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Checklist before starting: 
¶ I have read the publication and user guidelines associated with ICBM-OCEAN. 

¶ My spectra are sufficiently mass calibrated (mass error < 1 ppm) and in the requested 

format for use in ICBM-OCEAN. If I want to start my analysis with the Method 

detection limit (MDL) calculations, I have exported my data at a signal-to-noise ratio 

(SNR) of 0 from preceding software in the format: m/z (mass), I (intensity), S/N 

(signal-to-noise based on preceding software), Res. Or ResPow (resolution power). 

For m/z I supply a precision of at least 5 decimals.  
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m/z I S/N Res. 

92.1424641 854283 1.4 2713601 

 

¶ I understand that ICBM-OCEAN is a free software that will undergo continuous 

further development. It comes without any warranty. If used for publication or else, I 

will acknowledge ICBM-OCEAN as stated in the site notice including the version 

number and the settings I used. 

 

From the ICBM-OCEAN main page (www.icbm.de/ICBM-OCEAN) click on the start button to 

initiate a new data processing operation. You will be prompted with a dialogue of 

checkboxes inquiring some basic preconditions for the subsequent data handling (e.g. 

whether your data input meets the requirements for a good result).  

Example data for all steps of the formula attribution process are available for download on 

the ICBM-OCEAN Start page. 

 

 

Figure 1: Before you start with your ICBM-OCEAN data processing you will be prompted to check 

some premises for the evaluation to guarantee that you will arrive at an optimal result but also 

ŀŎƪƴƻǿƭŜŘƎŜ ŀƴŘ ŀǊŜ ŀǿŀǊŜ ƻŦ ǘƘŜ ǎƻŦǘǿŀǊŜΩǎ ƭƛƳƛǘŀǘƛƻƴǎΦ 

 

Note: ICBM-OCEAN is designed to be used directly in the browser (online). For very large 

datasets calculations can be done offline. For this you must upload your data as in the online 

ƳƻŘŜ ōǳǘ ŎƭƛŎƪ ǘƘŜ άwǳƴ ƻŦŦƭƛƴŜέ ōǳǘǘƻƴ ƛƴ ǘƘŜ a5[ ǇŀƎŜ όǿƘƛŎƘ ƛǎ ǘƘŜ ŦƛǊǎǘ ǎǘŜǇΣ ǎŜŜ ƴŜȄǘ 

paragraph). For the offline mode you must supply your e-mail address as well as a project 

name and type (e.g. Marine DOM, Terrestrial DOM). Results will be calculated with the 

settings you chose in the user interface (on all pages (MDL, sample junction, formula 

attribution)!). Alternatively you can upload a profile that you created. For creating a profile 

select all your settings in ŀƭƭ ǘŀōǎΣ Ǝƻ ǘƻ ǘƘŜ άǎƛǘŜ ƴƻǘƛŎŜέ ǘŀō ŀƴŘ ǎŎǊƻƭƭ Řƻǿƴ ǘƻ ǘƘŜ άǎŀǾŜ 

ǇǊƻŦƛƭŜέ ōǳǘǘƻƴΦ !ŦǘŜǊ ȅƻǳǊ Řŀǘŀ ƛǎ ǇǊƻŎŜǎǎŜŘ ƛƴ ǘƘŜ ƻŦŦƭƛƴŜ ƳƻŘŜΣ you will receive an email 

with a link to download the respective results. The offline mode currently does only raw 

calculations but does not supply all steps e.g. interactive validation plots as in the online 

mode. We recommend using the online mode if your data is below 1 GB. 
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Step 1. Method detection limit (MDL) 
 

 

 

1.1 Tab άa5[έΥ 

Load your calibrated masslists into the tool by clicking the browse button. Make sure the 

άŎǎǾέ ŦƛƭŜǎ ȅƻǳ ǿŀƴǘ ǘƻ ǳǇƭƻŀŘ ŀǊŜ ǎŜǇŀǊŀǘŜŘ ōȅ ǘƘŜ ǎŜǇŀǊŀǘƻǊ ǎŜƭŜŎǘŜŘ ƛƴ ǘƘŜ ǊŀŘƛƻ ōǳǘǘƻƴǎ 

below the browse field before clicking. Masslists should contain m/z (m/z), S/N (S/N), 

resolving power (ResPow) and intensity (I) with the column names given in the brackets. 

Select all the files you want to include in your analysis. The order in which they appear in the 

folder will be the order in which they will be processed. Noise estimation in this step can be 

done based on instrumental blanks, operational blanks or it is directly derived from the 

samples. If blank analyses are available, the respective files have to meet certain naming 

ŎƻƴǾŜƴǘƛƻƴǎ ǘƻ ōŜ ǊŜŎƻƎƴƛȊŜŘ ōȅ ǘƘŜ ǎȅǎǘŜƳΣ ƛΦŜΦ ǘƘŜ ǎǳōǎǘǊƛƴƎǎ άψōƭŀƴƪψƛƴǎǘǊǳƳŜƴǘŀƭέ ƻǊ 

άψōƭŀƴƪψƻǇŜǊŀǘƛƻƴŀƭέ Ƴǳǎǘ ōŜ ƛƴŎƭǳŘŜŘΦ  

/ƭƛŎƪ άƻǇŜƴέΦ ¢ƘŜ ŦƛƭŜǎ ǿƛƭƭ ōŜ ǳǇƭƻŀŘŜŘΦ  

 

Figure 2: MDL calculation options in ICBM-OCEAN following file upload. 

 

!ŦǘŜǊ ǘƘŜ ƳŜǎǎŀƎŜ άǳǇƭƻŀŘ ŎƻƳǇƭŜǘŜέ ŀǇǇŜŀǊǎ ōŜƭƻǿ ǘƘŜ ōǊƻǿǎŜ ōǳǘǘƻƴΣ ƴŜǿ ŦƛŜƭŘǎ ǿƛƭƭ 

show up. If you are an Orbitrap user, you can do a single mass shift by selecting the 

respective checkbox and filling in the mass shift parameters. If you are willing to supply your 

data for a later meta-analysis of datasets processed by ICBM-h/9!bΣ ǎŜƭŜŎǘ ǘƘŜ ά!ƎǊŜŜ ǘƻ 

archive for meta-ŀƴŀƭȅǎƛǎΥέ ŎƘŜŎƪōƻȄΦ ¢Ƙƛǎ ƛǎ ƴƻǘ ƳŀƴŘŀǘƻǊȅΣ ōǳǘ ǿƛƭƭ ŀƭƭƻǿ ǳǎ ǘƻ ǎŀǾŜ ǘƘŜ 

dataset on our server. If the user agrees, he will be included in a meta-analysis publication 

when enough data is collected globally. Otherwise (if not agreed) supplied datasets will be 

deleted from the server after the browser is closed. The option to remove outliers of 

suspicious mass vs. resolution power pairs is able to eliminate outliers like side-peaks. It is 

based on the first derivative of a kernel density estimation applied on the residuals in a 

median regression.  
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/ƭƛŎƪ άǊǳƴέΦ a5[ ŎŀƭŎǳƭŀǘƛƻƴ ǿƛƭƭ be performed.  

When MDL calculation is completed, two plots will appear that show the result of the 

respective calculation (Figures 3 and 4) and help to find a suitable MDL level for your data. 

The blue lines should show a monotonic increase. If the fitted detection limit seems too high 

or shows a strong curvature, you may select the number of samples with the highest noise 

from the table to be excluded from the analysis and click run again.  

 

Figure 3: Output of an MDL calculation based on included operational blanks. Displayed are the noise 

peaks (black dots) and the derived MDL levels that will be used to distinguish between true peaks 

and noise. 

 

By clicking the respective download buttons, you can choose which results you want to 

download (e.g. MDL1, MDL2, MDL3). Which one you choose depends on your preference of 

minimizing type I or type II error:  At higher MDL level, the risk to include false positives 

decreases (Figure 4c), while at the same time the risk to exclude true peaks as noise 

increases. 
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Figure 4: (a) Q-Q plot of the noise (green) and sample quantiles (yellow). The point where these two diverge should be considered as the minimum MDL to be 

chosen for further processing. (b) Estimated ratio of noise to total peaks. (c) Approximation of false positives to expect for different MDL levels. Panels d-f show 

results of outlier removal. Panel g shows how side peaks flank a true peak. Such side peaks can be eliminated by ICBM-OCEAN during processing (d-f)
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1.2 ¢ŀō ά5ŜǎŜƭŜŎǘ ŎƻƴǘŀƳƛƴŀǘƛƻƴǎέΥ  

After MDL calculation took place a plot will appear inside this tab (Figure 5). Notice: the plot 

might take some time to load, depending on the size of your data. By brushing points inside 

the plot and clicking on the άtoggle pointsέ button, peaks can be excluded for further 

analysis.  

 

 

Figure 5: Manual deselection of contaminants after MDL calculation. 

 

1.3 Recommended settings  

For our example we recommend using MDL2.5 (see text Figure 4).  

 

Step 2. Sample junction 
 

 

 

2.1 ¢ŀō ά{ŀƳǇƭŜ ƧǳƴŎǘƛƻƴέ 

Either proceed with your MDL data, selecting one of the options in the radio buttons or load 

a new datafile into the tool by clicking the ōǊƻǿǎŜ ōǳǘǘƻƴ ŀƴŘ άCƛƭŜ LƴǇǳǘέΦ /ƘƻƻǎŜ ǘƘŜ 

maximum tolerance at which masses from different samples should be merged. Select your 

ƧƻƛƴƛƴƎ ƳŜǘƘƻŘΣ ŜƛǘƘŜǊ άŦŀǎǘ Ƨƻƛƴέ ƻǊ άǇǊŜŎƛǎŜ ƧƻƛƴέΤ ƴƻǘŜ ǘƘŀǘ ǇǊŜŎƛǎŜ Ƨƻƛƴ ǿƛƭƭ ōŜ ƳǳŎƘ 

slower. If you want to recalibrate ȅƻǳǊ ƳŀǎǎŜǎΣ ŎƭƛŎƪ ƻƴ ǘƘŜ ά¦ǎŜ ǊŜŎŀƭƛōǊŀǘƛƻƴέ ŎƘŜŎƪōƻȄ ŀƴŘ 

select the elements and their respective ranges and a maximum tolerance for a formula 

attribution needed inside the recalibration process as well as other settings e.g. the 

analyzing mode (positive, negative). Select the recalibration method you want to use as well 

as whether you want to do a median or mean fit for recalibration along the mass axis. The 
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results of a recalibration or sample junction can be evaluated from error visualizations 

(Figure 7 and 8). Default tolerances for recalibration and junction are both 0.5 ppm.  

 

Figure 6: Sample junction options in ICBM-OCEAN following input of MDL data. 

 

The results can be downloaded with the ά5ownloadέ button. 

 

 

 

Figure 7: Optional recalibration to correct for systematic error in mass accuracy. a) If mass error is 

plotted against m/z, a significant systematic error will manifest as a non-linear trend (original 

sample). b) The recalibration will minimize the error by reconstructing the systematic bias along the 

mass axis and subtracting it for each mass (adjusted sample). 

2.2 Recommended profile of settings 
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Use άstandard smoothέ if you are an FT-ICR-MS user. If you are an Orbitrap user and 

smoothing results are not sufficient, try άtensor product smoothέ and run again. Although 

this method is currently in a beta stage it might optimize results for Orbitrap users.  

If your dŀǘŀ ǎƘƻǿǎ ƛƴŎǊŜŀǎƛƴƎ ǾŀǊƛŀƴŎŜ ŀƭƻƴƎ ǘƘŜ Ƴŀǎǎ ŀȄƛǎΣ ȅƻǳ Ŏŀƴ ǎŜƭŜŎǘ άǳǎŜ ƳŜŘƛŀƴέ 

ƻǊκŀƴŘ ǳǎŜ άƭƻƎ ŘƛŦŦέ ǘƻ ŎƻǇŜ ǿƛǘƘ ǘƘŀǘΦ  

We recommend using άfast joinέ whenever possible.  

 

 

Figure 8: Sample junction mass merging with different tolerances. a) If tolerance is chosen too high 

the junction will result in a bimodal distribution. Here, slightly deviating masses in different samples 

(due to instrumental variability) which actually correspond to identical molecular formulae are not 

properly merged. B) If tolerance is chosen well, the result will show a unimodal distribution. c) with a 

well-chosen tolerance the nearest neighbor distance distribution will at least be bimodal and 

IŀǊǘƛƎŀƴΩǎ 5ƛǇ ǘest will be significant. 
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Step 3. Molecular formula attribution 
 

 

 

оΦм ¢ŀō άFormula attributionέ 

You can either proceed from sample junction or load a new file (sample junction output). 

Use the respective radio buttons to select which data you want to use. Select elements and 

ǊŀƴƎŜǎ ǘƘŀǘ ȅƻǳ ǿŀƴǘ ǘƻ ǳǎŜ ŦƻǊ ƳƻƭŜŎǳƭŀǊ ŦƻǊƳǳƭŀ ŀǘǘǊƛōǳǘƛƻƴΦ ¢ƘŜ ǘŀō άƳƻǊŜέ ƛƴŎƭǳŘŜǎ 

additional elements.  

 

Figure 9: Formula attribution options in ICBM-OCEAN following input of sample junction data. 

 

Select the tolerance you want to allow for formula attribution, as well as mode (positive, 

negative) and the filters you want to apply to find the likeliest molecular formula (see Table 

1; for details see ICBM-h/9!b ǇǳōƭƛŎŀǘƛƻƴύΦ ¢ƘŜ ǘŀō ά/ƻƴǘŀƳƛƴŀǘƛƻƴǎέ ŀllows uploading a list 

of known contaminants that are deleted from the dataset at the end of the formula 

attribution process. Click on run. Do not click the checkbox άwŜƛƴǎŜǊǘ мо/ ϧ мрb ƛǎƻǘƻǇŜǎΦ 

Use only in isotope enrichment experiments. Caution: can proŘǳŎŜ ǿǊƻƴƎ ǊŜǎǳƭǘǎά, unless you 

are planning to do enrichment experiments, in communication with the Marine 

Geochemistry group.   

A result table will appear listing all attributed formulae as well as Van Krevelen diagrams 

(Figures 10 and 11) and a table with a statistical summary how many molecular formulae 

could be attributed or are isotope verified relative to the likeliest matches. The mass 

displayed in the table refers to the neutral molecule, not the measured ionized compound. If 

the homologous series filter option is used, the respective network can be visualized by 

selecting a formula from the table and clicking άǎƘƻǿ ƴŜǘǿƻǊƪέ όCƛƎǳǊŜ мнύΦ In the next plot, 

the isotope ratio deviance for the element selected in the box below the plot (Figure 13) is 

visualized in a violin plotΦ LƴǎƛŘŜ ǘƘŜ ǎŜƭŜŎǘ ōƻȄ ά/ƘƻƻǎŜ ǊŜǎǳƭǘΥέ ȅƻǳ Ŏŀƴ ǎǿƛǘŎƘ ōŜǘǿŜŜƴ 

different results, influencing the table and Van Krevelen diagram (see Table 2). Depending 

on what is selected here, the download button on the lower left of the page can be used to 

download the chosen results.  
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Figure 10: Van Krevelen diagram showing all isotope verified likeliest matches in an example dataset 

while color coding by individual aromaticity indices (AImod). The number of depicted formulae can be 

confined by certain criteria (aromatic, highly unsaturated, unsaturated, saturated compounds; 

oxygen-poor or -rich). Other characteristics can be color coded, i.e. double bond equivalents (DBE) or 

aromaticity (AI). For details on the definition of the different groups and characteristics see ICBM-

OCEAN publication. 

 

 

 

Figure 11: Frequency distribution of all isotope verified likeliest matches in van Krevelen space. 

 














