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s u m m a r y

A simple rainwater collector has been developed that allows virtually evaporation-free rain sampling for

subsequent water stable isotope analysis. It is designed for collecting composite monthly samples as

required for global monitoring networks of the isotopic composition in precipitation. The new collector

has the advantages to minimize necessary staff time for sampling by easy and fast changes of sample bot-

tles, to avoid any need of oil for prevention of evaporation, to be cheap in construction, and to be easily

installed and used in remote areas (unattended during 1 month). Tests performed at the IAEA have pro-

ven that water stored in the sampler for nearly 1 year did not suffer significantly from any evaporation

effect. Further comparisons performed at sampling stations of the Global Network of Isotopes in Precip-

itation (GNIP) show excellent performance of the new collector with advantages over some conventional

precipitation samplers. Slightly more negative delta-values observed in the new collector than in conven-

tional sampler types could indicate lower evaporation effects.

Ó 2012 Elsevier B.V. All rights reserved.

1. Introduction

Since 1961, the International Atomic Energy Agency in coopera-

tion with the World Meteorological Organization has organized a

global networkof stations for the collectionofmonthlyprecipitation

samples for the determination of their isotopic composition. In this

network called Global Network of Isotopes in Precipitation (GNIP),

rainwater samples and basic meteorological data are collected

(IAEA, 2005). The samples are analyzed for the stable isotopes of

hydrogen and oxygen and for the radioactive hydrogen isotope

tritium. In order to maintain a high quality database and to obtain

reliable isotopic data, detailed technical sampling procedures were

prepared by the IAEA for use in all network sampling stations

worldwide (IAEA, 1981, 2004, 2005). A variety of sampler types

are used, e.g. Adar et al., 1991; Stadler, 2003; Weaver and Talma,

2005; WMO, 2008. As a pre-requisite for successful sample collec-

tion, any water evaporation during the monthly sampling interval

has to be strictly avoided due to large effects on the water isotopic

composition (Schürch et al., 2003). Some stations use ordinary stan-

dard rain gauges, which are emptied on a daily basis (WMO, 2008),

and therefore require a considerable amount of staff time. Other sta-

tions use a monthly long-term sampling scheme with the need to

protect from any re-evaporation of collected water during that per-

iod. Most of the rain samplers currently in use are using medicinal

paraffin oil for this purpose (WMO, 1972). A 5 mm thick oil layer

floats on top of the water sample and prevents it from evaporation

during the collection period. However, it is not easy to decant and

to quantitatively remove the oil when pouring off the water sample.

The presence of oil fractions in the water sample can create various

problems for laboratory analysis, for example it may contaminate

the delicate machinery of the mass spectrometer and its periphery.

A new precipitation collector was designed and tested at the

IAEA in cooperation with the University of Rijeka to simplify the

actual procedure for precipitation sampling, and to avoid the neces-

sity for use of paraffin or silicone oil. This device has mainly been

designed to collect samples on a monthly integrated basis for the

GNIP network (IAEA, 2002; IAEA/WMO, 2006). Of course it could

also be used for any shorter collection time period, like in event

sampling or in high frequency precipitation collection, as done
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earlier for an IAEA coordinated research programme in the

Mediterranean region (IAEA, 2005). In fact the first prototype was

constructed in parallel to that IAEA Isotope study on moisture and

precipitation in theMediterranean region (IAEA, 2002) to overcome

some rain sampling difficulties encountered in conventional collec-

tors. As discussed further below, the conventional open collectors

generally used in meteorological stations suffer from evaporative

fractionation, especially in case of small precipitation amounts. In

addition, this prototype was also tested with the help of the

Environment Agency Austria at the GNIP and ANIP (ANIP, 2011)

network station Vienna during 16 months to evaluate the possibil-

ity of snow sampling during winter months.

This paper describes the new sampling device in some detail

and is showing the results of experiments performed to ensure

the suitability of using this precipitation sampler for stable isotope

analysis.

2. Design of the sampling device

The main purpose of the new sampler is to minimize any resid-

ual evaporation to an insignificant level for precipitation samples

collected over a 1-month period. In addition its operation should

be easy with little operator time effort for monthly change of sam-

ple containers, as e.g. most sample collection for the GNIP network

is done purely on a voluntary basis at meteorological stations

worldwide.

Beside the necessary reliability and robustness for field opera-

tion, a requirement for the construction of the precipitation sam-

pler was the use of easily available parts with a resulting low

price. The first prototypes were homemade using simple plastic

parts (Fig. 1) as a proof of concept. Now a commercial version is

available with standardized bottles and funnels (Fig. 2) from a

company in Zagreb, Croatia.

It is important that the outside of the sampler is resistant

against the influence of any weather condition (in particular, UV

radiation from sunlight). Therefore, both the outside as well as

the inside cylinders are made of easily available PVC hard plastic

tubes (outside diameter 200 and 160 mm, respectively), as e.g.

used for canal installations. In addition, the very outside is coated

with silver paint and a finish of transparent lacquer. The height of

the arrangement (without funnel) is approximately 300 mm and

its empty weight is about 4 kg. Metal parts are made of stainless

steel and brass to avoid corrosion.

For collector operation, it is recommended to use a sample bot-

tle changing procedure which is easy and fast to perform. The

mounted collector provides free access to the sampling bottle from

the bottom. The bottle is freely accessible from below since it is

hanging within the protecting cover with only its top thread being

mounted to the sampler. During sample changing, the operator has

just to grip the lower part of the bottle from below, unscrew it from

the sampler and close it with a cap. Then another empty bottle is

screwed into the sampling device. The total sample change takes

less than 2 min.

Most of the conventional precipitation samplers achieve a small

water evaporation effect over longer periods by the use of oil in the

sampling device, sealing the surface of the sampled water (WMO,

1972; IAEA, 1981). However, this has posed some problems due

to the necessary decanting of oil from the water sample, due to

the oil replacement, and the necessary periodical cleaning of the

entire equipment. Other sampling stations use standard rain

gauges, which are emptied on a daily basis to minimize the evap-

oration effect, but require considerable staff and time effort for

sampling.

The new precipitation sampler does not use any oil to minimize

water evaporation. Instead, its design significantly reduces the

water surface exposed to the atmosphere. This is achieved by using

a narrow soft polypropylene plastic tube (4 mm inner diameter),

reaching from the collecting funnel down to the bottom of the 3 l

collection bottle (Fig. 3). After the first few millimetres of rainfall,

the water level in the bottle begins to rise into the plastic tube

and therefore completely decouples the bottle headspace from fur-

ther contact with the outer atmosphere. No gas transfer between

the headspace and the open atmosphere occurs. Only the tiny

water surface area inside the plastic tube remains exposed to the

atmosphere. This reduces the exposed surface to a negligible 0.3%

fraction of the original water surface in the bottle. The plastic tube

is held down by a stainless steel weight to ensure its lower end

being always at the bottom of the bottle, and therefore already dips

in the very first collected water amount.

However, it is necessary to adjust the air pressure in the bottle

always to be on a level with the outside atmospheric pressure.

Otherwise in case of decreasing atmospheric pressure, water could

rise from the collector through the plastic tube back up into the

funnel, get in contact with the open air and evaporate rapidly.

Therefore, the headspace in the bottle has an additional permanent

connection to the outside air via a ca. 15 m long soft polypropylene

plastic tube (inner diameter 5 mm)mounted to the collector on the

fixed screw cap for holding the bottle. Atmospheric pressure fluc-

tuations will cause movements (long-term oscillations) of the air

in this plastic tube. Its total volume is set to about 10% of the bottle

Fig. 1. (a) Left side: First homemade prototypes of the new precipitation sampler installed at the IAEA Isotope Hydrology Laboratory (visible are only the funnel and the

plastic insulation shield protecting the collection bottle); (b) Right side: Second prototype installed at the Vienna (Hohe Warte) meteorological station (foreground in lower

left corner). The standard ombrometer for the daily collection is shown in the background.
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volume, and is sufficient for pressure fluctuations of ±50 hPa to

cause only negligible moisture exchange with the atmosphere. This

tube with the negligible effect of molecular diffusion on its length

scale (air self diffusion coefficient of about 0.2 cm2/s prevents sig-

nificant losses by this effect even after several months) and with

only moderate gas oscillations thus effectively prevents air and

moisture exchange between bottle headspace and free atmosphere

while ensuring pressure equilibration. This plastic tube is coiled up

around the inner container holding the bottle, and is protected

from sunlight by the outer container.

To avoid large temperature changes for the collected water, the

sampling bottle must be thermally isolated against heating by sun-

light. This is ensured by using a double container construction

around the bottle (Fig. 2). Air can circulate vertically between the in-

ner container and the outer silver painted container through drilled

ventilation openings at the upper side to further improve the ther-

mal insulation of the sampling bottle against overheating. The outer

container can be mounted to a mast or wall by two threaded rods.

The funnel collecting the rainfall is equipped with a built-in and

removable sieve to avoid any litter or macroscopic particles enter-

ing the sample bottle. The upper end of the funnel is equipped with

metal needles to reduce sample contamination by bird droppings.

The funnel is mounted by a thread on the outer container and can

be easily replaced. Funnels with different diameter and rain collec-

tion area can therefore easily be mounted to adjust the sampling

device to different climatic conditions and different sampling peri-

ods (e.g. monsoon season or dry season, monthly or weekly sam-

pling). The chosen size of the container depends on the maximum

monthly precipitation expected in the region where the sampler

is installed. For most GNIP stations worldwide, a 3-l bottle is suffi-

cient for all months, using funnel sizes of 100–150 mm in diameter.

This corresponds to about 380–190 mm of rainfall, respectively; in

drier or wetter conditions the funnel may simply be exchanged for

one with a larger or smaller diameter.

The collector may be installed, for example, within the premises

of an official meteorological station which is providing additional

informationonprecipitation amount, humidity andair temperature.

The collector design is not explicitly optimized for snow sam-

pling. However, by adding an aluminum tube of 30 cm length on

top of the funnel, it allows to collect snowfall nearly quantitatively

with only minor losses due to wind blow. For most sampling

stations, in general, the snow accumulated in the funnel and alumi-

num tube will be preserved and will melt naturally. It is therefore

possible to obtain a good estimate of the isotopic composition of

the snow. Some perturbations due to snow transfer by wind may

be encountered and could result in non-quantitative snow

sampling. However, this typical problem for snow collection is

Fig. 2. Left side: Commercial version of the precipitation collector as available from the company PALMEX, Zagreb, Croatia (collector to be mounted on a mast). Right side:

Disassembled main parts of the collector: the bottom part of the on-screwed bottle (in black) can be seen inside the inner heat insulation cover with the external tubing. In

the background is the outside heat insulation cover (silver painted).

Fig. 3. Schematics of the precipitation water sampler. Marked in black is the

external plastic tubing around the sampling bottle for pressure equilibration (see

also in Fig. 2, right picture). In reality a second protection cover (not shown here, see

Fig. 2) is mounted between sampling bottle and external tube to improve the

thermal insulation of the bottle.
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shared with all other sampler types (WMO, 1998). One special

problem must be mentioned: in winter the bottle content may

freeze. If subsequently the weather changes rapidly to higher tem-

peratures, it might take some time to thaw the content of the bottle;

during this time rain water in the funnel may not be able to flow

into the still frozen bottle. However, it should be noted that despite

freezing no mechanical damage to the sampler has been observed

so far in several years of operation.

3. Experimental results

At the IAEA, collected precipitation samples were analysed for

d
18O and d

2H using a dual inlet isotope-ratio mass spectrometer

Micromass 602C with an equilibration unit Micromass MM-5020,

or with a dual inlet Finnigan Delta Plus IRMS with a home-made

equilibration unit. All measurements were calibrated on the

VSMOW-SLAP scale (Gonfiantini, 1978) by daily use of carefully cal-

ibrated internal laboratory standards. All d-values in this publication

are stated in per mill notation on the respective VSMOW-SLAP

scales. The standard uncertainties of the d
18O and d

2H measure-

ments at IAEA are about ±0.05‰ and ±0.7‰, respectively.

The measurements in the Stable Isotope Laboratory at Rijeka

University (SILab Rijeka) were performed using a Thermo Finnigan

Delta Plus XP IRMS with an ISOCAL equilibration device. The delta

values are calibrated on the VSMOW-SLAP scale. Standard uncer-

tainties are better than 0.1‰ and 1‰ for d18O and d
2H, respectively.

During the initial suitability test performed in the IAEA Isotope

Hydrology Laboratory, the prototype collector was filled with a

typical amount for a monthly precipitation sample (about 500 ml)

of water with known isotopic composition. It was exposed to all

climatic conditions during 1 year outside the laboratory, only pro-

tected against additional rain. A sample was taken from the con-

tainer after 13, 60, 180 and 330 days. The test performed included

the summer period, very hot in Vienna, with temperatures above

30 °C.

The shift versus the original isotopic composition during the

whole period was +0.08‰ for d18O and +1.3‰ for d2H (Fig. 4). Dur-

ing the first 30 days, a typical time for a normal sampling period at

GNIP stations, the variation was very small (+0.02‰ and +0.5‰ for

d
18O and d

2H, respectively). From May to August, the hottest peri-

od, the further shift was slightly larger (+0.04‰ and +1.5‰ for d18O

and d
2H), but similar in magnitude to the total shift for the whole

year of the experiment duration (+0.08‰ and +1.3‰).

During the whole period, a slightly increasing isotopic enrich-

ment due to the evaporation and associated isotopic fractionation

was observed. However, the total shift is almost within the limits

of the widely used performance criteria for reproducibility of iso-

tope hydrology measurements of ±0.1‰ for d
18O and ±1‰ for

d
2H. This shows the excellent performance of the tested precipita-

tion collector.

In contrary, experiments performed during 1 year with a con-

ventional sampler using a silicon oil layer (Weaver and Talma,

2005) are showing a much larger evaporation effect than observed

by using the new sampler. After 389 days of exposure, it resulted in

a d
18O enrichment of 0.72‰. Experiments with standard open col-

lectors (Schürch et al., 2003) showed d
18O enrichments of up to

0.5‰ even within single days. This is confirmed by our studies in

Rijeka (Croatia) of standard 75 mm open collectors.

As expected for such standard collectors, the evaporation prob-

lem is particularly serious if the collector contains only a small

amount of water. For example, during a hot summer day (temper-

ature above 30 °C) the d
18O of 10 mm accumulated precipitation

can change by as much as 2‰. However, it should be noted that

the mean monthly delta values of standard open collectors may

be relatively close to the values obtained with an oil collector; this

requires that the open collector is handled with appropriate care,

i.e., emptied at least once a day into an HDPE airtight container.

In order to test the isotopic difference between an open standard

rain gauge and the new collector, a direct comparison of the two

sampler types was performed in 2008/2009 during 16 months at

the GNIP reference station ‘‘Vienna HoheWarte’’ (Fig. 5). A collector

of the initial prototype version was mounted a fewmeters from the

official GNIP sampler, which was a meteorological cylindrical stan-

dard rain gauge. The latter one was emptied twice per day in early

morning and early evening into an intermediate storage canister, to

provide later the cumulative monthly sample. The results in gen-

eral correspond nicely to each other, with the tendency of the

new sampler to produce d
2H and d

18O results being slightly more

negative. This could indicate less evaporative enrichment of the

new sampler compared to the old standard sampler. A conflicting

finding during 2 months (October 2008 and April 2009) with a sig-

nificant isotopic enrichment in the new sampler could have been

caused by a small design mistake in the used initial prototype sam-

pler, which was later corrected. The inner tubing had had a too

large (8 mm) diameter and at its lower end noweight wasmounted

to keep the tube straight down to the bottom, therefore allowing

potentially for a higher evaporation due to incomplete sealing dur-

ing the first days of a month with small rainfall amounts. Support-

ing evidence could be that the rainfall amount in both months was

the smallest recorded in the investigation period (25 mm in Octo-

ber 2008 and 6 mm in April 2009). This construction detail for

the inner tube was later on corrected in the commercial version.

A further test was performed independently on the private pre-

mises of the Croatian coauthors (Kastav, 350 m a.s.l.) between April

2009 and July 2011 (Fig. 6). The commercial collector in its final

form (CommC) and an earlier prototype version (ProtoC) were

directly compared to a conventional oil collector (OilC). The con-

ventional collector was using a 3 l HDPE bottle as is also used in

the new collector, containing about 5 mm of paraffin oil to cover

the accumulated water. An excellent isotopic correspondence can

be seen for the different samplers for nearly all months.

Fig. 4. Minor variation of d18O and d
2H with time of a known water sample placed in the collector for a period of a whole year.
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4. Discussion: operation domains for the sampler

The new rainwater collector has the advantage to be available at

a low cost, to be simple to install and to be straightforward to oper-

ate. The sample change can be performed easily by non-specialists.

The materials employed for the sampler are large size PVC tubes

and plates, polyethylene tubing, a polyethylene funnel, a high den-

sity polyethylene (HDPE) sampling bottle and a two-port cap. All

parts are commercially available, facilitating any necessary repair.

Due to the low price and low value of items, even the resulting

damage by potential vandalism is minimized.

The device is designed for cumulative collection and sampling

on a monthly/weekly basis. It can be adapted to any required

time-period by adjustment of the funnel size or the change of the

bottle type/volume (if available with the same thread). The sampler

is not specially designed for a precise snow collection, but may be

also used successfully during the winter season. The data in Fig. 5

indicate that it may collect snow even more quantitative than a

conventional meteorological sampler (precipitation amount for

the period November 2008–February 2009 was higher in the new

sampler type during parallel operation at the same location).

The collector in its default state is not adjusted for areas with

very low monthly precipitation amounts. For those areas, a smaller

collection bottle and/or larger funnel should be used. Additionally,

in such case, it would be recommended to shorten the inner tube

by a few centimetres and to modify the metal weight by adding

a small metal bucket below it, in which the tube dips in. By such

a design modification it can be assured that even few tenth of a

millimetre of precipitation would fill the bucket and therefore

would immerse the lower tube end into water immediately with

the first precipitation event. This would also seal off the bottle

headspace from atmosphere immediately. All further precipitation

would then overflow the bucket and flow into the bottle.

The collector can be easily installed in remote areas and then al-

lows the unattended sampling of isotopes in precipitation far from

urban centres, e.g. isolated stations at high altitude or other remote

Fig. 5. Variation of precipitation amount (circles) and d
18O (open squares and diamonds) comparing the daily collection (old sampler – filled symbols) and the monthly

collection (new sampler – open symbols) at the GNIP station ‘‘Vienna Hohe Warte’’ over a period of 16 months. Both collectors were operated in parallel and installed only a

few meters from each other (collector shown in Fig. 1). The old standard rain gauge (GNIP reference station) was emptied twice per day at 6:00 and 18:00, and the water

transferred into a storage canister. The new collector was emptied only once per month; therefore, the sampling effort is considerably reduced.

Fig. 6. Variation of d18O (left) and precipitation amount (right) between April 2009 and July 2011 in a direct comparison of a conventional ‘‘oil collector’’ (OilC) with the new

collectors (prototype ProtoC and commercial Collector CommC) as measured in SILab Rijeka. All three samplers were operated in parallel and installed within a few meters

from each other on the private premises of the Croatian co-authors. In December 2009, due to very strong snowfall, the contents of all collectors froze and could not collect

the entire precipitation. In a number of months the ProtoC and/or the CommC were not available because of applying technical improvements.
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places. The maintenance effort is minimal and requires staff

involvement only once per month (or at any other chosen collec-

tion period), normally for a time of less than 2 min to change

and cap the bottles and to remove any litter that might be caught

in the funnel. Only places with large amounts of snow-precipita-

tion and long periods of temperatures below freezing point would

need a more frequent sample collection or a more sophisticated

sampler with heating (e.g. Stadler, 2003). At the GNIP/ANIP station

snow samples were collected with a 40 cm aluminum tube on top

during winter months. Frequent temperatures above 0 °C allowed

slow thawing of the snow. The collection of higher amounts of win-

ter precipitation and resulting small differences in the isotope ra-

tios compared to the daily sampling (see Fig. 5) may be caused

by very local turbulences at the collection site (Fig. 1b).

The equipment is designed to collect rain for stable isotopes and

tritium analysis during a defined period. For chemical analysis,

multiple sequential sampling or collection of snow samples, more

sophisticated systems have been developed (Adar et al., 1991;

Stadler, 2003; Weaver and Talma, 2005), or are available by

commercial suppliers. The influence of the collector material on

stable isotopes enrichment was recently mentioned (Schürch

et al., 2003).

5. Conclusions

A simple and low cost rainwater sampler was developed that

allows reliable composite sampling for analysis of stable isotopes

and tritium. It is especially designed for collecting composite

monthly samples as requested for stable isotope precipitation

networks. The sampler has the advantages to show insignificant

water evaporation even without any use of a sealing oil surface,

to be very cheap, to be simple in operation with very fast sample

changes, and that it can be installed at nearly any place. The

various tests performed have demonstrated the suitability of the

sampler for any precipitation monitoring programme. It is very

suitable for developing countries and remote areas due to its fairly

low price and the ease of operation. The installation of such a sam-

pler can be recommended for any place with limited accessibility,

where hydrologists and hydrogeologists would need isotope data

of the precipitation for their local or regional studies.
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