consumed or even the whole greenhouse must be decontami-
nated.

Remark: It is recommended to perform the measurements on the plants right before harvest (e.g.
one day before).

2.2.5 Measurement Locations
Since the E-Nose measurements will be compared with the classical analysis, the measurement loca-
tions for both methods had to be determined prior to the testing and operations phase.

The classical microbial investigation method is performed by swabbing of the dedicated surfaces or
plants with a Q-Tip / swab (see Figure 2-15 below).

¥

T H -.'; = '.I- : — L =k
Figure 2-15: Sample Taking of a Surface.
For that reason, samples of the chosen surfaces and plants samples are taken with the Q-Tip / swab
(see Figure 2-16) monthly on a predefined area (< 25 cm?). The swab has a flocked Nylon head and is
moistened with sterile pure H,0.

Figure 2-16: Q-Tip / Swab for Classical Microbial Investigation.
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A draft selection of the surfaces to be measured with the E-Nose and via the classical microbiological
method can be seen in Figure 2-17. The sampling intervals and selected surfaces allow for both mi-
crobial contamination monitoring over time (e.g. ceiling, wall), as well as for assessment of the effec-
tiveness of cleaning procedures (e.g. trays and tray covers).

+ Ceiling v
Filter outlet
Back of wall
Structure

Front of tray (2x)
« Tray Cover (2x)
+ Shelf

+ Floor

L]

L]

+ =10 sample
locations

+ 2 swabs per
location

« Combined with
tbd E-Nose
measurements

.'. ﬂ

Figure 2-17: Selected Measurement Surfaces

It was agreed to perform microbial investigation (also with the E-Nose) in the Service Section as well
as in the Future Exploration Greenhouse. In Figure 2-18 the draft distribution of the sample surfaces
can be seen. It is planned to perform the classical method and the E-Nose measurements monthly.

Service Section
Cold Porch Window Future Exploration Greenhouse
Desk Desk + Sink CDH Power| I 'l | I |
Main
entry
door Robot
ISPR
co2 AMS | NDs | Thermal [ |' | |
Surfaces to be observed: Surfaces to be observed:
e [SPR -4 locations e FEG- 10 locations
* SS-6locations Plants to be observed:
e FEG- 10 plants

Figure 2-18: Surfaces to be observed.
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2.3 Decontamination

2.3.1 Baseline Design

If "dangerous" contamination were to be found with the microbial investigations mentioned above, it
is planned to perform decontamination.
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The already available decontamination system (TransMADDS ... Transportable Modular Aerosol based
Decontamination & Disinfection System, see below) was judged as too bulky for the purposes within
the Greenhouse. Furthermore, other requirements do not allow decontamination as initially planned
(e. g. decontamination with Bacteriophages). The reasons can be found below in this chapter.

=== - —

Figure 2-19: TransMADDS Decontamination.

First of all the question was raised if the decontamination system will be stationary installed (Figure
2-20) within the Future Exploration Greenhouse (FEG).

Figure 2-20: Stationary Installed Decontamination System.

Since it is not assumed that the decontamination of the whole FEG will be necessary during the ex-
ploitation period, it was decided not to install the decontamination system stationary within the FEG.
The system will instead be stored within the Neumayer Station Il and brought to the FEG if neces-
sary. For that reason, a smaller, portable system has to be chosen for the decontamination of the
FEG.

Also the decontamination agent has been discussed with the dedicated disciplines. For the decon-
tamination agent the following requirements could be found:
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e Material compatibility (if the agent is destructive to the materials)
e Plant compatibility (if the agent has an effect on the plants)

e Human compatibility (if the agent is dangerous for human beings)
e Antarctica compatibility (if the agent is harmful to Antarctica)

2.3.2 Selection of Decontamination Agent

Independently of the decontamination agent, the sequence of the whole process (ldentification and
Decontamination) can be seen in Figure 2-21 below. In this example case the decontamination agent
is Bacteriophages.

_ No Microbial
- N Identification - . o

C

Microbial Load
assumed

Decontamination

Figure 2-21: Decontamination Procedure with Phages.

Several decontamination agents were considered, taking into account the compatibility requirements
listed previously. For that reason the following decision matrix (Figure 2-22) has been developed. The
following four Agents have been compared:

e Peptide: since the effects of decontamination with Peptides are not clearly known, the Pep-
tides have been judged as doubtful

e Bacteria-Phages: since the Bacteriophages are Viruses, the dedicated decontamination would
not pass the Safety Review Team with regards to Antarctica Protection

e Ethanol: If the Ethanol is vaporized to a droplet size of up to 1 um, an explosive gas mixture
could be produced

e Hydrogen peroxide: H202 was chosen for the decontamination since it has no effect on the
most involved systems.
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Peptide Bacterio-Phage Hydrogenperox
ide
Effect on
Material OK oK
Plant 7?7 OK ? OK tbc
Human ?7?? ? OK OK
Antarctica Y NO OK OK
Doubtful Doubtful EXPLOSIVE

Figure 2-22: Decision Matrix on Decontamination Agent.

Attention:

It still has to be checked if there is an influence of H202 on the plants (regarding the um droplet-size
/ stomata) and which concentration can be utilized within the FEG. A stoma is a pore on leafs, which
is used to control gas exchange. It is possible that the small droplets can get in to the plant through
the stomata and harm the plant.

Carbon dioxide enters, while water and
oxygen exit, through a leaf's stomata.

Figure 2-23: Stomata.

2.3.3 Decontamination System

As described in chapter 2.3.1 before, the decontamination system had to be adapted. The chosen
system (see Figure 2-24 below) is fully automatic, mobile and has little labor costs. The system gen-
erates a very fine mist (2-5 um) of Vaporized Hydrogen Peroxide (VHP). It eliminates bacteria and
fungi which can be the most hazardous contaminations within the FEG. After completion of the de-
contamination process, the system will shut down automatically. The maximum volume, which can
be disinfected, is accounted for 270 m®.
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Figure 2-24: Decontamination System.

2.3.3.1 Decontamination System inside the greenhouse
The decontamination system can be deployed inside the greenhouse. The system stays compact at

one place.

Decont. System

Figure 2-25: Decontamination System inside the FEG.

It has to be considered that during the decontamination the user has to leave the FEG.

2.3.3.2 Decontamination System outside the greenhouse, nozzle inside
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The decontamination system can be split up into two pieces (see Figure 2-26 below).

Nozzle

Compressor

Figure 2-26: Split Nozzle and Compressor.

The compressor can be placed outside the FEG and can be operated from there. The nozzle is de-
ployed inside the greenhouse area and sprays the agent.

Decont. System

Figure 2-27: Decontamination System outside the FEG, nozzle inside.

To show the functionality of the decontamination system (even if there will be no need to decontam-
inate the FEG) a positive control experiment is planned to be performed with the MTF at DLR Bre-
men.
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A short overview regarding handing of the decontamination system is given in Figure 2-28 below.

Deployment of Yolume control depending of
decontamination system

measured volume of the room

Closewindows and leave Fumigation with Vaporized
room within 30 seconds Hydrogen Peroxide (VHP)

Ensure no one enter during Disinfection process has been
the disinfection process completed without residues

90 7 _\‘1
L\ J/

Figure 2-28: Brief Instruction - Decontamination System.
2.3.5 Decontamination Agent DIOSOL 3

Diosol-3 is dermatologically compliant and tested. It contains 3% hydrogen peroxide. It can be used

for fumigation and eliminates phage, bacteria, fungi and spores. Its residence time is about 90 min.
After 90 min, Diosol-3 is abreacted.

DiosoL
Fenmadnyivbolatarsta oy

e
P

.

Figure 2-29: Decontamination Agent DIOSOL 3.
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2.3.6 Test Setup for positive control experiment
Tests should verify the effectiveness of the decontamination system and detect potential side-effects
to plants.

The test environment should simulate the greenhouse/habitat (e.g. as seen in Figure 2-30 below)
environment.

Figure 2-30: Greenhouse.
Therefore e.g. a closed tent would be adequate (example can be seen in Figure 2-31).

The test setup shall include several samples of microorganisms (e.g. E. Coli) and the setup shall con-
sist of:

e Ground samples

e Wall samples

Non-line of sight samples
Samples at different heights
e Samples in small sections

e Samples in back tapers

Also plants should be included within the habitat during the test to see if there are effects to H202. It
can be considered also to include different material-samples and electronics.

The objectives of these tests are to verify clear reduction of colony forming units (CFUs) and to en-
sure there are no detectable negative effects on plants.
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Figure 2-31: Test Setup within a tent.

During this test the H202 will be fogged within the closed habitat (see example in Figure 2-32 below).
After the decontaminant is brought out, the effectiveness can be seen by counting the CFUs (no CFUs
= microbial load successfully decontaminated). Test descriptions and results are detailed further in

Annex E.

Figure 2-32: Fumigation via micro-fogging.
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Annex A: Camera Specifications

Table 1: Camera specification
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Table 2: DS-2CD4026FWDA Camera specification
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Table 3. Varifocal Lens Specification
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Table 4: Verso Polar Datasheet
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Annex B: TPZ SW application installation
This annex describes how to install the TPZ developed tools.
Stepl. Download Python.

Go to http://www.python.org/, select the right version (windows 32 or 64 bit) and download it.

Step 2. Installing Python and “requests” module in c:\Python35

1) Launch the python-3.5.2.exe installer

2) Select add Python 3.5 to PATH e Customize installation (fig. 32)

3) Select all the optional features (fig. 33)

4) In Advanced options select install for all users c:\Python35 as installation location

then click on Install and wait until the process ends.

@ Python 3.5.2 (32-bit) Setup (===

Install Python 3.5.2 (32-bit)

Select Install Mow to install Python with default settings, or choose
Customize to enable or disable features.

® Install Now
ChUsers\depikh\AppData'Local\Programs'Python\Python35-32

Includes IDLE, pip and documentation
Creates shortcuts and file associations

= Customize installation
Choose location and features

python
for [¥] Install launcher for all users (recommended)

Wiﬂd()WS V] Add Python 3.5 to PATH Gl

i

Fig.32: Phyton Installation Page
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@ Python35.2 G2-bit) Setup

python

'|-I. W
windows

E= N

Optional Features

Documentation

Installs the Python documentation file,
¥ pip

Installs pip, which can download and install other Python packages.
tl/tk and IDLE

Installs tkinter and the IDLE development environment.
[V Python test suite

Installs the standard library test suite.

py launcher [¥] for all users (requires elevation)

Installs the global 'py" launcher to make it easier to start Python,

Back Next || Cancel

Fig.33: Phyton Installation — Features Definition

@ Python35.2 G2-bit) Setup

python

'|-I. W
windows

=] & &)
Advanced Options

Install for all users

Associate files with Python (requires the py launcher)
[¥] Create shortcuts for installed applications

V] Add Python to environment variables

["] Precompile standard library

[] Download debugging symbaols

["] Download debug binaries (requires VS 2015 or later)

Customize install location

CA\Python35 Browse

Back | Blnstall || Cancel |

Fig. 34: Phyton Installation — Advanced Options
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P CA\Windows\py.exe o || = | ER

Hello from
Press ENTER

Fig.35: Check the correct installation of Phyton

5) Check the correct python installation: run the python command in a Windows CMD command line. If
Python is correctly installed the Cmd prompt window will open with a welcome message (fig. 35).

6) Push enter to close the window
7) Install Python Requests Module
a) If you have an internet connection available type (in a Windows CMD command line)

e python -m pip install requests (V 8.1.1) or alternatively use pip install requests
b) If you don’t have an internet connection available you need:

e Download the tarball/zipball of the Python Requests Package from the link
https://github.com/kennethreitz/requests

e Unzip/Untar the files in your python directory

e install it into your site-packages typing in a Windows CMD command line: python set-
up.py install

Step 3. Installation of the TPZ developed SW Application

1) Create a directory C:\Image_Acquisition\TPZ_SW
2) Copy the file TPZ_SW_EDEN_yyyy mm_dd.zip in the folder just created
3) Extract the files from the zip folder. As results the following files are created
e hikvision.py
e camera_snapshot_robot.py
e camera_ftp_robot.py
e camera_ftp_robot NMIIl.py
e edeniss_scheduler.bat

e edeniss_scheduler_NMlll.bat
e edeniss_mkdir.bat
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If this sequence is executed without problems, python is correctly installed and working. The TPZ software
application should be ready to be used (or to be customized for the EDEN ISS operations).

Remark: the editing of the python scripts requires a text/code editor with the capability to provide the
4-space indentation feature. For the development of the required applications the Geany text editor has
been used. Alternatively the Notepad++ can be used. The following steps 4 and 5 describe how to install
and configure them.

Step 4 (optional): Geany software installation and Setup — Windows platform.

Geany is a text editor using the GTK2 toolkit that is available in the full install package. Geany is an Integrat-
ed Development Environment or programming environment that is based around the KDE and GNOME
Linux version, but the software was developed to run independently on Windows.

e Download Geany software installer for Windows from
http://www.download3k.com/DownloadLink2-Geany.html

e Run the exe installer
e Remember to use 4-space indentation, and no tabs: from Preferences -> Indentation

Preferences

General Featureés | Indentation Completions @ Display

Interface Note: To apply these settings to all currently open
documents, use Project->Apply Default Indentation,

Editor
Filas Indentation
Width 4 -
Tools "
Detect width from file
Templates
Type: Tabs
Keybindings
*! Spaces
Printing
Tabs and spaces
Terminal Detect type from file
v
S Auto-indent mode Current chars -
¥ Tab key indents
Help Apply Cancal OK

Fig. 36: Geany Editor Indentation preferences for Python files
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Step 5 (optional): Notepad++ software installation and Setup — Windows platform.

e Download Notepad++ software installer for Windows from  https://notepad-plus-
plus.org/repository/7.x/7.3/npp.7.3.Installer.exe

e Run the exe installer

Or

e Download Notepad++ software zip file for Windows from  https://notepad-plus-
plus.org/repository/7.x/7.3/npp.7.3.bin.zip

e Unzip the file

e Remember to use 4-space indentation, and no tabs: Settings -> Preferences -> Language->Python

Figure37 — Notepad++ Editor Indentation preferences for Python files
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Annex C: Plant Health Monitoring System Configuration

As soon as the system is ready, i.e. all the physical connections have been installed, the switches and the
camera’s PC have been activated and configured in terms of SW installation and network parameters as-
signment, it is possible to set the camera’s over the EDEN ISS LAN using the SADP or the iVMS software. It is
worth underlining that the cameras are powered on as soon as they are connected to an active switch PoE
port. Camera activation in this case concerns the setting of a (strong) password to make it available to the
camera management tool. Once this job is done for each camera, it is possible to start using the PHM sys-
tem and to configure it for plant monitoring purposes. Two main tasks are foreseen to be managed with
two different software tools:

1. Accessing the camera for configuration management and for live video displaying
2. Planned picture taking, storing on the NMIIl Camera PC and picture forwarding to the remote cen-
ters over satellite internet connection.

The first task is accomplished using the SADP and the iVMS-4200 SW provided with the cameras by HIK-
VISION, the second task is accomplished using the Telespazio developed SW. In the following paragraph the
steps required to accomplish these tasks are described.

2.4 Activating the cameras

This activity can be done using either the camera PC in the MTF or the camera PC in NM-IIl. For sake of sim-
plicity, the nominal procedures foresee that the first network parameters configuration is done using the
SADP software. SADP (Search Active Devices Protocol) is a kind of user-friendly and installation-free online
device search tool. It searches the active online devices within your subnet, displays the information of the
devices, and allows the modification of the basic network information of the devices themselves.

As soon as the SADP software is loaded, it automatically searches the subnet where the computer is located
for connected online devices every 15 seconds. It then displays the total number of devices and infor-
mation of the found devices in the Online Devices Interface. Device information including the device type,
IP address and port number, etc. will be displayed.

€ Total number of online devices: 3 & Save as Excel | @ Refresh Vodify Nebwork Paramelers

D Device Type PvéAdcress  Securly ot Software Version 1Pl Qateway  HTTP Part GGl 192.168.1.64

001 XOOKXXKX-X  192158.1.64 ACTve  EOD0  VXXKDUID X000  192.168.L1 NA R £000
002 XXI00CH000 192.158.1.64 Inactive BO00  Vaxabuildwooox 10216811 00 Subnet Mask: 2552552550
002 0O00COOMXK 192168.1.64 Active 8000 Wxxxbuildonox 19216811 20 1Pvd Galeway 19216811
IPvB Addrass

IPv6 Gateway:

IPv0 Prefis Lengly O

HTTP Port: &0

Device Serial No XH-XOOOOK KOO

Enable DHCP

% Password Save

Device Aclvalion

New Password  essessss
Strong

Confirn Password: | sseesses

oK

Fig. 10 Searching online devices
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Devices can be found and displayed in the list in 15 seconds after it went online; the devices will be re-
moved from the list within 45 seconds after going offline. It is also possible to search the online devices
manually clicking the refresh button. The newly found devices will be added to the list.

Modify Metwork Parameters

IPAddress: 192.165.1.64
Part 2000

Subnet Mask: 255.285255.0
IPv4 Galeway 18216611
IPvE Address:

IPvE Gateway

|P¥E Prefis Length; 0

HTTP Port: &0

Drevice Serial Mo OO RO

Enablz DHCP

Password Save

Drevice Aclivalion

Mew Fassword: saseeree
Strong

Canfirm Password. eseesses

oK
Fig. 11: Configuring Network Parameters

Once the devices are available in the Online Device Interface it is possible to modify the network parame-
ters and activate the cameras as per the following steps:

1. Select the device to be modified in the device list and the network parameters of the device will be
displayed in the Modify Network Parameters panel on the right side.

2. Edit the modifiable network parameters, e.g. IP address and port number.

3. Enter the password of the admin account of the device in the Password field and click to save the
changes.

2.5 Accessing and configuring the cameras

Once the cameras have been correctly connected to the EDEN ISS network, it is possible to use the iVMS
software to manage the configuration of the camera and to view the live video. The iVMS-4200 is an intelli-
gent Video Management System provided by HIKVISION that offers an easy-to-use, highly reliable and fea-
ture-rich platform for security management, centralized video analytics, and open integration. The soft-
ware offers several common basic configuration wizards including device adding, storage configuration,
event configuration, and user configuration.

The control panel and live view interface of the iVMS-4200 are shown below.
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em  View Tool Help & ivms-4200

e 4 S P
mm  Control Pans! = Device Management

Dperation and Contral

Mainienance and Management

Fig. 12 iVMS -4200 Control Panel

File Sistema Live Stumenti Aivto iVMS-4200

BE  Pannello Controlio Fel Live Principale
- _—-
A ;93-23-201? Thu 14:53722°

LJ 1-Schermo
£t 4-Schermo
£ 9-Schermo
£l 16-Schermo

R vista personalizzata
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FEG Right

& Caml

Contrallo PTZ i &
r 14:48

T O R oy

Fig. 13: iVMS Live View Page
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2.5.1 Adding online cameras to the iVMS Server
After running the iVMS-4200, the first task to be completed is to add the cameras to the remote configura-
tion and management client. That can be done via the Device Management page of the iVMS-4200 tool.

n

File System View Tool Help

iVMS-4200 & 4900 @ - B x

BE  Control Panel [E mamview 2 Storage Scheaule ¢2  Device Management

&= server @ Group

Organization Device for Management (0)
oo e % oo schate. &L Onineser | © Rotosn ke
F* Add New Device Type Nickname P Device Serial No. = oo ke (5 Status

Adding Mode

@ IP/Domain IP Segment 1P Server HIDDNS Batch Import
Add Offline Device
Nickname: HDCam -L12C
Address: 192168111
Port: 8000
User Name: admin

Password: [“""“ }

Export to Group

Set the device name as the group name and add all the channels
connected to the device to the group.

Add Cancel
Online Device (2) ¥ Refresh Every 80s
= Addto Client < Add All Modify Netinfo Reset Password Activate Filter
i : Device Type Firmware Version Security ServerPort | Start Time Added
192168111 DS-2CD2542FWD-T V5.4.1build 160525 Active 8000 2017-03-23 14:45:06 No
192168112 DS-2CD2542FWD-T V5.4.1build 160525 Active 8000 2017-02-23 14:45:17 Neo

Encoding Device/Door Station: DVR/DVS!
NVRAPCAPDAVIMS-4200 PCNVR/
iWMS-4200 encoding server/Door Station/
Outer Door Station/Door Station (V
Series)

15:49

23/03/2017

Fig. 14: Device Management Interface

The active online devices in the same local subnet as the computer with the client software will be dis-
played in the Online Device area. You can click the Refresh Every 60s button to refresh the information of
the online devices. To add a camera to iVMS-4200 the following steps have to be executed (Remark: at this
stage all the cameras should be in their active state).

1. Select the devices to be added from the list.
2. Click Add to Client to open the device adding dialog box.
3. Input the required information.

Nickname: Edit a name for the device as you want (it is recommended to have a name that refers to the
position or the function of the camera).

Address: Input the device’s IP address. The IP address of the device is obtained automatically in this adding
mode.

Port: Input the device port number. The default value is 8000.

User Name: Input the device user name. By default, the user name is admin.

Password: Input the device password.

Of course these steps have to be repeated for all the cameras of the network. The following figure shows
the Device Management Panel after two cameras have been added to the iVMS Client.
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iVMS-4200

rage Schedule = Des agement

£ Sever @ Group
Oiganization Deice for Management (2)
B o oo X ose | e Compnsion 3 ORCude ® Achois L OninaUser | Rokesh Al
# Add New Device Type Mickname P Device Serial No. Security et Status HDD Status Recording Status - Signal Status
HDCam-L12C 192168111  DS-2CD2542PWD-ROI60SZ3BEWRE42289058 Strong 3 (=] e
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Fig 16: Add group
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Another important feature of the Device Management is the possibility to create groups of cameras. That is
very important for the EDEN ISS project where we have a lot of cameras that can be organised by their po-
sition (e.g. right or left side of the FEG corridor), or by their function (Plant Health monitoring or ambient
monitoring). The groups can be created as per the following steps:

Click Group in the Device Management page to open the group page

Click Add Group to create a new group

Insert the Group Name

Click Import on the tool bar of the Device Management to open the import page
Select the Image (it is possible to click on the image)

Click Import

Repeat for the other groups and cameras as desired

NouswnNeE

Once that activity is completed, the image viewer will show the cameras already organised by groups.

2.5.2 Configuring the cameras
Three actions are necessary before starting with the image/video acquisition:

1. The configuration of the camera parameters (like resolution, Frame Rate, etc)
2. The configuration of the video parameters (like the brightness, the contrast, etc)
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3. The configuration of the display parameters (like camera name, time format, etc.)

These actions can be carried out as per the following steps:

1. Select the camera

2. Click Remote Configuration in the Device Management page to open the Remote Configuration
page

3. Click Image to open a pop-up menu

4. Select Video & Audio for configuration of related camera parameters

5. Input the desired values

6. Select the Image Setting to define the video parameters of the cameras

7. Input the desired values

8. Select the Video Display to define how the video/images will be displayed and saved.

9. Input the desired values (Remark: It is important to define a camera name that refers to the posi-

tion or the function of the camera. It is recommended to use the same nickname as defined previ-
ously)

The following picture show the software displays for the steps listed above.

Remote Configuration x
- & System nfiguring the Image Quality, Reso e
% Device Information Camera: Cameral “
w5 General Video
! Time : ; )
Stream Type: Main Stream . Video Type: Video ¥
w57 Systemn Maintenance
Bitrate Type: Variable - Max Bitrate: 4096 Kbps |+
4 R5232
& 1o Wideo Quality: Medium ~ Resolution: HD720P({1280%720) w
&
& User Frame Type: P ~ Frame Rate: 1fps v
4 Service | Frame Interval: 50 .| Video Encoding Type: STD_H264 b
& Security Video Encoding Co... Midium v SVC: Close v
+ A Network Smoothing: Clear === ms= Smp. . H.264+ Enable
+ & Storage File Size Per Day: 42.2G
+ W& Event Display Info. on Stream
+ & ccp Dual-VCA: || Enable
-1
& e Copyto Save

w5 Image Settings
! Video Display

& RO

Fig. 18: Remote Configuration page- Video and Audio Configuration
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e — i ——————

- & System Configuring the Video Parameters of the Camera
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4 Time
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& Service
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bl ﬁ Network
+ @ Storage Brightness: ——— —
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Fig. 19: Remote Configuration page- Image Configuration
3 Remote Configuration *
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Fig. 20: Remote Configuration page- Video Display Configuration
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2.6 Live View

The live view page allows the user to view the real time video, capture images, set/call pre-sets and config-
ure video parameters. To access the Live View page select Main View on the toolbar or click View = Main
View. The result is shown in the following figure. The yellow arrows indicate the areas for the screen layout
selection. In fact the tool gives the possibility to manage up to 64 cameras in parallel, i.e. to display live
video from 64 cameras at the same time. The blue arrow indicates the area where the active cameras are
listed. Finally the central grey area is the area where the live video is displayed (in the figure a quad video is
shown). To associate a camera to a window, it is necessary to select the window, by simply clicking on it,
and then selecting the camera with a double click. A small green arrow close to the camera name indicates
that the camera is sending a video to the window.

Remark: Apart from the live view status, the cameras can have the following status:
The camera is online and works properly.

The camera is in live view.

The camera is in recording status

The camera is offline.

File System View Tool Help =

iVMS-4200

:: Control Panel ,’T-_‘ Main View = Storage Schedule -3- Device Management
View A
|| Search... P
= B Default View
L 1-Screen
Il 4-5creen
B 9-5creen
[t 16-Screen

Search o)

= ) HD-FEGRight

g e

= | HD-FEGLeft

& HDCam-112C Standard Window Division:
LI
1 4 B 8
16 25 32 36
Wide Window Division:

4 6 7 9

24 36 48

Custom Window Division:

Edit
PTZ Cantrol " E =

’{E e-0 rxi QJ E‘ wi‘ ’j‘;\ R F

Fig 21: Live View Interface with four windows
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Fig. 23: Video recording/Snapshot Capture
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At this stage the cameras are only sending video to the screen, i.e. no video and or pictures are recorded.
As said, the daily planned automatic picture capture, storage and transmission process will be managed by
a custom-developed script, but the iVMS-4200 SW gives other possibilities like a commanded recording of
video and/or a snapshot capture by the operator whenever desired. That can be done in a very straightfor-
ward way by moving the mouse pointer on the selected image and then clicking on the button for video
recording/snapshot acquisition as shown in fig. 23.

Remark: with this operation, the video and/or the snapshot are saved locally, i.e. on the computer used for
the above described actions.

The iVMS-4200 SW has default definitions for the folders to store video recordings and/or snapshot acquisi-
tions. For recorded video the path is: C:\iVMS-4200\video\Recordfile\yyyymmdd\IPaddress_port

The video is named according to the following format:

<date>_<datestarttime>_<datestoptime>_<counter>.mp4

For snapshots, the path is: C:\iVMS-4200\capture\yyyymmdd
The image is named according to the following format:

<groupname>_<cameraname>_<datetime>_<counter>.jpeg

Nevertheless, the iVMS-4200 does allow for custom path creation. That can be done in the following way:

1. Define a desired path (with folders and subfolders) for the video and/or snapshot recording. For
example
e C:\eden\ManualRecording\video
e C:\eden\ManualRecording\shapshot
Click Tool=> System Configuration. A System Configuration windows opens
Select Files
Write the desired path in the dedicated field
Save the changes

ukwnN

File System View Fapl Help

i & Device Management
- Co a Storage Sche ]
] ontrol F‘ﬂn EverdManngement - torage Schedule

Wiew [T Storage Schedule

:5?3, Account Management
IE Log Search

Ll 1-5creen &4 Broadcast

o || Search...

& Device Arming Contral
= | & Alarm Output Control
B 0.

= SEED | Batch Wiper Control

[ 16-Screen |15 Batch Time Sync

el 4-5creen

B Custom View @ Player

| it Message Queue

Fig. 24: Opening the System Configuration Window
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System Configuration

= General
Set file saving path

@ Live View and Playback : i
== {e.g. record files, pictures and dewice configuation files, etc.)

B Image
- g
—Jg‘ Saving Path of Video File:
'K- Toolbar |Ci/edenManual Recordinghvideal "“,
e
'y Keyboard and Joystick Saving Path of Pictures:
n Alarm Sound C:eden/Manual Recording/snapshot!
i Saving Path of Configuration File:

EI:_-',; Video Intercom :
~ C.leden/Manual Recording/configl

Default Value Save

Fig. 25: System Configuration Window for File storage path definition

The iVMS-4200 provides a function to search and retrieve the manual recorded file. That can be done in the
same way regardless of the path defined for file storage.
1. Click File -> Open Image File (or Open Video File). That operation opens the Image File (or the Video

File) Search Window
2. Input the Start Time and the End Time. That defines the time interval of interest
Select the camera of interest (multiple selection is not possible)
4. Click on search. The images/video captured in the identified timeframe will be made available in

the window

w
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Fig. 26: Open Image/Video File
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Fig. 27: Example of images search
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2.7 Automatic Image Acquisition Scheduling

Beside the possibility for the EDEN ISS operator on site to have continuous streaming of data on the Cam-
era PC, and the possibility to record videos and take snapshots whenever needed, the PHM system is re-
quired to:

e Schedule a daily picture acquisition and store them on the MTF Camera PC

e Forward the picture to the EDEN ISS Mission Control Center at DLR in Bremen, as well as to the NM-
I PC.

e Forward the picture and data files (.csv files) to the EDEN ISS Mission Control Center at DLR in Bre-
men, as well as to the NM-III PC.

Ad-hoc software applications developed by TPZ will manage these tasks. These applications are based on
the programming language Python Version 3.5 (see Annex B for Python installation and configuration pro-
cedures); for that reason, and as already mentioned before, it is necessary that Python is installed on the
camera PC in the MTF, on the DLR PC devoted to the data exchange with the remote users, and on the PC
at NM-IIl. It is recommended that the editing of the Python codes is done using the Geany text editor
(Notepad++ could be used instead) to correctly implement the line spacing and indentation in the code
lines. Any other text editor can be used, but special attention needs to be paid to the code to ensure that
Python's indentation rules (i.e. the four space rule for script indentation) are respected. Both tools are
freeware. In annex B, step 4 and 5 contain the information on how to acquire, install and configure them.

The philosophy behind the application approach is that the system, once configured, is independent from
the operator, who is then simply receiving the data and has to take actions only in case of problems in pic-
ture generation and/or transfer. In principle, the system configuration will be done as part of the system
AIT, even if some remaining activities will be required as part of the MTF commissioning at the Antarctica
site, such as the SW application start and verifying that the applications are correctly working and transfer-
ring data, over the satellite connection, to Europe.

The following TPZ developed applications are required to manage the above described tasks:
e hikvision.py

Application / subroutine defining several parameters, such as the camera network parameters, the storage
path, the destination path, etc.

e camera_snapshot_robot.py
Application for automatic daily picture acquisition

e camera_ftp_robot.py
Application for the file transfer to DLR
e camera_ftp_robot NMIIl.py
Application for the image file transfer to the NM-Ill PC image repository for backup purpose.
e data_ftp_robot.py
Application for data file (.csv) transfer to DLR
e data_ftp_robot NMlll.py
Application for data file (.csv) transfer to the NM-Ill PC data repository for backup purpose.

In addition, to automate the storage path creation, the acquisition of the images and their distribution to
the DLR and NM-IlI, the following batch files have been developed:

e edeniss_mkdir.bat
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e edeniss_scheduler.bat

e edeniss_scheduler_NMIlll.bat

e edeniss_data_scheduler.bat

e edeniss_data_scheduler_NMilll.bat

In particular, the edeniss_mkdir.bat creates image directories following a predefined structure, while the
edeniss_scheduler.bat and edeniss_scheduler_NMlll.bat are the applications that schedule the tasks for
daily images acquisition and transfer to DLR and NM-Ill. The edeniss_data_scheduler.bat and
edeniss_data_scheduler_NMIll.bat play a similar role for the csv data files.

2.7.1 Hikvision.py
This SW application defines three main kinds of parameters:

Camera parameters: the network parameters for camera access and the parameter (top or side view) to
create the full path necessary for the FTP file transfer. The parameters are required in the following format:

cameras = (<cameraname>, <IP>,<username>,<password>,<top or side view>)
For example:
cameras = {
'‘cameral’: Camera('cameral’, 'http:// 192.168.39.111:80", 'admin’, 'Apple-123', ‘"HDTOPVIEW’),
'‘camera2': Camera('camera2’, 'http.// 192.168.39.112:80", 'admin’, 'Apple-123', ‘'HDSIDEVIEW’),

'‘camera39': Camera('camera39’, 'http:// 192.168.39.84:80", 'admin’, ' Apple-123', ‘'HDTOPVIEW’),
}

4 lines were added in the cameras structure in order to send via FTP the image files obtained from the UF
Imagers. These images are not acquired via the acquisition script. Those 4 lines, with fake IP addresses, are
used to transfer all the files of the day that are present in the appropriate directories (file naming
*UFImagerl_prefix* or *UFImager1_20170721*) using the ftp transfer image file script.

In the following, those 4 lines are shown:
'UFImager1': Camera('UFImager1', 'http://192.168.1.1:80", 'admin’, 'Apple-123', 'UFIMAGERS'),
'UFImager2': Camera('UFImager2', 'http://192.168.1.1:80", 'admin’, 'Apple-123', 'UFIMAGERS'),
'UFImager3': Camera('UFImager3', 'http://192.168.1.1:80', 'admin’, 'Apple-123', 'UFIMAGERS'),
'UFImager4': Camera('UFImager4', 'http://192.168.1.1:80", 'admin’, 'Apple-123', 'UFIMAGERS'),

Local Directory: This is the directory (on the MTF Camera PC) where the snapshots are stored.

This parameter has to be defined in the following format:
LOCAL_IMAGE_PATH = ‘<storage path>’
For example:

LOCAL_IMAGE_PATH = ‘D:/FTP_EDEN-ISS/Croplmages/’

Remote FTP host: Define the path for remote image destination. The parameters are defined as follows:

FTP_HOST = ‘<hostIPaddress>’
FTP DIRECTORY = ‘<storage path>’

For example

R Co-funded by the Horizon 2020
LB Framework Programme of the European Union Page: 62/211




| SS EDEN ISS-DLO-WP3.5-D3.11-PHM Design Document-v1.3

FTP_HOST = should be that of the OPS PC @DLR IP address 192.168.39.105
FTP_HOST_NMiII for Camera-PC (NM-I1l) IP address 192.168.39.104
FTP DIRECTORY = "D:/FTP_EDEN-ISS/Croplmages/"

2.7.2 Camera_snapshot_robot.py

This application gets camera snapshots using HTTP requests. It implements an HTTP client that, for each
webcam, gets the device info (including the definition of the storing path) from the hikvision.py script, then
obtains and stores snapshot(s) in the defined directory.

In the following the file naming for images acquired: the pattern for the image snapshot is HDCam_{} {}.{}
that is HDCam_position_prefix.fileextention, position in {L1-2C, L1-4C, L2-1C, L2-2C, L2-3C, L2-4C, L3-1C, L3-
2C, L3-3C, L3-4C, L4-1L, L4-2L, L4-3L, L4-1R, L4-2R, L4-3R, L4-4C, R1-2C, R1-4C, R2-2C, R2-4C, R3-4C, R4-2C,
R4-4C for HDSIDEVIEW cameras. L12-1S, L12-3S, L34-1S, L34-3S, R12-1S, R12-3S, R34-1S, R34-3S for
HDTOPVIEW cameras. UFImagerl, UFImager2, UFImager3, UFImager4 for UFIMAGERS cameras}, prefix is
YYYYMMDD_hhmm where YYYYMMDD is the GMT year-month-day and hhmm is the hour-second (GMT) in
local daytime, fileextention=jpeg. Example HDCam L1-2C 20171124 0730.jpeg where position=L1-2C, pre-
fix=20171124 0730, fileextention=jpeg.

In the following the usage of the script (python.exe camera_snapshot_robot.py —h) is shown:
usage: camera_snapshot_robot.py [-h] [--logfile LOGFILE]
optional arguments:
-h, --help show this help message and exit
--logfile LOGFILE

You could run manually the Python script typing “python.exe camera_snapshot_robot.py” in a Windows
CMD command line, if you want to acquire the image file at this moment.

In addition, the script has been designed in order to log the activities and to maintain a log history in the
system. The maximum dimension of a log file is 10 MB, and therefore at any time the log reaches the value,
it is closed in favour of the new one. A maximum of 6 logs are maintained in the system at the same time.

The first is the current log file, the others are the old logs and have a suffix from 1 to 5 in the name (the log
with 5 is the older log).

When a current log is closed it is renamed with the suffix .1, the other logs are renamed to increment the
suffix and the log that should increment its suffix from 5 to 6 is erased. Therefore in the system we will
have at the same time:

Camera_snapshot.log < 10MB

Camera_snapshot.log.1 = 10MB
Camera_snapshot.log.2 = 10MB
Camera_snapshot.log.3 = 10MB
Camera_snapshot.log.4 = 10MB
Camera_snapshot.log.5 = 10MB

2.7.3 Camera_ftp_robot.py

This application sends camera snapshots over ftp. It implements an FTP client that, for each webcam, ac-
quire the basic network camera’s information and the destination path from the hikvision.py script, then
open an ftp session and send all images acquired in a defined timeframe to the remote site @DLR.
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In the following the file naming for file transfer: The pattern for the FTP image file transfer is *{} {}*.{} that
is *position_prefix*.fileextention, for position, prefix and fileextention and example see above paragraph
for camera snapshot.

In the following the usage of the script with the arguments (python.exe camera_ftp_robot.py —h):
usage: camera_ftp _robot.py [-h] [--logfile LOGFILE] [--userid USERID]
[--password PASSWORD] [--offset OFFSET]
optional arguments:
-h, --help show this help message and exit
--logfile LOGFILE
--userid USERID
--password PASSWORD
--offset OFFSET

The following optional arguments could be defined in this script:
userid of the remote server (the default value is ftp_edeniss_dir)
password to access the remote server (the default value is 12345)

offset to define the timeframe of the acquisitions (the default value is 86400 seconds in a
day, means yesterday)

logfile (the default value is camera_ftp.log)

You could change the default parameters inside the script. Otherwise, you could run manually the Python
script using different parameters in a Windows CMD command line.

Example, if you run “python camera_ftp robot.py”, you are using the default parameters that you find in
the script file: --logfile camera_ftp.log --userid ftp_edeniss_dIr --password 12345 --offset 86400 (means
yesterday), that allows the FTP files transfer of all the acquisition files, to DLR site, with the yesterday date.

Otherwise, you could run manually “python.exe camera_ftp_robot.py --userid ftp_edeniss_dlr --password
12345 --offset 0” (means today), that allows the FTP files transfer of all the acquisition files, to DLR site,
with the today date, in case you want to use different parameters.

The script saves all the activities done in a log file named "camera_ftp.log" of 10MB with 5 old backups.
This log is generated and managed in the same way described for camera_snapshot_robot.py

2.7.4 Camera_ftp_robot_NMIll.py

This application is the same as the one described in the previous paragraph with the only exception that it
sends all the images acquired in a defined timeframe to the remote site at NM-III.

Usage and default parameters are described above.

Example, if you run “python camera_ftp _robot NMIIl.py”, you are using the default parameters that you
find in the script file: --logfile camera_ftp.log --userid ftp_edeniss_dIr --password 12345 --offset 86400
(means yesterday), that allows the FTP files transfer of all the acquisition files, to NMIII site, with the yes-
terday date.

Otherwise, you could run manually “python.exe camera_ftp_robot.py --userid ftp_edeniss_dlr --password
12345 --offset 0” (means today), that allows the FTP files transfer of all the acquisition files with the today
date, to NMIll site, in case you want to use different parameters.

The script saves all the activities done in a log file named "camera_ftp_NMllil.log", default parameter, of
10MB with 5 old backups. This log is generated and is managed in the same way described for cam-
era_snapshot_robot.py.
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2.7.5 Data_ftp_robot.py

This application is the same as the one described in the previous paragraph with the only exception that
send all the csv data file acquired in a defined timeframe to the remote site @DLR.

In the following the file naming for csv files: the pattern is *{}*.{} that is *prefix*.csvfileextention, prefix is
YYYY-mm-dd, csvfileextention=csv.

Example *2017-08-28*.csv where prefix=2017-08-28, csvfileextention=csv. In this case all the files in the
directory that will match with *2017-08-28*.csv pattern, they will be considered for the ftp DATA FILES
transfer, for example datafilel _2017-08-28 telemetry.csv and so on.

Usage and default parameters are described above.

Example, if you run “python data_ftp_robot.py”, you are using the default parameters that you find in the
script file: --logfile data_ftp.log --userid ftp_edeniss_dIr --password 12345 --offset 86400 (means yester-
day), that allows the FTP files transfer of all the csv data files, to DLR site, with the yesterday date.

Otherwise, you could run manually “python.exe data_ftp_robot.py --userid ftp_edeniss_dIr --password
12345 --offset 0” (means today), that allows the FTP files transfer of all the csv data files with the today
date, to DLR site, in case you want to use different parameters.

The script saves all the activities done in a log file named "data_ftp.log", default parameter, of 10MB with 5
old backups. This log is generated and is managed in the same way described for cam-
era_snapshot_robot.py.

2.7.6 Data_ftp_robot_NMiIil.py

This application is the same as the one described in the previous paragraph with the only exception that
send all the csv data file acquired in a defined timeframe to the remote site @NMIII.

In the following the file naming for csv files: the pattern is *{}*.{} that is *prefix*.csvfileextention, prefix is
YYYY-mm-dd, csvfileextention=csv.

Example *2017-08-28*.csv where prefix=2017-08-28, csvfileextention=csv. In this case all the files in the
directory that will match with *2017-08-28%*.csv pattern, they will be considered for the ftp DATA FILES
transfer, for example datafilel 2017-08-28 telemetry.csv and so on.

Usage and default parameters are described above.

Example, if you run “python data_ftp_robot NMIIl.py”, you are using the default parameters that you find
in the script file: --logfile data_ftp.log --userid ftp_edeniss_dir --password 12345 --offset 86400 (means
yesterday), that allows the FTP files transfer of all the csv data files, to NMlII site, with the yesterday date.

Otherwise, you could run manually “python.exe data_ftp robot NMill.py --userid ftp_edeniss_dIr --
password 12345 --offset 0” (means today), that allows the FTP files transfer of all the csv data files with the
today date, to NMllI site, in case you want to use different parameters.

The script saves all the activities done in a log file named "data_ftp NMilll.log", default parameter, of 10MB
with 5 old backups. This log is generated and is managed in the same way described for cam-
era_snapshot_robot.py.

2.7.7 System Configuration for Automatic Images Acquisition and Transfer to DLR
This chapter deals with the description of the procedure to be used to configure the systems for the sched-
uling of an automatic daily images acquisition and the subsequent automatic FTP file transfer to DLR.
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Prerequisites
The following files/scripts need to be copied on the MTF Camera PC, for example in
C:\Image_Acquisition\TPZ_SW

e hijkvision.py

e edeniss_mkdir.bat

e camera_snapshot_robot.py

e camera_ftp_robot.py

e edeniss_scheduler.bat

e camera_ftp _robot NMIil.py

e edeniss_scheduler NMIIl.bat

e data_ftp robot.py

e edeniss_data_scheduler.bat

e data_ftp_robot NMiIll.py

e edeniss_data_scheduler_ NMiIll.bat

The following file/application needs to be installed on the DLR OPS PC and NMIll in
C:\Image_Acquisition\TPZ_SW

e edeniss_mkdir.bat

In addition an ftp Server (for example filezilla) is required to permit the file transfer. This application has to
be installed on the DLR OPS PC and NM-III PC.

Step 1: On DLR OPS PC create the folder for image storage.

e launch the edeniss_mkdir.bat batch file in a Windows CMD command line.
e Verify the following folders have been created:
o D:\FTP_EDEN-ISS\Croplmages\HDTOPVIEW\<camera position1>

Where camera positionl is:
e |1-2C, L1-4C
e |2-1C, L2-2C, L2-3C, L2-4C
e 13-1C, L3-2C, L3-3C, L3-4C
o L4-1L, L4-2L, L4-3L
e L4-1R, L4-2R, L4-3R, L4-4C
e R1-2C,R1-4C
e R2-2C, R2-4C
e R3-4C
e R4-2C,R4-4C
o D:\FTP_EDEN-ISS\Croplmages\HDSIDEVIEW\<camera position2>
Where camera position2 is:
e L12-1S,112-3S, L34-1S, L34-3S
e R12-1S, R12-3S, R34-1S, R34-3S
o D:\FTP_EDEN-ISS\Cropimages\UFIMAGERS\<ufimager camera position2>
Where ufimager camera position is:

e UFImagerl, UFimager2, UFimager3, UFimager4
o D:\FTP_EDEN-ISS\DATA\
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Remark: If the folder structure already exist, the command is not executed and a message will appear in the
command window stating that the folders already exist.

Step 2: On DLR OPS PC and NMIII configure the ftp server. You need an ftp account on the FTP server
with user and password specified below. In the following, the steps describing the ftp configuration using
the Filezilla Server software:

Step 3: On MTF Camera PC create the folder for image storage:

Step 4: Automatic image acquisition and image ftp transfer scheduling:

Open Filezilla Server Interface

In the Menu Bar/Edit—> Users

In the Users Page/Users < Click on Add Button
In the Add User Account window—> type the name of the ftp user Account: ftp_edeniss_dir

In the account settings = click on Password and then enter: 12345 (if another is desired the
edeniss_scheduler.bat has to be updated)
In Page Select Shared Folders = Click Add and then select D:\FTP_EDEN-ISS\Croplmages > Click

OK

Select the privileges (in Files select Read, Write, Delete, Append; in Directories select Create, De-

lete, List, Subdirs) = Click on set as home dir = Click Ok
In FileZilla Server Interface verify the operations has succeeded.

Launch the edeniss_mkdir.bat
Verify the following folders have been created:

o D:\FTP_EDEN-ISS\Croplmages\HDTOPVIEW\<camera position1>

Where camera positionl is:

o D:\FTP_EDEN-ISS\Croplmages\HDSIDEVIEW\<camera position2>

L1-2C, L1-4C

L2-1C, L2-2C, L2-3C, L2-4C
L3-1C, L3-2C, L3-3C, L3-4C
L4-1L, L4-2L, L4-3L

L4-1R, L4-2R, L4-3R, L4-4C
R1-2C, R1-4C

R2-2C, R2-4C

R3-4C

R4-2C, R4-4C

Where camera position2 is:

L12-1S, L12-3S, L34-1S, L34-3S
R12-1S, R12-3S, R34-1S, R34-3S
o D:\FTP_EDEN-ISS\Cropimages\UFIMAGERS\<ufimager camera position2>

Where ufimager camera position is:

UFImagerl, UFimager2, UFimager3, UFimager4

o D:\FTP_EDEN-ISS\DATA\

On MTF Camera PC, in a Windows CMD command line, launch edeniss_scheduler.bat batch file for auto-
matic picture acquisition files(It is worth to underline that this application allows for one single automatic
acquisition per day). The following window appears.
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il Lk
B Clwindows\system32\cmd.exe |£Ith

[EDEN IS8 batch file. edeniss_scheduler.bat, to schedule tasks for images acquisition or for images forwarding

[Alguisition allows you to schedule images acguisition at hour:iminute (hh:mm) every day.
The scheduled task name iz “'snapshot_taskname"

[Florwarding allows you to schedule images forwarding at hour:minute <hh:mm> every day.
The scheduled task name iz "ftp_taskname"

Do yo want to schedule images [Alcguisition oy images [Florwarding [A.F17

Figure 29: Scheduler Dialog Window

For Images automatic acquisition scheduling, type A, then type the hour and then the minutes by when the
images has to be acquired automatically every day. A message will provide a feedback on the result of the
operation (Remark: The scheduling time is local time as the acquisition time in the name of the image)

EX Clwindows\system32\cmd.exe |ﬂlﬁj

JEDEN IS5 batch file. edeniss_scheduler.bat, to schedule tasks for images acquisition or for images forwarding

[Alguizition allows you to schedule images acquisition at hour:minute C(hh:mm?} every day.
The scheduled task name iz “snapshot_taskname"

[Florwarding allows you to schedule images forwarding at hour:minute ¢hh:mm> every day.
The scheduled task name is “ftp_taskname"

Do yo want to schedule images [Alcguisition or images [Flowwarding [A.FI7A
Input the Images Acguiszition Time
[Enter hour [B-231: 12

12

minute [B-591: 25

Image Automatic Acguisition Task ("snapshot_taskname") has heen created. The images will be acquired every day at 12:25
CHTASKS ~screate ~5C DAILY ~8T 12:25 /TH snapshot_taskname /TR '"'C:“\Program Files {(x86>“Python35-32~“python.exe’ C:“EDEN
I885TPZ_S8WN\“camera_snapshot_wrohot . py"

OPERAZIONE RIUSCITA: 1'attivitd pianificata "snapshot_taskname" & stata creata.

Do yo really want to guit [S.MH1?

Figure 30: Scheduler Dialog Window — Feedback Message (acquisition task)

ﬂl C \‘-‘ﬂNDDWS\sy.tem!Z‘ucmd.e:e E TPZ_SW DEN,210? 0'9 Od\edem:r. xhecluier INMILbat
EDEN 1SS batch ; 1L _HHIII bﬂ

[Flo ding allows = - : L images F
The scheduled task name i fep_taskname_HNHIII

Input the Inag FIP Tranzfer Time
E r hour [B-231: 15
= 15
r ninute [B8-59]1: !

p_tazkname _NHIII"> h I ecated. The images will he forwarded to NHI
TH Ftp_taskname_HHII1 4 “PythondSsspython.exe® Ciximage Acguisitio
E of fzet B
to guit [
Prenere un to per continuar

Figure 30: Scheduler Dialog Window — Feedback Message (ftp transfer task — to NMIII)
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If you want to set the automatic transfer scheduling, type N when the message “Do you really want to exit
[S/N]” appears on the screen, then repeat the above steps, but typing F in the first window.

After you have scheduled the tasks using schtasks command line as showed before, you have to check that
the task run regardless of the connection of users who are connected. In other words, it is necessary to
check whether the “Run whether user is logged on or not” radio button is selected in the Run Task Sched-
uler using the Windows interface.

In the following is shown how to start the Task Scheduler Windows interface:
Step 4a) To Run Task Scheduler using the Windows interface

Click the Start button.
Click Control Panel .
Click System and Maintenance .
Click Administrative Tools .
5. Double-click Task Scheduler .
Alternatively, to Run Task Scheduler from the Command Line

PwnNE

1. Openacommand prompt. To open a command prompt, click Start, click All Programs, click Acces-
sories, and then click Command Prompt.
2. Atthe command prompt, type Taskschd.msc.

Step 4b) Please, open the window property of the task scheduled (snapshot_taskname or ftp_taskname), in
the “General” tab. Please, check whether the “Run whether user is logged on or not” radio button is se-
lected.

Remark: The log files (camera_ftp.log and camera_snapshot.log) for the automated task scheduled are
generated in C:\Windows\System32 system directory.

To verify that the above scheduling tasks are correctly running, type the following commands in a Windows
CMD command line:

e schtasks /query | findstr /B /I "snapshot_taskname", to verify that the automatic image acquisi-
tion is correctly running

e schtasks /query | findstr /B /I "ftp_taskname", to verify that automatic images transfer, to DLR
site, process is correctly running.

e schtasks /query | findstr /B /I "ftp_taskname_NMIlI", to verify that automatic images transfer,
to NMII site, process is correctly running.

e schtasks /query | findstr /B /I "ftp_taskname_data", to verify that automatic csv data files trans-
fer, to DLR site, process is correctly running.

e schtasks /query | findstr /B /I "ftp taskname_data_NMIII", to verify that automatic csv data
files transfer, to NMIII site, process is correctly running.

As result, a message containing the schedule name, the next execution date and the status of the sched-
uled task will appear on the screen

To stop the schedule, type the following commands in a Windows CMD command line:

e schtasks /delete [TN "snapshot_taskname", to stop the image acquisition process

e schtasks /delete |[TN "ftp_taskname", to stop the image transfer process to DLR

e schtasks /delete |TN "ftp_taskname_NMIII", to stop the image transfer process

e schtasks /delete |[TN "ftp_taskname_data", to stop the csv data files transfer process to DLR

e schtasks /delete |TN "ftp_taskname_data NMIII", to stop the csv data files transfer process to
NMIII
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2.7.8 Manual use of the Python developed SW Applications

In case an additional acquisition and transfer of images is required the Python SW applications can be used
manually and can be launched from the DOS prompt commands, in a Windows CMD command line, as
shown in the example in fig. 31.

e

s | Ammmlstratore Prompt del comandi L= e ﬁ

28/83/281? 15 a1 <DIR> a i -
28-03-2017 15:81 <DIR> EDEH Applications

128022017 15:81 <DIR> Installer

B File B hyte

4 Directory 481 .451.823.1684 bhuyte disponibili

C:swedenspython>cd eden applications

C:sedenspython“~EDEH HDDIlCﬂtan“)ﬂlP
I1 volume nell’unitad C & 0SDis
Mumero di serie del volume: EEF?—BB?E

Directory di C:-sedenspythonsEDEH Applications

28832017 15:81 <DIR> .
28832017 15:81 <DIR> .-
27-.83-2017 15:35% 11.25%8 camera_ftp.log
27/.83..2017 15:35 4.25%1 camera_Fftp_robot._py
2783220177 13:18 3.306 camera_snapzhots.log
278322017 13:83 3.117 camera_snapzhot_vrohot.py
27,83-.2817 15:13 2.257 hikvizion.py

L File 25.581 hyte

2 Directory 4601 .45%2.812.712 byte disponibili

C:wedenspython~EDEN Applications>camera_snapshot_robhot.py

Fig. 31: camera_snapshot_robot

In particular the Python script camera_snapshot_robot.py can be run manually by typing “python.exe cam-
era_snapshot_robot.py” in a Windows CMD command line, providing the possibility to immediately start
the images acquisition

In the same way the Python script camera_ftp_robot.py can be run manually by typing “python.exe cam-
era_ftp_robot.py --userid ftp_edeniss_dIr --password 12345 --offset 0” in a Windows CMD command line,
to transfer all the image files acquired from the beginning of the day.

For manual operations a nominal sequence foresees that the operator first launch the cam-
era_snapshot_robot.py, in order to acquire images, and then the camera_ftp_robot.py, in order to transfer
the images via FTP.

Remark: In this case, the log files (camera_ftp.log and camera_snapshot.log) are generated in the same
folders where the application are stored.

2.7.9 Telespazio SW Applications testing: Manually and Automatically

Steps to test TPZ software applications Manually:

1) Start a Windows CMD command line

2) PROMPT> cd C:\Image_Acquisition\TPZ_SW\

3) PROMPT> python.exe camera_snapshot_robot.py
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This creates the file camera _snapshots.log in the same directory of the software
(C:\Image_Acquisition\TPZ_SW\). Have a look inside that file for the results.

4) Check if the files image are acquired in the directories, example file
D:LOCAL_IMAGE_PATH\cameraposition\cameraname\HDCam_cameraname_20170721_hhss.jpeg
PROMPT> c¢d D:\FTP_EDEN-ISS\Croplmages
PROMPT>dir *_ 20170721 _*.jpeg /s /p
The images list is shown one page at a time.

5) PROMPT> python.exe camera_ftp_robot.py --userid ftp_edeniss_dIr --password 12345 --
offset 0

All the camera images acquired in the day are transferred to DLR site. This create the file camera_ftp.log in
the same directory of the software (C:\Image_Acquisition\TPZ_SW\). Have a look inside that file for the
results.

PROMPT> python.exe camera_ftp_robot_ NMill.py --userid ftp_edeniss_dIr  --password 12345  --
offset 0

All the camera images acquired in the day are transferred to NMlIl site. Check the log file camera_ftp.log in
the same directory of the software (C:\Image_Acquisition\TPZ_SW\).

6) Check the files at FTP destination directories, on the remote host.

Steps to test TPZ software applications Automatically:

1) Check if the taskname for automated snapshot is scheduled
PROMPT> schtasks /query | findstr /B /I "snapshot_taskname"
2) If the task exist, delete it

PROMPT> schtasks /DELETE /TN ‘"snapshot_taskname" [/F
The task for automated snapshot snapshot_taskname is deleted

3) Check if the taskname for automated ftp file transfer is scheduled
PROMPT> schtasks /query | findstr /B /I "ftp_taskname"

4) If the task exist, delete it

PROMPT> schtasks /DELETE /TN ftp_taskname" [/F

The task automated ftp file transfer ftp_taskname is deleted

5) Start the edeniss_scheduler.bat to schedule the tasks:

PROMPT> edeniss_scheduler.bat

[A] automated snapshot task, Enter hour [0-23]: , Enter minute [0-59]: , then [F] automated FTP file transfer
task, Enter hour [0-23]: , Enter minute [0-59]:

6) Important, check whether the “Run whether user is logged on or not” radio button is selected in the
Run Task Scheduler using the Windows interface.

Step 6a) To Run Task Scheduler using the Windows interface
1. Click the Start button.
2. Click Control Panel .

3. Click System and Maintenance .
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4. Click Administrative Tools .
5. Double-click Task Scheduler .
Alternatively, to Run Task Scheduler from the Command Line

1. Openacommand prompt. To open a command prompt, click Start, click All Programs, click Acces-
sories , and then click Command Prompt .

2. At the command prompt, type Taskschd.msc .

Step 6b) Please, open the window property of the task scheduled (snapshot_taskname or ftp_taskname), in
the tab General checks whether the “Run whether user is logged on or not” radio button is selected.

7) Wait until the scheduled task "snapshot_taskname" is executed at the exact time.

8) Check if the files image are acquired in the directories, example file

D:LOCAL_IMAGE_PATH\cameraposition\cameraname\HDCam_cameraname_20170721_hhss.jpeg
PROMPT> cd D:\FTP_EDEN-ISS\Croplmages
PROMPT>dir *_20170721_*.jpeg /s /p

The images list is shown one page at a time.

9) Wait until the scheduled task "ftp_taskname" is executed at the exact time.

10) Check the files at FTP destination directories, on the remote host.

11) Check the log files, camera_snapshots.log and camera_ftp.log, in the directory C:\Windows\System32

2.8 Automatic forwarding of the images to the UHB’s

The same approach and tools described above could be used. For example the camera_ftp_robot.py could
be customized to send the images to the four UHB ftp addresses, installed on the DLR camera PC, and
scheduled to activate after the reception of the images at DLR.

This is not currently foreseen for implementation.
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Annex D: Multi-Wavelength Imaging System Guide Manual
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General Component List
e Go Pro Hero 4 Black Camera w/Back-Bone System
e NDVI-7 Filter
e M12Lens
e USB Power Supply (5.2V/2.5A)
e CambDo Blink Controller (two versions, white and black)
e CamDo Remote Switch
e iPad Control Tablet
e 128 GB Micro SD Cards (MUST BE U3 rated)
e Stand or Mounting arms /beams

Network Connections

The BLINK system requires the following network connections:

The SSID must not have any spaces, and we need to have the MAC Address. There must not be a
password on the SSID.

SSID of the access point is: WLAN_MTF_EDEN-ISS

BSSID of the access point is: 94:05:B6:5C:EC:EC

MAC-address of the access point is: 94:05:B6:5C:EC:EB

IP-address of the access pointis:  192.168.39.21

Wifi: 802.11n

Direct Photo Access
Photos can be accessed through the following methods:

e GoPro App
e BLINK Photo transfer to FTP
e Removal of the SD card

NEVER TRY TO ACCESS PHOTOS BY USING USB CONNECTION. The USB port should only ever be
used to power the camera, never for data transfer.
Usual EDEN-ISS functionality is by FTP transfers from the UFImager GoPros through WiFi.

FTP Access
ftp://212.201.100.47/
o userid: UF

o PW: alp+rf85
Passwords
BLINK (all) Wifi 1234567890 EDEN ISS 2018

BLINK /camdo Webpage | 192.168.1.1

1 - NDVI Blink Hero4 password
UFSPL Hero3 password
2 - ALP NDVI* Hero4 password UFImager2

R Co-funded by the Horizon 2020
LB Framework Programme of the European Union Page: 74/211



| SS EDEN ISS-DLO-WP3.5-D3.11-PHM Design Document-v1.3

4 - EDEN IrPro Hero4 Password
3 -RJF NDVI* Hero4 password UFImager3
5 — GatorNDVI* | Hero4 password UFImager 4
6 — AllyNDVI* Hero4 password

* Denotes Deployed to Antarctic Units

SD Card

We have found that the most common compatibility problems are due to the type of SD card be-
ing used. You are strongly advised to use an SD card from the recommended list on GoPro's web-
site,

Use of cards not on the list, especially SanDisk Ultra cards, will greatly increase your chance of
trouble with your setup. Some SD cards have the same product name as the cards on the list but
are an older version that only has a Ul rating. Make sure your SD card has a U3 rat-
ing. Underperforming SD cards can prevent proper functioning of your GoPro camera's features.

Camera set up

Scheduled data collection is controlled by the Blink Hardware modification (see section 3.5). However, be-
fore using the Blink to control automation, the camera must be pre-equipped with the NDVI-7 filter, and
configured and tested for focus and view. The camera can be connected to WIFI for live viewing of image
(low definition option) or connected to a computer display screen via HDMI for hi-definition live viewing.
For accurate focus, it is best to use HDMI. If HDMI connection not an option, focus through WiFi connec-
tion, but then further calibrate and adjust by reviewing test images taken at several focal planes.

GoPro connection and configuration

The first step is to download the application to the controlling tablet, and then follow the on screen instruc-
tions to add a new device. The first time the wireless connection is established, the camera and the tablet
must be paired via Bluetooth. The tablet will thereafter be able to recognize the camera (Figure 4). This
step is only necessary the first time.

1. Turn on GoPro camera, scroll to Setup and enable GoPro Wi-Fi
2. Exit Setup screen on Camera

3. Using your phone or tablet device, connect to GoPro Wi-Fi. — The device is connecting to the Cam-
era’s Wi-Fi, rather than the camera connecting to the device.

Open the App >
Select “Connect Your Camera”
Press “Control” under the device to be used

Check the field of view in the Live Preview screen

© N o v &

The “settings” tool (wrench icon) enables the manipulation of all camera options
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CAMERA

gﬁ.

EDEN IRPRO

Play or Take Picture
HERO4 BLACK FERL

Settings

O =™

n g Accessto camera's Mode (Video, Still,
= SD Card Time-lapse, etc.)

55 MEDIA o}« CONTROL

Figure 33. Screen shots of the pairing process (left and middle) and the Live Preview screen
(right) on the tablet or phone.

Camera settings

The GoPro settings have been found to work best for initial setup under the Heliospectra light bank are as
follow. Figure 5 provides screen captures of the camera selections under “Settings”.

o Megapixels; various choices
= There are wide frame and “zoomed” frame settings
= Retest focus after selecting different MP
= Note that irrespective of the size chosen to collect, when the image is saved, it will be slightly

smaller (e.g. 12MP file will be about 4.5-6MP)

o Spot Meter: OFF

o Protune :ON

= protune enhances quality of video by increasing bit rate from 30 to 45 megabits per second; not
so important for capturing individual images, however, enabling protune unlocks features of in-
terest, such as white balance, color adjustment, ISO, sharpness and EV compensation.

o White Balance: 6500k

Color: Flat

ISO Limit: 800

Sharpness: High

EV Comp: 0.0

o O O O
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Megapixels 1ZMP Wide Orientation Auto
Resolution 1080
Spot Meter Default Mode Video
Frames Per Second 40 = )
Protune L Default Video Sub Mode Video
Field of View Wide .
White Balance 6500K Quick Capture OFF
Low Light
. Color Flat LED Blink
Spot Meter
IS0 Limit 800 Beeps OFF
Protune
Sharpness High Video Format NTSC
EV Comp On Screen Display ON
Megapixels 12ZMP Wide
Reset Protune Auto Off NEVER
Spot Meter
Wireless Mode Smart
Protune [ — -
. Rate 30 Photos / 1 Second .
— Set Date and Time
White Balance 4500K Megapixels 12MP Wide
Color Flat Spot Meter
P Delete Last File
IS0 Limnit 800

Camdo BLINK set up

The instructions below are adapted from the on-line guides provided on the Camdo web documents
(https://cam-do.com/pages/blink-quick-start-guide). NOTE: 2018 Field Season Quick Notes are below, the
following examples are for background and reference.

Blink assembly and activation

1. Turn on the camera and adjust settings as outlined in 3.4, but set the AutoOff to 1 minute to prevent
the camera battery from draining in the event of an error that fails to turn off the camera after an
imaging session. Also confirm that the camera firmware is updated to the latest version; either
through the GoPro App for iOS, or on the GoPro web site (v05.00 was the latest HERO4 version at
April 2017). NOTE: for the 2018 season, all firmware updates are in place.

2. Connect the Blink the HERO4 camera. This is as simple as snapping it onto the back of the GoPro
(Figure 6).

ait
10
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Af-
ter
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n on the camera, read the camera’s time, and then turn off. The camera’s time will be inaccurate,
but will be set it later in the process.

4. Plug the Wired Remote into the Blink's 2.5mm port. Blink's WiFi can be turned on and off by hold-
ing down the button of the Wired Remote for 3 seconds. Blink's LED will flash cyan three times to
indicate WiFi has been turned on and twice to indicate WiFi has been turned off. The LED will con-
tinue to flash blue every 5 seconds while Blink's WiFi is active and WiFi will automatically turn off
after 15minutes to conserve power. The Wired Remote can be unplugged after activating Blink's
WiFi. Or you can leave it attached and remove the Wired Remote after turning off the WiFi at the
end of the setup.

5. Connect to the Blink wireless network “CamDo-
Blink_XXXX”, where XXXX is the MAC address of Blink.
Unless you have multiple Blinks you will only see one
Blink wireless network to connect to. The password to
connect is “1234567890”. NOTE: If the LED of Blink is
not flashing blue to signify WiFi is on, connect the
wired remote and hold the button for 3 seconds to
turn it on.

6. Open a web browser and navigate to
http://192.168.1.1 in the search bar. (If a shortcut is
not present on the iPad, one should be created). A
screen capture of the Blink interface is shown in Figure
8.

Blink settings

Note: 2018 Field season has white blinks that use this example below. UFImager4 uses a black blink that
has a slightly different setup procedure. See 2018 Quick Notes below.

The first step is to sync camera time with local time by clicking on the “Sync Camera Time” button. Then the
schedule can be modified for the capture requirements of the experiment. In the example shown in Figure
8, a schedule was created to take an image every 20 minutes, Monday through Friday 10am-4pm.

o Tap the days of the week to enable the schedule for that day. As can be seen in the image below, M,
T,
W,
T,F
are
high
light
ed
in
blue
indi
di-
cat-
ing
the

are
ac-
tive.
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o Setthe Start Time and End Time

o Select “Intervalometer” under “Select a mode”

o Set to desired interval (20 mins in this example)

o “Select an action” - in this case a Photo during the Day is selected.

o Click the “Enabled” button (if enabled, the schedule in the list will be dark blue).

o Click “Save All”. The page will refresh and your modified schedule should be shown in the appropri-

ate drop-down box. Click- ing
“Clear All” will reset all
schedules to their default val-

ues and disable.

Note. The same procedure can be fol-
lowed to set additional Schedules.

Schedule conflicts will be resolved by
priority in descending order. For ex-

ample, schedule 1 has priority
over schedule 2.

STEP 8 - ONLY USE ONE SCHEDULE WITH FTP
Software

Modify a schedule to suit your capture re-
quirements. In this example, we will create a
schedule to take an image every 20 minutes,
Monday through Friday, 10am till 4pm.

To create the schedule, complete the follow-
ing:
o Tap the days of the week to enable
the schedule for that day. As can be
seen in the image below, M, T, W, T, F
are highlighted in blue indicating they
are active.

o Set the Start Time and End Time

o Select “Intervalometer” under “Select a mode”

o Set to your desired interval (20 mins in this example)

o “Select an action” - in this case a Photo during the Day is selected.

That’s it! Follow the same procedure to set additional Schedules as needed.

NOTE: for the black Blink, you must Select and Action, choose photo, set for O (zero) seconds.
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STEP9

Once the schedule has been modified, be sure to click the “Enable” button. A quick way to tell if a schedule
is enabled is by the dark blue colour of the drop-down box. Schedule conflicts will be resolved by priority in
descending order. For example, schedule 1 has priority over schedule 2.

STEP 10

ENABLE SCRIPTING!

NOTE: for the black Blink, there is no enable scripting box, nothing to worry about.

STEP 11

Click “Save All”. The page will refresh and your modified schedule should be shown in the appropriate drop-
down box. Clicking “Clear All” will reset all schedules to their default values and disable.

System Reset / System Set Up

If complete meltdown happens and you need to redo the whole system.

1. Update Hero 4 firmware to camera specific version (v5.00)
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a. This camera specific update is provided in each file for an imager. This will update the
camera to GoPro v5.00 firmware. The files are not interchangeable as they are created
specifically for individual serial numbers.

b. Find and move the UPDATE file to your microSD card. For the camera to find the file, it

should be the ONLY folder on the card and should be titled “UPDATE”

Make sure the camera is off

Insert the SD card into the camera

Power the camera on

Camera will cycle through a number of beeps and turning itself on and off as it updates.

As long as you don’t get a “CAMERA UPDATE FAILED” message when it is done, then your

update is successful.

2. Update Blink firmware to latest version (v2.00 currently)

a. Download the .bin update file and transfer it to a USB flash drive. The USB flash drive must
be using the FAT32 file saving format (default format for PC).

b. Connect the flash drive to one end of the USB OTG Cable and the other end to Blink. Blink
should not be connected to the GoPro camera during the firmware update process.

COE e

c. Finally connect the last end of the cable to a power source such as a mobile phone USB
charger/USB battery pack/Laptop, etc.

d. Blink will start the update immediately. During the firmware update, the LED will follow the
pattern below.

e. Magenta flash continuously every 0.25 seconds: Firmware from the USB flash drive is trans-
ferring to Blink storage.

f. Green flash twice: Firmware successfully stored.

g. Magenta flash continuously every 0.25 seconds: Firmware from internal Blink storage is in-
stalling.

h. Green flash three times: Firmware successfully installed.

i. Red flash: Any number of red flashes indicates an error has occurred. Remove power and
try again. If red LED flashes continue to occur during the firmware update process, please
contact CamDo customer support.

j.  Toverify the update, turn WiFi on with the remote and check the top right corner of the Ul.

k. Note: The USB flash drive must be using the FAT32 file format to be able to perform the
Blink firmware update and Blink does not support partitioned drives or other formats. The
FAT32 file saving format is the default format for PC and used with most USB flash drives
under 32GB. Large capacity flash drives might be using the exFAT format which is not com-
patible with Blink. If you are using a MAC, the following link explains how to format a USB
flash drive to FAT32.

3. Update Hero 4 firmware to CamDo version (from Camdo)

a. This version of the firmware for the Hero4 is the same on each camera (not camera specif-
ic.)

b. Use the UPDATE folder as in step one — but the version from Cam Do in the Updates from
CambDo after V5.00 update

4. Set-Up camera through app (make sure photo settings and focus are correct)
a. See Camera set up above
5. Set-Up Blink through WiFi connection
a. See BLINK set up above
6. Set-up SD card with autoexec and CSIController files
a. Remember each camera has its own individual CsiController file, but the autoexec
7. Plugin—and get rolling.
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Image nomenclature

e The pattern for the UFIMAGERS image snapshot FTP transfer is {}*{} that is UFICamPosi-
tion*.fileextention, UFICamPosition in {UFImagerl, UFImager2, UFImager3, UFImager4 for UFIM-
AGERS cameras}, fileextention=jpg. Example: source UFl picture name UFIm-
ager2_1502722694 102GOPRO_GOPR3299.jpg UFICamPosition=UFImager2, fileextention=jpg. As
you can see, in the image snapshot file name an Unix time stamp is present.

Before transfer of the images, the script does a conversion of time stamp in local GMT daytime so
that the destination picture name is UFICamPosition_prefix_*.fileextention, UFICamPosition in
{UFImagerl, UFImager2, UFImager3, UFImager4 for UFIMAGERS cameras}, prefix is
YYYYMMDD hhmm where YYYYMMDD is the GMT year-month-day and hhmm is the hour-second
(GMT) in local daytime, fileextention=jpg.

Example:

o Source UFIMAGER picture name UFImager2_1502722694_102GOPRO_GOPR3299.jpg
where 1502722694 is the Unix time stamp;

o Destination UFIMAGER picture name UFIm-
ager2_20170814_1658_102GOPRO_GOPR3299.jpg where 20170814_1658 is the GMT lo-
cal daytime in the form YYYYMMDD_hhmm where YYYYMMDD is the GMT year-month-day
and hhmm is the hour-second (GMT) in local daytime.

Troubleshooting

Computer connection error

If a GoPro is accidently connected to a computer via USB, it will need to be reset before image transfer via
FTP will work. To reset:

— Remove the battery and the Blink from the back of the camera (wait a few minutes)

Replace the battery and reattach the Blink to the back of the camera

After the Blink has cycled, you can turn off the camera and plug it in (to 5v power, not to a com-
puter).

It should now work normally; the Blink should turn on the camera and take pictures according to
the schedule programmed in the Blink.

Photo lighting — unexpected changes

If a noticeable change in photo lighting is seen, with no adjustment to the lighting schedule, the camera
clock should be checked. By accessing the BLINK on the back of the camera (see BLINK setup) the camera
clock can be resynced using the “Sync Camera Time” button.

Adjusting Focus
Because of the coding located on the SD card mounted in the camera, focusing the imagers can be tricky.

Camera focus can be tested by using an HDMI connection of a WiFi connection to the GoPro application.
Unless there is an HDMI cord and screen handy, WiFi is the most likely path.

1. Remove SD Card

Turn on GoPro WiFi

Connect tablet

Open app

Do a rough focus using the “live” view

Test focus by taking a picture and viewing it on the tablet.

ok wn

The “live” view quality on the camera app should not be trusted for high quality focus. An image should be
captured and viewed as the “live” view is not meant for focus, only frame adjustment. Fine focus should be
done by making adjustments and checking them by taking a picture.

Imager Storage
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If the imagers are to be stored, it is best to remove the Blink from the camera to avoid unnecessary photos
being taken. This will stop the battery from being drained when being stored for short periods of time. Itis
also important to make sure that the WiFi signal isn’t on (no blue flashing light.)

Multiple Schedules

Do to the use of beta code on the imagers, it is best not to run multiple schedules over extended time peri-
ods. Once the first schedule is rolled to the second, it will not go back to the first schedule. There is also a
chance of failure in the second schedule. DON’T USE MULTIPLE SCHEDULES.

General Problem with imagers

One of the first things to check if the imagers aren’t working as expected is the CSllog on the SD card. This
log can tell us where the issue is happening. To do this, you will need to remove the SD card from the cam-
era and open on a computer. The file can be read as txt, but is easier in a coding program such as Note-
pad++

Pictures taken, but not transferred

Make sure that Enabled Scripting is checked in the Blink set up for the white Blinks. For the black Blink be
sure that Select an Action has Photo for 0 (zero) seconds is set.

UFImagers EDEN-ISS 2018 Field Operations Quick Notes

UFImager GoPro Pelican — stored in Service Section

This pelican is used to store and transport the UFImager GoPro cameras. It also contains switches and parts
for use during the season whenever repositioning or refocusing of the UFImagers is necessary, or during
troubleshooting of UFImager functionalities. Pelican contents:

1. Ziploc bag with GoPro Imager Lens caps (3)
2. Fisheye Lens w/NDVI filter (1) in box
3. Component and tool bag (1)

a. CambDo USB

b. Micro SD cards and SD adapters

c. Small Allen wrenches

d. Filters
4. Hardware Zipper Bag (1) lower level

a. GoPro Power USB cord (1)

b. CambDo USB Reset cord (1)

c. Arm /Beam adapter nuts (5)
5. Blink Zipper Bag (1) lower level

a. CambDo Blink Wifi Remote Switches (2)
6. CambDo sticker (1)

UFImager Operations Quick Ref

WiFi password for all UFImager GoPros = password
WiFi password for all CamDo Blink adapters = 1234567890

GoPro App for focusing and checking settings on UFImagers:

The GoPro app is used for focusing and altering the settings of the UFImagers. This is done the apps in ei-
ther the Tablet or the iPad and requires connection to the GoPro WiFi

1. Remove SD card from the GoPro, OK also to remove power cable, but not necessary
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2. Start GoPro App on iPad or Tablet
3. Turn on GoPro WiFi
a. Press and hold the settings button on the side, or
b. Press the front panel skull button and navigate to settings
4. Navigate to Settings iPad or Tablet and connect to the GoPro WiFi
a. All GoPro WiFi passwords should be stored in the iPad and Tablet but if not enter the pass-
word = password to connect
b. Return to the GoPro App
c. Use Live Preview to focus
d. Use Settings to check or change imaging parameters (consult ops document)
Turn off WiFi
Turn off GoPro by pressing and holding the Skull front button till the display clears.
Replace SD card. Be sure that it is seated properly
Replace power connection

o N v

CambDo Blink for settings on UFimager timings

The Blink adapters control the times that images are taken by the UFImager GoPros. All settings for time of
images are managed by WiFi connection to the Blink Adapter. The Blink adapter also syncs the camera time
to the station time. UFImagers 2 and 3 are controlled by white Blink adapters. UFimager4 is controlled by a
black Blink. Connect to only one Blink at a time.
1. Recover a Blink Remote switch from the UFImager Pelican case
2. Connect a Blink remote switch to Port 1 of the Blink adapter on the back of the GoPro
a. OKto leave power connected to GoPro
b. Must leave SD card in GoPro
3. Turn on Blink WiFi by holding the button on the remote for ~5 seconds
4. Open Settings on the iPad or Tablet and Connect to Blink WiFi
a. If necessary enter the password = 1234567890 to connect
5. Open Safari or other web browser, navigate to http://192.168.1.1
a. Site should already be stored in the browser
b. Shortcut should be on the iPad
c. If connection to the Blink cuts out, sometimes reconnecting the power cord helps
6. Touch Sync Camera time
7. Modify the imager schedule as necessary (see full ops document)
8. Save and close
a. White Blinks-
i. Be sure to check Enable Scripting
ii. Touch Save All
b. Black Blink
i. No enable scripting required
ii. Go to Select an Action
1. Select Camera On
2. Set 0 (zero) seconds
iii. Touch Save All
9. Use the Remote Switch to turn off the Blink WiFi
10. Ensure that Blink Wifi is off using the iPad or Tablet
11. Disconnect the remote switch and replace it to the UFImager GoPro pelican case

Inside the UFImager GoPro Pelican case is a laminated copy of the 2018 Field Ops Quick Notes
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1 INTRODUCTION

Objective of the EDEM Diosol Exposure Test on Escherichia coli is to prove, if the vaporization of hydrogen
peroxide provides an adequate decontamination of bacteria.

Therefore, the decontamination efficiency of two H,0, solutions (3% and 12%) is investigated on the test
bacterium Escherichia coli D5M 613. Besides the investigation on the different H.O, solutions, it evaluates the

Decontamination system and the Hydrogen Peroxide Vapar (HPV) treatment on its efficiency.

This document presents the following content:

Test Articles
Test Description
* Results
+ Discussion
s Conclusion

The results of this test serve as inputs for the EDEN H,0, Decontamination Test, as it helps to determine the
solution of H.O,, which is used for further testing.
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2 APPLICABLE AND REFERENCE DOCUMENTS

2.1 Applicable Documents

The following table shows the top level applicable documents.

AD Doc. Number Issue Date Title Applicability

£D0 < 1 3016-10-20 EDEN ISSI-.EI. BDS WP2.3-D2.5- all
Design Report-v1.0

EDEN IS5-AD5-WP3.5-CDR E-

ADD1 - 1 2016-02-08 Mose and Decontamination all

System-vD.2

2.2 Reference Documents

The following table shows the reference documents.

RD Doc. Number Issue Date Title Applicability
Gefdhrdungsbeurteilung
RDD1 - 1 2016-07-28 Il
Arb5chG und BetrSichV_V1.0 2
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3 TEST ARTICLE
The following articles were used:
MNo. Article Part Number | Model S/N |Number of | CIDL/ABCL or Drawing:
Items
1. |Diosol 3 {without Ag-complex)
2. | Diosol 12 (without Ag-complex)
3. |E coliD5M 613
4. | EDEN Decontamination System
. Consumable lab. Material (see
| TR}
6. |Lab. Equipment [see TP)
7.
3.
&
10.
11
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4 TEST DESCRIPTION

First of all, a graphical overview is given, since several steps are performed in scope of the EDEN Diosol

Exposure Test.
Preparation of
Test Description _ Culture Madia, b Cultivation of Growth Curve of
and Assemily ; Buffer, and Escherichia coll </ Escherichia coli
. Liquids i

\ Installation of s Production of - : \

Test Equipment Dilution Series Dispensing 4 Ingculation

Figure 4-1: Test overview
Figure 4-1 provides an overview over the EDEN Diosol Exposure Test:

Chapter 3.2_1 gives a short description of the test methodology and assembly. Additionally, a schedule is
prepared, according to which the following test scenario is performed.

Chapter 3.2 2, describes the preparation of culture media, buffer, and liquids as well as the adjustment of the
pH-value. Furthermore, information about each used chemical is given.

Chapters 3.2.3 and 3.2.4 explain the cultivation of E. coli and demonstrate the dedicated growth curve. In
addition, a short review about considered sterile working conditions is given.

The subszequent chapter 3.2.5 shows the installation of the test equipment and the assembly under the
cleanbench. In this chapter, it is important to realize, which samples are placed at which positions. Positioning
of the samples is illustrated by ¥-marks. The positioning and nomenclature of the samples is important, since

in further evaluations of the results the references to the dedicated labeling of the samples is created.
Chapter 3.2.6 shows how the dilution series are produced.
Mext, chapter 3.2.7 demonstrates how dispensing of the dilution series into the petri dishes is performed.

Finally, chapter 3.2.8 provides information about the settings of the incubation chamber for the petri dishes.

4.1 Test Description and Scheduling

Allin all, four test runs are performed in scope of the EDEN Diosol Exposure Test. Two test runs are executed
with Diosol 3 and two test runs with Diosol 12. Therefore, the test strain E. coli is cultivated and inoculated on
glass slides, which are put into sterile petri dishes in order to prevent colonization on the glass slides from the

room air.

The test habitat is placed under a cleanbench and five samples are used in each test run. Two test samples are
placed under the cleanbench outside the test habitat and three test samples are placed inside the test habitat.
After arranging the samples, the decontamination process is initiated by turning on the Diosol generator. The
test habitat has to be kept closed for 90 minutes after turning on the Diosol generator. Then, the glass slides
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are removed from the cleanbench and the test habitat in order to evaluate the results. Therefore, each glass
slide is placed in a vortex mixer and the colonies are washed down. For further evaluation, the parental
solutions are prepared from these solutions in order to produce a 6x dilution series. After diluting, a small
share is taken out of the dilution series and pipetted into petri dishes. Subsequently, the petri dishes are
incubated in the incubation chamber and the colony forming units (CFU) are counted.

Figure 4-2 demonstrates the test assembly and the sample arrangement under the cleanbench and inside the
test habitat. Concerning the test habitat, the nozzle, which is connected to the Diosol generator is placed
inside as well as three test samples. Two of these three samples are inoculated with E. coli. Under the
cleanbench, two further samples are placed next to the test habitat, of which one is inoculated with E. coli.
The inoculated negative control sample outside the decontamination chamber is important for further
evaluations since it provides a reference of the colony growth with the impact of the decontamination agent.

Cleanbench

Test habitat

Mozzle vaporizing
H'.!DZ

Legend:

"""" Positive control samples White slides: NOT inoculated

------------ MNegative control samples

Orange slides: inoculated with E. colf

Figure 4-2: Sample arrangement
The test samples, which are inoculated with E. coli and placed inside the test habitat serve as positive control
samples. All in all, eight positive control samples are used (PC.1 — PC.8), as four test runs are performed, in

which two positive control samples are used in each. Positive control samples prove the efficiency of the agent
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and system, which are used in scope of the EDEN Diosol Exposure Test. Furthermore, three negative control
samples are used in each test run, which leads to a sum of twelve negative control samples (MC.1 — NC.13).
Negative control samples exclude extrinsic influencing factors as contamination of surfaces or the room air.

Nomenclature of glass slides, petri dishes, and reaction tubes is a crucial issue in microbiological experiments.
Therefore, nomenclature is specified in the tables, which are listed in the appendix allowing a clear assignment

of the test samples.

Since several test runs and the respective dilution series have to be produced, a reasonable schedule is
necessary and given in the following table.

Table 4-1: EDEN Diosol Exposure Test schedule

Monday, 22.08.2016

Actionee Dr. Reidt, Ulrich Braun, Robert Gartner, Alexander
Actionsz Safety instruction Safety instruction Safety instruction
Preparstion of Pre-culture Momenclature Momenclature
Preparation of Pre-culture Preparation of Pre-cultune

Tuesday, 23082016

Actionss Dr. Reidt, Ulrich Braun, Fobert Gartner, Alexander
Actiona Inoculation of slides #1,2 Inoculation of slides #1,2 Inoculstion of slides #1,2
Decontaminstion #1,2 Decontaminstion #1,2

Sample Ewvaluation: Dilution #1,2 | Sample Evalustion: Dilution #1,2

Wednesday, 24.08.2016

Actiones Dr. Reidt, Ulrich Braun, Robert Géariner, Alexander
Actianz Sample Evaluation: Counting #1.2 Incculation of sfides #3.4 Incculation of slides #3.4
Decontamination #3,4 Decontamination #3,4

Sample Evaluation: Dilution #34 | Sample Evaluation: Dilution #3,4
Sample Evaluation: Counting #1,2 | Sample Evaluation: Counting #1,2

Thursday, 25.08.2016

Actionee Dr. Reidt, Ulrich Braun, Robert Gartner, Alexander
Actions Sample Ewvaluation: Counting #3.4 | Sample Evalustion: Counting #3.4

Monday, 22.08_2016:

First of all, a safety instruction is given by the laboratory supervisor Dr. U. Reidt. Mext, Schott bottles, glass
slides, petri dishes, falcon tubes, and reaction tubes are labeled according to the tables listed in Appendix B.
Then culture media, buffer, liquids and the pre-culture of the test strain E. coli are prepared.

Tuesday, 23.08.2016:

On Tuesday, the glass slides for the decontamination test runs #1 and #2 are inoculated and the respective test
runs are executed. After finishing the decontamination procedures, the dilution series of batches #1 and #2 is
produced and the petri dishes are placed into an incubation chamber at consistent conditions. Besides, a
growth curve of E. coli is measured photometrically.
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Wednesday, 24.08.2016:

On Wednesday, the glass slides for the decontamination test runs #3 and #4 are inoculated and the respective
test runs are executed. Then, the dilution series of batches #3 and #4 is produced. Furthermore, petri dishes
from dilution series #1 and #2 are removed from the incubation chamber and the samples are evaluated by
counting the CFU.

Thursday, 25.08.2016:

0On Thursday, the counting of batches #3 and #4 is performed and the results are discussed among the
participants.

4.2 Preparation of Culture Media, Buffer, and Liquids

First of all, Lysogeny Broth — Agar (LBA) nutrient media is produced, which is considered to be a favorable
growth medium for the test strain E. coli. Therefore, 13 Schott bottles (size: 500mL) are prepared and 10.5g
LBA (Lennox) is weight and filled into each Schott bottle.

Mext, the Schott bottles are filled with 300mL deionized water, labeled, stirred, and autoclaved at a
temperature of at least 121°C and 2,2bar for 20min. After autoclaving, the LBA medium is placed on a
magnetic stirrer to guarantee its liguidity. After it is cooled down, the liquid LBA is cast into the petri dishes.

Figure 4-3: Casting of petri dishes
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In order to reach 121°C, the autoclave needs approximately one hour to heat up and cool down, which results

in an absolute time of 180 minutes per autoclaving cycle.

After the preparation of LBA, Lysogeny Broth Broth (LBB) is prepared. Therefore, 6g LB — Broth (Lennox) is
given into each Schott bottle (size: 500mL) and filled with 300mL deionized water. All in all, two Schott bottles
with LBB are prepared, stirred, and autoclaved at the same settings as specified above.

Mext, phosphate buffered saline (PBS) is prepared, which is used to wash inoculated E. coli off the glass slides.
The PBS is made out of four chemicals: Sodium chloride (NaCl), dibasic anhydrous sodium phosphate
{Na;HPO.), potassium dihydrogen phosphate (KH.PO,.), and potassium chloride (KCl). As 500mL PBS are
produced, the amount of each chemical is weight accurately according to the receipt introduced by the
supervisor U. Reidt, which is similar to the receipt predefined by DLR:

The molar mass (M) of NaCl is 58.44g/mol. According to the predefined receipt, 140mmuol are needed for the
PBS. From this information, the amount (A, ) of the chemicals listed in the section above, is calculated for the

PBS as follows:

140mmol = 58.44g
1000mmaol

Agacs = = B.l8g (41)

As a result of equation (4.1), 8.18z MaCl are needed for the production of 1L PB5. Since only 500mL are
produced, 4.09g are weight and given into a Schott bottle (size: 500mL).

The molar mass (M) of Na.HPO, is 141 96g/mol. According to the receipt, 10mmuol are needed for the PBS.
Therefore, the amount of Na.HPO, is calculated as follows:

10mmol = 141.96g
1000mmael

Apazupos = = 142 (4.2)

Equally, the calculated mass of 1.42g in equation (4.2) accounts for 1L PBS. Since only 500mlL PBS are
produced, 0.71g are weight and put into the Schott bottle.

The molar mass (M) of KH.PO. is 136.09g/mol. According to the given receipt, 1.8mmaol are needed for the
PBS. The necessary mass is calculated in the following equation:

L8mmol = 136.09g
1000mmol

Aguzros = = 0.24g (4.3)

Again, only half the value of equation (4.3) is necessary. Therefore, 0.12g are weight and put into the Schott
bottle.

The maolar mass (M) of KCl is 74.56molfg. According to receipt, 2.7mmol are need to produce 1L PBS. The
required mass is calculated in the following equation (4.4):
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F. 2.7mmol + 7456g S Qs
K=~ onommel - Do0d (44)

0.20g KCl are needed to produce 1L PBS. Again, only half of the value is weight and put into the Schott bottle
since only 500mL PBS are produced.

After weighting all chemicals with a maximum permissible deviation of £0.01g with a fine scale, 500mL
deionized water is given into the Schott bottle.

Figure 4-4: pH-valus adjustment

As demonstrated in figure 4-4, the Schott bottle is placed on a magnetic stirrer and pH-value is adjusted to 7.4
(£0.2). The first pH-measurement indicates a pH-value of 9.2. Therefore, the pH-value is adjusted with 37%-
hydrochloric acid {(HCl) in order to reduce the pH-valee. By using 37%-HCl, the pH-value is reduced to 7.36,
which complies with the determined thresholds.

4.3 Cultivation of Escherichia coli

Generally, before transferring bacteria, liquids, and chemicals, several precautions are taken, which ensure a
sterile working process in the laboratory:

1. The hands are washed with antiseptic soap and warm water before leaving or entering the
laboratory.

2. Likewise, the hands are washed before initiating any sterilization procedures or working with
chemicals and bacteria.
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3. 99%-lsopropyl alcohaol (IPA) is used to sterilize surfaces and benches. Therefore, IPA is applied
generously on the surfaces and dispensed with a disposable wipe.

4. Additionally, a Bunsen burner is always ignited while working with chemicals, liquids or bacteria.
The flame is adjusted until 2 blue cone is visible in the midst of the flame. This provides a sterile
area around the flame, as it produces an updraft, which prevents volatile compounds and
microorganisms from entering the area around the Bunsen burmer. MNevertheless, precipitant
movements have to be avoided to preserve the sterile area around the Bunsen burner.

after the preparation of culture media, buffer, and liguids, the cultivation of E. coli is performed. Therefore,
50mL LBB are decanted from the Schott bottles to an Erlenmeyer flask (size: 100mL). The flasks are breamed
carefully before decanting. Next, E. coli is scraped off a petri dish prepared with LBA nutrient medium, which
was inoculated and incubated on the previous days by the laboratory supervisor.

To scrape E. coli off the petri dish, an inoculation loop is used. The inoculation loop is breamed to ensure
sterility that only E. coli is scraped off the petri dish. The colonies, which are detached from the petri dish and
stuck in the inoculation loop are given into an Erlenmeyer flask (size: 100mL) filled with 50mL liquid LBB
medium.

Figure 4-5: Pure LBB Medium and LBB with E. coli after incubation

0On the left, fipure 4-5 shows pure LBB medium before adding F. coli and on the right, the figure shows LBB
medium after adding £. coli and incubating. The Erdlenmeyer flasks are fixed into an incubation shaker and
incubated at 37°C and 200 rotations per minute (rpm) for a period of approximately 12h. Comparing the two
solutions, a significant turbidity is recognized, which indicates the growth of E. coli.

The following section describes the methodology, how the dilution of the turbid medium is performed:

First, the optical density (OD) of the turbid medium is adjusted to ODjs=s0q = 1.4 (£0.1) as specified in the test
procedure. Therefore, in order to determine the zero-point, ImL pure LBB medium is pipetted into a cuvette
and the optical density of the reference medium {pure LBB) is measured at a wavelength of A=600nm:

OD,ere = 0028 (4.5)
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Mext, the optical density of the turbid medium is measured photometrically. Again, ImL of the medium is
pipetted into a cuvette and the optical density is measured with the following result:

Oﬂcuiku.re = 2.001 (‘1"5)

Before diluting the culture in the Erlenmeyer flask, the necessary amount of autoclaved deionized water,
which is needed for an appropriate dilution is identified by diluting the culture in the cuvettes.

By diluting 7000l culture with 900l autoclaved deionized water, an optical density of 1.452 is achieved.
Consequentially, the dilution factor (df.) for the culture {3.6) is calculated as demonstrated in equation (4.7):

00pL

As a result of equation (4.7), (4.8) proves that 50mL culture have to be diluted (D.) with 64.5mL autoclaved

deionized water to achieve an optical density of 1.452:
Dy = 50mlL + 1.29 = 64.5mlL (4.8)
After diluting the culture in the Erlenmevyer flask, a final photometric measurement is performed:
ODpjityted cuture = 1442 (4.9)

Finally, the primary culture {0D=2.001) is diluted to an optical density (0D=1.442). Subsequently, the solution
with an optical density of 1442 is further used in the test runs #1 and #2.

Since test runs #3 and #4 are executed on the following day, a new culture is set up and diluted to the

specified optical density of 1.4. The photometric measurements are performed as described previously.

Again, the pure LBB medium provides the zero-point as reference for the following measurements:
0D or0z = 0.028  (4.10)

1mlL of the culture is pipetted into a cuvette and placed in the photometer with the following result:
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0D yirurez = 1.804  (4.11)

Subsequently, the culture is diluted to a specified value of 1.4. Therefore, 700uL culture are diluted with 400uL
autoclaved deionized water in a cuvette. Thereby, an optical density of 1.448 is achieved. The dilution factor is
calculated as follows:

00pL
fi =
700uL

=057 (4.12)

From this dilution factor in the small cuvette, the dilution of the culture in the Erlenmeyer flask is performed:

Dys =50mL +0.57 = 285mL  (4.13)

Equation (4.13) provides information about the amount of the LBB medium that is added to 50mL culture in
order to reach an optical density of 1.449.

A final photometric measurement is performed after diluting the culture with 28.5mL LBB medium. This
diluted culture is used for the inoculation of the glass slides for test runs #3 and #4:

ODpiyted culturez = 1442 (4.14)

After diluting the culture to the specified optical density, the solution is pipetted on the previously autoclaved
glass slides, as shown in 4-6. The glass slides are 76mm long, 26mm wide, and 1mm thick {Carl Roth:
Microscope slides, ground edges 90°). After autoclaving, the glass slides are placed with breamed tweezers
into a sterile petri dish.

Figure 4-6: Circular pipetting onto the glass slides
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Then, 50uL of the diluted culture have been pipetted on the glass slides, which were previously put into the
petri dishes. The culture is inoculated circularly on one side of the glass slide, at which the labeling is visible_ It
is necessary to ensure that the pipetted culture does not drain off the glass slide. After pipetting, the glass

slides are dried before initiating the decontamination procedure.

4.4 Growth curve of Escherichia coli

Besides, a growth curve of E. coli is created. Therefore, 1mL undiluted culture {OD = 2.001) is mixed into an
Erlenmeyer flask (size: 300mL) filled with 200mL pure LBB. As already mentioned in equation (4.5), pure LBB is
determined as zero-point with an optical density of 0.028 and serves as reference for the following
measurements. The Erlenmeyer flask is placed into an incubation shaker incubating at 37°C and shaking with
approximately 200rpm. From this point, the optical density of the culture is measured every 30min at a
wavelength of A=600nm by pipetting 1mL of the diluted culture into a cuvette and executing the photometric
measurement. Table 4.2 lists the photometrically measured values at a wavelength of A=600nm. In the left
column, the time is given in minutes and in the right column, the measured values of the optical density are
listed.

Table 1.2: Growth curve - values

t [min] OD pi=soonm]

0 0.028
30 0.025
60 0.045
20 0.078
120 0.169
150 0.374
180 0.565
210 0.838
240 0.936
270 1.085
300 1.193
330 1.196
360 1.301
380 1.347
420 1.407
450 1.416
480 1.558
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A growth curve of E. coli is classified into four phases:
1. Lag phase
2. Log phase
3. Stationary phase
4. Death phase

Growth curve of Escherichia coli
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Figure 4-7: Growth curve of E. coli

Figure 4-7 illustrates the growth curve of E. coli measured over eight hours at an optical density of A=600nm.
The growth curve demonstrates the phases Lag, Log, and Stationary. The growth curve enters the final Death
phase after a delay of several days, which cannot be measured in scope of the EDEN Diosol Exposure Test.

First, during the lag phase, the figure shows that within 60min after pipetting bacteria into the LBE medium,
almost no bacterial growth is realized. Actually, after 30min the optical density is even lower than the
reference value, which indicates that some E. coli did not survive the transfer from the culture to the LBB
medium. Furthermore, the inhibition of bacterial growth arises from several influencing factors. As the
bacteria are removed from their familiar environment, they first have to adapt to the new growth conditions
and environment. Additionally, the Lag phase is considered to be a period of time, in which bacteria mature
and are thereby not able to perform cell division. In 1991, Buchanan and Klawitter described the Lag phase as
follows: “The Lag phase is an adjustment period, during which cells modify themselves in order to take

advantage of the new environment and initiate exponential growth”.

Second, after adapting to the new growth conditions and the new environment, E. coli enters a phase of
logarithmic growth — the Log phase. Referring to figure 4-7, the Log phase initiates after a delay at
approximately 60min. The Log phase is characterized by rapid colony growth due to cell doubling of the
present colony. During the Log phase, cell doubling progresses continuously if not disturbed by limiting factors
(limiting factors are explained in the following section). In figure 4-7, the Log phase starts after approximately
30min and ends after roughly 210min.
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Third, the growth curve enters the Stationary phase, which is induced by influencing or limiting factors. Cell
growth is disrupted by changing growth conditions and environments. As E. coli doubles in a closed system
(Erlenmeyer flask], at some point the colony reaches a limit due to a lack of nutrients. Furthermore, E. coli
maintains metabolic processes, through which the formation of acids that serve as inhibitory factors for the
colony is promoted. Eventually, the Stationary phase leads to a horizontal line in the diagram, which results
from an equilibrium state of cell growth and cell death. Referring to figure 4-7, cell growth is reduced
continuously from 210min to the final point.

Fourth, after the Stationary phase is over, the growth curve enters a final period of time — the Death phase.
The Death phase is not illustrated in figure 4-7. Therefore, observations for a longer period of time are
necessary. However, there are several reasons for a decline of the colony. In most of the cases, metabolic
processes of £ coli lead to a total absence of nutrients, which causes death just as in any other species.

Likewise, E. coli undergoes an aging process, which causes death after a certain period of time.

4.5 Installation of the test equipment

After the preparation and the methods described in the previous chapters, the installation of the test

equipment is installed subsequently.

Figure 4-8: Test assembly under the cleanbench
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Figure 4-8 and 4-9 demonstrate the actual test assembly as described in the previous chapter 2.2.1 (Test
Description and Assembly). As mentioned, the EDEN Diosol Exposure Test is, due to safety reasons, executed
under a cleanbench. In scope of this test, a hazard assessment is performed preventing the occurrence of
possible hazards and the actions that have to be taken in case of an emergency. The decontamination
chamber is placed on the right and the Diosol generator is placed on the left under the cleanbench.

Figure 4-9: ¥-marking of sample positions

Between, a gap is left, which allows the arrangement of the negative control samples. Furthermore, in order to
guarantee equal sample arrangement in every test run, the positions of each petri dish inside and outside the
decontamination chamber are marked with an X as highlighted in figure 4-9.

The hose pipe from the Diosol generator is conducted via a small inlet into the decontamination chamber and
connected to the nozzle, which is mounted in the flask holder. The flask holder ensures stable positioning of
the bottle, in which the decontamination agent is contained. On top of the flask holder, a mechanical
attachment is fixed, which mounts the nozzle. This mechanical attachment also allows the alignment of the

nozzle.

Figure 4-9 on the following presents the positioning of the flask holder and the alipnment of the nozzle. The
nozzle is aligned to the top center of the decontamination chamber. Thereby, a fast and equal distribution of
the decontamination agent is assured. Likewise, the figure shows the jet of the vaporized decontamination

agent during the first test run._
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Figure 4-10: Alignment of the nozzle

EN-TR-AST-0058 EDEN Dioscl Exposure Test Repart on Escherichia coll Arous D GmoH - Copyright resenved — mefer to protecdon nofice 150 180498

RN Co-funded by the Horizon 2020
RN Framework Programme of the European Union Page: 106/211



=DcN 1SS
e e e | N EDEN ISS-DLO-WP3.5-D3.11-PHM Design Document-v1.3

Dok.Mr/DocMo.:  EN-TR-AST-0066

£ -
@AlRBUS @ Ausgabefissue: 01 Datum/Date 23.02.2016

CEFENCE & SPACE L
SN IS5 Seite/Page: 22 vonfof: 50

4.6 Dilution series

After initiating the test runs, the decontamination chamber is closed for the following 20min. As next step, &

dilution series of each glass slide is produced in order to count the results.

100 plL 100 plL 100 pL 100 pL 100 pL 100 pl

CNCOXCXCXC XN

102 10+ 10 106
\_/ \_/ Vo

) &

100pL sample + 900uL autoclaved deionized water = ImL

Figure 4-11: Schematic diagram of a dilution series

Figure 4-11 illustrates a schematic diagram, how a dilution series of a maximum dilution of 1:1.000.000 (107) is
produced. Therefore, reaction tubes (size: 1.5mL) are filled with 200uL autoclaved deionized water and 100pL
of the sample. The first dilution is filled with 100uL of the parental solution (P5). Continuing the dilution series,
100l of the first reaction tube (107} are pipetted into the second reaction tube {107 and thereof 100l into
the third reaction tube {107). This reaction chain is proceeded until the maximum dilution is reached.

Figure 4-12: Falcon tubes filled with PBS and glass slides
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However, several precautions have to be considered so that no external contamination occurs and the dilution
series provides the intended results. Therefore, pipette tips always have to be changed after every pipetting
operation. Another important issue is an accurate use of the vortex mixer. Since bacteria are heavier than
deionized water, they deposit on the bottom of the reaction tube after a certain time, which leads to a
heterogeneous solution. In order to preserve the solution homogeneously, conscientious vortexing before

every pipetting operation is a crucial issue.

Concerning the EDEN Diosol Exposure Test, a dilution series of 1:1.000.000 (107) is produced. in order to set
up a dilution series, the bacteria have to be washed down the glass slide. Therefore, tweezers are breamed
and the glass slide is carefully removed from the petri dish and placed into a falcon tube (size: 50mL).

The falcon tubes are previously filled with 15mL PBS. After placing each glass slide into the dedicated falcon

tube, the flacon tubes are vortexed thoroughly to wash down the bacteria:

Every tube is vortexed two times for one minute with an intermediate period of five minutes. Besides, the
reaction tubes are prepared and filled with 900uL autoclaved deionized water to set up the dilution series.
Before removing any liguid from a tube, the tube is always vortexed to guarantee pipetting and transferring a

homogenous solution.

Figure 4-13: Preparation of dilution series
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Figure 4-13 illustrates the workplace, at which the pipetting of the dilution series and the dispensing into the
prepared petri dishes is performed. The petri dishes, which are casted with LBA nutrient medium are used for
the dispensing the content of the falcon and reaction tubes.

As shown in the schematic diagram, 100uL of the PS, which is contained in the flacon tubes is transferred to
the first dedicated reaction tube. Thereof, the reaction chain is continued by transferring 100uL to the next
reaction tube in order to perform appropriate dilutions from 10 to 107,

4.7 Dispensing
As a dilution series of each glass slide is performed, the content of each falcon and reaction tube is pipetted

into the petri dishes, which were casted with LBA nutrient medium at the beginning of the EDEN Diosol
Exposure Test.

Besides the dilution series, the content of the falcon tubes, the water, which is deployed for the production of
the dilution series and the undiluted culture are dispensed into petri dishes.

Figure 4-14: Dispensing
This resufts in an overall amount of 172 petri dishes, which are dispensed in scope of the EDEN Diosol
Exposure Test:

s Dilution series: 120 petri dishes
* Falcon tubes: 20 petri dishes
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s Water flasks: 4 petri dishes
s Cultures: 28 petri dishes

Figure 4-14 demonstrates the dispensing workplace. Petri dishes and reaction tubes are placed ahead, pipette
tips to the left, ethanel, the Bunsen burner, and vortex mixer to the right.

Dispensing is performed with the help of a turntable for petri dishes. After vortexing, 100uL of the bacterial
suspension are removed with a pipette from the reaction tubes and given into the dedicated petri dishes.
These are placed on the turntable for petri dishes. The bacterial suspension is dispensed with a Drigalski
spatula. The Drigalski spatula is dipped into ethanol and breamed before and after every dispensing
procedure. The bacterial suspension, which is pipetted onto the LBA nutrient medium into the petri dish is
evenly distributed with the Drigalski spatula.

4.8 Incubation

After plating the falcon and reaction tubes, the petri dishes are incubated over night for a period of time of
approximately 18h.

Figure 4-15: Incubating of petri dishes

Figure 4-15 shows the incubation chamber on the left and the petri dishes, which are located inside the
incubation chamber on the right. The petri dishes are incubated upside down at 37°C (+1°C).

Placing petri dishes upside down into an incubator is a common method to incubate petri dishes, which are
suspended with bacteria. Due to the heat, condensate begins to form on the lid of the petri dish. By incubating
upside down, the dripping down of condensate into the culture is aveided, since the condensate potentially
leads to a change of bacterial growth.
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5 TEST SUMMARY AND CONCLUSION

The following section provides the results of the EDEN Diosol Exposure Test. Therefore, the results of the four
test runs are plotted in the following figures 5-1, 5-3, 5-5, and 5-8.

Only the results of the samples, which were previously inoculated are respected in these figures. The samples,
which are left empty before initiating the test procedure serve as control samples in order to prove sterility of
the working procedure. For reasons of transparency, these curves are not plotted since they provide a zero-
line in the diagram. The x-axis demonstratez the dilution of the dedicated control sample and the y-axis
provides the CFU count. All the results are plotted on a logarithmic scale.
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9.1 Results - Test Run 1
Table 5-1: Results — Test Run 1
Results: Test Run 1
PC.1 PC.2 NC.1 NC.2 NC.3
EOO 32 a5 4932 ] 0
E-01 2 o 348 o o
g E-02 o o 1 1 2
s E-03 o o g o 0
a E-04 o 0 1 0 0
E-05 0 o ) o 0
E-06 o o i) o o

Figure 5-1 illustrates the results for the first test run, which is executed with the test agent Diosol 3.

Results: Test Run 1
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Figure 5-1: Results Test Run 1

The control sample placed next to the decontamination chamber (NC.1) is charted red, the positive control

samples (PC.1 and PC.2), which are situated inside the decontamination chamber are charted blue and green.

Concerning the negative control sample {(NC.1), the initial CFU count is 492 Proceeding the dilution series, the
E-01 dilution provides a CFU count of 348, which is however expected to be approximately 49. Continuing, the
CFU count does not exceed a threshold of nine, which is reached at the E-03 dilution.
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Concerning the positive control samples (PC.1 and PC.2), a remarkable reduction of the CFU count occurred.
The undiluted bacterial solutions of the falcon tubes provide a CFU count of 32 and 46. Again, the E-01 dilution
already results in a CFU count of zero. Proceeding the dilution series, the CFU count, which is observed in the

graph above almost remains zero.

Figure 5-2: Dilution series — Bacterial solution (U2)

Fieure 5-2 demonstrates the dilution series of the bacterial solution (ODg = 1.442). Petri dishes U2 (E0Q) -
U2.3 (E-03) are not countable due to the amount and expansion of the colonies into each other. Petri dishes
U2.4 (E-04) and U2 .5 (E-05) are uncountable, because of inaccurate dispensing technigque. However, petri dish
U2.6 (E-06) is countable. The counted CFUs on petri dish U2.6 are highlighted with red circles in figure 5-2
above.

A crucial issue is the evaluation of the procedure, in which E. coli is inoculated on the glass carriers and dried.
The drying procedure is assumed to be torture to £ coli, by which the bulk of the colonies die. The number of

bacteria, which dies during this procedure is calculated in the following section:

Primarily, 100ul of the untreated bacterial solution are dispensed in the petri dish U2 and diluted to E-06
(U2.6). Three colonies are counted in petri dish U2.6, which is the E-06 dilution. Therefore, the counted
colonies of U2.6 are multiplied with 10° to receive the value of the undiluted solution (EDD), which is

inoculated on the slides:

CFUy; =3+ 10° CFU  (5.1)
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Since only 50uL are inoculated on the glass slides, this value is divided by two to obtain the initial cell count:

CFUglass stige = 1.5+ 10°CFU  (5.2)

Mext, the decontamination procedure is executed and afterwards, the remaining colonies are washed off the
glass slide by adding 15mL PBS to the falcon tube and vortexing. Therefore, 1pul of the solution in the falcon
tube contains:

1.5 = 10% CFU

CFUratcon tuve = 150000 - 100 CFU/uL  (5.3)

Furthermore, 100uL of this initial amount are dispensed into the petri dishes. Therefore, the amount undried
amount of CFU is:

CFU
CFUunariea = 100—7=+ 1004 = 10.000CFU  (54)

The value of (5.5) is extracted from the table 5-1 presenting the results for the negative control sample (NC.1}):

CFUgpieq = 492 CFU  (5.5)

In order to calculate the amount of CFU, which died by the drying procedure (CFU,), the initial amount of CFU
(5.4) and the amount of CFU after drying (5.5) are set in relation:

492 CFU
CFL

= m* 100% = 4.92% (5.6)

CFU, = 100% — 4.92% = 95.08% (5.7)

Finally, by setting (5.5) and (56) in relation, the amount of CFU, which survived the drying procedure is
determined (5.7). Since only 4.92% survive the drying procedure, a total amount of 95_08% died during this
process.
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5.2 Results — Test Run 2
Table 5-2: Results - Test Run 2

Results: Test Run 2
PC.3 PC.4 NC.4 NC.5 NC.6
EQO 17 0] 189 0 0
E-01 o o 1 o 0
§ E-02 o o 0 i} ]
5 E-03 o o i} i} 1
a E-04 o o ] o 0
E-05 4] o 4] 4] 0
E-06 o o i} i} ]

Figure 5-3 presents the results of test run two. Diosol 3 is used in scope of the second test run.

Results: Test Run 2
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Figure 5-3: Resulis Test Run 2

The inoculated negative control sample (NC.4} remaining cutside the decontamination chamber shows a CFU
count of 189 for the undiluted sample E0O and is marked red in the figure above. Already for the E-01 dilution,

the CFU count is reduced to one and remains zero for the following dilutions.

Paositive control samples, which are situated inside the decontamination chamber are charted blue (PC_3) and
green (PC_4) again. Counting the CFU, a remarkable reduction is observed:
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PC.3 shows a maximum CFU count of 17 after the treatment with H.O; in the undiluted sample. Continuing the
dilution series, the amount of CFU accounts zero for the following dilutions. Concerning positive control PC.4,
no CFU forms in the petri dishes at all.

Figure 5-4: Dilution series — Bacterial solution {U3)

Figure 5-4 demonstrates the dilution series of the bacterial solution {U3), which is used for the second test run.
Petri dishes EQD - E-02 are not countable because of the CFU growth into each other. The innumerableness of
petri dishes E-03 and E-04 is due to inaccurate plating technigue. As highlighted with red circles in fipure 5-4,
ten CFU are counted on the petri dish with the dilution E-05.

Again, the influence of the drying procedure on £ coli is investigated. First of all, the CFU count of U3 is
determined. As ten CFU are counted on petri dish E-05, the number of the CFU in 100plL undiluted bacterial
solution is:

CFUys =1+ 10°CFU  (5.8)

Consequently, 50uL, which are initially inoculated in the glass slides contain:

EFUE!asssﬁde =5+ 105 CFU (5.‘9}

As next step, the decontamination procedure is initiated and afterwards, the bacteria are washed off the glass
slide by adding 15mL PB% and vortexing. The amount of 1pl in the solution is calculated as follows:
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5+ 10° CFU

Therefore, the calculated undried amount of CFU is:

CFU
CFUyndriea = 33.33 r 100pL = 3333 CFU  (5.11)
il

The value of {5.12) is extracted from the table 5-2 presenting the results of the negative control sample (NC_4):
CFU gring = 189 CFU  (5.12)

In order to calculate the amount of CFU, which died by the drying procedure (CFU,), the initial amount
of CFU {5.11) and the amount of CFU after drying (5.12) are set in relation:

189 CFU
CFU

CFU, = 100% — 5.67% = 94.33% (5.14)

Finally, by setting (5.11) and {5.12) in relation, the amount of CFU, which survived the drying procedure
is determined (5.13). Since only 5.67% survive the drying procedure, a total amount of 94.33% died during this
process.
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5.3 Results — Test Run 3
Table 5-3: Results = Test Run 3
Results: Test Run 3
PC.5 PC.6 NC.7 NC.8 NC.9
EOOD o 1522 0 0
E-O01 4] 0 2 0 o
E E-02 D ] 4] 0 o
3 E-03 0 o 0 0 0
=] E-04 0 o i 0 o
E-05 0 1 0 0 o
E-06 o 0 0 0 0

The following third test run is executed with Diosal 12. Figure 5-5 presents the dedicated results of test run

three.
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Figure 5-5: Results Test Run 3

The inoculated negative control sample NC.7 remains outside the decontamination chamber, whereas positive

controls PC.5 and PC.6 are situated inside the chamber.
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Concerning NC.7, 1522 CFU are counted for the undiluted solution E0D. The values for NC.7 are charted red in
the following figure. Regarding positive control samples PC.5 and PC6, no CFU are counted after the
decontamination procedure. The values for PC.5 and PC.6 are charted blue and green in the following figure.

Figure 36 highlights the dilution series of the bacterial solution {U4), which is used for the third test run.

Figure 5-6: Dilution series — Bacterial solution (U4)

In the next step, the amount of E. cofi, which are capable of forming CFU after the drying procedure is
determined again. As figure 36 shows, dilutions E0O0 — E-04 are not countable. However, dilution E-05 is
countable and the amount of CFU counted in the petri dish is 186. Furthermore, for the dilution E-06, the
counted amount of CFU is 47.

Although dilution E-05 is countable, the following calculations are based on the counted results of dilution E-
06, as the previous calculation originate from dilution E-06, too. Since 47 CFU are counted on petri dish E-06,
the number of the CFU in 100uL undiluted bacterial solution is:

CFUy, = 47 = 10° CFU  (5.15)

Conseguently, 50uL, which are initially inoculated in the glass slides contain:

CFUgpass stige = 2.35 » 107 CFU (5.16)
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Mext, the decontamination procedure is executed and the bacteria are washed off the glass slide with 15mL
PB5. Equation (5.17) provides information about the amount of bacteria contained in 1pl of the prepared
solution:

2.35 =107 CFU
EFU,.-EL“," tube =W= 1566.67 EFU,’H.L (5.1?}

Since the CFU count of 1ul is known, the total amount of 100pL dispensed bacterial solution is:

CFU
CFUyndried = 1566.67

L 100uL = 156.667 CFU  (5.18)

The amount of CFU, which survived the drying procedure is extracted from the numerical results of negative
control sample NC.7, which is listed in appendix D.3.

CFUgpieq = 1522 CFU  (5.19)

The amount of E. coli, which survived the drying procedure are set in relation with the CFU count of the

undried dilution to calculate the surviving and dead CFU:

1522 CFU

CFU. = {56667 CFU

+100% = 0.97% (5.20)

CFU, = 100% — 0.97% = 99.03% (5.21)

Equations (5.20) and (5.21) demonstrate that only 0.97% of the CFU survived the drying procedure during test
run three. However, by calculating the surviving CFU with the value of dilution E-O5 (186), approximately 2.5%
of the CFU survive the drying procedure.

Furthermore, by deploying Diosol 12, a visible reaction occurred. The colony, which was previously inoculated
on the glass slide and in particular the boundaries turned white after the decontamination procedure, which is
shown in figure 37.
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Bty

Figure 5-7: Positive Catalase Test

The white coloring arises from the fact that the bacteria exhibit a positive catalase reaction after the
exposure to a 12%-solution of H,0,. As the term catalase already suggests, this reaction is the result of an

enzymatic reaction.

Catalase is a natural enzyme, which is broadly spread among living organisms, which are exposed to
oxygen. High levels of H,0, trigger the release of catalase decomposing cytotoxic H,0, into the harmless
compounds O, and H,0. As a consequence, instant sputtering and the formation of bubbles occurs while

undergoing this reaction. The white residues of this reaction are demonstrated in figure 37.
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5.4 Results — Test Run 4

Table 54: Resulis = Test Run 4

Results: Test Run 4
PC.7 PC.B NC.10 NC.11 NC.12
EOO 0 o 11 0 o
E-01 0 o 0 0 o
= E-02 0 ] 0 0 o
'~§ E-03 0 0 0 0 0
a8 E-04 0 0 1 o 0
E-05 0 ] 0 i 0
E-06 0 o 0 0 o

Figure 5-8 charts the results of the fourth test run. Test run 4 is executed with Diosol 12.

Results: Test Run 4
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Figure 5-8: Results Test Run 4

The negative control sample NC.10 is placed outside the decontamination chamber and the positive control
samples PC.7 and PC.8 are placed inside the decontamination chamber.

Concerning sample NC.10, the counted amount of CFU after finishing the decontamination procedure is

eleven. On the contrary, the counted amount of CFU for the samples PC.7 and PC_8 is zero.
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The chart shows a second maximum for the E-04 dilution. This maximum is highlighted in this chart due to the

overall low CFU count and is considered to be an airborne germ.

Figure 5-9: Dilution series — Bacterial solution (U5)
Figure 5-9 demonstrates the dilution series of the bacterial solution (US), which is used for the fourth test run.

While the samples EQ0 — E-04 are not countable, the CFU on the petri dishes E-05 and E-06 are countable. Asa
result, for the E-05 dilution, 363 CFU are counted and for the E-06 dilution, 27 CFU are counted.

Again, the amount of CFU, which survived the drying procedure, is calculated with the value of dilution E-06.
Therefore, 100ul of the previously dispensed solution contain:

CFUys = 2.7+ 107 CFU  (5.22)

Consequently, 50ul inoculated on the glass slides contain:

CFUiiges stige = 1.35 107 CFUF  (5.23)

after finishing the decontamination procedure, the remaining CFU are washed off the glass slide with 15mL

PB5:
1.35« 107 CFU
CFUralcon tube = W =900 CFUfpul (5.24)
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As 1ul of the diluted solution contains 900 CFU, equation (3.39) provides information about the amount of
CFU in 100ulL:

CFU
CFUynarieq = 900 o, + 100pL = 90.000 CFU  (5.25)

From the numerical results, which are listed in appendix 0.4, the amount of CFU on the dried sample (NC.10) is
known:

CFUgpieq = 11 CFU  (5.26)

As next step, the calculated amount of CFU before and after the drying procedure are set in relation to
determine the amount of the CFU, which survived and died:

CFU o SLGR, 100% = 0.01% (5.27
" 90.000 CFU A (B:27)

CFUy = 100% — 0.01% = 99.99% (5.28)

Equations (5.27) and (5.28) demonstrate that only 0.01% of the CFU survived the drying procedure during test
run four. Therefore, 99.99% of the CFU died during this drying procedure.
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5.5 Results — Summary

The following section provides a summary of the results, which are presented in chapter 5.1 — 5.4.
Subsequently, important values are calculated and listed in equations (5.29) — (5.39):

# (528} —(5.34): Relative decontamination efficiency (X..) of each positive control sample

# [535)—(5.36): Average reduction rates of Diosol 3 (E@... ) and Diosol 12 (E@ 000 :2)

s [5.37) — (5.38): Absolute logarithmic decontamination efficiency of Diosol 3 (J-Loggi..q =) and
Diosol 12 {J:Loggig i 12)

* (5.39): Average amount of CFU dying during the drying procedure (CFUg:)

For the following summary, the results of the undiluted samples (E0D) are compared among each other, since
they provide countable results for all samples. The surviving CFU (X.) are extracted from the tables, which
provide the numerical results. Therefore, the relative decontamination efficiency (¥..) of each sample is
calculated as follows:

32CFU

PC.1. = o cru

+100% = 6.50% (5.29)

PC. 1,4 = 100% — 6.50% = 93.50% (5.30)

For the positive control sample PC.1, a relative decontamination efficiency of E. coli of 93.50% is achieved as
only 6.50% survive the decontamination procedure.

PC.2 . B6TR 100% = 9.35% (5.31
= PR =25 63D

PC. 2y = 100% — 6.50% = 90.65% (5.32)
Far the positive control sample PC.2, a relative decontamination efficiency of E. coli of 90.65% is realized.

17 CFU

PC.3. = s cru

+100% = 8.99% (5.33)

PC.3,, = 100% — 8.99% = 91.01% (5.34)

For the positive control sample PC.3, a relative decontamination efficiency of 21.01% is accomplished.
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Continuing, zero CFU are counted for the positive control samples PC.4 — PC.8, which means a relative
decontamination efficiency of 100% is achieved. Processing these values, an average decontamination
efficiency for Diosol 3 (E@ e z) @nd Diosol 12 (E@ .0 1) is calculated in equations (5.35) and (5.36):

93.50% 4 90.65% + 91.01% + 100.00%
4

= 93.79% (5.35)

EBpigeais =

EDpigsor 12 = 4+ 100.00% = 100.00% (5.36)

Evaluating the results of the average decontamination efficiency for Diosol 3 and Diosol 12, a significant overall
reduction of £. coli is observed.

The absolute logarithmic are calculated in the following section. As an example, the logarithmic reduction of

the first test run for PC.1 is calculated as follows:

| LoGpiasors = 492 E02 -~ 3.2 E01 = 4.6 E02 (5.37)

By vaporizing Diosol 3, a logarithmic reduction for of at least two grades is achieved, which is proved in
equation (3.51).

Subsequently, the absolute logarithmic reduction rates of the third test run for PC.5 is calculated:

1 Logpiosot 12 = 1,522 E03 — 00 E00 = 1,522 E03 (5.38)

Regarding Diosol 12, a reduction of not less than three logarithmic grades (E-03 =* EOQO) is realized, which is
proved in equation (3.38).

The average amount of E. coli dying during the drying procedure (CFUgs) is determined as follows:

95.08% + 94.33% + 99.03% + 99.99%

CFUgy = 2

=97.11% (5.39)

The average amount of CFU, which does not survive the drying procedure before initiating the test runs is
97.11%. This is an important fact, which has to be respected in further testing in scope of the EDEN H:0:
Decontamination Test.
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6 DISCUSSION

All the graphical results of the previous chapters are incorporated in figure 6-1 to allow a reasonable

discussion.

In the top row, the graphs of test run one and two present the decontamination efficiency of Diosol 3. In the

bottom row, the graphs three and four present the results of the decontamination efficiency of Diosol 12. All

four graphs provide evidence of a significant reduction of E. coli after the treatment with Diosol [comparing

the red with the blue and green curves).
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Figure 6-1: Discussion of the Results

By comparing the previously calculated results, the better reduction of E. coli is achieved by using Diosol 12, as

zero CFU survive the decontamination procedure. Nevertheless, a decent decontamination efficiency is

achieved by using Diosol 3, as approximately 93% of the CFU are killed though the decontamination

procedure.
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Although the EDEN Diosol Exposure Test provides conclusive results, some issues have to be discussed

critically:

The results are in most of the cases only countable in dilution series E00 and E-01.

The average amount of CFU, which die during the drying procedure.

The low amount of CFU counted for the reference negative control sample NC.10 during test
run four.

Firstly, examining the red curves in figure 6-1, it is clearly shown that the curves of the dilution series develop
as expected. However, in most of the cases, CFUs are only counted for the undiluted solutions (E00) and in
some cases for the 10-fold dilutions (E-01). For the proceeding dilutions (E-02 - E-06), no viable results are
identified. The reason for this effect arises from the fact that the bulk of £ coli does not survive the drying
process and the decontamination procedure is initiated with a8 maximum CFU count of E03 (Test Run 3) on the

glass slides. Therefore, a result is only expected to be seen up to the E-03 dilution.

Two exceptions of the previously described behavior of the dilution series are identified in the results and

reflected in the following section.

Exceptions are the dilution series of NC.1 and representatively the sample NC.3 (E-02) as well as the sample
NC.10 (E-04) for low CFU counts < 2.

Dilution series MC.1 is emphasized, since it provides the only E-03 dilution, which obtains a viable result, since
still @ CFUs are counted on the dedicated petri dish. This is a unique feature among all dilution series, which is
the reason for highlighting the dilution series of sample NC.1 in this section.

Concerning the low CFU counts (£ 2}, these occur on some of the petri dishes although they are not expected
to emerge there. These low CFU counts potentially originate from airborne germs referring to the
representative samples NC.3 (E-02) and NC.10 (E-04). For this reason, these low CFU counts are henceforth
negligible._

Secondly, as calculated in the results for each test run, the fact that the bulk of E. coli dies during the drying
procedure (97.11%) is & crucial issue that has to be considered in further testing. This value will be discussed
with the microbiologists from DLR who perform the microbiological evaluation in scope of the EDEN H.O,
Decontamination Test.

Third, the amount of CFU counted for the negative control sample NC.10 during the 4™ test run is eleven.
Comparing this value to the CFU count of NC.1, NC4, and NC.7 a remarkable disparity is recognizable. The
greatest discrepancy (CFUg) in the CFU count is calculzted between samples NC.10 and MNC_7:

11 CFU

CFU,= ——
b 1822 CFU

+100% = 0.72% (6.1)

Equation (6.1) proves that the initial amount of CFU, which is inoculated on glass slide NC.10 amounts only
0.72% in comparison to glass slide NC_7.
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There are two possible influencing factors, which explain the occurrence of this incidence:

The first possible influencing factor is the drying time itself. Comparing NC.1 to NC.4 as well as NC.7 to NC.10,
the initial amount of CFU decreases the longer the samples dry. On Tuesday, samples NC.1 and NC.4 are
inoculated at the same time. On Wednesday, samples NC.7 and NC.10 are inoculated at the same time. Both
days, the amount of CFU counted after the test runs executed at a later time, is significantly lower than the
amount of CFU counted after the test runs executed at an earlier time.

The second possible influencing factor is the incomplete decomposition of H:0;. According to the manual, the
manufacturer DIOP declares that an exposure time of 20 minutes after initiating the decontamination process
is appropriate for Diosol 3 and Diosol 12. Apart from this, harmless concentrations of H:0; are reached after
this time has passed. Therefore, 90 minutes after initiating the decontamination procedure, all samples are
removed from the decontamination chamber after each test run. Afterwards, the doors of the
decontamination chamber are left opened to guarantee an adequate air circulation under the cleanbench and
inside the decontamination chamber. Thereby, a complete removal of H:0: is supposed to be assured. After at
least 120 minutes have passed, the samples for the following test runs are placed at their respective positions.
Still, it is possible that H,0, particles of the previous test run did not completely decompose. In particular
regarding Diosol 12, the following occasion indicates that H.0. is not completely decomposed within 90
minutes.

Figure 6-2: Caustic and bleaching effect on skin

Figure 6-2 demonstrates the impact of H:0: on skin 90 minutes after the decontamination procedure was
initiated. By touching the slightly wet petri dishes, a caustic effect on the skin occurred. The white patches,
which appear after touching the petri dishes (and therefore liquid H:0:) are a result of the emerging oxygen,
which forms by the decompesition process in the skin.
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The figure above proves that H;0: is not completely decomposed after 20 minutes. Therefore, it is not
excludable that Diosol and in particular Diosol 12 has a sanitizing impact on the glass slides, which are situated
under the cleanbech for the subsequent test runs, 120 minutes after the previous decontamination test run
was initiated. This impact might lead to the lower amount of CFU counted on the petri dishes in test run #2

and especizally test run #4.

Summarizing the discussion, an effective decontamination is achieved with both of the decontamination
agents: Diosol 3 {approx. 93%) and Diosol 12 {100%). Although the EDEN Diosol Exposure Test provides

conclusive results, some factors are identified, which have a potential impact on the results.

The impact of the listed issues one (countable results in dilution series E00 and E-01) and two (average amount
of CFU dying during the drying procedure) is clarified, whereas the impact of issue three (the potentially
incomplete decomposition of H20;) on the results is difficult to assess by the given information.
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7 CONCLUSION

The conclusion of the EDEN Diosol Exposure Test provides inputs for the large-scale experiment, since the
determined H,0, solution is used for further testing in scope of the EDEN H,0, Decontamination Test.

Evaluating the acquired results, Diosol 12 is not considered for further testing. In particular figure 6-2
demonstrates the impact of 12% H202 solutions on cells and living organisms. Certainly, Diosol 12 provides
the more effective reduction of bacteria compared to Diosol 3. An absolute reduction efficiency of at least
three log-stages and a relative reduction efficiency of 100% is achieved. However, it is very likely to kill the test
plants in the large-scale experiment. This potential negative impact on the test plants would violate the second

crucial success criterion and therefore lead to a failure of the experiment.

Concerning Diosol 3, no negative impact on skin is observed after removing the slightly wet petri dishes from
the decontamination chamber. This occasion provides information about the lower impact of 3% H,0,
solutions on cells and living organisms. Mevertheless, an absolute bacterial reduction of approximately two
log-stages and a relative reduction efficiency of ~93% is achieved. However, the lower reduction efficiency of
Diosol 3 could lead to an insufficient reduction of microorganisms, especially since less susceptible
microorganisms besides £. coli are used for further testing. This would violate the first success criterion and
therefore result in a failure of the experiment.

Assessing the reduction efficiencies and their potential impact on plants, the establishment of a compromise
between 12% and 3% H:0: solutions seems beneficial. Therefore, a solution of 6% H:0; is considered to be the
best compromise in order to realize the issued success criteria. Thereby, enhanced reduction efficiency on
microorganisms (than 3% solutions of H.0;) and a less negative impact on plants (than 12% solutions of H:0:)
is supposed to be achieved. The impact of 6% H,0, solutions on these issues is investigated in scope of the
EDEN H:0: Decontamination Test.

To give a short outlook, there are several possibilities, which provide an advancement of the EDEN Diosol
Exposure Test. [deally, the EDEN Diosol Exposure Test is executed under the same conditions with the 6% H,0,
solution. However, due to a lack of time and money, a resumption of this test is not possible.

in order to improve the results of the EDEN Diosol Exposure Test, an extension of the air circulation period
after each test run seems to be helpful, as the impact of the H,0, solutions of the previous test runs is difficult
to assess.

Besides, another modification of this test, which proves the actual decontamination efficiency, is to investigate
the impact of H,0, solutions on undried colonies, as the bulk of the CFU does not survive the drying
procedure.

On top of that, the execution of more test runs would lead to more stable results, as the statistical significance
is increased.

Another enhancement of the test could be realized by using a variety of robust microorganisms as it is done in
the large-scale experiment. In scope of the EDEM Diosol Exposure Test, only the gram-negative bacterium E.
coli is used. In order to achieve stable and versatile results, gram-positive and spore-forming microorganisms
could be used additionally.
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A particularly interesting issue is to investigate the development of resistances. This could be examined by
repeating this experiment several times. The CFU, which survive the decontamination procedure are cultivated
and decontaminated again and again while the results are observed.

As shown in the section above, the EDEN Diocsol Exposure Test is arbitrarily expandable in any direction.
However, the relevant inputs are identified and transferred to the large-scale experiment, the EDEN H.0:

Decontamination Test, which is presented in the following chapter.

EN-TR-AST-0068 EDEN Diosol Exposure Test Repart on Escherichia coll Alrous 02 GmioH - Copyrignt resenved - efer oo proecdon nofics 120 150498

LM Co-funded by the Horizon 2020
M Framework Programme of the European Union Page: 132/211



| SS EDEN ISS-DLO-WP3.5-D3.11-PHM Design Document-v1.3

Dok.Nr./Docho.:  EN-TR-AST-D066
@ AIRBUS @ Ausgabe/izsue: 01 DatumfDate: 23 .02 2016
DEFEMNCE & SFPACE
55 Seite/Page: 48 won/of: S0
8 ABBREVIATIONS
AN A. niger
AS Hersteller der PEN3/MLA-VI
AST Astrium Space Transportation
ATP Authorization to proceed
B/B Breadboard
BS B. subtilis
BG Breath Gas
CE Communauté Européenne (Europaische Gemeinschaft)
CFU Colony forming units
cM Configuration Management
COM Serielle Schnittstelle
coTs Commercial off-the-shelf
DC Direct Current
DLR Deutsches Zentrum fiir Luft- und Raumfahrt
DMS Data Management System
DRD Document Requirements Description
DRL Document Requirements List
DSM Deutsche Sammiung von Mikroorganismen und Zellkulturen
EC E. coli
EDU Enrichment and desorption unit
EM Engineering Model
EMIC ElectroMagnetic Compatibility
E-Nose Electronic nose
E-Mose 2 Upgrade of the Electronic nose
EP Experiment Procedure
ERD Experiment Requirements Document
FM Flight model
FM Flight Model
GSE Ground Support Equipment
HfW Hardware
HK Housekeeping
IfF Interface
Ij0 Input/Output
IBMP institute biomedical problems
IMBP Institute of Medical and Biclogical Problems
IMR lonen-Maolekularreaktions-Massenspektrometrie
155 International Space Station
LCD Liquid Cristal Display
LDA Linear Discriminant Analysis
LLI Life Limited ltem
LoD Limit of detection
LSE Laboratory Support Equipment
LST Lance Sampler Tip
EMN-TR-AST-006E EDEN Diosol EJI.FDEU."E Test HEFDI‘: an Escherichla coll Arnus DB GmbH = Copyright resened < nefer o peotection noSice IS0 16016

Co-funded by the Horizon 2020
Framework Programme of the European Union

Page: 133/211



1SS

EDEN ISS-DLO-WP3.5-D3.11-PHM Design Document-v1.3

* X x

*
* oy x

*
*
*

DokNrJ/Docho.:  EN-TR-AST-0066
@ AIRBUS @ Ausgabe/izsue 01 Datum/Dates 23.02.2016
DEFENCE & SPACE 1
55 SeitefPage: 49 von/of: 50
LTU Laptop Unit
MAIT Manufacturing, Intergration and Test
MLA Materizal fir Langzeitanwendungen im Weltraum
MOS Metal Oxide Semiconductor
M5 Massenspektrometrie
MVOC Microbial Volatile Organic Compounds
n/fa Mot available
MMML Non Metallic Material List
BJL PayLoad
PA Product Assurance
Pl Principle Investigator
PABS Product Assurance & Safety
PC Personal Computer
PCA Principal Component Analysis
PCB Printed Circuit Board
PCU Power Control Unit
PDR Preliminary Design Review
PDORD Performance and Design Requirements Description
PE P. expansum
PEMN3 Portable Electronic Nose 3
PLS Partial Least Squares
PPM Parts per million
PTFE Polytetrafluorethylen
PWVC Polyvinylchlond
QA Quality Assurance
oM Qualification model
Oy, Cuantity
Req Requirement
Resp Institution responsible for the corresponding requirement
RFOL Request for Quotation
ROM Rough Order of Magnitude
S/ Software
SRR System Reguirement Review
SFPT Short functional performance test
TBC To be confirmed
TBC To Be Confirmed
TBD To Be Defined
T54 Tryptic 5oy Agar
T58 Tryptic Soy Broth
UFT Zentrum fir Umweltforschung und nachhaltige Technologien der Universitat Bremen
USB Universal Serial Bus
VOC Volatile organic compound
W.r.L. With reference to
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9 ANNEXAND ATTACHMENTS
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1 INTRODUCTION

A crucial objective of the EDEN IS5 project is to study the microbiological behavior and dedicated
countermeasures in plant-based closed-loop ecosystems. High humidity and temperatures provide not only
favorable growth conditions for plants, but also for microocrganisms like bacteria and fungi. Since these
microorganisms can spoil plants, the development of a microbiclogical decontamination system is necessary to

preserve the plants from spoiling. Thus, this report analyses the decontamination system and agent (6 % H:0:)
under examination.

Success criteria of the experiment are to verify the system and agent on:

1. Mo impairments of the plants to the test agent (H2O-)
2. Efficiency to reduce microorganisms

This report provides information about:

« Test Material and Methods

« Results of the microbiological evaluation and plant health monitoring
« Discussion

« Conclusion
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2 APPLICABLE AND REFERENCE DOCUMENTS

2.1 Applicable Documents

The following table shows the top level applicable documents.

AD Doc. Mumber Issue Date Title Applicability

ADOD 5 1 2016-10-20 EDEM IS E_.—ABDS WP2.3-D2 5- it
Design Report-v1.0

EDEN |55-AD5-WP3.5-CDR E-

ADDL £ 1 2016-02-08 Nose and Decontamination all
System-vi.2
EN-TR-AST-0068 EDEN Diosol
ADD2 EN-TR-AST-0068 1 2016-22-08 Exposure Test Report on all

Escherichia coli

2.2 Reference Documents

The following table shows the reference documents.

RD Doc. Mumber Issue Date Title Applicability

Gefahrdungsbeurteilung

RDD1 ’ ! 20160728 | 4 i senG und BetrSichV_V1.0

all
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3 TEST ARTICLE
The following articles were used:
No. Article Part Number | Model S/N  |Number of | CIDL/ABCL or Drawing:
Items

1. | Diosol 6% without Ag-complex

E. coli
2. | staphylococeus cahnii

Bacillus atrophaeus spores

3. | Decontamination System

4. | Test plants (cucumber, lettuce)

5. |Greenhouse compartments

10.

11:

A detailed description of test articles can be found in chapters ‘Material’ and ‘Methodology” as well as in the Test
Report of the EDEN Diosol Exposure Test.
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4 TEST DESCRIPTION

4.1 Stakeholders and Competences
This chapter is inserted to give an overview over the different stakeholders of the EDEM 1S5 project
involved in the EDEMN H:20: Decontamination Test. Figure 4-1 illustrates the correlations between the

sfakeholders and outlines the mutual inputs provided for each other. Project management is performed by

Airbus DS cooperafing with German Aerospace Centre Insfifute of Aerospace Medicine (DLE-ME) and

Wageningen University Greenhouse Horficulture (WURY). Test dates are fixed in consultation with the mentioned
project partners. The test procedures are authored by Airbus DS while DLR-ME and WUR deliver the necessary
inputs in their fields of expertise. Additionally, Airbus DS camies out the plant analysis instructed by the

professionals from WUR. The final test report is published by Airbus DS as well. The crop science professionals

incorporated in the project collaborate closely with the local greenhouse experis from Bleiswilk (ML) where the

test is executed. WUR acts as contact ensuring appropriate plant cultivation and treatment during the period of

four weeks while the test runs. Additionally, WUR shares competence with Airbus DS by providing instructions

in plant analysis.
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Figure 4-1: Stakeholders and Competences
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Biologists from DLR-ME perform the microbiology in scope of this test. This includes the cultivation,
transport, and analysis of the microorganisms brought to the greenhouse compartments in Bleiswijk. DLR-ME
delivers sample cultivation and analysis methods to Airbus DS as well as the necessary inputs for the final test
report.

4.2 Material

Since the EDEN Diosol Exposure Test is closely linked to the EDEM H-0-» Decontamination Test, the
materials are already infroduced in chapter 3.1. These materials are not repetitively listed in this chapier. Only
further essential materiais used in the EDEN H20: Decontamination Test are described subsequently in the

following sections.

421 Greenhouse Compartments

Two greenhouse compartments are rent in Bleiswijk (ML) for a period of four weeks. One compartment
senves as test compartment (C1) containing the test samples and the other as reference compartment (C2), in
which the control samples are situated. Each compartment has a size of 24 m* and a height of 5.5 m resulting in
a total volume of 132 m?®. Three tables are placed in each compariment having a length of 3.9 m, width 1.3 m,
and a height of 0.8 m. Plant samples are placed on these tables as well as the tablets with microorganisms.

422 Microorganisms

i 1/ ] ¥

Figure 4-2: Arrangement of Glass Slides on Tablets
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Three different microorganisms are used in scope of this test. The selection of microorganisms covers a
broad range since besides the gram-negative Escherichia coli bacterium (DSM No. 613), a gram-positive
Staphylococcus cohmii (DSM Mo. 20260), and Bacillus atrophaeus spores (DSM No. 675) are ufilized. The
microorganisms are arranged in friplicates on glass slides as shown in Figure 4-2. Owverall, 18 of these tablets
are prepared for the test:

« 14 test tablets placed in C1 (treated with H:02)

¢ 2 test tablets placed in C2 (untreated controls)

+ 1 test tablet remaining inside the car (transport control - TC)

« 1 test tablet remaining inside the laboratory (laboratory control - LC)

423 Decontamination System

The decontamination system deployed in this test is already described in detail in the EDEN Diosol

Exposure Test. However, as concluded from the Diosol Exposure Test, a solution of & % Ha2Og is further utilized
to run the system.

424 Test Plants

The following table 5 demonsirates an extract of a report investigating the practicability of different crops
on their suitability for cultivation in space.

Table 4-1: Suitable Crops for Cultivation in Space

Crop Score Crop Score
Lettuce 48.8 Spinach 14.6
Cucumber 37.9 Swiss chard 11.2
Dwarf tomato 26.9 Bell pepper 10.8
Chives 26.3 Red mustard 8.0
Tomato 26.3 Coriander 7.9
Strawberry 17.3 Water cress 6.7
Radish 16.9 Basil 29
Parsley 14.7

The literature 'Choosing crops for cultivation in space’ is authored by the project partners from
Wageningen University (WUR) Greenhouse Horficulture (Tom Dueck et al, 2016). These listed crops are
investigated on their suitability for cultivation in ISPR racks and the FEG. These crops are particularly examined
an three previously determined selection criteria:

« Human quality aspects

e.g.. edibility, appearance, pungency
+ Cultivafion aspects

e g.- plant height, harvest time, disease resistance
 Yield aspects

e.g.: production efficiency, light and energy use, harvest index
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Cucumber and lettuce achieved the highest overall score in the respective crop ranking shown inTable
4-1: Suitable Crops for Cultivation in Space. Thus, these plants are further used as test plants in the EDEN
H-0s Decontamination Test. Choosing cucumber and lettuce, a foliage plant, and a particularly sensifive plant
(the most sensitive among fruits and vegetables) are selected. This choice is considerad to provide transferable

results about possible impacts of HzO= on potential other plants

4.3 Methodology

431 Schedule
The following chapter provides the test schedule for the EDEN H20- Decontamination Test. Figure 4-3
illustrates the related test schedule as Gantt chart.
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Figure 4-3: Test Schedule

Travel from Friedrichshafen to Blelswijk is done on & Movember. Test installation and required
preparations are performed on 7 Movember. Moreover, the greenhouse personnel and the local experts give
instructions concerning the plant health monitoring. The treatment with H-O- is executed on 8 Movember. After
finishing the HPV procedure, the microorganisms are brought to DLR-ME in Cologne to commence the
microbiological analysis straight away. Plant health monitoring is performed in four steps including immediate,
short-term, mid-term, and long-term monitoring over a period of four weeks. Destructive measurements are only
carried out at the end of the experiment on 5 and 6 December to avoid impairments in plant growth biasing the
results. After removing the plants from the compartments, a repetition of the experiment is performed since no
plants in a compartment is assumed fo have the same impact on the ventilation as having small plants inside
the compartment.

Table 4-2 provides the schedule for the plant health monitoring. Immediate plant health monitoring is
performed immediately after the HPV procedure is finished. A visual inspection (V1) is performed as a non-
destructive measurement. Shori-term plant health monitoring is performed two days after executing the
experiment. Again, only a VI is carried out as a non-destructive measurement to avoid impairments in plant
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growth. Mid-term plant health monitoring is undertaken fourteen days after executing the treatment with H2O.. A
further VI is performed as well as the counting of flowers and buds, if the plant already developed these. Long-
term plant heaith monitoring is realized four weeks after executing the experiment. As shown in the table below,
non-destructive measurements {V1, NF) are performed as well as final destructive measurements of the leaf
area index (LAI), fresh weight (FW), and dry weight (DW).

Table 4-2: Plant Health Monitoring Schedule

Step Date Monitoring Remarks
Immediate Monitoring & Movember Vi MNon-Destructive Measurements
Short-term Monitoring 10 November Vi Mon-Destructive Measurements
Wid-term Maonitoring 22 - 23 Movember Vi MNon-Destructive Measurements
ok VI, LAI, NF, MNon-Desfructive Measuremenis &
Long-term Manitofing 6 - 7 December FW, DW Final Destructive Measurements

4.3.2 Preparation and Recovery of Microorganisms
Treatment of microorganisms is performed to the specifications given by DLR-ME for the EDEN H2O2
Decontamination test. The methods are performed equally in scope of this experiment.

First, the preculture is prepared by transfeming one single colony from the stock culture plate to the
preculture plate. The preculture plate is incubated upside down at 37 °C for 24 hours. Besides, glass slides
inoculated with microorganisms in a further step, are fixed on tablets. The glass slides and tablets are washed in
the laboratory dishwasher first. Then, the glass shides are fixed on the clean tablets with adhesive fape.
Subsequently, the tablets and glass slides are autoclaved at 121 °C for at least 20 minutes to guarantee sterility.
In the next step, the test incculum is prepared. Therefore, one single colony is transferred from the preculture
plate to an Erlenmeyer flask (size: 100 mL) filled with 200 mL LBB medium (receipt is previously described in
scope of the Diosol Exposure Test in chapter 3.2.2 'Preparation of Culture Media Buffer and Liguids™). The
Erlenmeyer flasks are kept in motion with 150 rpm in an incubation chamber at 37 *C for 24 hours. After
incubating, the LBB medium is centrifuged at 3000 rpm for 15 minutes to guarantee the remowval of high
concentrafions of microorganisms from the medium. The supernatant is discarded and the pellet is suspended
with PBS (receipt is previously described in scope of the Diosol Exposure Test in chapter 3.2.2 *Preparation of
Culture Media Buffer and Liguids"). The PBS containing the pellet is centrifuged at 3000 rpm for 15 minutes as
well and the supernatant is discarded again. The pellet is suspended with PES. The viable cell count is checked
in & counting chamber (g.9. Meubauer improved, factor 4:{10{’]. The suspension is diluted with PBS to the target
concentration of 4x10% CFU/ML is achieved. The previously sterilized tablets with the glass slides are unpacked
under a laminar cleanbench. 50 mL of the prepared suspension are inoculated on the glass slides arranged as
determined in figure 41. The inoculum is dried under a laminar cleanbench overnight. Finally, the tablets with
the dried {inactivated) microorganism are ready for transport and exposure to Ho O,
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After exposure to H.0, the tablets with the glass slide samples are unpacked under a laminar
cleanbench. Each glass slide is removed and fransferred to a falcon tube (size: 50 mL) filled with 15 mL PBS.
The falcon tubes are shaken on a vortex shaker to remove the microorganisms from the glass slides. Then,
appropriate dilutions are produced with the recovered bacterial suspension. The bacterial suspension is casted
on previcusly prepared petri dishes with solid LBA medium. The petn dishes are incubated upside down at 37
*C for at least 24 hours. After the incubation, the amount of CFUs is counted and the results are calculated.

4.3.3 Treatment and Plant Health Monitoring
The following chapter describes the treatment of the test plants and the plant health monitoring. Leftuce

is sown in soil tablets and cucumber is sown in rock wool slabs as shown in Figure 4-4 and Figure 4-5.

1

Figure 4-5: Lettuce Seedlings
Lettuce is imigated by hand shower and cucumber is irrigated by drippers. While letiuce and cucumber
have different preferable climatic conditions, an average is chosen as basic setting:
+ Meaning day temperature (Tg): 20 °C
» Neaning night temperature (Ty): 18 °C
» Relative Humidity (rH): 80 % (70 % for the first three days)
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The crop maintenance is minimal. While lettuce receives nothing else than irrigation, cucumber is winded
on a stick if necessary. Concerning cucumber, one fruit per node is maintained and the side shots are taken off.

Several parameters are investigated in scope of the plant health monitoring to guarantee significant
results. The parameters, which are under investigation, are already named distinguishing between desfructive
and non-destructive measurements. The following section describes these evaluation methods in detail.

To begin with the non-destructive measurements, two parameters are under investigation: VI, NF.

Visual Inspection (VI): The issue of performing the VI is identifying visible changes of the test plants.
Since the Diosol Exposure Test revealed information about the catalase effect, colorimetric investigations are
emphasized to identify any negative effects of H:0, on the test plants. Therefore, a V1 is performed four times
as immediate, short-term, mid-term, and long-ferm moenitoring. This includes the recording of photos and
documentation of any occurring conspicuous features.

Mumber of Flowers (MF). The number of flowers provided by a plant is counted in scope of the plant

health monitoring.

Figure 4-6: Flowering of Cucumber
The flowering 15 only counted for cucumber (since lettuce is not supposed to develop flowers). Besides
the fully developed flowers, the evolving buds and upcoming fruits are counted as well.
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Three parameters are invesfigated as destructive measurements after executing the non-destructive
measurements as described in the schedule: LAl FW, and DW.

Leaf Area Index (LAI): The leaf area index is measured for both, cucumber and lettuce. Measuring the
leaf area provides information about the plant growth and possible negative impacts. The leaf size is calculated
with the open source software EasyleafArea. Figure 4-7 demonstrates the graphical interface of the mentioned
freeware. Any image in the formats tagged image file format ((TTIF) or Joint Photographic Experts Group
(.JPEG) is importable. The software analyses each pixel of the image differenfiating the RGB values to identify
red, green, and blue areas. The recognition sensitivity is adjustable in the right column of the interface shown in
Figure 4-7. Detected green pixels are highlighted in lime green and the area covered by green pixels is output in
cm®. The red square illustrated in Figure 4-7 serves as reference, which must be included in every image
evaluated with the software. Entering the size of the red square in the interface, the area covered by the green
pixels is calculated automatically.
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Figure 4-T: Measurement of the Leaf Area Index

Figure 4-7 shows an example with one red square and four green rectangles. The surface of the red
square covers 16 cm® while each green rectangle covers an area of 4 cm® (L = 2.5 cm, W = 1.6 cm) summing
16 cm*. The result calculated by the software is marked with a red rectangle in figure 46. The calculated result
(15.91 cm?®) only shows a minor deviation as 16 cm? (4 cm * 4 cm) are actually covered by green pixels.

Figure 4-8 demonstrates a more compiex example with the picture containing additional elements.
Besides the red square and the green elements proposed to be recognized by the software, additional elements
are added in Figure 4-8. This example proves the software's ability to distinguish different colors and shades.
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Figure 4-8: Measurement of the Leaf Area Index (complex example)

Again, 2 red square with a size of 16 cm® is implicated in the image as reference. MNext o the square, a
ferruginous coin is placed as well as another fawn square. Additionally, blue rectangles are added next to the
green rectangles having the same size (2.5 cm®). Thus, the flagged pixels emphasized in this image cover a
surface of exactly 16.20 cm®. The deviation is slightly higher in comparison o the example previously discussed
in Figure 4-7. Mevertheless, the resulis demonsirate the applicability of the software, since the measurement of

length and width of a leaf provides more inaccurate information about any changes of the leaf growth.

Figure 4-9: Leafl Area Meter

EN-TR-AST-0069 EDEN Hy0. Decontamination test Blrbus DS GmbH = Copyright reserved = mefer io projeciion nodoe 120 16316

R Co-funded by the Horizon 2020
LB Framework Programme of the European Union Page: 152/211



- DéN I SS EDEN ISS-DLO-WP3.5-D3.11-PHM Design Document-v1.3

Dok.Nr./DocNo:  EN-TR-AST-0069

@AIRBUS @' Ausgabefizsie. 01 Datum/Dste: 1912 2016

DEFENCE & SPACE =4
IS seitefPage: 17 wvonfof: 75

Additionally, the LAl is measured with a leaf area meter depicted in Figure 4-9 on the following page.
Since every single leaf has a different shape, an instrument with the ability to smoothen the leaves is deployed.
After placing the leaves on the conveyor, every leaf passes through a press smoothing the leaf to its two-
dimensional shape, because non-smoothenad leaves and the measurement of their three-dimensional shape
leads to underrated results for the LAL This procedure provides an accurate method to measure the area of
every leaf fo a hundredth of a square centimeter. The LAl is measured as first destructive measurement
followed by FW and subsequent DW measurements.

Fresh Weight (FW). Measuring the FW implies the measurement of the plant weight with the water
content. While measuring the FW without harming the plant is basically possible, the act of removing the plant
from its soil can impair the ongeoing growth and therefore bias the results. Thus, FW measurements are
executed as a final examination at the end of the experiment since FW measurements are considered as
destructive measurements. To measure FW, the plants are carefully removed from the soil. In the next step, the
loose soil is washed off. Then, the wet plants are dried by wiping them with a cloth. It is important to weight the
plants immediately after washing and drying due to the rapid loss of water.

Dry Weight (DW): Measuring the DW implies the measurement of the plant weight without the water
content. Measuring the DW provides more reliable results comparing the FW measurements since the water
content varies among species in dependency of environmental conditions. DW measurements are destructive
measurements, which are not survivable for a plant. As the plants have previously been removed from the soil,
washed, dried, and weight, the next step is eliminating the water content. Therefore, the plants are exposed to
low heat of 80 *C in an oven for at least 48 hours. Thereby, the plants lose their entire water content. After

drying, the plant remains are finally weight with a fine scale.

434 TestInstallation and Execution

The following section provides an overview of the test installation and execution. The figure
demonstrates a schematic drawing of the samples and their respective arrangement in the test compartment
C1. The decontamination system and the nozzle are installed at the bottom right comer of the compariment C1.
Boxes are placed under the nozzle to ensure the same height of test plants and decontamination system. The
nozzle is aligned to the center of the compartment C1 and fixed with fape to prevent filting. In both
compariments, letiuce is transplanted to soil boxes. Three soil boxes are amranged on each table with the
central box containing ten lettuce plants while the top and bottom box of each table contains eleven lettuce
plants. 14 cucumber plants are arranged around the soil boxes on each table as depicted. Overall, 48 cucumber
plants and 96 lettuce plants are grown in each compartment resulting in an overall sum of 288 test planis
deployed in the EDEN Ha202 Decontamination Test. Likewise, the 14 test tablets are placed in the compartment
C1). Tablets 1-5 (highlighted with red arrows) are arranged on the side walls of the compartment C1 and fixed
with tape. Tablets 6-8 (highlighted with a light blue arrow) are aligned in a diagonal line from the nozzle below
the tables. Tablets 9-14 (highlighted with yellow arrows) are centrally placed on the tables in between of the soil
boxes and the cucumber plants.
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Figure 4-10: Schematic Sample Arrangement in Compariment C1

Figure 4-11: Arrangement of Tablets in Compartment C1
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The movable tables are placed in a position guaranteeing the same distance of approximately 30 cm to
each other. The {ables adjacent to the bordering side walls are verfically positioned.

Figure 4-12 illustrates the arrangement of the planis and tablets in the control compartment C2
schematically. Lettuce and cucumber plants are arranged just as in the test compartment C1. Control tablets 15

and 16 are placed on the tables as shown in the figure.

Figure 4-12: Schematic Sample Arrangement in Compartment C2
After arranging the test plants, the decontamination system is installed. As mentioned, the nozzle is

placed on a couple of boxes providing the same level for test plants and microorganisms.

e
Figure 4-13: Installation and Alignment of the Decontamination System
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The generator is adjusted to a volume of approximately 140 m>. Since 2-3 mL are vaporized per m?®, a
total amount of approximately 300-400 mL H.0, is vaporized during the decontamination. The duration of
vaporization takes not more than 10 minutes, however due to safety and efficiency reasons, the compartment is
closed for the following 90 minutes after initiating the procedurs. When the 90 minutes have passed, both
compartments are ventilated for a period of 30 minutes (according to safety regulations) to ensure that no Hz0=
remains inside the compartment before entering.

4.3.5 Climatic Conditions

The following chapter provides information about the climate data prevailing inside the two
compartments. Since the climate of both compariments is fully controlied, the entire data is recorded with an
appropriate sensor system every five minutes. The data identified as the most striking is demonstrated
subsequently. Each diagram depicts the recorded data from the day of the test execution and the stay in
Bleiswilk (November 8, 2016 from 8.00 a.m. to 2.00 p.m.).

The data of the test compartment C1 is illustrated red, the data of the control compartment C2 is
highlighted green, and the basic settings are presented blue.

COz2-Concentration [ppm] (8.00 a.m. - 2.00 p.m.)
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Figure 4-14: Concentration of CO» {cCOs) in [ppm]

Figure 4-12 depicts the concentration of carbon dioxide (cC0Os) of the period during test execution. The
basic setting is set to 600 points per million (ppm). By day, the average concenfration of CO; is higher than
during night due to plant metabolism. Starting from 9.00 a.m. to 10.30 a.m., 8 remarkable increase of cCO»
peaking at 1363 ppm can be observed. The reason for this rapid increase is due to the breathing of involved
persons who prepared the test After initiating the test at 10.30 a.m_, a decrease is shown in the figure above. At
noon, a further decrease below the basic settings is shown caused by the ventilation lasting for 30 minutes.
Starting at 1.00 p.m., the cCO, curves of both compartments converge to the line of the basic setlings to 600
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ppm. The reascn for this approximation is explainable by the termination of sample packing and taking photos
for the immediate plant health monitoring. The residual climate data does not exhibit any conspicuities for the
cCO.. Therefore, cCO; is not considered to have negative impacts on the growth of the test plants.

A further relevant parameter closely examined is the change in temperature during the period of test
execution on Movember 8, 2016.

Temperature [°C] (8.00 a.m. - 2.00 p.m.)
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Figure 4-15: Temperature (T) in [*C]

The red curve represents the temperature in the test compartment C1, the green curve demonstrates
temperature in the control compartment, and the biue graph the basic temperature settings. The basic
temperature settings vary between 18 *C during night and 20 *C during daytime.

Figure 4-12 shows an almost linear increase of the basic temperature settings until the line stays
constant at 20 *C. At 10.30 a.m_, a first minimum can be observed. The reason for this minimum is due to
preparing the experiment since the doors of the compartment are opened several times. During the period of
test execution, the temperature increases to a maximum of 21.9 “C. This maximum is a result of the increased
radiation measurad in W/m*. After finishing the decontamination procedure, a period of subseguent ventilation
starting at noon is performed for 30 minutes. Ventilation is camied out by tipping the windows by 15°. The data
exhibits a rapid temperature decrease in both compartments to a minimum of 17.2 *C followed by an equally
rapid increase. Figure 4-11 demonsirates no significant differences in temperature for both compartments as
well as the residual of the recorded climate data. Therefore, temperature is alse not considered to have a
negative impact on growth of the test plants.

Figure 4-12 illustrates the relative humidity (rH) as third relevant parameter processed from the climate
data.
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Relative Humidity (8.00 a.m. - 2.00 p.m.)
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Figure 4-16: Relative Humidity {rH) in [%s]

The red curve demonstrates the rH inside test compartment C1, the green curve represents the rH in the
control compartment C2, and the biue line the basic settings for the rH set to a value of 70 % for the first three
days. After three days, the rH is increased to 80 % providing optimal growth conditions for the test plants. The
red and the green curve exhibit a similar trend except two maxima.

The first maximum can be observed at 8.45 am. in C1 and is an exceplion since such a sudden increase
is never recorded in the greenhouse data again. Comparing the rH to the temperature data at 845 am_, a
temperature drop of 1°C can be observed just as an increase in rH of 10 %. The reason for this increase is
explainable by opening the compartment door for irrigation purposes by the greenhouse personnel. The second
maximum is detected at 10.30 a.m. after initiating the decontamination system. By vaporizing approximately 400
mL H:0s, the rH increases from 70 % to 78 %. At noon, both curves decrease reaching a minimum of 60 % (C2)
and 65 % (C1) due to the ventilation after 90 minutes have passed. Until 2.00 p.m_, the curves converge to the
basic settings for rtH of 70 %.

Since these are only minor deviations (and an increase in rH is assumed to provide even better growth
conditions), rH, cCO2, and temperature are not considered to have negative impacts on the growth of the plants.
Similar results are recorded during the second test run and are therefore not further delineated in this chapter.
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5 RESULTS

5.1 Immediate Plant Health Monitoring

A first V1, the immediate plant health monitoring, is performed directly after the decontamination
procedure and subsequent ventilation has finished. The plants are particularly investigated for white spots on
their leaves. However, no changes in color or fimness are observed in scope of the immediate plant health
monitoring.

5.2 Short-Term Plant Health Monitoring

Another V1 is carried out, the short-term plant health monitoring, on 10 November {exactly 48 hours after
executing the decontamination procedure). Again, no white spots or changes in firmness can be observed.
Therefore, the HPV treatment with & % H.0. does not exhibit any visible negative impacts over a period of two

days.

5.3 Mid-Term Plant Health Monitoring

The next V1 is performed in scope of the mid-term plant health monitoring, two weeks after treating the
plants with 6 % H.O.,. 3till, there are no white spots or changes in firmness on the leaf surfaces visible.

Figure 5-1 demonsirates an example of 3 cucumber plant of test compartment C1 on the left and a ptant
of the control compartment C2 on the right. The C1 sample {on the left) is 33 cm high, whereas the C2 sample
(right) is approximately 60 cm high. Figure 56 depicts only one plant of each compartment. Mevertheless,
differences in growth are already visible comparing the whole batches of plants. The untreated control plants
are on average 10 cm higher than the plants treated with 6 % H.O-.

| ——-

Figure 5-1: Mid-term Plant Health Menitoring = Cucumber (left. C1, right.: C2)
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A similar inhibition of growth can be observed for lettuce as well. Figure 5-2demonsirates leftuce plants
after a period of two weeks.

Figure 5-2: Mid-term Plant Health Meonitoring = Lettuce (left: C1, right: C2)
The plants treated with 6 % H>0s (lettuce and cucumber) from test compartment C1 appear to be smaller
in comparison to the unireated control plants from control compartment C2.

However, mid-term plant health monitoring is performed to receive an impression about the growth of the
plants. The long-term plant health monitoring provides detailed viable results examining and comparing the
biomass of test and control plants.

5.4 Long-term Plant Health Monitoring
Besides a further VI, four measurements are caried out in scope of the long-term plant health
monitoring: MF, LAl FW, and DW.

In all subsequent bar charts, the test plants are illustrated by a red bar while the bars of the controls are
colored green. The analysis is performed per tables calculating a mean value of 14 cucumber and 32 lettuce
piants per table numbered from left to right.

Visual Inspection (VI): Visual inspection is performed to identify visible changes.

Aifter four weeks, the plants and particularly the leaves treated with 6% H.0O; exhibit visible changes. The
following Figure 5-3 demonsirates a comparison of the first pair of leaves developed by the plants.

The first striking feature of the leaves in the top row are emerging white spots on the leaf surface. The
second striking feature of the leaves in the top row is augmented surface dried out at the edges of the leaves.
Additionally, the color of the leaves in the bottom row is dark-green while the color of the treated leaves is
slightly brighter.
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{Top row — treated; Bottom row — untreated)
Besides these features, the test plants seem to be smaller in average height than the control plants.

Figure 5-3: Impact of H202 on Cucumber Leaves

Therefore, an unscheduled additional height measurement of each cucumber plant is performed. The mean
height of cucumber planis per tables is shown inFigure 5-4.

Mean Height of Cucumber per Tables
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Figure 5-4: Mean Height of Cucumber
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The measurements are performed per tables including 14 cucumber plants per bar. Since the reduction
is observed on every table, a significant growth reduction of the test plants is stated with a mean difference in
growth of minimally 24 cm and maximally 34 cm The relative growth reduction is approximately 18.8 %
(calculated by the means of all three tables).

MNumber of Flowers (NF): The number of evolving buds and flowers is counted.

The mean values of counted NF is depicted in Figure 5-5 on the following page. For the number of
flowers (as well as evolving buds and upcoming fruits), the plots show a similar result as observed during the
height measurements of cucumber plants since all test plants treated with 6 % H20. demonsirate a remarkable
reduction in their potential to evolve fruits. While the mean value of controls remains stable at approximately 19
MF per plant, the treated test plants are not able to develop more than 13 NF in average per table. On table 1,
the strongest reduction cccurred since not even 12 NF evolved in average. The relative reduction for the NF is
appraximately 35.7 %. Thus, counting the NF shows a significant reduction in the plant's potential to evolve
fruits since the green bars are remarkably higher than the red bars.

Mean Flowering of Cucumber per Tables
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Figure 5-5: Mean NF of Cucumber
Leaf Area Index (LAI): Surface area of the leaves is measured.

The LAl is measured for both, cucumber and lettuce. The results of the LAI of cucumber are charted in

Figure 5-6 and lettuce in Figure 5-7 on the following page. The mean LAl of cucumber remains constant
for all three tables at approximately 6000 cm® while a difference compared to the treated samples is
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recognizable. The test plants treated with H.O» show a clear reduction in the LAL The lowest value (~4700 cm?)
is measured on table three. The relative reduction of the LAl is approximately 16.1 %.

The mean LAl for lettuce is calculated from 32 lettuce plants per table. The relative LAl of test plants is
12.7 % lower compared to the test plants treated with 6 % H.0.. However, the standard deviation (SD) for the
LAl of lettuce is particularly high, which should be considered in further evaluations.

Mean Leaf Area Index of Cucumber per Tables
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Figure 5-6: Mean LAl of Cucumber

Mean Leaf Area Index of Lettuce per Tables
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Figure 5-7: Mean LAl of Lettuce
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Fresh Weight (FW): Measurement of plant weight including water content is done.

The following figures provide an overview of the FW measurements for cucumber and lettuce. The FW of
cucumber stems and leaves is measured separately. Figure 5-8 shows the FW measurements of the cucumber
stems.

Mean FW of Cucumber Stems per Tables
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Figure 5-8: Mean FW of Cucumber Stems

Again, the chart demonsirates stable resulis on all three tables for the FW of cucumber stems.
Comparing the control o the test samples, a distinct decrease in FW for cucumber and particularly for the stems
is observed. The difference accounts minimally 25 g (table 2) and maximally 36 g (table 3). Comparing the FW
average of controls and test samples, the biomass of plants treated with 6 % H20; is relatively reduced
approximately 19.6 %.

Figure 5-9 identifies the FW measurements for the cucumber leaves. Again, a reduction of the biomass
Is observed since the bars of the three controls are higher than the bars of the treated plants. Also, the results of
the confrols are stable at 95 g while the treated planis show increased differences among all three tables.
Calculating the differences between the mean FW of control and test samples, a relative discrepancy of
approximately 15.2 % occumed.
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Mean FW of Cucumber Leaves per Tables
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Figure 5-9: Mean FW of Cucumber Leaves

Mean FW of Lettuce per Tables
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Figure 5-10: Mean FW of Lettuce

Figure 5-10 highlights the mean FW of leftuce per tables. The diagram shows a higher FW amount for
the controls compared to the test sampies. In this figure, the value of the test samples remains stable at
approximately 285 g while a discrepancy within the control samples occurred. Nevertheless, a relative reduction
of 15.5 % comparing the means of test and controls is observed.
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Dry Weight (DW): Measurement of the plant weight excluding water content.

The following figures demonstrate the results of the DW measurements. Cucumber stems and leaves are
measured separately (in the same way as for the FW). Figure 5-11 depicts the results of the DW measurements
of cucumber stems.

Mean DW of Cucumber Stems per Tables
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Figure 5-11: Mean DW of Cucumber Stems

The chart clearly indicates that the relative amount of biomass is even higher for the DW measurements
compared to the FW measurements. Calculating the means of all three tables, the relative dry biomass (without
water content) of stems treated with 6 % H.0Os 15 31.2 % lower compared to the untreated controls.

Figure 5-12on the following page presents the results of the DW of cucumber leaves. The relative
reduction for treated plants accounts 19.2 %.
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Mean DW of Cucumber Leaves per Tables
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Figure 5-12: Mean DW of Cucumber Leaves
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Figure 5-13: Mean DW of Lettuce
Figure 5-13 depicts the results of the DW measurements of letiuce per tables. On fables 1 and 2, a
decrease in DW can be observed while the DW on table 3 is only slightly higher for the untreated plants
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compared to the plants, which experienced the H.0; HPV treatment. Likewise, the calculated reduction of all
means accounts 8.4 %, which is the lowest relative discrepancy of all measurements performed in scope of the
long-term plant health monitoring.

Table 5-1: Relative Growth/Biomass Discrepancies provides a summarizing overview of the absolute and
relative discrepancies in growth/biomass calculated by the means of all test samples compared fo their
respective controls.

Table 5-1: Relative Growth/Biomass Discrepancies

Relative Discrepancies
Cucumber Lettuce
Parameter

Cc1 c2 Relative c1 c2 Relative

Height 123,33 cm 151,96 cm 1B 8% nfa n/a nfa

MF 12,04 18,73 57 % nfa n/a nfa
LAl 5077,4 cm® 6053,78 cm® 16.1% 7083,96 cm* 8113,50 cm® 127 %

FW s 113,78 ¢ 141,44 p 19.6 % nfa nfa nfa
FW L 77,59 g 92,46 g 15.2 % 246,96 g 282,18 g 155 %

DW 5 475 690 31.2% n/a n/a n/a

DWL 7,78 963g 19.2 % 7868 858 ¢ 8.4 %

The height of cucumber treated with & % H20. is reduced 18.8 %. The MF value representing the amount
of provided fruits, inferior evolvement of 357 % occurred. Concerning the LAl of cucumber, the measured leaf
area of fest samples is 16.1 % smaller compared to the controls. Likewise, a reduction for the LAl of leftuce
occurred accounting 12.7 %. The FW of cucumber stems treated with H.0; is 19.6 % smalier compared to the
controls. Mext, the FW of cucumber leaves is 15.2 % lower while the FW of lettuce is 15.5 % reduced. The DW
of cucumber stems is reduced approximately one third to 31.2 %. Finally, the DW of cucumber leaves is 19.2 %
lower compared to the controls, while a relative reduction of 8.4 % cccurred for lettuce.

5.5 Microbiological Analysis

The following subchapter provides the results of the microbiological evaluation performed by DLR. The
HPV treatment on microorganisms is performed twice. The first test run is executed on 8 November and the
second fest run is carried out on & December. The reason for this interjacent period of four weeks is due fo
several factors. First, during the period of test execution, there is only a limited availability of greenhouse
compartments. Second, the experiment cannot be repeated until the test compartment is empty since the plants
are intended to be ireated only once with hydrogen peroxide. Third, the repetition of the experiment is only
executed with microorganisms and without a new batch of test plants considering that no plants inside a
gresnhouse compartment have the same impact on the circulation of the H.O- aerosol as having small plants.
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Test Run #1:
Survival related to primary Suspension
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Figure 5-14: Survival of Microorganisms related to Suspension - Test Run #1

Figure 5-14: Survival of Microorganisms related to Suspension - Test Run #1 depicts the overall results
of the microbiological analysis after the exposure to & % H.O. related to the primary suspension for the first test
run. The bars in the figure below are ordered by microorganisms from left to right. Escherichia coli DSM 613,
Staphylococcus cohnii DSM 20260, and Bacillus afrophaeus spores DSM 675. The values are plotted by
dividing the test sample (M) by the related control {MNg).

E. coli exhibits the highest reduction rates among the three microorganisms under investigation. On
tablets 5, 8. and 13, no surviving colonies are counted after the exposure to H.0.. Comparing the laboratory
control (LC) to the primary suspension, a reduction of almost three log levels occurred by drying the
microorganisms under the faminar cleanbench. A further reduction of more than two log levels is observed by
comparing LC to the transport control (TC). Thus, the bulk (approximately five log levels) of E. coli is already lost
during preparation and transport. Control samples 15 and 16 show a high variance among the CFU count with a
mean differentiating approximately one log level. The following figure 70 demonstrates the 14 test samples
related to the mean of control samples 15 and 16 equally exposed to 70 % relative humidity.
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Survival of E.coli related to the mean of Controls 15 & 16
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Figure 5-15: Survival of E. coli related to Controls 15 and 16

Related to the mean of control samples 15 and 16, a relative reduction of microorganisms is observed on
twelve test samples. The CFU count on sample 7 is higher than the mean while the count on tablet 11 matches
the calculated mean at 222 E0O1. However, since a standard deviation of approximately one log level is
observed on the control samples, the reduction of E. cofi is not considered significant. Furthermore, the bulk of
approximately five log levels of E coliis lost during drying and transport. Due to these reasons and the findings
from the Diosol Exposure Test, E. coli drops out as test strain using this preparation method for further testing.

Staphylococcus cohnii exhibits the lowest reduction rates among the three organisms under
investigation. Comparing the CFU counts for LC and TC to the rates of E. cofi, Staphylococcus cohnii turns out
to be more robust pertaining to drying and transport since not even two log levels are lost. However, one sample
of the triplicates showed higher reduction rates on the TC leading fo an increased negative value for the
standard deviation of almost three log levels. On sample 5, a disproportional high reduction occurred compared

to the other test samples.

Figure 5-16: Survival of Staphyiococcus cohmii related to Controls 15 and 16 depicts the survival of
Staphylococcus cohnii related to the mean of controls 15 and 16 calculated to 1.15 E04. Samples two and eight
exhibit higher CFU counts compared to the related controls. The remaining samples show a reduction of
Staphylococcus cohnii of approximately one log level, which is not considered significant regarding the standard

deviation within the control samples
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Survival of Staphylococcus cohnii related to the
mean of Controls 15 & 16
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Figure 5-16: Survival of Staphyilococcus cohnii related to Controls 15 and 16
Bacillus atrophaeus spores turn out to lose about two log levels by drying. Comparing LC and TC to the
respective controls of E. coli and Staphylococcus cohnii, no further CFUs are lost during the transport.

Survival of Bacillus atrophoeus spores related to
the mean of Controls 15 & 16
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Figure 5-17: Survival of Bacillus atrophaeus spores related to Controls 15 and 16

Moreover, Bacillus atrophasus spores present itself more robust to humidity comparing the mean
reduction of controls 15 and 16 to the transport control. Nevertheless, a reduction of approximately one log level
is achieved. Mo CFUs are counted on the samples 3, 8, and 11. The highest reduction rates can be observed on
samples 5 and 10. Figure 5-17demonstrates the survival of Bacillus atrophaeus spores related to the mean of
controls 15 and 16. Compared to E. coli and Staphylococcus cohnii, there is no sample possessing a value
above the mean of the controls calculated to 1.31 ED4. In addition, all samples present a consistent reduction
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for Bacillus atrophasus spores of approximately two log levels except samples 6 and 7. Considering that these
samples are placed below the tables, a reduction of still one log level is achieved. Regarding the standard
deviation of the control samples (there is almost no deviation), the reduction achieved by the treatment with the
HPFV procedurs is considered significant.

Test Run #2:

Figure 5-18 presents the survival of Staphylococcus cohnii and Bacillus atrophaeus spores related to a
different primary suspension used for the second test run ordered by organisms. Since the bulk of E. coli died
during drying and transport of the first test run (due to the method), this sfrain is not incorporated in further

experiments and evaluations.
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Figure 5-18: Survival of Microorganisms related to Suspension - Test Run #2

Staphylococcus cohnii provides stable results in scope of the second test run. Examining LC, only ong
log level is lost during drying the microorganisms. A difference compared fo the first test run is observed since
no further reduction occurred during transport (TC) and exposure to a high relative humidity in the control
compartment (15 and 16). The samples placed below the tables (6, 7, and 8) exhibit the lowest reduction rates
while the highest reduction rates can be stated for samples 5, 9, and 10. Figure 5-19 provides an overview of
the survival of Staphylococcus cohnii related to the mean of controls 15 and 16. According to the data, a relative
reduction compared to the controls occurred on every sample. However, the reduction on the samples placed
under the tables (6, 7, and 8} is neglectable due to the small rates. Except samples 2, 3, and 4, a reduction of at

least one log level is observed.
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Figure 5-19: Survival of Staphylococcus cohnii related to Controls 15 and 16

Fegarding the standard deviation of the control samples, there is almost no deviation within the samples
at all. Thus, a minor significant reduction of Staphylococcus cohnii of at least on log level is stated for the
samples positioned on the tables (9-14).

Bacillus atrophaeus spores provide stable results for the second test run. Figure 5-18 shows only a small
range of standard deviation for the controls LC, TC, 15, and 16. During the drying procedure, approximately one
log level CFUs is lost (see LC). Another log level is lost during transport (TC), while no further impairments are
observable for the controls exposed to a relative humidity of 70 % (comparing TC to 15 and 16). Mo CFUs are
countable on the glass slides of samples 8, 10 and 13. The highest reduction rates are documented on samples
9, 10, 11 and 14. The lowest reduction rates are again observed for the samples 6 and 7 positioned under the
tables inside the test compariment. Figure 5-20 exhibits no values abowve the mean of the control 15 and 16
resuiting in a stateable reduction for all samples, on which CFUs are countable after the HPV treatment. The
vertically positioned samples 1-5 show a significant relative reduction rate of one to two log levels, while a
significant relative reduction of at least three log levels is observed for the samples 9, 11, 12, and 14 placed on
top of the tables. A minor neglectable reduction of Bacillus atrophaeus spores is observed on the samples 6 and
7 positioned below the tables inside the test compartment. This minor reduction is considered insignificant.
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Figure 5-20: Survival of Staphylococcus cohnii related to Controls 15 and 16

To sum up, the method (drying and transport) turns out to be inadequate for E. coli. Moreover, the
controls exhibit a high standard deviation leading to insignificant results of the test samples. The observed
resulis of the first test run are equally to the results gained from the Diosol Exposure Test emphasizing that the
bulk of E. coli dies during the drying procedure (and transport). Therefore, the E. coli strain is not considered in
further experimental test runs and evaluations. Staphylococcus cohnii provides stable results in both test runs.
However, 2 minor significant reduction can only be stated for the test samples (in test run two) positioned on top
of the tables. Bacillus atrophaeus spores exhibit significant results especially for the samples positioned on top
of the tables for both test runs. The vertically positioned samples show only minor significance. A neglectable

insignificant reduction is observed on the samples placed below the fables.
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6 DISCUSSION

The following chapter provides the discussion of the resulis gained from the EDEN Ha0s
Decontamination Test.

The plant heaith monitoring is performed in four steps. Mo visible changes or differences in growth were
observed in scope of the immediate and short-term plant health monitoring. The first differences in growth were
recognized in scope of the mid-term plant health monitoring. Mevertheless, the visible impacts (see figure 58)
were not seen unfil the long-term plant health monitoring was performed, although it is assumed that these

changes already showed up at this particular time (mid-term monitoring).

The analysis of the long-term plant health monitoring reveals that a reduction in growth and biomass
occurred for both plants treated with & % H:O.. This effect is stateable without exception for every parameter
(Height, Flowering, Leaf Area Index, Fresh Weight, and Dry Weight) investigated in scope of the plant health
monitoring. Comparing the results of both test plants, the impairments are even more obvious for cucumber
(since it is a fast-growing plant). Moreover, the HPV treatment executed with the decontamination system
indicates no directional dependencies for plants since the reduction rates of growth/biomass are evenly
distributed on all three tables.

A minor issue ansing during the long-term measurements depicted in figure 76 is the infestation by thrips
(small insects) on a few control plants on table 1.

Figure 6-1: Infestation by Thrips

The infestation by thrips occumed recently before performing the final measurements (if not, thrips had
spread all over the compartment). Besides, this recent infestation of thrips is assumed to have no negative
impacts on the resulis (since only a few confrols on table 1 were infested). This assumption comresponds with
the data gained from the measurements since no negative impacts or conspicuities can be stated for the data of
table 1 compared to tables 2 and 3.
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The climate data is checked carefully to exclude biased results due to different growth conditions. Minor
favorable growth conditions are observed for the plants treated with 6 % H.0.. Nevertheless, since the test
plants exhibit a significantly worse outcome, these minor different condifions are neglectable (and even
considering these significant, they provide favorable growth conditions for the plants treated with HoO5).

However, a crucial issue not clarified by the measurements performed in scope of the plant health
maonitoring is, whether the damage induced by the HPV treatment is temporary or permanent. Moreover, these
measurements reveal no information about the processes that triggered the damage. Consulting the experts
from WUR to discuss this issue, it is assumed to be most likely that a damage in the photosynthetic machinery
eventuated.

To prove this assumption, it is necessary to perform further investigations on plant metabolism
processes. In order to receive viable daia on these metabolic processes, measurements (e. g. chlorophyli
fluorescence) should have been performed before, subsequently, and further after executing the HPV treatment
on 8 November. Since changes or differences in growth and biomass were considered but expected to be very
unlikely as described in literature (investigating the impacts of HPV treatment with even 10 % H.0: on lettuce
without any remarkable changes), no further measurements on plant metabolism were executed.

The results presented in chapter four reveal a distinct negative impact on growth and biomass of
cucumber and lettuce {since influences by climate data and thrips are excludable) after a HPW treatment with 6
%% Hz02. However, a distinct reason explaining the processes that triggered the damage cannot be determined

by the results of the measurements performed in scope of the plant health monitoring.

The microbiclogical evaluation presents varying results among the three organisms under investigation.

E. colf exhibits the highest reduction rates compared to Sftaphylococcus cohnii and Bacillus afrophaeus
spores. However, the laboratory control (LC) and transport control (TC) identify that the treatment with 6 % HzO2
does not induce these high reduction rates. As already recognized in scope of the EDEN Diosol Exposure Test,
in which 97.11 % died (and now confirmed by the first test run of the EDEMN H;0: Decontamination Test), the
applied method of drying and transport is unsuitable to cammy out experiments with E. coli. Comparing the
primary suspension to LC, almost three log levels of CFU are lost while further two log levels are lost during
transport (TC). High variances and standard deviations among the controls 15 and 16 lead to insignificance
regarding the results for E. coli.

Staphylococcus cohnii turns out to be robust to drying and transport comparing the primary suspension
to LC and TC. One log level is lost during drying while another log level is lost during fransport. Staphylococcus
cohnii presents itself more sensitive to humidity in the first test run comparing TC to controls 15 and 16.
Particularly, a high reduction is observed on tablet 5 for both test runs. Variance and deviation of the controls 15
and 16 lead to insignificant resulis for the vertically positioned samples (1-5). A significant reduction can be
stated for the tablets positioned on top of the tables in test run two (9-14) while the least reduction is achieved
on the tablets placed under the tables (6-8).
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Bacillus atrophaeus spores are just as Staphylococcus cohnii robust fo the applied method of drying and
transport (comparing LC and TC to the primary suspension). Furthermore, there is no reduction observed while
exposing controls 15 and 16 to 70 % relative humidity inside the control compartiment for 120 minutes. Bacillus
atrophaeus spores show significance (due to low variance and 5D} in both test runs varying dependent on their

position inside the test compartment:

« Tablets 9-14 (on the tables): 34 log levels reduction
« Tablets 1-5 (vertically positioned): 1-2 log levels reduction
= Tablets 6-8 (under the tables): no reducfion

Therefore, Bacillus atrophaeus spores tumn out to be the most sensitive organism to the HPY treatment
with 6 % H20: among the organisms under investigation. Considering the results of the microbiciogical
evaluation, it can definitely be stated that the 6 % H:0: vapornized by the decontamination system is not
distributed homogenously all over the compartment (as assumed from the plant health monitoring). The highest
reduction rates are achieved on the tablets positioned on top of the tables struck by the spray jet of the nozzle.
A medium reduction is achieved for the tablets positioned vertically on the walls of the compartment while
almost no reduction can be observed for the tablets positioned under the tables.

Still, two further issues arose during the experiment and the respective evaluation. These issues are

discussed in the subseguent seclion:

1. Particularly high reduction rates on tablet 5
2. Discrepancies among confrols 15 and 16 during the first test run

Particularly, high reduction rates are obsened for the samples on tablet 5 in both test runs. The following
figure depicts tablet 5 and reveals information about a potential impact of the accumulation of water condensate
on this tablet. The formation of water condensate is highlighted with red circles in Figure 6-2 and can also be
observed on the window around the tablet.
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Figure 6-2: Accumulation of Water Condensate on Tablet 5

Tablet 5 is the only tablet positioned at this side wall. Conspicuously, this side wall is the only one
bordering outdoors — the other side walls are bordering other greenhouse compartments. Since the test Is
executed in Movember and December, low temperatures of approximately 5 *C prevail during this time of the
year, while the temperature inside the compariment is confrolled at 18-19 “C. Due to the ability of warm air to
store more humidity than cooler air (equal pressure is required), a boundary layer forms at the side wall
accumulating water condensate at the surfaces of the tablet and side walls. Additionally, the suspension
inoculated on the alass slides is laced with PBS (a salty buffer) being even more susceptible to water.

For these reasons, the glass slides on tablet 5 are exposed to water condensate probably washing the
suspension off as the tablet is positioned vertically. Since this issue cannot be clarified afterwards, tablet 5 is not
respected in test run one. In scope of the second test run, it is ensured that no suspension poured off the glass
slides. Nevertheless, the resulis of tablet 5 are still considered critically due to the accumulation of water
condensate.

The second issue identified is the deviation among controls 15 and 16 during the first test run. An inferior
CFU count occurred on the glass slides of tablet 16 positioned on table 3 inside the compariment.
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One reason for this deviation is explainable by the positioning of the humidifiers controlling the relative
humidity inside the compartment. The nozzles of the humidifiers are mounted closely to the position of tablet 16,
next to table 3, in both compartments. Therefore, tablet 16 has potentially experienced more humidity than
tablet 15. However, the activity of the nozzles cannot be reproduced since they are activated automatically if
necessary to control the humidity at the predetermined value. Thus, investigating the impact of condensate and
rH on samples prepared with the method of drying and transport provides tasks for future work.

Closing the discussion, some aspects like the accumulation of water condensate could not be excluded
from the experiment (but still they are taken into account). Furthermore, an aspect that always has to be
considered in microbiological experiments is the fact that living organisms sometimes do not behave as
expected. Mevertheless, a distinct impairment on the test plants as well as reduction of Bacilius atrophaeus
spores can be stated by the HPV treatment with 6% H.O..
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7 CONCLUSION

The overall goal of this test is to investigate and evaluate the influences of the decontamination system
and agent applied with the HPY procedure in a bio-regenerative closed-loop life support system like the FEG,
which will be sent to Antarctica in October 2017. Previously, within the scope of work, two critical success
criteria are defined examining the applied system and method on its suitability for decontamination purposes
inside a BLSS, further transient faciliies for a space flight to Mars, or a permanent habitable lunar station (see
chapter 1.1}

1. Impairments of the plants to the test agent (H.05)
2. Efficiency to reduce microorganisms

Two experiments are performed in this thesis investigating the system on these success criteria (EDEMN
Diosol Exposure Test and EDEN H.O» Decontamination Test).

Rating the results and considering that a significant decrease in growth and development of biomass
occurred for lettuce and particularly cucumber, the plants assessed the most suitable for space applications
according to literature, the method is evaluated inadeguate for disinfection purposes in bio-regenerative closed-
loop life support systems.

The HPV procedure using a solution of 6 % H.0. does not provide the desired results of reducing
microorganisms. The decontamination system exhibits a highly inhomogenecous distribution of HzO; inside the
compartment since the samples located in the jet of the nozzle demonstrate the higher reduction rates
compared to the samples positioned under the tables. Furthermore, the application of H20: as broadband
disinfectant turns out to be inappropriate since inadequate reduction of Staphylococcus cohnii is achieved.
Additionally, further findings proved (in both experiments) that the applied methed is unsuitable to perform
experiments with E. coli since the bulk of CFUs dies due to the procedure.

Concluding, the viclation of both success criteria leads to the result that the decontamination system and
agent used in scope of the project EDEM 1SS are inadequate for disinfection purposes in bio-regenerative
closed-loop life support systems.

7.1 Limitations

The overall goal of scientific research is o exclude all potential limitations and criteria influencing the
resuits of an experiment in a negative way. However, in some cases, these limitations arise due to a lack of time
and budget or are not considered until results are available.
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First, beginning with the Diosol Exposure Test, crtical imitations occurred due to a lack of time and
budget Providing scientific valuable results, at least three test runs should have been executed with an
arrangement of triplicates regarding the microbiological samples. Besides, the impacts of remaining H.O: inside
the cleanbench could not be determined for further test runs. Additionally, the bulk of E cofi died due to the
applied method of drying, which was not discovened until the CFUs were counted after executing the test. Since
only two test runs for each agent were executed and the impacts discussed in chapter 3.4 were not clearly
assignable, E. coli was still included in the EDEN H.0. Decontamination Test, although being assumed to be
susceptible to the method. This strain could have been replaced by another one investigating the effects of the
applied system and method.

In the same way, only two test runs with microbiclogical samples are executed in scope of the EDENM
H-0s Decontamination Test. Receiving more stable results, at least a third test run should have been executed.
Furthermaore, as it is demonstrated within the discussion, the impact of relative humidity and accumulating water
condensate is not distinctly clarified considering the results of tablet 5 and controls 15716 from the first test run.
It is assumed fto have a negative impact on growth and surviving of CFU, however additional research is
required to solve this issue.

Concemning the plant health analysis, only one bafch containing 96 lettuce and 48 cucumber planis
treated with 6 % H.0. was evaluated (and the same amount of controls). Nevertheless, treating and examining
two more batches of plants with this method would provide even better and more significant results. Besides,
some limitations having a possible negative influence (climate data, thryps) were taken into account but not
considered to bias the results. A further issue idenfified and already mentioned within the discussion is the
measurement of plant metabolism processes in order to determine if the damage induced by the HPV
procedure is temporary or permanent.

7.2 Future Work

The determination and exclusion of such limitations provides the opportunity for new approaches
generating enhanced results in scope of future work.

Since the plant health monitoring performed in this thesis gives information about the inhibition of growth
and the reduction of biomass, further investigations on plant metabolism have to be carried out examining, if the
growth inhibition and damage is temporary or permanent. There are several approaches accomplishing these
further investigations. The most suitable method is a continuous measurement of chlorophyll flucrescence via
Pulse-Amplitude-Modulation (PAM). Furthermaore, since discrepancies concerning the impact of H,O on the test
plants occurred, additional experiments investigating the influences of the applied method on other plants
should be executed.

The microbiclogical analysis provides even more space for future work. A crucial issue is to examine the
impacts of relative humidity and water condensate on samples prepared by the method described in this thesis.

EM-TR-AST-0089 EDEN H:0: Decontaminatian tast Alinss 0 GmbH = Copyright reserved =mefer o prodeciion nodce 150 16018

R Co-funded by the Horizon 2020
BN Framework Programme of the European Union Page: 181/211



cDeEN

I SS EDEN ISS-DLO-WP3.5-D3.11-PHM Design Document-v1.3

Dok.Nr./DocNo.:  EN-TR-AST-0069

@AIRBUS @ Ausgabefissue: 01 Datum/Dster 1912 2016

DEFENCE & SPACE
M IES SeitefPage: 46 von/of: 75

Besides, further sfrains should be investigated and the fact why Bacillus atrophaeus spores act more sensitive
to H.0, than Staphylococcus cohnii (since spores were expected to be more robust to disinfectants than

Staphylococcus).

Avoiding directional dependent disinfections (as it occurred in this experiment), the development of a
sprinkling system integrated with several nozzles in a bio-regenerative closed-loop life support system appears

to be a beneficial solution.

On top of that, as H;0; induced a severe damage to the test plants, the choice of an alternative
disinfectant should be considered. Literature proposes natural disinfectants like citral, cinnamaldehyde, or tea
polyphenols recoverable from herbs and naturals exhibiting significant reduction among Staphylococcus aureus

and Salmonella Enteridis.

Finally, although the decontamination system applying the HPV procedure could not be stated suitable
for disinfection purposes in the EDEN 1SS project, the experiments performed in scope of this thesis uncovered
essential findings. Moreover, continuing research in this field of work is of importance since the results provide
not only advancements for the space sector. The findings achieved in scope of this work can also be transferred
to terrestrial applications like the agriculture sector (vertical farms) or the medical sector (broadband disinfection
aof microorganisms).
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8 ABBREVIATIONS

AN A niger

AS Hersteller der PEN3/MLA-VI

AST Astrium Space Transportation

ATP Authorization to proceed

B/B Breadboard

BS B. subtilis

BG Breath Gas

CE Communauté Européenne (Europdische Gemeinschaft)

CFU Colony forming units

C™ Configuration Management

COM Serielle Schnittstelle

COTS Commercial off-the-shelf

DC Direct Current

DLR Deutsches Zentrum fir Luft- und Raumfahrt

DMS Data Management System

DRD Document Requirements Description

DRL Document Requiremenits List

DEM Deutsche Sammiung von Mikroorganismen und Zellkulturen

EC E. coli

EDU Enrichment and desorption unit

EM Engineering Model

EMC ElectroMagnetic Compatibility

E-Maose Electronic nose

E-Nose 2 Upgrade of the Electronic nase

EP Experiment Procedure

ERD Experiment Requirements Document

FM Flight model

FM Flight Model

GSE Ground Support Equipment

HfW Hardware

HK Housekeeping

I/F Interface

Ijo Input/Cutput

IBMP institute biomedical problems

IMBP Institute of Medical and Biological Problems

IMR lonen-Maolekularreaktions-Massenspektrometrie

IS5 International Space Station

LCD Liquid Cristal Display

LDA Linear Discriminant Analysis

LL Life Limited Item

LOD Limit of detection

LSE Laboratory Support Equipment

LST Lance Sampler Tip
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LTu Laptop Unit

MAIT Manufacturing, Intergration and Test
MLA Material fur Langzeitanwendungen im Weltraum
MOS Metal Oxide Semiconductor

MS Massenspektrometrie

MVOC Microbial Volatile Organic Compounds
nfa Not available

NMML Non Metallic Material List

P/L PaylLoad

PA Product Assurance

PI Principle Investigator

PARS Product Assurance & Safety

PC Personal Computer

PCA Principal Component Analysis

PCB Printed Circuit Board

PCU Power Control Unit

PDR Preliminary Design Review

PDRD Performance and Design Reguirements Description
PE P. expansum

PEN3 Portable Electronic Nase 3

PLS Partial Least Squares

PEM Parts per million

PTFE Polytetrafluorethylen

PvC Polyvinylchlorid

aa Quality Assurance

am Qualification model

Qky. Quantity

Req Requirement

Resp Institution responsible for the corresponding requirement
RFC Request for Quotation

ROM Rough Order of Magnitude

S/w Software

SRR System Requirement Review

SFPT Short functional performance test
TBC To be confirmed

TBC To Be Confirmed

TED To Be Defined

TSA Tryptic Soy Agar

158 Tryptic Soy Broth

UFT Zentrum fiir Umweltforschung und nachhaltige Technologien der Universitat Bremen
UsB Universal Serial Bus

voc Volatile organic compound

Wt With reference to
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9 ANNEXAND ATTACHMENTS

Climate Data
Table 9-1: Climate Data cCO: in ppm

COz-Concentration (cCOz) in [ppm]
Time Ci c2 BS
g:00 532 594 600
B:05 516 601 600
B:10 531 632 600
B:15 510 695 600
B:20 515 736 600
8:25 548 723 600
B:30 515 714 600
B:35 535 728 600
B:40 510 710 600
8:45 535 729 600
B:50 519 722 600
B:55 537 721 600
2:00 559 717 600
5:05 575 719 600
9:10 593 715 600
9:15 585 75 600
9:20 601 755 600
5:25 597 748 600
9:30 &h4 747 600
9:35 6E2 742 600
940 756 731 600
945 826 723 600
9:50 BEE 728 600
5:55 935 714 600
10:00 978 724 600
10:05 1146 701 600
10:10 1159 725 600
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10:15 1271 713 600
10:20 1300 718 600
10:25 1363 706 600
10:30 1088 708 600
10:35 1109 710 600
10:40 1058 731 600
10:45 1041 718 600
10:50 1008 722 600
10:55 973 718 600
11:00 9438 715 600
11:05 910 695 600
11:10 891 714 600
11:15 880 733 600
11:20 869 731 600
11:25 852 718 600
11:30 800 700 600
11:35 798 729 600
11:40 801 741 600
11:45 767 718 600
11:50 780 714 600
11:55 732 694 600
12:00 702 725 6500
12:05 663 699 600
12:10 585 646 500
12:15 534 644 600
12:20 509 621 600
12:25 503 608 600
12:30 486 609 600
12:35 476 634 600
12:40 484 667 600
12:45 457 702 600
12:50 473 728 600
12:55 450 712 600
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13:00 447 698 600
13:05 440 707 600
13:10 482 711 600
13:15 520 705 600
13:20 557 740 600
13:25 575 728 600
13:30 569 739 600
13:35 569 734 600
13:40 609 751 600
13:45 605 750 200
13:50 636 723 600
13:55 637 734 600
14:00 624 715 600
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Table 9-2: Climate Data T in °C

Temperature (T} in [°C]

Time C1 Cc2 BS

8:00 18,9 18,8 18,6
B:05 188 18,8 18,7
8:10 18,9 19,0 18,7
g:15 19,0 19,0 18,8
8:20 18,9 19,0 18,8
B:25 193 190 18,9
8:30 1.0 19.0 19,0
835 19,5 19,2 19,0
2:40 185 19.0 19,1
8:45 19,0 19,3 19,1
B:50 19.7 183 19,2
8:55 19,6 19,3 19,2
9:00 199 194 19.3
9:05 19,9 19,4 19,3
9:10 20,0 19,2 19,4
9:15 19,8 19,4 19,5
9:20 139 185 195
9:25 196 19,8 19.6
9:30 19,8 19,7 19,6
9:35 19,6 19,8 19,7
9-40 19,5 19,7 19,7
9:45 202 19,6 19.8
9:50 19,8 19,8 19,8
9:55 20,1 19.6 19.9
10-:00 20,3 19,7 20,0
10:05 20,1 19.6 20,0
10:10 20,3 19,8 20,0
10:15 205 19.6 20,0
10:20 20,1 195 20,0
10:25 197 19,3 20,0
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10:30 18,8 19,1 20,0
10:35 18,8 19,8 20,0
10:40 18,9 20,1 20,0
10:45 20,2 20,6 20,0
10:50 21,5 20,9 20,0
10:55 21,6 210 20,0
11:00 21,9 21,1 20,0
11:05 21,7 210 20,0
11:10 21,8 20,9 20,0
11:15 21,9 20,9 20,0
11:20 21,6 20,7 20,0
11:25 21,2 20,5 20,0
11:30 21,0 20,9 20,0
11:35 20,7 210 20,0
11:40 20,9 21,0 20,0
11:45 21,0 21,2 20,0
11:50 21,2 21,2 20,0
11:55 21,6 213 20,0
12:00 21,4 214 20,0
12:05 21,6 204 20,0
12:10 15,5 18,3 20,0
12:15 179 18,0 20,0
12:20 17,2 17,7 20,0
12:25 17,5 18,0 20,0
12:30 18,1 18,3 20,0
12:35 18,7 19,3 20,0
12:40 19,9 20,8 20,0
12:45 21,0 21,2 20,0
12:50 21,3 218 20,0
12:55 21,5 21,7 20,0
13:00 21,8 21,6 20,0
13:05 21,5 21,7 20,0
13:10 21,3 21,8 20,0
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13:15 213 214 20,0
13:20 21,5 214 20,0
13:25 213 21,3 20,0
13:30 21,3 21,1 20,0
13:35 21,1 21,1 20,0
13:40 20,8 21,0 20,0
13:45 21,1 21,0 20,0
13:50 20,7 20,7 20,0
13:55 20,7 20,7 20,0
14:00 20,4 20,6 20,0
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Table 9-3: Climate Data rH in %

Relative Humidity (rH) in [%:]
Time C1 c2 BS
8:00 LT b8 70
8:05 70 68 70
8:10 7] b8 70
8:15 68 68 70
8:20 71 69 70
B:25 68 68 70
8:30 71 (2] 70
8:35 &8 69 70
8:40 BO 68 70
8:45 74 69 70
850 68 70 70
8:55 70 =) 70
9:00 68 (3] 70
9:05 70 (] 70
9:10 69 68 70
9:15 ] (7] 70
9:20 71 (5] 70
9:25 71 69 70
9:30 &8 69 70
9:35 ] ] 70
9:40 71 69 70
9:45 67 69 70
9:50 72 69 70
9:55 70 70 70
10:00 &9 69 70
10:05 73 B9 70
10:10 71 () 70
10:15 70 70 70
10:20 71 (3] 70
10:25 (] ] 70
EN-TR-AST-0009 EDEN H.O- Decontamination test Alriss 08 GmbH = Copyright reserved = refer i prodecSon nofice 120 18015
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10:30 70 i) 70
10:35 76 67 70
10:40 78 67 70
10:45 74 67 70
10:50 69 67 70
10:55 70 68 70
11:00 ] 69 70
11:05 ] 69 70
11:10 69 70 70
11:15 68 68 70
11:20 70 62 70
11:25 69 62 70
11:30 69 68 70
11:35 69 68 70
11:40 68 68 70
11:45 70 68 70
11:50 69 69 70
11:55 69 69 70
12:00 68 68 70
12:05 67 68 70
12:10 68 66 70
12:15 &7 64 70
12:20 67 63 70
12:25 64 61 70
12:30 65 59 70
12:35 66 62 70
12:40 66 62 70
12:45 67 63 70
12:50 67 64 70
12:55 &8 64 70
13:00 67 65 70
13:05 68 65 70
13:10 68 66 70

EN-TR-AST-0048 EDEN Hz0: Decontamination test Alrows 03 GmbH = Copyright reserved = refer i prodecian nodce 150 16018
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13:15 67 b5 70
13:20 68 6E 70
13:25 68 67 70
13:30 68 &7 70
13:35 69 68 70
13:40 70 B8 70
13:45 68 68 70
13:50 ] 69 70
13:55 68 (3] 70
14:00 ] () 70
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Results: Plant Health Monitoring
Table 1: Mean Height of Cucumber in cm
Cucumber

Number Test Compartment Number Control Compartment
1111 105 2111 130
1112 117 2112 153
1113 130 2113 152
1114 134 2114 148
1115 1438 2115 167
1121 135 2121 157
1122 139 2122 143
1123 1086 2123 158
1124 129 2124 149
1125 129 2125 151
1126 136 2126 157
1131 109 2131 142
1132 122 2132 138
1133 136 2133 155
1134 123 2134 153
1135 133 2135 161
MEAN 126,94 150,88

STABW 12,39 9,20
1211 128 2211 145
1212 127 2212 140
1213 133 2213 165
1214 122 2214 153
1215 137 2215 143
1221 122 2221 148
1222 112 2222 164
1223 119 2223 162
1224 136 2224 160
1225 133 2225 164
1226 138 2226 160

EN-TR-AST-0080 EDEN H0: Decontaminatian tast Alrines 13 BmbH = Capyright raserred = mefer o protecion nofce 50 16016
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1231 124 2231 147
1232 125 2232 137
1233 125 2233 167
1234 136 2234 171
1235 139 2235 170
MEAN 128,50 156,44
STABW 7,83 10,76
1311 109 2311 147
1312 119 2312 169
1313 111 2313 158
1314 131 2314 153
1315 122 2315 145
1321 100 2321 144
1322 117 2322 141
1323 114 2323 149
1324 102 2324 141
1325 123 2325 150
1126 113 2326 164
1331 103 2331 136
1332 106 2332 162
1333 113 2333 128
1334 129 2334 145
1135 121 2335 145
MEAN 114,56 148,56
STABW 9,30 10,66
EN-TR-AST-D089 EDEN H.0: Decontamination test Aitres D3 GmbH = Copyright reserved = refer to proecan noice 150 18918
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Table 9-5: Mean NF of Cucumber
Cucumber

Number Test Compartment Number Control Compartment
1111 2 2111 13
1112 11 2112 20
1113 12 2113 19
1114 13 2114 20
1115 13 2115 21
1121 12 2121 17
1122 13 2122 16
1123 9 2123 19
1124 11 2124 20
1125 10 2125 20
1126 13 2126 20
1131 9 2131 15
1132 11 2132 18
1133 12 2133 18
1134 12 2134 20
1135 12 2135 22
MEAN 11,38 18,63

STABW 1,45 2,36
1211 12 2211 16
1212 12 2212 14
1213 12 2213 22
1214 11 2214 18
1215 13 2215 20
1221 12 2221 18
1222 12 2222 19
1223 12 2223 19
1224 13 2224 19
1225 13 2225 19
1226 13 2226 22
1231 12 2231 17

EN-TR-AST-0089 EDEN H:0: Decontamination test Alriss 08 GmbH = Copyright reserved = refer i prodecSon nofice 120 18015
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1232 12 2232 16
1233 13 2233 18
1234 14 2234 22
1235 15 2235 23
MEAN 12,56 18,88
STABW 0,96 2,50
1311 12 2311 17
1312 13 2312 20
1313 13 2313 18
1314 13 2314 21
1315 14 2315 15
1321 10 2321 17
1322 12 2322 15
1323 12 2323 16
1324 13 2324 20
1325 13 2325 20
1126 12 2326 21
1331 11 2331 17
1332 12 2332 24
1333 12 2333 15
1334 13 2334 19
1135 12 2335 20
MEAN 12,19 18,69
STABW 0,98 2,44
EN-TR-AST-D089 EDEN H.0: Decontamination test #ites 03 GmbH = Copyight reserved = refer to protecian nofce 180 16015
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Table 9-6: Mean LAl of Cucumber in cm*
Cucumber

Number Test Compartment Number Control Compartment
1111 3466,2 2111 5503,3
1112 40492 2112 64636
1113 52156 2113 59013
1114 5952 4 2114 6082
1115 5493,1 2115 5636,3
1121 53756 2121 61578
1122 52810 2122 6277,2
1123 35629 2123 65928
1124 57081 2124 57731
1125 55953 2125 62479
1126 57246 2126 59273
1131 4513.6 2131 6186,7
1132 55413 2132 6462,3
1133 6576,3 2133 6215,5
1134 5219,3 2134 6046,6
1135 59188 2135 6479,0
MEAN 5199,58 6122,04

STABW 871,35 313,06
1211 51485 2211 56368
1212 57072 2212 58319
1213 55073 2213 6551,6
1214 52303 2214 5950,6
1215 51197 2215 52937
1221 5218,3 2221 54610
1222 47198 2222 6644,1
1223 47314 2223 6370,0
1224 58524 2224 65134
1225 55094 2225 5420,0
1226 5167.9 2226 5949 8
1231 54564.9 2231 62926

EMN-TR-AST-0089 EDEN H:0. Decontamination tast
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1232 0659.4 2232 3377.4
1233 51549 2233 6331,2
1234 61618 2234 6725,8
1235 5867,1 2235 6470,3
MEAN 5351,89 e053,76
STABW 402,06 496,17
1311 47232 2311 5810,6
1312 55817 2312 6989,1
1313 4856,3 2313 6100,9
1314 58122 2314 7023,3
1315 5691,3 2315 6280,0
1321 38220 2321 5230,5
1322 4888,5 2322 5205,1
1323 4901,6 2323 52333
1324 4063,6 2324 64429
1325 48864 2325 08397,5
1126 41796 2326 67243
1331 3745,1 2331 4573,3
1332 43743 2332 7322,0
1333 43018 2333 4786,2
1334 45025 2334 57212
1135 4360,5 2335 58284
MEAN 4680,73 5985,54
STABW 632,01 823,67
EN-TR-AST-D089 EDEN H.0: Decontamination test Aitres D3 GmbH = Copyright reserved = refer to proecan noice 150 18918
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Table 9-7: Mean LAl of Lettuce in cm®
Lettuce
Number DM Leawves [g] Number DM Leawves [g]
111 8277,2 211 5402.6
112 73151 212 8236,3
113 94540 213 114123
MEAN 8362,10 9683,73
STABW 1091,93 1606,56
121 9543,3 221 9968,2
122 7029,0 222 70026
123 8461,0 223 10856,3
MEAN 8344,43 9275,70
STABW 1261,20 2018,02
131 70396 231 97423
132 67771 232 80499
133 9095,5 233 82210
MEAN 7637,40 8671,07
STABW 1269,55 931,65
EN-TR-AST-0080 EDEN H0: Decontaminatian tast Alrines 13 BmbH = Capyright raserred = mefer o protecion nofce 50 16016
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Table 9-8: Mean PW of Cucumber Stems and Leaves in g

Test Compartment C1 Control Compartment C2
Cucumber Cucumber

Number FW Stem [g] | FW Leaves [g] Number FW Stem [g] | FW Leaves [g]
1111 75,2 53,1 2111 120,4 85,2
1112 o456 65,6 2112 1514 1000
1113 118,7 80,7 2113 1427 92,0
1114 1333 91,8 2114 140,0 92,7
1115 129,1 85,4 2115 145,3 87,8
1121 131,89 846 2121 143.9 96,8
1122 126,4 81,2 2122 138.6 85,6
1123 76,8 56,3 2123 158,7 99,7
1124 131,1 90,2 7124 136,7 88,6
1125 1294 86,0 2125 1451 95,6
1126 133,6 87,9 2126 155,2 95,7
1131 103,4 74,0 2131 142,2 99,7
1132 1230 87.5 2132 1504 897.3
1133 152,7 1040 2133 1470 95,4
1134 1210 ED,3 2134 147.6 849
1135 1354 50,3 2135 163,9 105,1
MEAN 119,73 81,81 145,57 95,13

STABW 21,52 13,66 9,93 5,06
1211 1235 79,9 2211 1271 BBS5
1212 133,4 91,5 2212 127.6 89,7
1213 1241 84,1 2213 160,5 100,8
1214 116,0 79,8 2214 150,0 04,8
1215 119,0 78,6 2215 131,59 B3,6
1221 115,7 83,1 2221 123,5 82,5
1222 113,3 78,6 2222 157,56 1024
1223 106,2 70,9 2223 153,7 97,9
1224 132,0 50,5 2224 159,4 101,0
1225 123,8 B2,6 2225 141,2 85,8
1226 122,1 Bl11 2226 1574 o877

EN-TR-AST-0088 EDEN H,0. Decontamination test Alriws 2 BmbH = Copyright resenved = refier to prodection nodce 180 16016
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1231 125,8 90,4 2231 145,5 101,1
1232 116,4 79.8 2232 127.1 81,0
1233 1140 E0,1 2233 158,14 100,5
1234 1443 96,4 2234 175,0 106,1
1235 138,4 94,5 2235 177.,6 104,58
MEAN 123,00 83,87 148,34 94,95
STABW 10,03 6,89 17,16 8,45
1311 107.8 77,6 2311 1365 894
1312 1314 89,4 2312 169,7 109,6
1313 114,5 76,7 2313 1540 96,2
1314 143,5 92,0 2314 176,0 111,5
1315 142,56 92,6 2315 153,3 99,1
1321 Bl.6 61,3 2321 120,2 B2,6
1322 1124 783 2322 1145 T7E,6
1323 113,7 §1,0 2323 1304 87,2
1324 94.6 62,5 2324 159,2 101,6
1325 120,2 75,7 2325 160,8 06,7
1126 846 68,2 2326 160,1 103,7
1331 83,2 61,2 2331 110,2 72,1
1332 98,7 70,0 2332 182,2 1134
1333 98.8 67,1 2333 115,2 79,5
1334 111,0 72,3 2334 140,7 211
1135 106,3 71,6 2335 148,1 98,8
MEAN 109,93 74,84 145,72 94,44
STABW 18,45 9,84 22,67 12,30
EN-TR-AST-D089 EDEN H.0: Decontamination test Aitres D3 GmbH = Copyright reserved = refer to proecan noice 150 18918
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Table 9-10: Mean FW of Lettuce in g
Lettuce

Number DM Leaves [g] Mumber DM Leaves [g]
111 284,86 211 3424
112 252.3 212 2878
113 3254 213 426,1
MEAN 287,43 MEAN 352,10
STABW 36,63 STABW 69,66
121 315,5 221 343.,5
122 2485 222 247 .8
123 296,0 223 3977
MEAN 286,67 MEAN 329,67
STABW 34,46 S5STABW 75,90
131 253,7 231 340,86
132 247 7 232 3119
133 3416 233 273,2
MEAN 281,00 MEAN 308,57
STABW 52,57 S5TABW 33,82

EN-TR-AST-0082 EDEN H:0. Decontamination test

Alrus 03 GmbH = Copyright reserved = refier o prodecon nodce 120 16018
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Table 9-11: DW of Cucumber Stems and Leaves in g

Test Compartment C1 Control Compartment C2
Cucumber Cucumber

Mumber DW Stem [g] | DW Leaves [g] Number DW Stem [g] | DW Leaves [g]
1111 3,38 5,02 2111 5,26 8,51
1113 3,85 6,34 2112 6,72 10,08
1113 4,25 7,14 2113 7,43 9,99
1114 5,19 B,67 2114 6,95 10,55
1115 6,49 9,61 2115 8,14 11,19
1121 5,24 B.61 2121 6,87 10,28
1122 5,75 B.69 2122 6,32 9,21
1123 2,65 4,56 2123 7,38 9,58
1124 458 7,43 2124 6,78 3,35
1125 4,78 7,11 2125 7,23 10,43
1126 5,27 7,92 2126 8,76 12,78
1131 3,83 6,66 2131 6,81 10,61
1132 4,62 7,50 2132 5,76 8,68
1133 5,99 8,62 2133 6,88 9,65
1134 4,68 7,49 2134 7,19 10,45
1135 5,98 9.54 2135 9,26 13,72
MEAN 4,78 7,62 MEAN 7,11 10,32

STABW 1,03 1,51 STABW 1,00 1,36
1211 4,85 7,72 2211 6,49 9,85
1212 5,34 8,85 2212 5,91 9,08
1213 511 8,14 2213 7,94 10,81
1214 473 7,68 2214 7,96 11,30
1215 5,88 9,41 2215 7,33 10,98
1221 4,40 8,35 2221 5,95 835
1222 3,89 6,52 2222 7,11 9,47
1223 401 6,76 2223 6,75 8,69
1224 5,27 8,79 2224 7.78 9,61
1225 494 B,26 2225 7.87 9,75
1226 6,48 10,15 2226 9,48 13,86

EN-TR-AST-0088 EDEN H,0. Decontamination test Alrivs O BmbH = Copyright reseried = refer to prodectian nodce 120 16016
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1231 5,12 8,91 2231 7,29 10,22
1232 4,68 7,72 2232 5,73 7.39
1233 4 34 7,09 2233 8,03 9.69
1234 6,12 9,89 2234 8,93 10,96
1235 6,64 11,25 2235 10,29 12,85
MEAN 5,11 B,47 MEAN 7,55 10,18
STABW 0,82 1,28 STABW 1,28 1,62
1311 3,98 7,28 2311 5.58 811
1312 4,68 B,22 2312 7,18 9.69
1313 401 b6,58 2313 6,94 8,88
1314 5,65 B,78 2314 8,01 10,62
1315 6,45 11,06 2315 7,96 10,64
1321 2,91 5,75 2321 5,73 8,48
1322 4,32 7,28 2322 4,26 6,89
1323 4,62 7,88 2323 5,91 7,87
1324 397 6,18 2324 6,15 9,04
13325 5,58 8,84 2325 6,87 8,80
1126 5,78 5,19 2326 8,06 11,02
1331 4,29 7,08 2331 5,21 7,04
1332 4,83 7,72 2332 8,61 11,46
1333 4,27 71,17 2333 5,89 8,57
1334 5,69 B,B1 2334 7,05 9,83
1135 6,10 10,35 2335 7,93 11,77
MEAN 4,82 B,01 MEAN 6,71 9,33
STABW 0,96 1,40 STABW 1,23 1,45
EN-TR-AST-0088 EDEN H.0. Decontamination test Alrbws 08 GmbH = Copyright resenved = refier fo protection nodce 180 16016
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Table 9-12: DW of Lettuce
Lettuce
Number DM Leaves [g] Number DM Leaves [g]
111 10,23 211 9,89
112 8,07 212 8,48
113 10,35 213 12,86
MEAN 9,55 MEAN 10,41
STABW 1,28 STABW 2,24
121 9,69 221 10,15
122 7,54 222 7,39
123 9,56 223 11,92
MEAN 8,93 MEAN 9,82
STABW 1,21 STABW 2,28
131 8,08 231 9,55
132 7,32 232 8,59
133 10,42 233 7,54
MEAN 8,61 MEAN 8,69
STABW 1,62 STABW 0,81
EM-TR-AST-0089 EDEM H:0: Decontamination test Alrtaes D8 GmbH = Copyright reserned = refer o protectian nofice 180 16315
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Table 9-13: Survival of E. coli related to the mean of Controls 15 and 16

E. coli

Tablet CFU Count
Mean 15, 16 | 2,22E+01
1 1,11E+01

2 1,56E+01

3 2,22E+00

4 8,89E+D0

5 0,00E+0D0

B 4 44E+00

7 2 44E+01

B 0,00E+D0

9 2,22E+00

10 4, 44E+00

11 2,22E+01

1z 1,33E+01

13 0,00E+00

14 4 44E+00
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Table 9-14: Survival of Staphylococcus cohnii related to the mean of Confrols 15 and 16

Staphylococcus cohnif

Tablet CFU Count
Mean 15, 16 | 1,15E404
1 1,73E+03

2 1,20E+04

3 8,69E+D3

4 1,71E+03

5 2,22E+00

& 3 4BE+03

7 7,30E+03

B 2 B7E+D4

9 1,53E+03

10 8, 77E+02

11 5,12E+02

12 8 B1E+02

13 2,54E+03

14 4 ,99E+03
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Table 8-15: Survival of Bacillus atrophaeus spores related to the mean of Controls 15 and 16

Bacillus atrophaeus spores
Tablet CFU Count
Mean 15, 16 1,31E+04
1 1,78E+02

2 1,11E+02

3 0,00E4+00

4 3,11E+02

5 4,44E+01

6 1,0BE+03

7 1,73E4+03

B 0,00E+00

9 b,67E+01

10 4,44E+01

11 0,00E+00

12 6,67E+01

13 6,67E+01

14 1,33E+02
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Table 9-16: Survival of Staphylococcus cohnii related to the mean of Conftrols 15 and 16

Staphylocaccus cohnii
Tablet CFU Count
Mean 15, 16 | 5,78E+05
1 3,10E+04
2 1,14E+05
3 2,42E+05
4 1,33E+405
5 4 67E+03
] 4 27E+05
7 4 BOE+0S
B 4 B3IE+05
9 4, 28E+03
10 2,B1E+03
11 1,98E+04
12 1,84E+04
13 3,01E+04
14 B,48E+03
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Table 9-17: Survival of Bacillus atrophaeus spores related to the mean of Controls 15 and 16

Bacillus atrophaeus spores
Tablet CFU Count
Mean 15, 16 | 2,50E+05
1 1,05E+03

2 3,90E+04

3 1,B5E+04

4 2,03E+03

5 1,65E+03

] 1,35E+05

7 7,.97E+04

B 2 41E4+05

9 2,22E+00

10 0,00E+00

11 2,33E401

12 1,56E+01

13 0,00E+00

14 1,10E+02
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