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TEST PROTOCOL
Simulated Weatherization Scenario

Test Objective
A.1 What is the purpose of this test plan. What criteria were used to select the method(s)? 
To simulate weatherization (accelerated aging) of nano-composite materials subjected to outdoor environments. The methods to simulate weatherization should be relatively low-cost, but standardized and fit for purpose. 
The detection must be able
· [bookmark: _GoBack](minimally) to identify any release of free CNTs, and
· (optionally) to quantify water run-off that are generated during testing    and/or 
· (optionally) to characterize the total released fragments.
A.2 Is this test adapted or patterned after a standard industry method, and if so, how has it been adapted for nanomaterials? 
The apparatus to degrade the test specimen is a UV accelerated aging technique, highly standardized and described in ISO 4892-2/2013.
The detection methods are not originally foreseen in the accelerated aging technique; these methods are specific to nanomaterial releases, and are all established for generic particle / nanomaterial measurements.
A.3 Are these completely new test methods? Were multiple methods available to meet the test objectives and if so, which methods were considered? What is the rationale for the method design and what research was used to develop the approach? 
Accelerated aging – ISO 4892-2/2013 (wet method)
A.4 Is a pilot stage needed to assess the viability of more than one method? If not, why not?
· No pilot for identification and quantification (covered by QA/QC below)
· Pilot required for (optional) characterization: 
· Composite material (to simulate polydisperse fragments)
· Pure CNT   (positive control)
· Composite material with CNT   (to simulate release of free CNTs) 
A. 5  What are the minimum credentials, equipment and expertise required for a lab to conduct this test?
Equipment:
· Laboratory light source :Xenon-arc lamp  (actual price to be checked)
· Test chamber
· Radiometer
· Black standard/black-panel thermometer
· Wetting and humidity control equipment
· Specimen holders
· Shaker
· Ultrasonic bath
· Access to SEM or TEM.   
Expertise (alternatives):
· Materials science
· Application testing
Tests Method Overview
B.1  List and briefly summarize the method(s) to be used in the project
A modified UV-immersion protocol is an established method of the coatings industry to quantify weatherization resistance and is described in many national and international standards 
(e.g. ISO 4892-2/2013 (dry and wet weathering)). 
The specific recommended model - Suntest™ XLS+, standard black temperature 65°C, UV irradiation 60W m-2 (300-400nm) with and without sprayed rain
· Identification = collection of fluid samplessample concentration SEM/TEM evaluation
· Quantification = ICP-MS
· Characterization = different methods are used and complement each other, generic nano-characterization tools (TEM, ICP-MS and UV-VIS as the analytical methods)
B.2  Will a statistical design be required for sampling and testing? Will a statistical analysis be required to interpret the results? If so, please describe the approach to the design and analysis.
Has not been determined for pilot study. 
B.3 What are the limitations of the method(s)? Uncertainties?
Test Method Details
C.1 Products/Material(s) to be tested
(MWCNT = multi-walled carbon nanotubes)
5 cm by 5 cm square “wafers” of 6 mm thickness, composed of the following will be used for immersion/leachate analysis.
· Polyamide loaded with 0% or 4% MWCNT, or
· Epoxy loaded with 0% or 0.25% MWCNT. 
2.5 cm by 5cm “wafers” of 6 mm thickness with same composition as above will be generated for wipe test analysis.
Wafer dimensions (length/width) can be adjusted to best fit samples (with consideration of duplicates) into the Suntest box so that the spray is reaching sample groups equally (see C.4). Wafer thickness should be kept to at least 6 mm to reduce movement of the samples during weathering. For the purposes of fitting all samples into the Suntest chamber at once, only two different load concentrations of MWCNT are listed above, but can be adjusted according to the lab’s preference.
C.2 Statistical Design and number of samples
The first round of sample generation will be to establish baseline consistency in sample generation and measurement.  We will use a 5:2:2 generation: analysis format where 5 labs are generating “weathered wafers”, 2 labs are conducting and analyzing wipe samples and 2 labs are conducting and analyzing immersion/ leachate samples.  Four of each material (hence 24 wafers) are prepared in each weathering lab.
One of each kind goes to each of the C5a wipe sampling labs, and to each of the C5b immersion sampling labs.
C.3 Testing Equipment and Calibration Requirements
Testing equipment will permit use of a wet-dry cycling procedure for weathering using a method that is described in Table 3 Method A of ISO4892-2-2013 for “Exposures using daylight filters (artificial weathering)”.  The Atlas XLS+ system that has been widely used in this protocol is equipped with UV irradiation and water spraying capabilities.  The equipment has the following parameters: broadband UV irradiance (300 – 400 nm) 60±2 W/m2; black standard temperature 65±3 0C; chamber temperature 38 ±3 0C; relative humidity 50±10 %.  The equipment is designed to automatically adjust conditions to these parameters so that changes in system components such as the lamp should not alter weathering conditions.  The ± tolerances are allowable fluctuations of the parameters about the value under equilibrium conditions.  The equipment should be calibrated at least annually.
C.4 Sample Preparation / Weathering Procedure: ISO 4892
None, materials suppliers have to provide samples of standardized geometries 
The wafer dimensions are intended to fit into the Suntest XLS+ in a single weathering experiment in which rain run-off is discarded. Rainwater is not captured or analyzed in this protocol, but details regarding this procedure may be added in the future. 
The weathering time period should be 2000 hours. Since the standard xenon lamp providing the UV light has a life expectancy of 1500 hours researchers should change the lamp as needed according to manufacturer suggestions to ensure a consistent amount of UV irradiation.
The samples are placed flat (horizontally) inside the UV chamber. Since the Suntest spray has been shown to provide more spray to the front of the chamber as compared to the rear of the chamber, samples should be spatially arranged in such a way that each sample group receives approximately equal amounts of spray.
Deionized water should be used in circulation for the spray during the 2000 hours of weathering. To minimize contamination, before beginning the experiment, the chamber should be flushed out via at least one cycle of spray (approximately 18 minutes) using deionized water. Researchers should replenish the water as needed (with fresh deionized water) throughout the 2000 hours to account for any evaporation over time.
Samples should be kept in place using a stainless steel mesh under the samples, and steel screws on the sides of the sample edges (screwed into the mesh, not through the samples). The side of the sample that was not exposed should be marked with the sample code.
Package the weathered wafers in clean sealed storage bags (for shipping to the analytical laboratories. 
Ship to the wipe sampling and immersion sampling analysis laboratories.
C.5a Analytical Procedure: Wipe sampling
Option (additional to wipe test) to fulfill workshop (June 2013) summary:
· Perform SEM on a surface area that is not being wiped: one overview scan (2000µm x 2000µm), one detailed (1µm x 1µm). 
· Refer to following wipe methods for specific details:
· Brookhaven National Laboratory (BNL) Surface wipe Sampling Procedure IH75190 (03/04/2014)
· NIOSH Method 9102: Elements of Wipes.  Manual of Analytical Methods, 4th Edition
· OSHA Wipe Method ID-121: Metal and Metalloid particulates in Workplace Atmospheres (Atomic Absorption), Revised February, 2002
C.5b Analytical Procedure: Immersion sampling
According to the draft in “nanorelease weathering protocol spreadsheet.xlsx” (July 2013), a two-step immersion sampling and four-method analysis was decided.
Place weathered wafers upside down in a 6.0 cm diameter plastic petri dish  that has a gas-tight  lid.  Add 10.0 mL of the leaching medium used as extraction fluid in EPA Method 1311, Toxicity Characteristic Leaching Procedure.  

[This medium ±can be made by adding 5.7 mL glacial acetic acid to 500 mL of reagent water, then adding 64.3 mL of 1N NaOH, and diluting to a volume of 1 liter. When correctly prepared, the pH of this fluid will be 4.93 ± 0.05. ]
1. Tighten the lid to prevent evaporation and loss by splashing.  Then place the petri dish on a horizontal immersion shaker and shake gently for 24h. (Shaker at BASF operates at 3Hz, around 4mm amplitude. A movie of that was recorded) Withdraw a first aliquot of 4.0 ml from the liquid for analysis.
[image: \\basfad.basf.net\GROUPS\0050-BASF\LUDWIGSHAFEN\GM\FOLDERS\GMC_R_ALMS\PEK-AHF\15\E\15E01807_Nano_Release\Bilder\DSC_0010_01.JPG]



2. Next immerse the petri dish with cap in place in an ultrasonic sonicator immersion bath for 1h with sonication (bath type): Then draw a second aliquot of 4.0 ml from the liquid for analysis.
[image: \\basfad.basf.net\GROUPS\0050-BASF\LUDWIGSHAFEN\GM\FOLDERS\GMC_R_ALMS\PEK-AHF\15\E\15E01807_Nano_Release\Bilder\DSC_0017_01.JPG]


For each 4-mL aliquot the following procedure:
· 1mL undergo salt removal for TEM 
· Fill the 1mL aliquot with de-ionized water to 35mL to dilute salts
· Preparative centrifugation at 30,000 rpm for 4h. 
· By comparison to the independently determined sedimentation speed of free CNTs (in line with theoretical calculation), all free CNTs have completely sedimented in this time. 
· Discard supernatant, add 1mL of de-ionized water to pellett, send to TEM.
· TEM lab sonicates (bath, 3 minutes) to redisperse the pellett, places drop on TEM grid, evaporates water. 
· 2.7 mL undergo de-agglomeration for all other methods
· Add 0.3 mL of SDS solution (100 g/L)
· sonication in bath approx. 1h
· Fill AUC cell (approx 0.5 mL)
· Fill cuvette, measure UVVIS, retrieve sample from cuvette, send to ICPMS.
· At the end of both shaking and sonication, about 0.7 mL (of the expected (10-4-4)mL=2mL) remain, and are stored separately, for any subsequent purpose. The loss is attributed to evaporation and drops on the sample and beaker. The reduced effective volume is corrected for in the final release calculation.   


Each of the sampled aliquots is analyzed in the following way:
· Identify=TEM, one drop: 
· Place a drop of immersion liquid on the grid, dry. 
· Record an overview scan (5µm x 5µm) and a representative detailed scan (500nm x 500 nm)
· Quantify nanomaterial-content =ICP-MS:
· Measure the total concentration of metal selected for evaluating release (to be defined by manufacturer of wafers). The trace metal is a catalyst embedded in the carbon structure of the MWCNT and thus is used as a tracer for release of MWCNTs.  The metal signal should be distinguishable from background so common metals such as iron are not suitable choices as proxies for MWCNTs.
· Semi-quantify fragment release and possible free CNTs =UVVIS:
· Measure 1ml undiluted, retrieve the sample for final method
· Size distribution of fragments, quantify free nanomaterial = AUC (at BASF) or FFF (at EPA)
· Measure 1ml undiluted.
· Use RI or other suitable detector.  decided to couple AUC with UVVIS detector due to enhanced Limit of Detection (Walter et al., ACS nano 2014)(see also Deliverable D3.2 from FP7-SUN project)

C.6b Data Reporting and Calculations: Immersion release
· TEM:  (example of prep UC cells after washing of salts with DI water)
· [image: \\basfad.basf.net\GROUPS\0050-BASF\LUDWIGSHAFEN\GM\FOLDERS\GMC_R_ALMS\PEK-AHF\15\E\15E01807_Nano_Release\Bilder\DSC_0028_01.JPG]
· Apparent shape of fragments (simplified from TG1 report): Check all that are observed:
· Polymer / Polymer with embedded CNTs / Polymer with protruding CNTs / CNT agglomerates without polymer / free single CNT
· File two images per sample, an overview scan (5µm x 5µm) and a representative detailed scan (500nm x 500 nm) as backup

Initially, the following categories were used to document the observed structures:
	TEM
	TEM
	TEM
	TEM
	TEM

	Polymer
	Polymer w embedded CNT
	Polymer w protruding CNT
	CNT agglomer. (w/o polymer)
	free single CNT

	1 =detect 
0 = not detected
	1 =detect 
0 = not detected
	1 =detect 
0 = not detected
	1 =detect 
0 = not detected
	1 =detect 
0 = not detected



However, it turned out that some of these remained inconclusive for most samples, because it was impossible to identify (without much deeper analysis by EDXS) fragments as “polymer” or “any other particulate”. Further, the fragments where often so large and intransparent to the e-beam that it was impossible to determine of CNTs are embedded or not. Finally, CNTs were almost never observed in completely pure state, but generally had some kind or organic or other structure attached. 

Bei den nun gereinigten Proben sind CNT gut zu erkennen. Fadenförmige Eintrocknungsstrukturen können bei höherer Vergrößerung von CNT unterschieden werden (keine „Hohlmorphologie“). Die Zeit zum Abklären geht aber von der Musterungszeit ab. Dennoch bleiben vereinzelt zweifelhafte Fäden (Proben 18 und 19).
Da beim Mustern von Netzchen (auch von Netzchen ohne Probenmaterial) immer irgendwelche organischen Partikel/Strukturen nachgewiesen werden, ist es nicht möglich reines Polymer aus der Bewitterung zu identifizieren. Deshalb bei den bewitterten Proben: Polymer=0
Bei manchen Proben werden sehr große Partikel gesichtet. Ob diese Partikel tatsächlich von der bewitterten Probe stammen ist aber zweifelhaft, zumal eine nähere Untersuchung nicht möglich ist (Partikel sind undurchstrahlbar und bei hoher Vergrößerung schrumpfen/schmelzen die Partikel).
Die „typische“ Aufnahme pro (CNT-freier) Probe gibt es nicht, da eine Vielzahl verschiedener Strukturen beobachtet werden, deren Häufigkeit kaum beurteilt werden kann. 
In den Aufnahmen mit CNT wurde versucht die gesichteten Erscheinungsformen darzustellen.
Accordingly, to enable a correct documentation of the structures, the categories were adapted to the following:
	TEM
	TEM
	TEM
	TEM

	Particulate fragments (possibly degraded polymer, possibly CNT embedded)
	Particulate fragment w protruding CNT
	CNT agglomerate (only minor other components)
	free single CNT

	1 =detect 
0 = not detected
	1 =detect 
0 = not detected
	1 =detect 
0 = not detected
	1 =detect 
0 = not detected



Deviation for series IV (EPA / Cin): did not apply the washing step. Instead applied dilution as specified by EPA / Ath and U Georgia. Found: Praktisch überall ist (unterschiedlich dick) der NaOH-Rückstand zu sehen. Dennoch konnten in vier Proben CNT nachgewiesen werden. In der Spalte habe ich bei "Particulate fragments ..." inconclusive eingetragen, da der NaOH-Rückstand ja eine ähnliche Morphologie hat und auch mittels EDXS nicht unterschieden werden kann (überall Na, O und C nachweisbar). Der Nachweis von CNT mittels TEM gelingt wegen der besonderen Morphologie recht gut.


· ICP-MS:   (example are samples I P4-1L_sonication to I P4-2L_sonication)
· [image: \\basfad.basf.net\GROUPS\0050-BASF\LUDWIGSHAFEN\GM\FOLDERS\GMC_R_ALMS\PEK-AHF\15\E\15E01807_Nano_Release\Bilder\DSC_0020_01.JPG][image: \\basfad.basf.net\GROUPS\0050-BASF\LUDWIGSHAFEN\GM\FOLDERS\GMC_R_ALMS\PEK-AHF\15\E\15E01807_Nano_Release\Bilder\DSC_0022_01.JPG]
· Method optimized on pure immersion fluid. All handling of samples and immersion fluids in plastic containers and Eppendorf tubes. Anticipated Limit of Quantification for Al and Co is 0.01 ppm = 10 µg/L.
· Optimized "digestion protocol" as sample preparation for ICP-MS:
· take 1 ml of sample
· add 4 ml of H2SO4 : HNO3 (volume ratio 39:1) - destruction of organic matrix
· add 6 ml of HClO4 : H2SO4 : HNO3 (volume ratio 1:1:2) - mineralization
· evaporate to dryness
· dissolve in 13 ml HCL (5% by vol)
· heat to boiling
· fill up with water to 10 ml

· Deviation from protocol: report Al and Co in µg/L (not total Ag, Co content), need to adapt the following original calculation.
· Report release per weathered surface: mg/m² 
· Original: Release of catalyst = c[Fe, ICPMS, µg] * 4ml/1ml / 25 10-4 m². (replace 4ml  2ml in 2nd sampling)
· Corrected: Release of catalyst R(Al) = c[Al or Co, ICPMS, µg/L] * 10-2 L / 25 10-4 m². (replace 10ml  6ml in 2nd sampling)	Comment by Wendel Wohlleben: Check size: epoxy not same as PA.
· Assumed equivalent release of CNT by multiplication with 
· R(Al)/0.042192    respectively  R(Co)/0.001911   (data from NanoGenoTox and from SUN Deliverable D1.3
· Include in overall report once the internal standard used. 

· For all samples before UVVIS and AUC measurement, de-agglomeration is performed:  10% of a 100g/l SDS solution is added (resulting in 10g/l SDS) and bath-sonicated for 1h.  
[image: \\basfad.basf.net\GROUPS\0050-BASF\LUDWIGSHAFEN\GM\FOLDERS\GMC_R_ALMS\PEK-AHF\15\E\15E01807_Nano_Release\Bilder\DSC_0014_01.JPG]

· UVVIS:
· Report 1OD = the wavelength in the sampled aliquot at which absorption is 1OD in a 1.00 cm cell This is a sensitive measure of total fragment release (relative to pure polymer negative control)
· Report if characteristic CNT spectrum is observed (compared to pure CNT positive control)
· AUC (at BASF) or FFF (at EPA) 
· Report release per weathered surface: mg/m² in size intervals
· Corrected calculation of Nanoscale fragments = c[1nm – 100nm, AUC-RI or FFF-RI, mg/ml] * 10ml/ 25 10-4 m²  (replace 10ml  6ml in 2nd sampling)
· Submicron fragments = c[5nm – 1µm, AUC-RI or FFF-RI, mg/ml] * 4ml/ 25 10-4 m² (replace 4ml  2ml in 2nd sampling)
· File size distributions as backup.
C.7 QA/QC
· Method blanks: perform the immersion protocol without sample, measure by TEM, ICP-MS, UVVIS to determine noise level and contaminations.
· Positive controls: not established so far, except:
· ICPMS: measure pure CNT (powder) and 4% CNT in PA (chunk). 
· For all methods: CNT-suspensions of 1ppm, 10ppm, 100ppm in immersion medium. Suspensions are initially prepared to represent free CNTs, hence probe-sonicated. Suspensions then undergo same procedures (spiking with SDS, 24h shaker, 1h bath sonication) as per the standard protocol. 
· Blind duplicates: must have negative control 
= same polymer matrix without CNTs. 
· Standard calibrations: internal standards in ICP-MS ?
C.8 Lab Safety Considerations
Test chamber for the UV- lamp that adhere to ISO4892 (such as Suntest XLS+ or analogues) ensure that inert materials are used to control irradiance, humidity, and temperature. Test chamber are closed and have automatic interlocks to prevent UV and heat exposures.



REPORT BASF

Observed brownish deposit on lower side of glass below UV lamp, was removed with water and clean cloth.

Total UV dose = 430998  (vs. 432000 expected), (99.8% of expected dose)

Plastic Petri dish = Lupolen, order no. xxx

Analyzed pure extraction fluid (without shaker/sonication processing), resulting in
Al:	<0,01 mg/l
Co:	<0,01 mg/l
Fe:	ca:0,01 mg/l
Final "digestion protocol":
· take 1 ml of sample
· add 4 ml of H2SO4 : HNO3 (volume ratio 39:1) - destruction of organic matrix
· add 6 ml of HClO4 : H2SO4 : HNO3 (volume ratio 1:1:2) - mineralization
· evaporate to dryness
· dissolve in 13 ml HCL (5% by vol)
· heat to boiling
· fill up with water to 10 ml
1.        take 1 ml of sample 
·         What type of container do you use for the whole digestion process? Quartz vessels 
2.        add 4 ml of H2SO4 : HNO3 (volume ratio 39:1) - destruction of organic matrix 
3.        add 6 ml of HClO4 : H2SO4 : HNO3 (volume ratio 1:1:2) - mineralization 
4.        evaporate to dryness 
·         How dry (till there is no liquid?)? Or how long do we evaporate for? To complete dryness. 
·         Place on hot block or hot plate?  you may choose 
·         At what temperature? we have IR heaters so we cannot set a defined temperature. Basically, the b.p. has to be reached. 
5.        dissolve in 13 ml HCL (5% by vol) 
·         How do we ensure 100% recovery of all drying components? (Shaking involved?) there will be sufficient shaking/movement upon boiling (step 6) 
·         Loosely cover with watch glass or leave it uncovered? uncovered 
6.        heat to boiling 
·         95 degrees or 100 degrees? 
·         How long do we boil it for? Or to what minimum volume? just heat to boiling (1 min) and then let cool down 
7.        fill up with water to 10 ml

Standardized the AUC-UVVIS data acquisition and evaluation by optimization on positive controls:
Centrifugation at 10krpm and data acquisition at all wavelengths 2xxxnm to 8xxnm, but evaluation only at 450nm. This value chosen because CNT absorption is higher at shorter wavelengths, but UVVIS still shows SDS signal around 350nm, vanishing up to 400nm. UVVIS confirms no signal from SDS at 450nm.
Load all scans (0 to 100) into Sedfit v14. Set “Meniscus” on peak of light deflection, and fitting boundary within one step size next to it. Model “lsg(s)” with range of sedimentation coefficient s from 10 to 5000 x 10-13 sec =(Svedberg unit), in 120 bin grid with logarithmic spacing. This optimizes a dense grid around the peak of freely dispersed CNTs, while still capturing larger agglomerates and fragments. Check fitting of baseline, RI and TI noise. Set confidence interval to 95%.
Density = 1.8 g/cm³. This results in a detection interval from 5 nm to 100 nm.
Extract OD (AUC-UVVIS 450nm) by subtraction of the initial plateau (first scan at mid-cell = 6.5cm) from the optical baseline (last scan just below Meniscus = 6.05cm) . This represents all fragments that have not been removed by centrifugation speeds below 10krpm, and coincides for the positive controls with the total initial OD (UVVIS 450nm).
Evaluate ppm content of fragments below 100nm by integration of the size distribution and division by the extinction coefficient of the CNT positive control (the average extinction of the 1ppm and 10ppm controls is: 0.071 OD450nm/ppm).	Comment by Wendel Wohlleben: Check mit Vilsmeier
Read modal size as peak of the size distribution.




Working Protocol of the Inter-laboratory Testing Group 	12 August 2014
Notes added on actual work done, on time schedule 	14 August 2015
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	MO
	DI
	MI
	DO
	FR

	20.4.
	21.4.
	22.4.
	23.4.
	24.4.

	
	
	
	
	

	
	
	Proben 1h USB 

Auf Schüttler
1P0-1L
1P0-2L
1E0-1L
1E0-2L
	
	Proben 1h USB
1P0-1L
1P0-2L
1E0-1L
1E0-2L

	5 g/l SDS ansetzen
	
	UV Zellen putzen
	UV Zellen putzen
	UV Zellen putzen

	
	
	
	
	

	LM ansetzen
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB

	
	
	
	
	

	1 / 10 /100 ppm CNT ansetzen
	UV / VIS Spektrum
	UV / VIS Spektrum
	UV / VIS Spektrum
	UV / VIS Spektrum

	
	
	
	
	

	Mit USF behandeln
	In XLW messen
	In XLW messen
	In XLW messen
	In XLW messen

	
	
	
	
	

	
	
	In XLI messen
	
	

	
	
	
	
	

	
	1 ml an TEM
	1 ml an TEM
	1 ml an TEM
	1 ml an TEM

	Auf Schüttler
	
	
	
	

	
	2 ml an ICP in Tubes
	2 ml an ICP in Tubes
	2 ml an ICP in Tubes
	2 ml an ICP in Tubes

	UV Zellen putzen
	
	
	
	

	
	auswerten
	auswerten
	auswerten
	auswerten

	RI Zellen putzen
	
	
	
	



	MO
	DI
	MI
	DO
	FR

	27.4.
	28.4.
	29.4.
	30.4.
	1.5.

	
	
	
	
	

	Auf Schüttler
1P4-1L
1P4-2L
1E4-1L
1E4-2L
	
	Proben 1h USB
1P4-1L
1P4-2L
1E4-1L
1E4-2L
	
	Feiertag

	
	
	
	
	

	UV Zellen putzen
	
	UV Zellen putzen
	
	

	
	
	
	
	

	
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
	
	

	
	
	
	
	

	
	UV / VIS Spektrum
	UV / VIS Spektrum
	
	

	
	
	
	
	

	
	In XLW messen
	In XLW messen
	
	

	
	
	
	
	

	
	1 ml an TEM
	1 ml an TEM
	
	

	
	
	
	
	

	
	2 ml an ICP in Tubes
	2 ml an ICP in Tubes
	
	

	
	
	
	
	

	
	auswerten
	auswerten
	
	

	
	
	
	
	







	MO
	DI
	MI
	DO
	FR

	4.5.
	5.5.
	6.5
	7.5.
	8.5.

	
	
	Proben 1h USB
3P0-1L
3P0-2L
3E0-1L
3E0-2L
	
	Proben 1h USB
3P4-1L
3P4-2L
3E4-1L
3E4-2L

	Auf Schüttler
3P0-1L
3P0-2L
3E0-1L
3E0-2L
	
	Auf Schüttler
3P4-1L
3P4-2L
3E4-1L
3E4-2L
	
	

	
	
	
	
	

	UV Zellen putzen
	
	UV Zellen putzen
	UV Zellen putzen
	UV Zellen putzen

	
	
	
	
	

	
	
	RI Zellen putzen
	
	RI Zellen putzen

	
	
	
	
	

	
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB

	
	
	
	
	

	
	UV / VIS Spektrum
	UV / VIS Spektrum
	UV / VIS Spektrum
	UV / VIS Spektrum

	
	
	
	
	

	
	In XLW messen
	In XLW messen
	In XLW messen
	In XLW messen

	
	
	In XLI messen
	
	In XLI messen

	
	
	
	
	

	
	1 ml an TEM
	1 ml an TEM
	1 ml an TEM
	1 ml an TEM

	
	2 ml an ICP in Tubes
	2 ml an ICP in Tubes
	2 ml an ICP in Tubes
	2 ml an ICP in Tubes

	
	
	
	
	

	
	auswerten
	auswerten
	auswerten
	auswerten



	MO
	DI
	MI
	DO
	FR

	11.5.
	12.5.
	13.5
	14.5.
	15.5.

	
	
	
	
	

	
	
	Proben 1h USB

Negativ Kontrollen

	Christi Himmel
	Urlaub

	Auf Schüttler

Negativ Kontrollen

	
	
	
	

	UV Zellen putzen
	
	UV Zellen putzen
	
	

	
	
	
	
	

	
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
	
	

	
	
	
	
	

	
	UV / VIS Spektrum
	UV / VIS Spektrum
	
	

	RI Zellen putzen
	
	
	
	

	
	
	
	
	

	
	In XLW messen
	In XLW messen
	
	

	
	
	In XLI messen
	
	

	
	
	
	
	

	
	1 ml an TEM
	1 ml an TEM
	
	

	
	2 ml an ICP in Tubes
	2 ml an ICP in Tubes
	
	

	
	
	
	
	

	
	auswerten
	auswerten
	
	




	MO
	DI
	MI
	DO
	FR

	18.5.
	19.5.
	20.5
	21.5.
	22.5.

	
	
	
	
	

	
	
	Proben 1h USB
4P0-1L
4P0-2L
4E0-1L
4E0-2L
	
	Proben 1h USB
4P4-1L
4P4-2L
4E4-1L
4E4-2L

	Auf Schüttler
4P0-1L
4P0-2L
4E0-1L
4E0-2L
	
	Auf Schüttler
4P4-1L
4P4-2L
4E4-1L
4E4-2L
	
	

	
	
	
	
	

	UV Zellen putzen
	
	UV Zellen putzen
	UV Zellen putzen
	UV Zellen putzen

	
	
	
	
	

	
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
	1 ml entnehmen -> + 0,1 ml 5 g/l SDS -> USB
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