
We appreciate the feedback and points raised. The comments regarding formatting and 
typos have now been implemented, alongside the reviewer’s suggestions regarding changes 
to the figures. Where they have raised an interesting point requiring a more detailed 
discussion, our responses are written below. The original referee comment is written in black 
text with our responses written in blue. Sentences from the original draft of the manuscript 
are crossed through and written in red, while the new sentences are in red and have been 
italicised. 

General Comments 

1.Use of a forced trigger+9 σ threshold for WIBS measurements has been shown to reduce 
potential non-biological interferents mineral dust samples, but not for all particle types, e.g. 
soot. This is particularly important because much of the analysis in the paper depends upon 
the assumption that all fluorescent particles are biological (page 7, line 15). This should be 
addressed somehow. 

There are two main reasons why we do not believe we are observing fluorescent 
non-biological particles such as soot. Firstly, previous studies have demonstrated 
that soot can have variable levels of fluorescence. Toprak and Schnaiter, (2013) 
found propane flame soot to only weakly fluoresce in FL1 using 3 sigma thresholding. 
We would therefore not expect this type of soot to register as fluorescent when using 
9 sigma thresholding. Secondly, the size of the observed fluorescent particles are 
larger than we would expect for soot. Toprak and Schnaiter, (2013) found generated 
soot to only be 0.8 µm after significant coagulation time in the NAUA chamber. 
Savage et al., (2017) used a mechanically dispersed dry diesel soot powder to 
investigate potential interferent aerosol fluorescence.  They noted that this powder 
fluoresced above a conservative 9 sigma threshold, however, this sample aerosol 
was much larger than soot typically observed in the atmosphere when aerosolised (~ 
1.1 µm).  Savage et al., (2017) also acknowledged that fluorescent intensity is a 
strong function of particle size owing to surface area/volume effects and that this test 
soot was likely to be significantly more fluorescent than ambient diesel soot as a 
result. Furthermore, Savage and Huffman et al., (2018) acknowledge that more 
highly fluorescent soot is representative of freshly generated soot close to source, 
and is not representative of aged or processed soot. Ambient soot at CVAO should 
not be fluorescent at 9 sigma. While it is possible that soot could have internally 
mixed with dust and therefore become larger, this would still represent aged soot and 
would be less fluorescent. 

2. Using two different versions of the WIBS is a weakness of the study. I think that some 
context on the difference between the 4A and 4M would be helpful in order to understand to 
how equivalent these two datasets are. Additionally, I found it difficult to tell whether the 
particle clustering from the two WIBS datasets was performed together or separately. If so, 
some comparison between the two sets of clusters would be helpful to make sure that they 
are really equivalent. Also, how was the WIBS-4M calibrated? The manuscript only mentions 
the 4A. 

The two datasets were clustered separately and a line has been added to Section 2.3 
highlighting this. In regard to using two different instruments, we feel it important to 
note the WIBS-4A and 4M are essentially identical, with the only differences being 
the trigger levels and flow rates used. A detailed description of the 4A can be found 
in Savage et al., (2017) and of the 4M in Forde et al., (2019). As such, the 
fluorescence data for each instrument are comparable, although we acknowledge 
there can be issues even when comparing measurements from two identical models. 
To help reduce uncertainty here an inter-comparison of the fluorescent responses 



between the two instruments was conducted using NIST (National Institute of 
Standards and Technology) calibration polystyrene latex (PSL) spheres. This is the 
same methodology as has been described by Forde et al., (2019), Savage et al., 
(2017) and Crawford et al., (2014). 

3.  More information is needed on the back-trajectory analysis. How many were released, 
and how often? Some context on what the Openair package analysis provides would be 
helpful for the reader. 

Additional information has been added to clarify what the back trajectories represent. 
They were calculated in 3 hour intervals for all 11 months of the campaign, using 
monthly meteorological data files available from NOAA.  

 
4. For the LAAP-ToF measurements, it should be noted that simply using CN- and CNO- as 
boolean-type markers for biological material is suspect. They are pretty non-specific and 
found in a number of different particle types. This is discussed in detail by Zawadowicz et al. 
(2017). While these markers have mostly been found to be elevated in agricultural soils, the 
reason for this has not been explained (i.e. are these actual cells or just organic matter on 
the dust particle). Thus, the conclusion that CL3 is a mixed dust-bacterial type is not well-
founded. 
 

In regard to the markers we have used to classify particles as biological, it is true that 
previous studies have shown these markers to occur in organic soil matter where 
biological components are not expected (Sodeman et al., (2005); Zawadowicz et al., 
(2017); Wonaschuetz et al., (2017)). However, by including data from the WIBS-4M 
and observing a high level of agreement with particle counts from the LAAP-ToF, we 
are confident what we observe is biological in nature. This is a similar approach to a 
study by Zawadowicz et al., (2019), except we have not used a phosphate marker as 
they can have an inorganic dust origin. It should be emphasised here that interferents 
such as soot, dust and polycyclic aromatic hydrocarbons (PAHs) were aerosolised in 
laboratory experiments by Savage et al., (2017), who concluded that a 9 sigma 
threshold would effectively remove the majority of non-biological particles. Soot is 
one of the few exceptions, but can be discounted for the reasons discussed above. 
As such, we are confident the trends in the WIBS data are not due to known 
interferents. This allows us to compare the biofluorescent signature data with the 
LAAP-ToF mass spectral signatures and due to the high level of agreement between 
the instruments provides a good degree of confidence that the LAAP-ToF is also 
observing genuine biological material. 

 
5. After the introduction and for the rest of the manuscript, there are numerous places where 
there are line breaks that do not result in a new paragraph (see Page 4, line 17. These line 
breaks should either be removed, or a new paragraph started to be consistent with the rest 
of the manuscript. There are numerous formatting choices that do not follow the style 
guidelines. I’ve highlight some of these in the specific comments below, but this list is not 
exhaustive. 
 

The line breaks have now been changed to be consistent throughout the manuscript. 
The formatting issues highlighted have also been addressed. 

 
 
Specific Comments 
 



Page 4, line 13. I think that reporting meteorological conditions from Carpenter et al. is not 
needed as there is contemporaneous meteorological data at the site, which should be 
reported instead. 
 

Description of the meteorological conditions has been changed to more 
contemporaneous data.  
 
Meteorological conditions here have previously been well characterised by Carpenter 
et al. (2010), who observed a mean temperature of 23:6_C, relative humidity of 79% 
and median wind speeds of 15 7.3 ms across a three year period. 
 
During this period the observatory recorded a mean temperature of 23.3◦C and 
median wind speeds of 6.2 ms-1. 

 
Page 4, line 15. ms should be ms-1.  
 

ms has been changed to ms-1. 
 
Page 4, line 23. Was the WIBS-4M calibrated?  
 

A line has now been added in the methodology to clarify that the WIBS-4M was 
calibrated. See above for detail. 
 
The WIBS-4M was used to observe long-term trends in bioaerosol concentrations 
and was regularly calibrated using National Institute of Standards and Technology 
(NIST) calibration polystyrene latex (PSL) spheres. 

 
Page 4, line 30. There appear to be too many parentheses on this line.  
 

A parenthesis was removed. 
 
Page 4, line 31. There needs to be a space before Liu.  
 

A space has been added before Liu. 
 
Page 5, line 1. “WIBS-4” should be “WIBS-4A.”  
 
 WIBS-4 has been changed to WIBS-4A 
 
Page 5, line 3. There are two spaces in front of 1000.  
 

One of the spaces in front of 1000 has been removed. 
 
Page 5, line 3, 4, 5, 6. There should be a space between the number value and its unit.  
 

A space has been added between the number values and their unit. 
 
Page 5, line 5. The LAAP-ToF can measure both refractory and non-refractory aerosol, and 
presumably did so here. I would recommend removing.  
 

The line regarding measurements of refractory and non-refractory aerosol has been 
removed. 
 



The LAAP-ToF measured the refractory aerosol in the size range 0.5-2.5um whilst 
the WIBS-4 measured particles in the size range 0.5-20um, however the nominal cut-
off of the inlet system was approximately 10um. 
 

The LAAP-ToF measured aerosol in the size range 0.5-2.5 µm whilst the 
WIBS-4A measured particles in the size range 0.5-20 µm, however the 
nominal cut-off of the inlet system was approximately 10 µm. 

 
Page 5, line 5. The LAAP-ToF and the WIBS measure different diameters (Dva and Do) and 
this information should be included here.  
 

A line clarifying the Dva and Do has been added. 
 
When considering size measurements, it should be noted that the LAAP-ToF 
measures a particle’s vacuum aerodynamic diameter (Dva) while the WIBS-4A 
measure a particle’s optical diameter (Do). 

 
Page 5, line 9. “anc” should be “and.”  
 

‘anc’ has been changed to and. 
 
Page 5, line 10. This sentence is not clear. Does Saharan dust influence both prior to 15 
August and mid July?  
 

The influence of Saharan dust on various dates has been clarified. The text now only 
discusses a synoptic shift on the 15th August that resulted in more easterly winds. 
 
They reported that dust plumes with Saharan origin were more frequently 
encountered during periods prior to 15 August, whereas dust from Sahara and sub-
Saharan Africa influenced air masses were more frequently observed during mid July 
when winds were more easterly 
 
They reported that dust plumes from the Sahara and sub-Saharan Africa were more 
frequently observed after a synoptic shift on the 15th August, when winds became 
more easterly. 

 
Page 5, line 22. Do abbreviations (e.g. UV-LIF) need to be re-introduced if they are 
introduced in the abstract? I thought they did, but maybe the editors can weigh in.  
 

Abbreviations introduced in the abstract have been repeated in the main body of the 
text (e.g. UV-LIF). 

 
Page 5, line 25. Why just the negative spectra? Isn’t the LAAP-ToF capable of acquiring dual 
polarity spectra?  
 

To the question raised about why we only use the negative spectra, this is because 
as noted by Zawadowicz et al., (2019), successful classification of bioaerosols can 
only be performed in the negative mode. In their particle analysis by laser mass 
spectrometry (PALMS), the phosphate ions PO-

3 and PO-
2, are key features used in 

the classification (Zawadowicz et al., 2017) and they are prominent only in the 
negative PALMS spectra. 

 
Page 6, line 32. These first two sentences are similar and should be combined.  
 



Two sentences regarding the LAAP-ToF methodology have been combined. 
 
As a technique, SMPS is considered qualitative or semi-quantitative due to a strong 
matrix effect that occurs during the LDI of single particles. The ablation and ionisation 
process is incomplete so that competitive ionisation and charge transfer in the 
vapour plume results in a strong matrix effect (Reinard and Johnston, 2008). 
 
As a technique, SMPS is considered qualitative or semi-quantitative. The ablation 
and ionisation process of particles is incomplete so that competitive ionisation and 
charge transfer in the vapour plume results in a strong matrix effect (Reinard and 
Johnston, 2008). 

 
Page 7, line 13. “Interferences” should be “interferents.”  
 

Interferences has been changed to interferents. 
 
Page 7, line 15. Savage et al. (2017) found that applying the 9 sigma threshold helped 
reduce weakly fluorescent dust particles, but that it had no effect for soot, which needs to be 
discussed and accounted for in the analysis.  
 

The discussion regarding soot can be seen above. 
 
Page 7, line 17. What is Dp50?  
 

Dp50 or D50 is a standard metric used in aerosol science to describe the minimum cut-
off diameter at 50% detection efficiency for a particular aerosol spectrometer. For the 
WIBS optical particle counter instruments this can vary depending upon the version 
and flow rate. For the original WIBS-3 e.g. the Dp50 was determined in the laboratory 
to be 0.8 µm (Gabey et al., 2010) and the WIBS-4M was also 0.8 µm (Crawford, 
Ruske, Topping and Gallagher, 2015). Other versions of the WIBS-4 have been 
shown to have a D50 of 0.49 µm, (Healy, O’Connor and Sodeau, 2012). This has 
been included into the main body of the text. 

 
The minimum cut-off diameter at 50% detection efficiency ( Dp50 ) for this particular 
WIBS-4 is 0.8 µm. As such, only particles between 0.8 and 10 µm have been 
included in the analysis. 

 
Page 9, line 3. Space between “Fig.” and “1a.”  
 

A space has been added between Fig and 1a. 
 
Page 10, line 3. The sentence starting on this line and the one following it should be 
combined.  
 

The two sentences regarding high fraction events have been combined. 
 
The 99th percentile value was a fraction of 1:1%. Some high fraction events 
exceeding 1:5% can be seen during the campaign, for example in Oct and May. 
 
The 99th percentile value was a fraction of 1.1 %, with some high fraction events 
exceeding 1.5 % seen in Oct and May. 

 
Page 14, line 3. Sentences starting with “Figure X” should use the unabbreviated version 
(per style guidleines).  
 



For the sentences beginning with Figure, the unabbreviated version has now been 
used. 

 
Page 16, line 2. A reference to Figure 6 should be included somewhere in this paragraph. 
 

A reference to Figure 6 has been included in the main body of the text. 
 
It can be seen in Figure. 6 that all of the dust samples dispersed through the WIBS-
4M show relatively weak fluorescence across all three channels, but are on average 
more fluorescent than clusters 2 and 3. 

 
Table 1. Units should be given for size. In the caption, asymmetry should be un-capitalized.  
 

Table headings have now been given appropriate units and the asymmetry factor is 
no longer capitalised. 

 
Figure 1. Panels should be labelled with two parentheses around each label. I would suggest 
adding it in the panel in the upper left corner as it does look a little strange above. This 
extends to the caption. Effective diameter should not be capitalized and should be 
abbreviated to match figure label.  
 

Labels have been changed/moved as suggested for Figure 1. Captions have also 
been changed accordingly. 

 
Figure 2. Labelling is not clear across plots. Caption needs to describe each panel. Panels 
need to follow style guidelines.  
 

The labels have been changed in the same way as Figure 1. The caption has been 
expanded to include descriptions of each panel. 
 
Figure  2. Solid  lines  represent  the  median  fluorescence  of  particles  as  a  
function  of  size,  instrument  channel  and  cluster.  Dotted  lines represent 95th 
percentile values. 2.5µm bins have been used for all fluorescence traces. Panel e. 
represents the normalised size distributionof fluorescent particles across all clusters, 
using 0.5µm bins. 
 
Figure 2. Solid lines represent the median fluorescence of particles as a function of 
size, instrument channel and cluster. Dotted lines represent 95th percentile values. 
2.5 µm bins have been used for all fluorescence traces. Panels (a-d) represent 
clusters 1-4 respectively, while panel (e). represents the normalised size distribution 
of fluorescent particles across all clusters, using 0.5 µm bins. Panel (f) represents the 
average across all fluorescent particles. 

 
Figure 9. For the inset plot, it appears that the x-axis shows the fractional of SilicateBio. Is 
that fraction of all particles, or fraction of silicate particles with bio? 
 

The x-axis for the inset plot is normalised to the maximum observed concentration of 
bio-silicate dust. This has now been emphasised in the caption to remove any 
ambiguity. 
 
Figure 9. Time series of WIBS Cl3 and silicate dust filtered for Bio markers using 20 
minute averaged number counts normalised by the maximum observed 
concentration for each instrument. 
 



Figure 9.Time series of WIBS Cl3 and silicate dust filtered for Bio markers using 20 
minute averaged number counts normalised by the maximum observed 
concentration for each instrument. Values for the inset plot are also normalised to the 
maximum observed concentration. 
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