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Abstract Comparison of event-based precipitation
collected during 1 year showed that samples from a
Yankee Environmental Systems collector had signifi-
cantly higher volume, higher concentrations, and higher
deposition of all ions analyzed except PO4

3− and NH4
+

compared to samples collected simultaneously with an
Aerochem Metrics collector.
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The efficiency of precipitation collectors can affect
the concentrations and measured deposition of acidic
and other components of rain and snow (Claassen and
Halm 1995a, 1995b). For example, higher chemical
concentrations have been measured in early stages of
precipitation events and during light precipitation
(Seymour and Stout 1983; Lim et al. 1991; Claassen
and Halm 1995b; Radojevic and Lim 1995; Khare et
al. 1996; Minoura and Iwasaka 1996, 1997; Tanner
and Wong 1997; Pryor et al. 2007). Thus, automatic
precipitation collectors that do not collect early stages

of a rain event, or light precipitation, can underesti-
mate concentration and total deposition of important
solutes. Several automated collectors are used at
sampling locations throughout the USA. In this study,
we compared the collection efficiency and chemistry
of samples collected using an Aerochem Metrics
(AM) sampler, which is used extensively throughout
the National Atmospheric Deposition Program
network and elsewhere in the USA, with the
newer Yankee Environmental Systems (YES) sampler.
The two collectors are similar in that they both have a
moisture sensor that causes a motor to remove a cover
from a collection bucket at the beginning of a
precipitation event. The YES collector has a more
sensitive wetness sensor and a faster motor, which
are the two components that most affect collector
efficiency. In addition, the YES collector differs
from the AM collector in placement of the cover
during precipitation events; the YES collector
cover is below the bucket opening, whereas the
AM collector cover is beside the bucket opening.
Thus, the cover could be a source of splash
contamination in AM samples, but not in YES
samples.

Paired precipitation samples were collected using
one AM and one YES sampler for 1 year between
September 2008 and August 2009. The two collectors
were located side-by-side about 3 m from each other
in an open, flat field at the Cary Institute of
Ecosystem Studies in southeastern New York, USA
(N 41.78, W 073.74). With the exception of PVC bird
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perches, there were no trees or structures within 25 m
of the samplers. The bird perches were located about
3 m from the collectors. In total, 130 precipitation
events were collected from each collector and 94
events were analyzed for this study; 36 events were
eliminated from this comparison because of debris,
bird feces, or other forms of visible contamination in
the samples. The precipitation types included rain (71
events, 76% of the annual volume), snow (12 events,
6% of the volume), or mixed rain and snow (11
events, 19% of the volume). Samples were collected
on an event basis; an event was defined as continuous
precipitation that had not been interrupted by more
than 6 h. Occasionally, events were combined into
one sample because it was not possible to collect the
sample before another event began. For this analysis,
we refer to each event as a sample. At the end of
each event, the samples were collected, weighed,
transferred to clean, labeled sample bottles, and
analyzed at the Cary Institute of Ecosystem
Studies Analytical Laboratory for pH, SO4

2−, Ca2+,
Mg2+, K+, Na+, and Cl−. A 60-ml aliquot of sample
was preserved with two drops of chloroform and
refrigerated (sensu Weathers et al. 1988). This aliquot
was analyzed for NH4

+, NO3
−, and PO4

3−. The NH4
+

and PO4
3− concentrations were analyzed using an

Alpkem Flow Solution III or Lachat QuikChem 8000
FIA, SO4

2−, Cl−, and NO3
− were analyzed using a

Dionex 500 DX Ion Chromatograph, K+ and Na+ were
analyzed using a PerkinElmer AAnalyst 300 Atomic
Absorption Spectrometer, and Ca2+ and Mg2+ were
analyzed using a Leeman Labs Profile ICP. Precipi-
tation volume was determined using a Geonor
precipitation gauge model T-200B at a co-located
US Climate Reference Network station. Total
annual volume of precipitation measured for the
samples that we compared was 105.5 cm. Collec-
tor volume was calculated by dividing the total
mass of water collected by the opening area of the
collection bucket. Collector efficiency was calcu-
lated by dividing the collector volume by the
precipitation volume determined using the Geonor
gauge. Nonparametric paired sample Wilcoxon
signed-rank tests were computed using SAS for
Windows, Version 9.2 to test for differences
between the two collectors.

Overall, the YES sampler collected significantly
more precipitation (102.3 cm, 97.0% of measured)

than the AM collector (101.9 cm, 96.6% of measured)
and, with the exception of PO4

3− and NH4
+ the

concentrations and deposition of inorganic ions were
consistently and significantly higher in the YES
samples than the AM samples (Table 1). There was
no significant difference in PO4

3− and NH4
+

concentration and deposition between the two collec-
tors. Using a YES sampler feature that allowed
examination of the status of the sensor and cover during
a precipitation event, comparison of beginning and
ending times of several events between the Geonor
rain gauge and the YES sensor and cover indicated
that the YES collector was open during light
precipitation both at the beginning and end of
these events. This feature was not available on the
AM collector. Concentrations of inorganic ions are
often higher during the initial and light stages of
precipitation events (Seymour and Stout 1983; Lim
et al. 1991; Claassen and Halm 1995b; Radojevic
and Lim 1995; Khare et al. 1996; Minoura and
Iwasaka 1996; Pryor et al. 2007), which could
explain the higher concentrations and volume in the
YES samples. The difference between sulfate con-
centrations from the YES and the AM sampler was
higher for low-volume events than high-volume
events (Fig. 1), indicating that concentrations in
YES samples were higher than AM samples during
light precipitation.

The number of samples that contained insects, bird
feces, or particles was higher for the YES collector.
Nine YES samples had bird feces, while no AM
samples did. Bird feces contamination was eliminated
after we provided alternative perches for birds near
the collectors. Twenty-one YES samples had insects
in them, compared to six AM samples. Large particles
such as leaves and other debris from nearby vegeta-
tion as well as pollen and dust are usually washed out
of the air during the onset of precipitation. The more
sensitive YES collector often contained organic debris
that the AM collector did not. We eliminated all
sample pairs from analysis for this comparison if they
contained visible debris or other visible contamina-
tion. Thus, the difference in concentrations between
the samplers in this comparison was not due to visible
contamination. The sensitivity of the moisture sensor
on the YES sampler is adjustable, which could reduce
contamination of samples, but could also likely
reduce the efficiency of collection of light rain. We
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cannot rule out the possibility that the differences in
chemistry were due to contamination that was not
visible or to dry deposition. However, examination of
open and close cycles for the YES sampler for some
of the events revealed that, although the sampler
sometimes cycled open and closed during the begin-
ning and end of events, it remained open during

steady precipitation and closed during dry periods, so
dry deposition seems unlikely to be a major factor for
samples collected with the YES sampler.

Neither collector was 100% efficient in collect-
ing total precipitation compared to independent
measures using a Geonor gauge. In fact, the
difference between the collectors (0.4 cm of
precipitation) was smaller than the difference
between each collector and the independent
measure. Nonetheless, the total deposition esti-
mated using the YES collector was 5–8% higher
than deposition estimated using the AM collector
for the ions H+, NO3

−, and SO4
2−, but for Ca2+,

Mg2+, K+, Na+, and Cl−, the difference ranged from
12% to 27%. While the differences in concentration
and deposition were small for 1 year, consistent
positive differences over a longer time period may
represent important ecosystem inputs that are
missed using an AM collector. On the other hand,
the YES collectors are more subject to contamina-
tion by birds if some other effective mechanism of
controlling them is not used (e.g., perches), and
collect more debris, probably in the initial minutes
of an event. The pro of the YES collector is
improved efficiency, especially for light precipita-

Table 1 Volume (centimeter), volume-weighted means (VWM)
with ranges in parentheses (microequivalent per liter) and total
deposition (microequivalent per hectare) of ions in precipitation
collected using an Aerochem Metrics (AM) and a Yankee

Environmental Systems (YES) collector at the Cary Institute of
Ecosystem Studies, Millbrook, NY during 1 year from
September 2008 to August 2009

VWM (μeq/L) Deposition (μeq/ha)

Collector AM YES p value AM YES p value

Ca2+ 2.12 (0.25–29.4) 2.48 (0.25–46.4) <0.001 216 253 <0.001

Mg2+ 1.24 (0.41–14.8) 1.40 (0.41–18.1) <0.001 127 143 <0.001

Na+ 2.89 (0.22–62.6) 3.57 (0.22–79.6) <0.001 295 364 <0.001

K+ 0.27 (0.13–1.79) 0.36 (0.13–5.37) <0.001 28 37 0.001

NH4
+ 7.41 (0.55–61.5) 7.61 (0.55–77.6) 0.06 757 779 0.17

H+ 23.36 (0.18–160.9) 24.45 (0.18–189.0) <0.001 2,466 2,578 <0.001

NO3
− 13.55 (1.94–80.0) 14.59 (2.10–93.5) <0.001 1,385 1,494 <0.001

SO4
2− 16.69 (3.33–87.2) 17.74 (3.33–110.4) <0.001 1,674 1,780 <0.001

Cl− 4.01 (0.28–69.7) 4.75 (0.28–82.6) <0.001 409 484 <0.001

PO4
3− 0.068 (0.032–0.290) 0.064 (0.032–0.284) 0.18 7.0 6.6 0.08

Volume collected 101.9 cm 102.3 cm 0.01

P values are from a Wilcoxon, signed-rank test of paired samples (n=94 events)
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Fig. 1 Difference (YES sulfate concentration–AM sulfate
concentration) between sulfate concentrations(milligrams
per liter) in samples collected from the YES and samples
collected from the AM sampler versus precipitation volume
(centimeter) at the Cary Institute of Ecosystem Studies,
Millbrook, NY, USA during 1 year from September 2008 to
August 2009
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tion. The con is a greater potential for contamination,
which should be addressed in further development of
this instrument.
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