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LETTER

Airborne particulate matter and health effects on
bees: A correlation does not indicate causation
Ilaria Negria,1,2, Giancarlo Capitanib,1, and Marco Pellecchiac,1

Thimmegowda et al. (1) analyzed the sublethal effects
of exposure of the honey bee Apis dorsata to high
levels of airborne particulate matter (PM) in polluted
areas in Bangalore (India). Airborne PM is a mixture of
chemicals; its solid components are commonly classi-
fied by size, ranging from several micrometers (PM10)
to a few nanometers (PM0.1). It is well established that
the size and composition of PMs determine their ad-
verse health effects in humans (2). Bees are exposed to
pollutants, especially airborne particles, during forag-
ing (3–5); thus, studies on the effect of PM on the
health of pollinators are important. Existing studies
on toxic effects of PM on bees are limited and carried
out under controlled conditions (6, 7).

Thimmegowda et al. (1) correlated airborne PM
levels in urban sites with the differences in behavior,
physiology, and gene expression in bees. Further-
more, field-exposed fruit flies showed similar health
outcomes. Although interesting, the study has some
major flaws and the conclusions are not convincing.

First, a significant correlation does not necessarily
indicate causation. The authors did not investigate
other pollutants that are known to induce adverse
health effects in insects (8–10); they considered only
(solid) PM. Thus, the claim that airborne PM “is the
most parsimonious cause” for the observed health ef-
fects has not been substantiated.

Second, the authors did not address how the con-
tact between PM and the insect cuticle could affect
the health of bees. Moreover, they did not investigate
the contact between PM and the internal organs
or any live tissue, and there is no evidence of PM

ingestion through contaminated honey, pollen, or
water. Thus, the conclusion that adverse health effects
“could be either from direct or indirect exposure
through contaminated food, water” is speculative.

Third, the authors have not provided information
on PM toxicity, and they used scanning electron micro-
scope (SEM) coupled with energy dispersive X-ray spec-
troscopy (EDX) to assess solely metals in PM.

Finally, the elements listed in the manuscript are
surprising; the most abundant elements in the earth
crust, which are commonly found as mineral particles
on the insect body, such as Si (forming silicates) and
Ca (forming carbonates), are missing. These elements
are abundant in the wind dust, soils, sediments, and
building materials; therefore, they can be easily en-
countered by bees during foraging in most environ-
ments. Contrarily, the list comprises several unique
elements (Ga, Nb, Pd, Re, Ru, Rh, and Rn), including
some rare-earth elements such as Dy, Eu, Ho, Sm, and
Yb, which are among the rarest elements on earth. It is
unlikely to find these elements on the body of bees,
unless there are some peculiar human activities involv-
ing such elements, but this has not been verified or
discussed. However, the finding of radon, a radioac-
tive noble gas that cannot be detected by SEM-EDX,
suggests that the list could be mostly erroneous, pos-
sibly due to a poor interpretation of EDX spectra.

Although studies correlating insect health with
airborne PM levels are important to understand the
effect of pollutants in real-world conditions, the study
of Thimmegowda et al. (1) leaves several unanswered
questions.
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Environmental Consultancy, 43022 Montechiatugolo (Parma), Italy
Author contributions: I.N., G.C., and M.P. designed research, performed research, contributed new reagents/analytic tools, analyzed data, and
wrote the paper.
The authors declare no competing interest.
Published under the PNAS license.
1I.N., G.C., and M.P. contributed equally to this work.
2To whom correspondence may be addressed. Email: ilaria.negri@unicatt.it.
First published October 13, 2020.

26576–26577 | PNAS | October 27, 2020 | vol. 117 | no. 43 www.pnas.org/cgi/doi/10.1073/pnas.2017536117

L
E
T
T
E
R

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 N
ov

em
be

r 
30

, 2
02

1 

https://orcid.org/0000-0001-5188-1408
https://orcid.org/0000-0001-9769-8705
http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.2017536117&domain=pdf
https://www.pnas.org/site/aboutpnas/licenses.xhtml
mailto:ilaria.negri@unicatt.it
https://www.pnas.org/cgi/doi/10.1073/pnas.2017536117


www.manaraa.com

3 I. Negri, C. Mavris, G. Di Prisco, E. Caprio, M. Pellecchia, Honey bees (Apis mellifera, L.) as active samplers of airborne particulate matter. PLoS One 10, e0132491
(2015).

4 M. Pellecchia, I. Negri, Particulate matter collection by honey bees (Apis mellifera, L.) near to a cement factory in Italy. PeerJ 6, e5322 (2018).
5 G. Papa, G. Capitani, E. Capri, M. Pellecchia, I. Negri, Vehicle-derived ultrafine particulate contaminating bees and bee products. Sci. Total Environ. 750, 141700
(2020).

6 G. Ferrara et al., Toxicity assessment of nano-TiO2 in Apis mellifera L., 1758: Histological and immunohistochemical assays. Microsc. Res. Tech. 83, 332–337
(2020).

7 Y. Al Naggar et al., Sublethal effects of chronic exposure to CdO or PbO nanoparticles or their binary mixture on the honey bee (Apis millefera L.). Environ. Sci.
Pollut. Res. Int. 27, 19004–19015 (2020).

8 M. G. Cullen, L. J. Thompson, J. C. Carolan, J. C. Stout, D. A. Stanley, Fungicides, herbicides and bees: A systematic review of existing research and methods.
PLoS One 14, e0225743 (2019).

9 H. Feldhaar, O. Otti, Pollutants and their interaction with diseases of social Hymenoptera. Insects 11, 153 (2020).
10 E. Carnesecchi et al., Investigating combined toxicity of binary mixtures in bees: Meta-analysis of laboratory tests, modelling, mechanistic basis and implications

for risk assessment. Environ. Int. 133 (Pt B), 105256 (2019).

Negri et al. PNAS | October 27, 2020 | vol. 117 | no. 43 | 26577

D
ow

nl
oa

de
d 

at
 P

al
es

tin
ia

n 
T

er
rit

or
y,

 o
cc

up
ie

d 
on

 N
ov

em
be

r 
30

, 2
02

1 


