The effect of windspeed on pollen and spore
counts collected with the Rotorod Sampler and
Burkard spore trap

David A Frenz*t

Background: A recent review article presented conflicting evidence concerning author’s attentiod.The purpose of this
the relationship between the Rotorod Sampler’s particle collection efficiency andrief addendum is to present data from
windspeed. Conventional wisdom holds that its collection efficiency is not affectecthat report and to comment on its sig-
by windspeed; experimental data paint a mixed picture.

Objectives: This brief addendum will present additional data concerning the
relationship between the Rotorod’s collection efficiency and windspeed. This in

formation will be contrasted with similar data for the Burkard spore trap.

Data source:Data obtained from an obscure technical report published by Ogde

et al. in 1969 will be assessed.

Results: The Rotorod’s collection efficiency appeared to be greatest at moderat
windspeeds; lower efficiencies occurred at both lower and higher windspeed
Maximum changes in collection efficiency ranged from 29% to 39% over the six

windspeeds employed.

The Burkard exhibited the opposite relationship between collection efficiency a

windspeed. Collection efficiency was lowest at moderate windspeeds and higher
both lower and higher windspeeds. Maximum changes in collection efficienc

ranged from 38% to 142%.

Conclusions: Four principal conclusions emerged. First, these newly rediscov-

nificance.

EXPERIMENTAL DATA
(Ogden et al studied the Rotorod’s par-

rlicle collection efficiency over a range

é)f six windspeeds. Plastic collector
ods—a relatively new development at
hat time—were used presumably per
the design of Brown et &l.

nnel; Ustilago spores (6um) and

mbrosia(20 wm) andPhleum(32—-35
wm) pollen were then introduced. The
Rotorod’s particle recovery was com-

>%‘The Rotorod was placed in a wind

ered data demonstrate that the Rotorod’s collection efficiency is affected by Windparedlto r%cover)lg bysan isoITingt:c sam-
speed. These results appear to overturn the conventional wisdom which holds th%ller placed nearby. Several trials {n

this device is insensitive to wind.

to 4) of 5 to 8 minutes were con-

Second, the Rotorod is less affected by windspeed than the Burkard. Thducted for each wind speed.

maximum change in collection efficiency uncovered for the former device was 39%;

this represented the minimum maximum change for the latter device.

Third, the Rotorod and Burkard are affected by windspeed in fundamentall

Figure 1 demonstrates the relation-
ship between particle collection effi-

}piency and windspeed for each particle

different ways. The former device’s collection efficiency is greatest at moderatdyP®- For the smallest and largest par-
windspeeds and lower at both lower and higher windspeeds. The opposite effelif!€S employed, collection efficiency

occurs with the latter device.

Last, the previous two findings may partially explain some of the differences in

increased to a maximum at moderate
windspeeds and then decreased. This

particle recovery by the two devices noted in the parent publication. Figures an§f€Ct was not apparent fokmbrosia
equations presented in this addendum indicate which circumstances are likely {§here collection efficiency generally

produce these differences.
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INTRODUCTION

A recent review article presented con-
flicting evidence concerning the rela-
tionship between the Rotorod Sampler’s
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particle collection efficiency and wind-
speed. Conventional wisdom holds that
its collection efficiency is not affected
by windspeed; experimental data paint
a mixed picture. Additional investi-
gations to resolve this matter appeared
warranted.

An obscure technical report that ex-
amined the relationship between the
Rotorod’s particle collection efficiency
and windspeed recently came to the

increased with windspeed (Figure 1b).
The “Appendix” presents mathemati-
cal equations for the depicted curves.

The difference between the mini-
mum and maximum collection effi-
ciencies was nearly equivalent fois-
tilago and Ambrosia (30% and 29%,
respectively) but was a bit wider for
Phleum(39%).

Similar experiments were conducted
with the Hirst spore trap=f Burkard
spore trap) for the same particle types;
these data were presented in the parent
publication! Particle collection effi-
ciency changed by 38%, 66% and
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Figure 1. Rotorod Sampler empirical particle
collection efficiency as a function of wind speed.
(A) Ustilago spores (6um), (B) Ambrosiapol-
len grains (20um), and (C) Phleum pollen
grains (32 to 35um). Data adapted from Refer-
ence 2.

142% for Ustilago, Ambrosia and
Phleum respectively (Fig 2, parent).

The relationship between the Ro-
torod and Burkard's collection effi-
ciency as a function of windspeed for
each patrticle type is presented in Fig-
ure 2 (see “Appendix”).

DISCUSSION

These newly rediscovered data yield
four principal conclusions concerning
the relationship between the Rotorod’s

particle collection efficiency and wind-
speed.

First, the Rotorod’s collection effi-
ciency is affected by windspeed. These
results appear to overturn the conven-
tional wisdom which holds that this
device is insensitive to wind.

These findings generally agree with
Carter’s work withMycosphaerella pi-
nodesspores (6 to 8< 12 to 15um)*
He reported that the Rotorod was 50%
and 90% efficient at 1 to 2 m/s and 4 to
5 m/s, respectively. Ogden et al. re-
ported a similar phenomenon with
somewhat smalletJstilago spores at
1.5 and 5 m/s (32% and 56% efficient,
respectively).

In contrast, Carter’'s work with.y-
copodium clavatunspores (3Qum) is
more difficult to harmonize with data
from Ogden et al. In the former exper-
iment the Rotorod was 80% to 85%
and 60% to 65% efficient at 1.5 and 9
m/s, respectively. At similar wind-
speeds, Ogden et al. demonstrated
greater recovery oPhleumpollen at
the higher windspeed (81% and 98%,
respectively, with the latter value de-
rived from Equation 2). The reasons
for these experimental differences are
not clear.

Second, the Rotorod is less affected
by windspeed than the Burkard. The
maximum change in collection effi-
ciency uncovered for the former device
was 39%; this represented the mini-
mum maximum change for the latter
device. Figure 1 of this addendum and
Figure 2 of the parent publication il-
lustrate these contrasts.

Third, the Rotorod and Burkard are
affected by windspeed in fundamen-
tally different ways. The former de-
vice’s collection efficiency is greatest
at moderate windspeeds and lower at
both lower and higher windspeeds (Fig
1). The opposite effect occurs with the
latter device (Fig 2, parent).

Last, the previous two findings may
partially explain some of the differ-
ences in particle recovery by the two
devices noted in the parent publication.
The Burkard yielded a higher estimate
of the atmospheric particle concentra-
tion in five parallel trapping investiga-
tions (Fig 3, parent). Figure 2 indicates
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Figure 2. Emperical differences in particle
collection efficiency between the Rotorod Sam-
pler and Burkard spore trap as a function of
windspeed. (AlJstilagospores (Gum), (B) Am-
brosia pollen grains (20um), and (C)Phleum
pollen grains (32 to 3wm). Data adapted from
Reference 2.

which circumstances are likely to pro-
duce these differences. Additional ex-
planations for recovery differences are
supplied in the parent publication.

APPENDIX
This appendix furnishes mathematical
equations for the curves that appear in
Figures 1 and 2.

Figure 1 depicts the relationship be-
tween windspeedd, m/s) and the Ro-
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torod Sampler’s particle collection ef-
ficiency (E, percent). The curves that
appear in panes A-C, respectively, are
described by the following equations:

E = —0.053 + 3.281w
+66.480 R=0.932 (1)

E=—1.032°%+ 11.0380
+82.396 R=0.730 (2)
E = —0.398. + 6.8080

+28.383 R=0.845 (3)

where R represents each equation’s
correlation coefficient. These expres-
sion can be directly compared to Equa-
tions 10-12 of the parent publicatién.

Figure 2 depicts differences in par-
ticle collection efficiency between the
Rotorod Sampler and Burkard spore
trap as a function of windspeed. The
curves that appear in panes A-C, re-
spectively, are described by the fol-
lowing equations:

B = 0.0450% — 0.631

+3.746 R=0.911 (4)
B =0.027? — 0.273»

+1.461 R=0.974 (5)
B = 0.0520% — 0.42Q

+1.396 R=0.991 (6)

whereB is a ratio (BurkardRotorod,
the Rotorod component representing
unity).

ERRATA
This section furnishes three pieces of
errata for the parent publicatidn.

First, a sentence in the passage con-
cerning Aylor’'s work (page 344, refer-
ence 47) makes apparently contradic-

tory claims. Resultsvere statistically
significant (as indicated b < .01);
the wordnotappears in the sentence in
error.

The data from Aylor’s indoor exper-
iment (n= 8) were reanalyzed for this
addendum. Regression analysis dem-
onstrated that spore counts were highly
correlated R = 0.986), however, data
from the sixth trial appeared to exert
undue influence on the model. These
data were then excluded. The remaining
spore counts were correlatedR (=
0.982); a paired comparisohgest dem-
onstrated that differences in recovery
were statistically significantq = .005).

Similarly, the data from the outdoor
experiment (n= 21) were reanalyzed.
A weighted regression analysis was
performed to control for increasing
variance as spore counts increased.
Spore counts were correlatedR (=
0.768), however, data from two trials
(105.2 and 105.3) were found to exert
undue influence on the model. These
data were then excluded. The remaining
spore counts were correlate®R (=
0.876); a paired comparisohgest dem-
onstrated that differences in recovery
were statistically significanty = .001).

Second, the passage concerning work
by Solomon et al. (page 344, reference
49) presents a statement concerning
statistical significance. This conclusion
was based on a reanalysis of data pre-
sented in Table 2 of their original paper.
Although the median recoveries by the
two devices were correlateR & 0.829)
it was not appropriate to perform a test of
statistical significance on those data.
That claim is therefore withdrawn.

Last, the author here takes the op-
portunity to supplement the historical
literature concerning the Burkard spore
trap. Hirst's original device collected
samples over 24 hours on standarg 1

3 inch glass microscope slidesA
modified version of Hirst's trap was
presented by Brown and Jackson two
decades latérFigure 4 of their publi-
cation depicts a device that readers will
recognize as the seven-day spore trap
now manufactured by Burkard.
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