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VERSION 1 - REVIEW 

REVIEWER Sri Warsini 
School of Nursing, Faculty of Medicine, Universitas Gadjah Mada 
Yogyakarta, Indonesia 

REVIEW RETURNED 03-Mar-2016 

 

GENERAL COMMENTS I think this is an interesting paper from a good research. Conducting 
a cohort study and involving big number of respondents are very 
hard to accomplished. Therefore I really appreciate the authors' 
effort.  
However, the authors should revise this paper so it become better 
one.  
Here are my suggestion.  
1. Authors describe more detail the result not only in the abstract but 
also in the main text.  
2. In the result section of the abstract: The authors tend to describe 
the symptoms which increasing only and did not mention about the 
result of respondents' PTSD. So it only reflects physical symptoms 
but not mental health (stress, PTSD & psychological distress).  
3. The authors did not consistently using terminology of mental 
health and psychological. As far as I understood from this paper the 
mental health terminology should become a major terminology which 
consists of psychological distress, stress and PTSD. However, in 
some parts authors mentioned psychological symptoms which 
meaning sometimes interchangeability with psychological distress. I 
think the readers might confuse with these two terms.  
4. Perhaps authors should describe more detail in the methods 
about what inside of each element of mental health symptoms. 
Especially psychological distress and stress consist of or 
representing what symptoms? . For example sleep difficulty and the 
use of medication of depression; is it including as psychological 
distress or stress? It seems readers should find them from another 
source first then understand your result.  
5. I suggest authors describe more detailed the results of all mental 
health symptoms whether it is PTSD, psychological distress and 
stress; so it gives more balance information to the readers.  
 
Thank you very much for your concern. 

 

REVIEWER Peter J Baxter 
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University of Cambridge, UK 

REVIEW RETURNED 07-Mar-2016 

 

GENERAL COMMENTS This is a reasonably well conducted study but the reader is left 

slightly confused over the interpretation and implications of its 

findings. 

Page 3-4.  The paper lacks a hypothesis on what health effects are 

envisaged to have persisted over the years since the eruption.  

When you ask many questions, as in this study, some will yield 

positive just on statistical sampling grounds.  A likely hypothesis, for 

example, is that the heavy exposure to PM10 (thoracic) or PM4 

(respirable) during and after the eruption in 2101 has made a sub-

group of susceptible subjects more capable of developing airflow 

obstruction (asthma or COPD), which would have an onset around 

the period of the high exposure during the 6 weeks of the continuous 

ash eruption and months of re-suspension following.   

What emerges on reading the text is a notion that respiratory 

disease (and hence symptoms) may appear many years after the 

period of heavy exposure to ash (page 10, line 47), which is 

different, and   the reference provided refers to silicosis as the 

exemplar disease.  Silicosis does not apply in the present study as 

the ash does not contain significant amounts of crystalline silica.  

There is confusion about this on page 11 (see below). 

In the introduction (page 4 line 12) the aim was to assess if physical 

and mental ill health symptoms had increased three to four years 

further on. Surely you also want to know if they may have decreased 

with time since the eruption crisis as well, which is actually what you 

might expect.  For example, there is evidence that psychological 

distress can worsen in the aftermath of a disaster but then improve 

in the longer term in most affected survivors – e.g., see a recent 

study of Hurricane Katrina subjects in Nature 2015; 524: 395-6.  

On the mental health side, what were the stressors the authors 

purport to have arisen in the 2010 “disaster”.  Why was it a disaster?  

No one died, but there were economic issues which fortunately were 

not as bad as expected because the eruption stopped, but did 

anyone go bust – are there continuing unemployment issues or loss 

of property, animals or possessions?  Or the areas are not as 

profitable to farm with sheep or arable land because of the 

Icelandic/global economy?  Did this apply to some people who have 

left the original cohort? Again, we have insufficient information to 

make any judgments on individuals who have responded positively 

to the mental health questionnaires.   

There are references quoted that relate to previous eruptions in 

other countries which are just accepted without critical examination.  

It would be better if hypotheses are coherently generated from the 

best papers and putting both sides of the arguments.   

Methods. 

Page 4.  Line 33.  It comes up later, but where is the air monitoring 

unit at Raufarfell in relation to the exposure areas?  Can the low, 

medium and high exposure regions be defined again in this paper to 
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give context to the measurement of PM10 and the logic of using this 

site?  Volcanic ash is not the only reason why PM10 can be raised 

as there are local dust storms?  How often do these occur in the 

different areas and could they contribute to reports of chest 

symptoms? 

Results. 

Participants – line 30 onwards. The exposed cohort - when they say 

“significantly” is this statistically significant or what?    

Respiratory health. 

Page 10-11.  There is confusion likely here between continuing 

exposure to ash in the air associated with continuing symptoms, i.e., 

an acute irritant effect on the airways over a period of time, versus 

chronic changes in airway functioning resulting from past high 

exposure to ash.  Cristobalite has nothing to do with either, which is 

why I say we need a coherent hypothesis from the outset, not 

scattered quotations from dubious reference sources.  Reference 18 

is clear on this point. 

Page 11.  There is a throwaway sentence in line 28 about previous 

studies…yielded similar findings, when they did not.  Reference 36 

most certainly did not, the study of acute exposure to ash being in 

children with ongoing exposure to ash.  Following this, there is 

mention of a paper with flawed methodology that attempts to relate a 

lung cancer mortality cluster and mortality from chronic bronchitis 

with the cristobalite in volcanic ash at Sakurajima volcano in Japan.   

Line 41:  “crystalline silica… is considered to be the most 

troublesome compound in volcanic eruptions in relation to chronic 

lung pathogenesis.”    Silica is a type of inorganic compound known 

as a mineral, which can cause inflammation and fibrosis in the lungs, 

viz. silicosis and there is evidence linking it to chronic bronchitis, 

both of which can take many years to develop, but the amount in 

Eyja ash was negligible if present at all, and so would not have 

played a part in the findings of this study.  

I agree that continuing exposure to repeated episodes of high levels 

of ash in the air due to re-suspension of deposits by wind and 

human activity over 3-4 years could be an explanation of the results.  

For example, the peaks of PM10 triggering more frequent respiratory 

symptoms in asthma sufferers or patients with COPD in the exposed 

cohort.   But the evidence for PM10 air pollution 2010-2013 as laid 

out from line 48 onwards on page 11 is not at all convincing.  Line 

51: official health limit of PM10.  Do you mean EU air quality 

standard or WHO guideline value?  Does Iceland have its own 

limits?  A graphic presentation of the PM10 over the 3-4 year period 

might help, even with its gaps.  But in the winter the deposits would 

be covered by snow and ice for months and in the summer are there 

any really dry periods when ash would dry out for weeks on end? 

Top page 13.  Speculation over back pain, etc.  It is possible there is 

a degree of somatization going on in this high exposure cohort, with 

increases in non-specific symptoms in the aftermath of the eruption, 

suggesting that more people have had their lives affected since the 

eruption and there may be persisting psycho-social reasons for this 
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that need exploring.   

Conclusions.  It’s not clear if the advice on embarking on clinical or 

epidemiological studies to investigate the long term effects of 

volcanic ash exposure is intended for this study population or in 

future eruptions round the globe or both.  We do need better 

designed studies in the future, especially in Iceland where a volcano 

erupts at least every 10 years or so.  What should be the lessons for 

future research design that should be implemented in the next 

volcanic crisis?  It’s hard to see from the paper what can be done to 

follow up the current study population, (e.g., nested case control 

study to refine exposure from being just living in certain areas to 

actual activities involving high exposure, such as farming, doing 

community clean-up of ash, etc.) and how to provide clinical 

interventions by identifying “caseness” from their data.  

 

 

REVIEWER Anna Hansell 
Imperial College London, UK 

REVIEW RETURNED 15-Mar-2016 

 

GENERAL COMMENTS This paper presents a three year follow-up of self-reported 
symptoms and illness in those exposed to a volcanic eruption. It is 
one of very few long-term follow-up studies available of populations 
exposed to this natural hazard.  
 
The main methodological concern is that there is multiple testing, 
therefore some positive associations may occur by chance. The 
authors should consider methods to take this into account.  
 
Please calculate and show % of original population for the 2013 
cohort. A flow chart of study population is recommended to show 
drop out and valid questionnaires.  
 
Statistical analysis – the matched analysis was not clear until 
reading the results. It would help to clarify in front of ‘We matched 
the same participants’ to first state ‘We compared change in the 
same individuals over time by matching each participant by ID 
number…’  
 
Results – the many ORs reported make the results hard to follow. 
Please could the results be more of a summary – in fact, more like 
the first two paragraphs of the discussion, only highlighting the most 
important significant ORs. As well as stating what there were 
significant associations with, it is important to state in general terms 
what there were Not significant associations with, especially if 
patterns were discordant e.g. increased asthma medication but no 
reported increase in wheeze over time.  
 
In participants, please describe briefly in which direction the exposed 
group differed between 2010 and 2013.  
 
Table 3 and 4 would be easier to interpret if presented as plots – the 
tables are large and unwieldy and it is difficult to get a good sense of 
the dose-response.  
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Discussion – first two paragraphs repeats results in detail (see 
above re. results)  
The long-term skin irritation is interesting – I have heard this 
anecdotally so it’s interesting to see it in this study. It may suggest 
significant resuspension is occurring.  
 
I agree this was a good response rate, but selection bias still exists – 
there was a ~30% non-response which may have given some 
responder bias. Were there any differences in health follow-up 
between exposed and non-exposed areas such that exposed areas 
may be having check-ups or encouraged to seek medical attention 
for minor problems, therefore more likely to medicalise symptoms? 

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1.  

Sri Warsini, School of Nursing, Faculty of Medicine, Universitas Gadjah Mada Yogyakarta, Indonesia.  

 

Comment 1. Authors describe more detail the result not only in the abstract but also in the main text.  

 

Response: Thank you for pointing this out, we have now added more information about results on 

mental health, both in the abstract and in the results chapter (as also suggested in comment no 2).  

 

Comment 2. In the result section of the abstract: The authors tend to describe the symptoms which 

increasing only and did not mention about the result of respondents' PTSD. So it only reflects physical 

symptoms but not mental health (stress, PTSD & psychological distress).  

 

Response: We have added more information on mental health in the results section in the abstract.  

 

Comment 3. The authors did not consistently using terminology of mental health and psychological. 

As far as I understood from this paper the mental health terminology should become a major 

terminology which consists of psychological distress, stress and PTSD. However, in some parts 

authors mentioned psychological symptoms which meaning sometimes interchangeability with 

psychological distress. I think the readers might confuse with these two terms.  

 

Response: We agree with the reviewer, and have now altered the term ”psychological” to ”mental” 

consistently throughout the manuscript where appropriate.  

 

Comment 4. Perhaps authors should describe more detail in the methods about what inside of each 

element of mental health symptoms. Especially psychological distress and stress consist of or 

representing what symptoms? For example sleep difficulty and the use of medication of depression; is 

it including as psychological distress or stress? It seems readers should find them from another 

source first then understand your result.  

 

Response: The main outcomes on mental health used in our study are measured with valid 

psychometric instruments, commonly used in epidemiological studies (psychological distress 

measured with GHQ, perceived stress with PSS-4 and PTSD symptoms with PC-PTSD) and 

described thoroughly in the methods section, including references to the authors of the instruments 

and validation. We also included few single item questions on sleep difficulties and regular drug use 

(e.g. for depression and anxiety). All of these measurements were included to grasp different 

outcomes of mental health, and we have now clarified the terminology according to response to 

comment no 3. We are also willing to extend the description of the measurements in the methods 

section if the editor wishes.  
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Comment 5. I suggest authors describe more detailed the results of all mental health symptoms 

whether it is PTSD, psychological distress and stress; so it gives more balance information to the 

readers.  

 

Response: Thank you for this comment, we have added sentences in the results chapter regarding 

more detailed description of the mental health symptoms results.  

 

 

Reviewer 2  

Peter J Baxter, University of Cambridge, UK  

 

Comment 1. Page 3-4. The paper lacks a hypothesis on what health effects are envisaged to have 

persisted over the years since the eruption. When you ask many questions, as in this study, some will 

yield positive just on statistical sampling grounds. A likely hypothesis, for example, is that the heavy 

exposure to PM10 (thoracic) or PM4 (respirable) during and after the eruption in 2101 has made a 

sub-group of susceptible subjects more capable of developing airflow obstruction (asthma or COPD), 

which would have an onset around the period of the high exposure during the 6 weeks of the 

continuous ash eruption and months of re-suspension following.  

 

Response: Thank you for these considerations. We discussed the question of stating a hypothesis at 

the outset of the study. But as population-based studies on respiratory health following volcanic 

eruptions are few and somewhat inconclusive, we felt that both scenarios could apply (i.e. an increase 

or decrease of symptoms in the 3 years since the eruption). Therefore we decided to “explore the 

development” of symptoms, rather than state a defined hypothesis. Your suggested hypothesis 

seems likely, and we refer to this course of events as a potential explanation of our results in the 

discussion chapter.  

 

Comment 2. What emerges on reading the text is a notion that respiratory disease (and hence 

symptoms) may appear many years after the period of heavy exposure to ash (page 10, line 47), 

which is different, and the reference provided refers to silicosis as the exemplar disease. Silicosis 

does not apply in the present study as the ash does not contain significant amounts of crystalline 

silica. There is confusion about this on page 11 (see below).  

 

Response: In the paper, we suggest that beyond the initial symptoms, continued exposure to ash may 

have exacerbated the symptoms and caused more individuals to develop symptoms in the years 

since the eruption, and it is this increase that we now observe in the 2013-4 follow-up. Thank you for 

the comment about the silicosis, we totally agree and have added to the sentence about crystalline 

silica for clarification (see page 11, line 27).  

 

Comment 3. In the introduction (page 4 line 12) the aim was to assess if physical and mental ill health 

symptoms had increased three to four years further on. Surely you also want to know if they may 

have decreased with time since the eruption crisis as well, which is actually what you might expect. 

For example, there is evidence that psychological distress can worsen in the aftermath of a disaster 

but then improve in the longer term in most affected survivors – e.g., see a recent study of Hurricane 

Katrina subjects in Nature 2015; 524: 395-6.  

 

Response: The aims of the study were twofold – to a) investigate development of symptoms overtime 

(see page 4, line 3) and b) to compare groups by level of exposure 3-4 years following the eruption. 

For the former, we do not state an increase or decrease, only development of symptoms (see also our 

response no 1). For the latter, we intended to state a difference in risk between levels of exposure, we 

have now clarified the text to emphasize this.  
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Comment 4. On the mental health side, what were the stressors the authors purport to have arisen in 

the 2010 “disaster”. Why was it a disaster? No one died, but there were economic issues which 

fortunately were not as bad as expected because the eruption stopped, but did anyone go bust – are 

there continuing unemployment issues or loss of property, animals or possessions? Or the areas are 

not as profitable to farm with sheep or arable land because of the Icelandic/global economy? Did this 

apply to some people who have left the original cohort? Again, we have insufficient information to 

make any judgments on individuals who have responded positively to the mental health 

questionnaires.  

 

Response: Thank you for pointing this out. Perhaps the term natural disaster is not appropriate and 

we should rather refer to the Eyjafjallajökull eruption as a natural hazard. A threatening, uncontrollable 

and unpredictable natural event so close to people´s homes is a major stressor. The ash from the 

eruption damaged property, reduced visibility and delayed transportation, and many had to evacuate 

their homes for a period of time. Although the eruption did not result in casualties, these events were 

stressful and caused uncertainty during the eruption. These stressors, in addition to the physical 

effects, can be expected to influence people´s mental well-being. The data from Eyjafjallajökull 2010 

eruption indicate that people who saw the eruption from their home and directly experienced the 

eruption (i.e. experienced material damage, had to use protective equipment while working outside, 

stayed outdoors during ash fall and experienced feelings of insecurity during the volcanic eruption) 

are at increased risk of suffering from symptoms of psychological morbidity (unpublished manuscript).  

 

Comment 5. There are references quoted that relate to previous eruptions in other countries which 

are just accepted without critical examination. It would be better if hypotheses are coherently 

generated from the best papers and putting both sides of the arguments.  

 

Response: Thank you for your comment. Studies assessing long-term health effects of experiencing a 

volcanic eruption are few, especially on long-term exposure to volcanic ash and respiratory health. 

Considering this “knowledge gap” in the literature we decided to include all references available to us. 

However, we understand your viewpoint and have added a sentence in the discussion chapter where 

we acknowledge that the study from Japan (ref 17: Higuchi et al., 2012) has methodological 

limitations (as also noted in a later comment from the same reviewer).  

 

Comment 6. Method. Page 4. Line 33. It comes up later, but where is the air monitoring unit at 

Raufarfell in relation to the exposure areas? Can the low, medium and high exposure regions be 

defined again in this paper to give context to the measurement of PM10 and the logic of using this 

site? Volcanic ash is not the only reason why PM10 can be raised as there are local dust storms? 

How often do these occur in the different areas and could they contribute to reports of chest 

symptoms?  

 

Response: The air monitoring unit at Raufarfell is located in the high exposure region almost directly 

south of, and within 10km of the main eruption vent. We have added that information in the methods 

chapter, and the map of the region with study areas (figure 1). Unfortunately, the only available PM10 

measurements are from Raufarfell. Therefore, we used the same classification of exposure areas in 

the current study as was used in 2010. This is mentioned as a limitation in the discussion chapter. 

However, there is a consistent dose-response character of physical symptoms between the 2010 and 

2013 studies, indicating similar exposure levels in the two periods.  

Historically, local dust storms occur at least annually in this area according to a recent study on data 

from the Westman Islands just off the coast from Eyjafjallajökull (Prospero et al. High-Latitude Dust 

Over the North Atlantic: Inputs from Icelandic Proglacial Dust Storms. Science 2012; 335:1078–82). 

The frequency of dust storms in South Iceland has increased since the 2010 Eyjafjallajökull eruption 

(Thorsteinsson et al. High levels of particulate matter in Iceland due to direct ash emissions by the 
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Eyjafjallajökull eruption and resuspension of deposited ash. J Geophys Res 2012; 117:1-9). Natural 

dust storms could contribute to chest symptoms, but in our 2010 study we found that chronic 

respiratory morbidity (symptoms in the last 12 months, i.e. before the eruption) was not higher in 

South Iceland than North Iceland in 2010. We are prepared to add this information to the manuscript if 

the editor recommends it.  

 

Comment 7. Results. Participants – line 30 onwards. The exposed cohort - when they say 

“significantly” is this statistically significant or what?  

 

Response: Thank you for pointing this out, we have now altered ”significantly” to ”statistically 

significant”.  

 

Comment 8. Page 10-11. There is confusion likely here between continuing exposure to ash in the air 

associated with continuing symptoms, i.e., an acute irritant effect on the airways over a period of time, 

versus chronic changes in airway functioning resulting from past high exposure to ash. Cristobalite 

has nothing to do with either, which is why I say we need a coherent hypothesis from the outset, not 

scattered quotations from dubious reference sources. Reference 18 is clear on this point.  

 

Response: As stated in our response to comment 2, in the paper we suggest that beyond the initial 

increase in symptoms, the heavy and continued exposure to ash may have caused more individuals 

to develop symptoms in the years since the eruption, and it is this increase that we now observe in 

the 2013-4 follow-up.  

We agree with you about the silicosis and we have added to the sentence about crystalline silica for 

clarification (see page 11 line 27).  

 

Comment 9. Page 11. There is a throwaway sentence in line 28 about previous studies…yielded 

similar findings, when they did not. Reference 36 most certainly did not, the study of acute exposure 

to ash being in children with ongoing exposure to ash. Following this, there is mention of a paper with 

flawed methodology that attempts to relate a lung cancer mortality cluster and mortality from chronic 

bronchitis with the cristobalite in volcanic ash at Sakurajima volcano in Japan.  

 

Response: In the discussion chapter, we discuss a dose-response tendency between level of 

exposure to the volcano and certain symptoms, quoting; “The present study indicates that this dose-

response pattern still exists three to four years later. Previous studies comparing health effects by 

level of exposure to volcanic ash have yielded similar findings.34-37” For this, we used reference no 

36, because in that study, higher levels of ash exposure were associated with reports of increased 

respiratory symptoms among children, e.g. the prevalence of wheeze in the preceeding 12 months 

was found to be greater among children highly exposed (23.2%) to volcanic ash compared to low 

exposed children (8.5%). Regarding the latter comment about the study from Japan (Higuchi et al. 

2012), we have now moved the paragraph and the reference “Respiratory diseases were examined 

over a 35 years period (1968-2002) among residents in Sakurajima-Tarumizu…“ to page 10, line 28 

and therefore minimized its value in association with respiratory health. We also acknowledge the 

flawed methodology as you mentioned and added the sentence “However, interpretation of findings 

might be hampered by methodological limitation.17”to the paragraph.  

 

Comment 10. Line 41: “crystalline silica… is considered to be the most troublesome compound in 

volcanic eruptions in relation to chronic lung pathogenesis.” Silica is a type of inorganic compound 

known as a mineral, which can cause inflammation and fibrosis in the lungs, viz. silicosis and there is 

evidence linking it to chronic bronchitis, both of which can take many years to develop, but the 

amount in Eyja ash was negligible if present at all, and so would not have played a part in the findings 

of this study.  
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Response: We agree that it is important to highlight the negligible role of Silica in the Eyjafjallajökull 

eruption, and suggest: “As the Eyjafjallajökull ash contained only 1.4-3.2 wt% crystalline silica (quartz 

or cristobalite) the potential hazard of developing silicosis due to its persistence in the environment is 

considered negligible ”(discussion chapter, page 12).  

 

 

Comment 11. I agree that continuing exposure to repeated episodes of high levels of ash in the air 

due to resuspension of deposits by wind and human activity over 3-4 years could be an explanation of 

the results. For example, the peaks of PM10 triggering more frequent respiratory symptoms in asthma 

sufferers or patients with COPD in the exposed cohort. But the evidence for PM10 air pollution 2010-

2013 as laid out from line 48 onwards on page 11 is not at all convincing. Line 51: official health limit 

of PM10. Do you mean EU air quality standard or WHO guideline value? Does Iceland have its own 

limits? A graphic presentation of the PM10 over the 3-4 year period might help, even with its gaps. 

But in the winter the deposits would be covered by snow and ice for months and in the summer are 

there any really dry periods when ash would dry out for weeks on end?  

 

Response: Thank you for pointing this out. Yes, in line 51 we are referring to the official Icelandic 

health limit and we have now altered the sentence to make the message clearer and added a 

reference from the Icelandic directive. The Icelandic health limits are based on the EU air quality 

guidelines.  

Below is a graphic presentation of the PM10 values from April 2010-December 2013, which we can 

add as figure to a supplement chapter if the editor wishes so (see attachment "response to 

reviewers").  

 

Figure 3. 24 hour mean concentration of PM10 measured at the Environmental Agency Monitoring 

station at Raufarfell, a farm region <10 km from the Eyjafjallajökull top crater (n=897).  

 

While it is true that winter conditions inhibit the ash mobilization somewhat, the snow cover is not 

persistent through winter in South Iceland, as inhabited areas are at sea level. Also, snow does not 

exclude the occurrence of dust storms. Dagsson-Waldhauserova and her colleagues (Dagsson-

Waldhauserova et al. Snow–Dust Storm: Unique case study from Iceland, March 6–7, 2013. Aeolian 

Research 2015; 16:69–74) at the Icelandic Agricultural University presents a case of snow and dust 

storm occurring simultaneously during the study period while acknowledging its uniqueness. The 

same study group has presented a case of dust resuspension occurring briefly after rainfall from still-

moist soil during low-wind conditions (Dagsson-Waldhauserova et al. Physical properties of 

suspended dust during moist and low wind conditions in Iceland. Icelandic Agricultural Sciences. 

2014;27:25–39), showing that only short dry periods with sufficient solar radiation are necessary for 

resuspension to occur. We are willing to add this information and references to the manuscript if the 

editor wishes so.  

 

Comment 12. Top page 13. Speculation over back pain, etc. It is possible there is a degree of 

somatization going on in this high exposure cohort, with increases in non-specific symptoms in the 

aftermath of the eruption, suggesting that more people have had their lives affected since the eruption 

and there may be persisting psycho-social reasons for this that need exploring.  

 

Response: We think it is important to bear in mind that people do not necessarily meet the criteria for 

DSM diagnoses after disasters and therefore it could be useful to measure nonspecific distress such 

as somatic symptoms. We agree with the reviewer, this does definitely need a further investigation 

and as we state in the sentence in the discussion chapter “Somatic complaints are a common sign of 

distress in the aftermath of disasters, musculoskeletal symptoms are the most common and long 

lasting physical symptoms after disasters48”.  
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Comment 13. Conclusions. It’s not clear if the advice on embarking on clinical or epidemiological 

studies to investigate the long term effects of volcanic ash exposure is intended for this study 

population or in future eruptions round the globe or both. We do need better designed studies in the 

future, especially in Iceland where a volcano erupts at least every 10 years or so. What should be the 

lessons for future research design that should be implemented in the next volcanic crisis? It’s hard to 

see from the paper what can be done to follow up the current study population, (e.g., nested case 

control study to refine exposure from being just living in certain areas to actual activities involving high 

exposure, such as farming, doing community clean-up of ash, etc.) and how to provide clinical 

interventions by identifying “caseness” from their data.  

 

Response: Our main message with the paper is that symptoms still persist 3-4 following a volcanic 

eruption, and also by different exposure levels. This indicates certain clinical implications, i.e. which 

exposed groups have the highest risks. However, we agree that the data should be interpreted 

carefully and feel that these findings are only a small piece of the puzzle. From the same data set, we 

are currently working on papers on children’s health and another one about direct experience of the 

eruption and damages to one´s property and the effect on mental health. In addition, we also received 

a grant recently from the Icelandic Centre for Research which will enable us to investigate this further, 

utilizing registry data on hospital attendance and admissions and filed drug prescriptions from January 

1st 2005 until December 31st 2015 (five years before and after the volcanic eruption in Eyjafjallajökull, 

using the start of the eruption as a defining point for exposure). We hope that these studies will add to 

the knowledge base in the way that we can develop evidence based and effective measures for 

prevention and intervention for long-term harm.  

 

 

Reviewer 3  

Anna Hansell, Imperial College London, UK  

 

Comment 1. The main methodological concern is that there is multiple testing, therefore some 

positive associations may occur by chance. The authors should consider methods to take this into 

account.  

 

Response: Thank you for pointing this out. We are aware that adjustments for performing multiple 

comparisons have been recommended but we decided not to perform such a correction method to 

our data, thus following the viewpoints of Rothman (Rothman KJ. No adjustments are needed for 

multiple comparisons. Epidemiology 1990; 1:43-6; Rothman KJ. Six persistent research 

misconceptions. J Gen Int Med 2014; 29:1060-1064.)  

 

Comment 2. Please calculate and show % of original population for the 2013 cohort. A flow chart of 

study population is recommended to show drop out and valid questionnaires.  

 

Response: Thank you for pointing this out, we have now added a flow chart of the study population in 

the manuscript.  

 

Comment 3. Statistical analysis – the matched analysis was not clear until reading the results. It 

would help to clarify in front of ‘We matched the same participants’ to first state ‘We compared change 

in the same individuals over time by matching each participant by ID number…’  

 

Response: Thank you for your comment, we have now made alterations to the sentence regarding 

the matched analysis in the statistical analysis chapter, hopefully clarifying the methodology.  

 

Comment 4. Results – the many ORs reported make the results hard to follow. Please could the 

results be more of a summary – in fact, more like the first two paragraphs of the discussion, only 
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highlighting the most important significant ORs. As well as stating what there were significant 

associations with, it is important to state in general terms what there were Not significant associations 

with, especially if patterns were discordant e.g. increased asthma medication but no reported increase 

in wheeze over time.  

 

Response: We are aware of how extensive our results are and sometimes difficult to follow. However 

two of the reviewers (reviewer 1 and 3) differ on how detailed the results section should be and we 

would like the editor´s opinion on this. We have now altered sentences to “statistically significant” 

instead of only “significant” throughout the text in the results chapter.  

 

Comment 5. In participants, please describe briefly in which direction the exposed group differed 

between 2010 and 2013.  

 

Response: The distribution of different demographic factors can be seen in table 1, from table 1 we 

can only conclude if the distribution is different or not. However, we are prepared to add a test of 

significance for each sub-category of each demographic factor (row) if the editor wishes so.  

 

Comment 6. Table 3 and 4 would be easier to interpret if presented as plots – the tables are large and 

unwieldy and it is difficult to get a good sense of the dose-response.  

 

Response: Thank you for pointing that out. However, given the extended number of outcomes in table 

3 and 4, we are not certain if plots would be a better presentation to the results. We will of course 

reconsider this if the editor so wishes.  

 

Comment 7. Discussion – first two paragraphs repeats results in detail  

 

Response: Thank you for your comment, but as you pointed out above our results are quite extensive 

and that is why we decided to describe the results this way in the beginning of the discussion chapter, 

trying to make the main message clear for the reader.  

 

Comment 8. The long-term skin irritation is interesting – I have heard this anecdotally so it’s 

interesting to see it in this study. It may suggest significant resuspension is occurring.  

 

Response: The long-term skin irritation results were also surprising to us. We had heard about this 

symptom from the residents in the exposed area before we began our study and therefore decided to 

include these items in our questionnaire.  

 

Comment 9. I agree this was a good response rate, but selection bias still exists – there was a ~30% 

non-response which may have given some responder bias. Were there any differences in health 

follow-up between exposed and non-exposed areas such that exposed areas may be having check-

ups or encouraged to seek medical attention for minor problems, therefore more likely to medicalise 

symptoms?  

 

Response: Unfortunately, we do not have any information if there are any differences between the 

frequency of health check-ups between the exposed and non-exposed areas. However, this 

speculation of possibility of medicalizing symptoms among the exposed group is emphasized in the 

limitation chapter with the sentence “Information bias may have occurred in our study if participants in 

the higher exposed areas are more concerned or informed about the health effects of a volcanic 

eruption, making them more aware of symptoms and thus affecting their replies to the 

questionnaires.” 

VERSION 2 – REVIEW 
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REVIEWER Sri Warsini 
School of Nursing, Faculty of Medicine Universitas Gadjah Mada, 
Indonesia 

REVIEW RETURNED 17-May-2016 

 

GENERAL COMMENTS I think the authors have addressed all my concern and suggestion. 
Thank you  

 

REVIEWER Peter J Baxter 
University of Cambrdige 

REVIEW RETURNED 28-May-2016 

 

GENERAL COMMENTS Needs more justification and elaboration as a cohort study given two 
previous similar published paper, for example on the possible 
explanations for the persistent symptoms, which are important to 
have found. 
 
This is the third paper in a trilogy with two already published in BMJ 

Open.  The difference is that we now have 3-4 years follow up of the 

same cohort.  The limitation at this stage in a cohort study is the lack 

of any information about the original exposure to ash on an 

individual basis in order to interpret the positive respiratory 

responses on the self-reported questionnaire, in addition to the lack 

of objective support for the self-reporting and the possible reporting 

bias that might be entailed. We should also have individual evidence 

of heavy exposure during and soon after the eruption whilst ash 

deposits were still around and before they were removed by the 

weather, such as heavy involvement in clean-up of ash or out-door 

occupations in the ash, wearing of masks, etc., and analysing by 

such exposure to find causal links to the eruption.   Instead, the 

stated aim of this paper is a general one - to capture respiratory 

symptoms, with exposure being on a broad brush basis by area 

occupied.    

Would it be fair to say that most people in the high exposure group 

were farmers and their families, in which case they would be at 

highest risk of exposure to ash working out of doors if they did 

arable and other farming?  That might help in the interpretation. 

The absence of an explicit hypothesis to test in the respiratory part 

of the work also limits interpretation of the results.  On the mental 

health side the findings seem reasonable enough over PTSD, but 

the same issue arises in causally relating the mental trauma to the 

eruption, for example the mental trauma of severe financial losses in 

farmers and loss of livelihood, or more applicable to PTSD the fear 

of being killed or injured in the eruption e.g. when having to 

evacuate at short notice during the evacuation, as some people 

living close to the volcano had to do.. 

Outstanding questions on exposure to volcanic ash after eruptions in 

a cohort study might include, for example:  Is there a subset of the 

population, due to their age (young or the elderly), or health status, 

at increased risk for the development of pulmonary related problems 

when exposed for a short or long period to inhalable volcanic ash?  

Do such exposures affect airways reactivity and, for example, 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011444 on 8 S

eptem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


increase susceptibility for the development of COPD?  See Buist et 

al. in AJPH, 1986, voll 76, supplement on Health Effects of 

Volcanoes (Mount St Helens), the discussion and other papers 

therein (old but relevant).  The adoption of a specific hypothesis or 

set of hypotheses should have been at the outset of the 

investigation, but having one now would also help in enabling the 

numerous references in the introduction to be evaluated more 

critically instead of a catch-all sweep of a literature that contains 

papers of very variable quality and possible relevance. 

What has become increasingly important and is entirely omitted is 

the established link between PM2.5 and PM10 exposure in the 

ambient air with acute and chronic respiratory health effects.  The 

WHO REVIHAAP project report of 2013, for example, encapsulates 

the latest thinking that all particulate matter under 10 microns 

aerodynamic diameter is a key element in air pollution impacts on 

human health, including natural mineral particles, i.e., irrespective of 

source, of which PM2.5 is the most important toxic component.  

Volcanic ash from the Eyja 2010 eruption contained substantial 

amounts of respirable (<PM4) and <PM2.5 material and this should 

be considered in this paper as a possible explanation of their 

findings – see Lähde et al. Atmos. Environ.  2013; 70: 18-27; 

Horwell et al. Environ. Res. 2013; 63-73, on the ash analyses.  As 

well as sub-micron ash particles there were abundant nanoparticles 

too. 

All that having been said, the paper is worth publishing after 

revision, as this is the first cohort study of its type following an ash 

eruption involving significant exposure over 6 weeks of the eruption 

itself, followed by several months of elevated PM air levels due to 

resuspension of the deposits by wind and traffic, which unfortunately 

is not made clearer in this paper.  It is one of the few eruptions 

where air monitoring data exist.  The persistently raised respiratory 

symptoms in this cohort are an important finding and require a better 

explanation.  For example, is it possibly the very high exposure to 

PM2.5/PM10 and their acute and chronic impacts on the respiratory 

system during and post eruption (e.g., see reference 2) that might 

have led to the subsequent development of the chronic respiratory 

symptoms reported in a sensitive sub-group, rather than just the 

overall exposures over time presented by the authors?  

Specific points. 

Page 4, line 30.  We need to know more about this air monitoring 

station and whether it sufficiently reflected the exposures of the 

people in the study, being 10 km from the volcano.  Its location 

should be identified in the map (Figure 1).   Googling it seems to 

show it is not in the most ideal place in relation to the high exposure 

area. Is it in a remote field, in a small community, a garden or by the 

side of a road where resuspension by cars would play a large part in 

the post eruption levels that were being measured?  It would be 

helpful to compare the results with the monitoring findings in 

Reference 2 on the air quality post eruption, when it was highest in 

the months after eruption due to resuspension, with occasional very 

high levels in Vik (with an ash storm in June), which is in the high 

exposure area.    
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Page 11, line 14.  There was no crystalline silica in Eyja ash and 

this should be made clearer.  The Japanese paper does in any case 

have serious methodological flaws, but lung cancer is associated 

with cristobalite   (and so is COPD) and is therefore hardly relevant 

here.  Line 25 – the point about reversibility of symptoms being due 

to a low content of free silica is beyond me, as the symptoms of 

silicosis take years to develop and are not reversible.  The 

sentences that follow on the reversibility of symptoms in loggers was 

because the exposure to ash had ceased with time as the ash 

became incorporated in the soil with weathering, but the airways 

effects were reversible when exposure was reduced, which of 

course was good news for the loggers (who are super-fit, unlike 

many other people in the general population).  The symptoms had 

nothing to do with free silica in the ash.  Line 57 – what follows, I 

suggest, should include the above material on PM2.5, etc.   

Page 12, line 46.  PTSD  - What proportion of people in this study 

were urgently evacuated from around Eyja? 

 

VERSION 2 – AUTHOR RESPONSE 

General comments from reviewer:  

 

This is the third paper in a trilogy with two already published in BMJ Open. The difference is that we  

now have 3-4 years follow up of the same cohort. The limitation at this stage in a cohort study is the  

lack of any information about the original exposure to ash on an individual basis in order to interpret 

the positive respiratory responses on the self-reported questionnaire, in addition to the lack of 

objective support for the self-reporting and the possible reporting bias that might be entailed. We 

should also have individual evidence of heavy exposure during and soon after the eruption whilst ash 

deposits were still around and before they were removed by the weather, such as heavy involvement 

in clean-up of ash or out-door occupations in the ash, wearing of masks, etc., and analysing by such 

exposure to find causal links to the eruption. Instead, the stated aim of this paper is a general one - to 

capture respiratory symptoms, with exposure being on a broad brush basis by area occupied.  

Would it be fair to say that most people in the high exposure group were farmers and their families, in 

which case they would be at highest risk of exposure to ash working out of doors if they did arable 

and other farming? That might help in the interpretation.  

 

The absence of an explicit hypothesis to test in the respiratory part of the work also limits 

interpretation of the results. On the mental health side, the findings seem reasonable enough over 

PTSD, but the same issue arises in causally relating the mental trauma to the eruption, for example 

the mental trauma of severe financial losses in farmers and loss of livelihood, or more applicable to 

PTSD the fear of being killed or injured in the eruption e.g. when having to evacuate at short notice 

during the evacuation, as some people living close to the volcano had to do.  

 

Outstanding questions on exposure to volcanic ash after eruptions in a cohort study might include, for 

example: Is there a subset of the population, due to their age (young or the elderly), or health status, 

at increased risk for the development of pulmonary related problems when exposed for a short or long 

period to inhalable volcanic ash? Do such exposures affect airways reactivity and, for example, 

increase susceptibility for the development of COPD? See Buist et al. in AJPH, 1986, voll 76, 

supplement on Health Effects of Volcanoes (Mount St Helens), the discussion and other papers 

therein (old but relevant). The adoption of a specific hypothesis or set of hypotheses should have 

been at the outset of the investigation, but having one now would also help in enabling the numerous 

references in the introduction to be evaluated more critically instead of a catch-all sweep of a 
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literature that contains papers of very variable quality and possible relevance.  

 

What has become increasingly important and is entirely omitted is the established link between PM2.5 

and PM10 exposure in the ambient air with acute and chronic respiratory health effects. The WHO 

REVIHAAP project report of 2013, for example, encapsulates the latest thinking that all particulate 

matter under 10 microns aerodynamic diameter is a key element in air pollution impacts on human 

health, including natural mineral particles, i.e., irrespective of source, of which PM2.5 is the most 

important toxic component. Volcanic ash from the Eyja 2010 eruption contained substantial amounts 

of respirable ( 

 

All that having been said, the paper is worth publishing after revision, as this is the first cohort study of 

its type following an ash eruption involving significant exposure over 6 weeks of the eruption itself, 

followed by several months of elevated PM air levels due to resuspension of the deposits by wind and 

traffic, which unfortunately is not made clearer in this paper. It is one of the few eruptions where air 

monitoring data exist. The persistently raised respiratory symptoms in this cohort are an important 

finding and require a better explanation. For example, is it possibly the very high exposure to 

PM2.5/PM10 and their acute and chronic impacts on the respiratory system during and post eruption 

(e.g., see reference 2) that might have led to the subsequent development of the chronic respiratory 

symptoms reported in a sensitive sub-group, rather than just the overall exposures over time 

presented by the authors?  

 

ANSWER:  

We thank the reviewer for his thorough review and useful guidance on how to improve the paper. We 

acknowledge that the research circumstances were not optimal, especially regarding information on 

air quality and individual exposure. We had to rely on data collected by The Environment Agency of 

Iceland (EAI) which primarily aimed at getting an estimation of the air pollution as guidance for civil 

protection and health authorities in broad terms but were not aimed to fulfill the needs of controlled 

and detailed investigations. Ideally, systematic measurements and analyses of thoracic and respirable 

ash particles would have been carried out in different parts of the exposed area during and after the 

eruption – but this was not done and was beyond our control. Yet, as this is a farming area where the 

great majority of people have to attend to chores outdoors, it is safe to say that in general, people 

there were exposed to severe air pollution for prolonged periods of time, in contrast to our control 

population of farmers in Northern Iceland.  

 

In the current study, we aimed to obtain information on self-reported health following a stressful 

natural event that severely affected air quality for prolonged periods of time. We aimed to identify the 

exposed population, use valid measurements of relevant health outcomes and obtain high response 

rates to map the self-reported health status of the exposed and control populations, initially 6-9 

months after the eruption and again 3-4 years later. Our data did not include detailed information on 

the air quality or individual exposure. However, regarding the reviewer’s point on amounts of 

respirable material ( 

 

In addition to these subjective studies, the research group carried out physical examinations during 

the eruption in 2010, in particular regarding respiratory function, on a subset of the population living 

closest to the volcano. Furthermore, it plans to use register data to study hospitalizations and the use 

of medications, as well as a follow-up study on those who took part in the physical examination in 

2010, which will be based on the BOLD study methodology (http://www.boldstudy.org/aboutus.html).  

Hypothesis: The reviewer reiterates the lack of hypothesis in our study. We had not included a 

hypothesis because we felt that the previous literature hardly warranted a sound hypothesis regarding 

long-term effects. This may have been overly cautious on our behalf, and we now propose to include 

the following hypotheses in the manuscript (see track changes at the end of the Introduction): “Based 

on previous studies, we hypothesized that both physical and mental health symptoms in the exposed 
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population had subsided in the 3-4 years since the 2010 eruption. Furthermore, we hypothesized that 

highly exposed residents were more likely to report physical and mental symptoms than residents 

who were less or not at all exposed to the volcanic eruption.”  

Our results refute the former hypothesis regarding the physical symptoms, and we offer the potential 

explanation that prolonged exposure to resuspended  

Subset/ risk groups: The reviewer raises the question whether a subset of the population may be at 

increased risk of developing pulmonary related problems when exposed for a short or long period to 

inhalable volcanic ash. We investigated the development of symptoms in different strata, but did not 

detect significant differences due to lack of statistical power. We intend to study this further in our 

upcoming clinical and register based studies.  

Specific points from the reviewer  

 

Page 4, line 30. We need to know more about this air monitoring station and whether it sufficiently 

reflected the exposures of the people in the study, being 10 km from the volcano. Its location should 

be identified in the map (Figure 1). Googling it seems to show it is not in the most ideal place in 

relation to the high exposure area. Is it in a remote field, in a small community, a garden or by the side 

of a road where resuspension by cars would play a large part in the post eruption levels that were 

being measured? It would be helpful to compare the results with the monitoring findings in Reference 

2 on the air quality post eruption, when it was highest in the months after eruption due to 

resuspension, with occasional very high levels in Vik (with an ash storm in June), which is in the high 

exposure area.  

Answer: We have inserted the location of the Raufarfell monitoring station in figure 1. The 

Environment Agency of Iceland (EAI) placed the monitoring station at the Raufarfell farm community 

for practical reasons and because this was a highly exposed area, only 6 km from the main eruption 

vent. Further comparison of the air quality in the exposed region is beyond the scope of this paper.  

 

Page 11, line 14. There was no crystalline silica in Eyja ash and this should be made clearer. The  

Japanese paper does in any case have serious methodological flaws, but lung cancer is associated 

with cristobalite (and so is COPD) and is therefore hardly relevant here.  

Answer: In the article, we do state the minimal amount of silica in the Eyja ash with the sentence “As 

the Eyjafjallajökull ash contained only 1.4-3.2 wt% crystalline silica (quartz or cristobalite) the potential 

hazard of developing silicosis due to its persistence in the environment is considered negligible“ (see 

Discussion). Regarding the Japanese paper, we acknowledge that it is irrelevant and have deleted all 

text regarding it.  

 

Line 25 – the point about reversibility of symptoms being due to a low content of free silica is beyond 

me, as the symptoms of silicosis take years to develop and are not reversible. The sentences that 

follow on the reversibility of symptoms in loggers was because the exposure to ash had ceased with 

time as the ash became incorporated in the soil with weathering, but the airways effects were 

reversible when exposure was reduced, which of course was good news for the loggers (who are 

super-fit, unlike many other people in the general population). The symptoms had nothing to do with 

free silica in the ash.  

Answer: We agree and have deleted the sentence “The authors attributed the reversibility of the 

symptoms to the low content of free silica as cristobalite, less than 3.5%, in the respirable fraction.“ 

We have also rephrased the paragraph on the loggers.  

 

Line 57 – what follows, I suggest, should include the above material on PM2.5, etc.  

Answer: We have improved the discussion on the effects of thoracic and respirable particles on health 

and added references to the relevant papers.  

 

Page 12, line 46. PTSD - What proportion of people in this study were urgently evacuated from 

around Eyja?  
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Answer: Evacuation was based on the danger of glacial flooding rather than volcanic ash. Evacuation 

occurred three times, on March 20 2010, during the „small“ eruption in Fimmvörðuháls, and then two 

times on April 14 and 15. Around 800 people in the most exposed area were evacuated each time, 

thus covering the majority of the participants in the current study (N 1096). (Ref Oral communication 

Icelandic Civil Protection Agency). 
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