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Abstract

This paper reviews collectors for atmospheric precipitation (rain, fog, and run-off water). Collection
systems of a different degree of automation (from simple designs to highly automated costly collectors) are
presented. In many papers on collecting atmospheric precipitation neither sampling procedures nor loca-
tions of sampling sites are given, although this information is necessary for producing correct and compa-

rable results of physical and chemical analyses.
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Introduction

Despite the general opinion that precipitation samples
have a simple matrix, analysis of pollutants in precipita-
tion water is a difficult task. The reasons can be:

- low and very low concentrations of analytes of interest;

large time and spatial variability of analyte concentrations
- the fluctuations are related to a season of the year and
the phase of a given cycle of precipitation;

- different forms of precipitation (rain, snow, fog, hail);

- variability in ways precipitation reaches the ground

(Fig. 1).

Atmospheric precipitation is a specific kind of envi-
ronmental matrix and its collection must satisfy a num-
ber of conditions, especially with respect to a collection
system. In compliance with recommendations of the
European Monitoring Environmental Program (EMEP)
the collectors for wet precipitation and total precipitation
should be characterized by:

- large inlet area (1000-2000 cm?) so that a sample of
large volume could be collected even at a small pre-
cipitation rate;
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- an appropriate container capacity to avoid any loss of

a sample even when precipitation is very intensive;

- an appropriately selected construction material for

particular parts of a collector — material should be re-
sistant to chemicals and to low and high temperatures
met under real conditions.

l rain and snow
A .

Fig. 1. Ways of reaching earth surface by atmospheric precipitation.
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Samplers should be placed ca. 1.5 m above the
ground, in an open area, at best, overgrown with grass.
This is aimed at avoiding contamination with leaves,
twigs, and also with dust and sand from soil. The detailed
conditions for collector location are given in the Polish
standard [2] and discussed in many papers [1,3,4]. After
a specified collecting period (week, month, etc.), samples
should be transported to the laboratory and analysed as
soon as possible, at best the same day (within a few hours
after delivery). If immediate analysis is not possible
samples should be stored under appropriate conditions (at
a temperature of 4 °C in dark with addition of bactericides
(HgClL,, chloroform, isopropanol) or frozen at —20 °C)
[5-9]. This is necessary to slow down or, at best, com-
pletely stop biodegradation of analytes of interest; many
precipitation pollutants undergo biodegradation at room
temperature [9].

An important operation is washing a collector before
use. The rain droplets remaining on the collector wall can
change new sample composition to a considerable degree,
especially if a previous sample was strongly polluted and
in this way affect analytical results. Collector washing
procedures generally consist of a few steps including
washing with hot water, detergents, deionised water, and
organic solvents (CH,CL,, isopropanol, etc.) [6].

Collecting a sample of run-off water is an important
step of analysis. Errors committed at this step increase the
total error of analysis and can not be eliminated in succes-
sive steps. The sample must be collected in such a way
that it is representative of the population studied.

Collectors for Sampling Precipitation Water

Known atmospheric precipitation collectors are char-
acterised by a different degree of automation; the most
sophisticated can record meteorological data and also
some characteristics of precipitation (rate, electrolytic
conductivity, pH). Some permit simultaneously collect-
ing precipitation and run-off water [10,11]. Below are
described the samplers most widely applied.

The simplest collectors for precipitation water sam-
pled for chemical analysis are glass, metal, and plastic
containers. They are made of amber glass [6,10,12-17],
stainless steel [7,18,19] or polyethylene [11,20-25]; the
containers are equipped with glass, steel, or polyethylene
funnels. Fig. 2 presents the scheme of a polyethylene col-
lector [21]. Strachan [26] proposed a collector for total
precipitation with a thermostated chamber to keep the
sample temperature at 4°C. The collector is also equipped
with meters of wind velocity and direction [26].

An example of the simplest collector for total wet pre-
cipitation is an open container with a cover in a state of
repose [27-31]. A collector of this type was used by Buijs-
man [32] to sample atmospheric precipitation in the north-
ern Atlantic Ocean. The scheme of the sampler is given in
Fig.3. The more complicated version has an automatic
cover and a humidity sensor; in the system dry precipita-
tion is excluded from a sample [10,33-41] (Fig. 4 [41]).
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Fig. 2. Scheme of collector for sampling atmospheric precipita-
tion [11]: 1 - polyethylene bottle, 2 - fastening band, 3 - band clip,

M

Fig. 3. Scheme of simplest collector for total precipitation

4 - rain water sample.

\

samples: 1 - outer funnel casing, 2 - funnel (glass, steel or poly-
ethylene), 3 - bottle (glass, steel or polyethylene).
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Fig. 4. Scheme of collector for sampling atmospheric pre-
cipitation: 1 - glass funnel, 2 - funnel fastening in glass sleeve,
3 - Teflon fastening of bottle capillary, 4 - glass bottle.

Fig. 5. Scheme of atmospheric precipitation collecting combined
with pressure filtration [43]: 1 - Teflon collecting disk, 2 - collect-
ing vessel, 3 - de-aerator, 4 - nitrogen inlet, 5 - electromagnetic
valve, 6 - upper sensor, 7 - lower sensor, 8 - pressure container,
9 - membrane filter clamp, 10 - sorbent packed extraction col-
umns (for further solvent elution treatment ), 11 - sorbent packed
extraction columns (for further thermal desorption treatment),
12 - tubes connecting collector with measuring devices.



Atmospheric Precipitation Sampling...

135

et

Fig. 6. Scheme of automatic collector for sampling atmospheric
precipitation [31]: 1 - cover, 2 - electric motor, 3 - polyethylene
funnel, 4 - filtration funnel, 5 - polyethylene bottle for collecting
filtrate, 6 - humidity sensor.

Fig. 7. Scheme of collector for sampling rain water for determi-
nation of dissolved organic compounds [43]: 1 - glass bottle, 2
- glass fibre, 3 - filter clamp, 4 - connector, 5 - T-tubes (of glass),
6 - Teflon connectors, 7 - spherical ground joint, 8 - upper elec-
trode, 9 - set of electrodes (front view), 10 - stainless steel tube,
11 - lower electrode unit, 12 - Teflon coating, 13 - electric cable,
14 - tube with sorbent (Tenax-GC) for further solvent elution
treatment, 15 - tube with sorbent (Tenax-GC) for further thermal
desorption treatment, 16 - connecting glass tube, 17 - stream
splitter, 18 - Teflon tube (to pump), 19 - Teflon connector,
20 - collecting plate.

Fig. 8. Scheme of collector for sampling wet atmospheric
precipitation for mercury compounds determination [51]:
1 - polypropylene funnel, 2 - connector with vent opening,
3 - polypropylene bottle.

Rain water is collected on a specially shaped Teflon disk

[42-44] or a glass funnel [8,10,45-47]. Pumps are used

to force sample flow to a bottle made of glass, stainless

steel or aluminium. The sample is passed through filters
to separate solid particles. The filters are made of glass

fibre [46], Teflon [42,44], or silver membrane [42-44].

The collectors are often equipped with sorbent (Tenax-

GC, Amberlite XAD) packed tubes (cartridges), which

permits to simultaneously extract analytes [8,42,44,48].

Examples of collectors for atmospheric precipitation are

presented in Figs. 5 [31] and 6 [43].

In the Brookheaven National Laboratory a sequential
automatic collector was designed. It can be applied to
collect samples of precipitation water as well as snow.
Samples are protected from contamination in the periods
between precipitation. The collector consists of a large
case with a rotating support inside on which 30 Teflon
bottles are situated. Precipitation enters the bottle through
a Teflon funnel. When precipitation stops the funnel is
closed by a cover equipped with a sensor which triggers
moving the cover over the funnel when it becomes dry.
The bottles are automatically exchanged after each pre-
cipitation event. Closing and opening the collector as well
as bottles exchange are automatically recorded [49].

Some precipitation water collectors are even more
complicated. Fig. 7 presents the scheme of a collector for
sampling rain water to determine dissolved organic com-
pounds [50]. It consists of the following parts:

- appropriately shaped Teflon disks with an opening in
the centre which collects precipitation;

- a glass bottle with two stainless steel electrodes at
different heights which detect the water levels in the
bottle;

- asystem for isolation and enrichment of organic com-
pounds from samples of precipitation water (sorption
tubes).

Passage of water through the sorption system is forced
by a peristaltic pump switched on and off in response to
a signal from the lower electrode. When the water level
reaches the upper electrode, pumping rate increases twice
[50].

In the University of Michigan Air Quality Labora-
tory a new model of an automatic collector was designed
for sampling wet precipitation to determine mercuric
compounds. In this model mercury is prevented from ad-
sorption on collector parts. Construction materials of the
sampler presented in Fig. 8 are carefully selected and col-
lector parts contacting with a sample are rinsed with nitric
acid (pH<5) [51]. Baumgardner and co-workers proposed
an automatic system for sampling rain water directly from
clouds. They used the information collected by Mohnen
[52] and Vong [53] within the Mountain Cloud Chemistry
Project (MCCP). Electrolytic conductivity and pH are
automatically measured in real time during sampling.
Indications of pH are automatically controlled every day.
In conductivity measurements outer temperature is taken
into consideration. Samples are stored in 4 one-litre poly-
ethylene bottles in a refrigerator. Electronic system con-
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trol is based on the authors experience within the MCCP
project and on literature studies. The sampler is equipped
with temperature sensor and a system to measure wind
speed. Fig. 9. presents the scheme of the collector for
sampling precipitation water directly from clouds [54].

Fog Water Collectors

Fog sampling is more complicated than sampling at-
mospheric precipitation. A fully automated fog collector
is described below. A component part of the collector is an
aerodynamic tunnel through which atmospheric air con-
taining fog droplets is sucked by a pump. Water droplets
impinge Teflon strings which form a vertical screen. Larg-
er droplets formed on impinging drain off to a sampling
bottle. An average speed of air stream through the tunnel
is 6 m/s. All collector parts which are in contact with
fog droplets are made of either Teflon or polyethylene.
At sub-freezing air temperature fog droplets are frozen
and formation of larger droplets on the screen is not possi-
ble. Therefore, the system is equipped with a temperature
sensor. When temperature drops below 0°C, then a differ-
ent sampling program is operated (atmospheric air flows
through the tunnel for 30 min, and the screen is heated for
2.5 h; as a result, fog droplets flow down to the bottle).
A precipitation detector is also installed which prevents
samples from being collected during rain or snow [55].
A similar collector was applied by Collet [56]. Similar
designs were also proposed by other authors [57-60].

Another type of collector is the Aerovirnoment Collec-
tor (AV). Fog collection is based on droplet impact upon
a Teflon-coated rod moving at a rate of 3450 rotations per
min. Centrifugal force moves the impinging droplets to
polyethylene circle channels and then to polyethylene
collection bottles. The scheme of the collector is given in
Fig. 10 [61].

A string collector designed at the Atmospheric Sci-
ence Research Center (ASRC) is composed of 150 strings
(0.41 mm in diameter) spread out between two plates (Fig.
11). The collector rotates around vertical axis at a rate of
100 rotations/h. Due to impact upon rotating strings fog
droplets are collected in the lower part of the collector (on
the plate). Collector rotation is stopped periodically and
water removed from the strings by means of a wooden
hammer. After sampling, water from traps is transported
into polyethylene bottles [61].

Fig. 12 presents the construction of a collector with a
rotating outer arm designed in the California Institute of
Technology. The rate of arm rotation is adjusted to sam-
pling fog droplets which, via an inlet port, are collected
in the bottles of a volume of 30 cm® fastened at the arm
ends [62].

The detailed description of a collector of the same type
was given by Keamer in 1993 [63]. The collector design
is based on the former designs described by McFarland in
1984 [64] and by Jacob in 1984 [65].

Operation of the collector designed in the Desert Re-
search Institute (DRI) is based on impact of fog droplets

Fig. 9. Scheme of collector for sampling precipitation water
directly from clouds [54]: 1 - deionised water spray nozzle,
2 - collector funnel, 3 - three-way solenoid, 4 - rinse pump,
5 - motor, 6 — collector tower, 7 - waste water container, 8 - de-ionised
rinse water container, 9 - accumulator, 10 - refrigerator.

Fig. 10. Rotation collector for sampling fog [61]: 1 - rotating
rod collecting fog droplets, 2 - channel collectors, 3 - bottles for
collected samples.

—2

Fig. 11. Scheme of string collecting for sampling fog water [61]:
1 - nylon strings, 2 - motor.

Fig. 12. Scheme of collector with rotating arm for sampling fog
[62]: 1 - bottle for collecting fog sample, 2 - arm, 3 - inlet port,
4 - motor.
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Fig. 13. Scheme of collector for sampling fog [62]: 1 - fog
droplets inlet, 2 - polypropylene gauze, 3 - collecting bottle,

4 - vacuum channel.

Sample collection into
plastic bottles

!

Sample transportation to the
laboratory

!

Sample storage
(temp. 4 - 7°C, amber glass bottles)

1 - screen, 2 - plastics container, 3 - glass bottle.

v v

v
i
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Removal of solid
particles

Determination of selected
cations and anions

pH measurements
utilising glass electrodes

Determination of volatile
organohalogen compounds

(foreign bodies)

ion exchange chromatograph

and portable pH-meter

filtration

l

DIONEX - 500

Only for run-off water
from arteries

direct on-column injection of aqueous

Isolation and enrichment of
petroleum hydrocarbons
Purge & Trap (PT)

Fig. 14. Scheme of collector for sampling run-off water [78]:

sample capillary GC equipped with electron
capture detector (DAI-GC-ECD)

Determination of toxicity
using ToxAlert ® 10 test
from Merck

Isolation & enrichment of pesticides
Procedure:
- adsorption in SPE cartridges (SDB packing)
- cartridge drying

- elusion of analytes with dichloromethane
- solvent evaporation under N, stream
- residue this solution in 0.5 ml MeOH

B

Determination of pesticides
*organohalogen
gas chromatograph equipped with electron
capture detector (GC - ECD)

Determination of petroleum
hydrocarbons
GC equipped with flame ionisation
detector (GC - FID)

*nitro- and phosphoroorganic
gas chromatograph equipped with nitrogen -

phosphorus (thermoionic) detector (GC-NPD)

Fig. 15. Scheme of analytical procedure for atmospheric precipitation developed at Department of Analytical Chemistry, Chemical

Faculty, Technical University of Gdansk [98].

on rotating rollers. The sample moves to a central roller
and then directly to a polystyrene bottle [64].

In a collector presented in Fig. 13, fog droplets are
collected on a polypropylene gauze (diameter 10 cm,
thickness 4 cm) situated at the end of a V-shaped tube in
V form made of PCV coated with Teflon. Flow rate of air
stream in the tube is 1.7 m*/min. Fog impinges the gauze;
droplets which are formed in the process flow down to a
bottle placed at the bottom of the tube [65].

Fog collectors of more complicated designs were pro-
posed by Schell [67], Hoffmann [68] and Fuzzi [69]. Very
often simple collectors are used in which fog droplets are
collected on gauze screens made of either plastic materi-
als (Teflon, polyethylene) [70-75] or steel [76,77].

Collectors for Run-off Water

Samples of run-off water are usually collected by the
formation of an appropriate drainage system. Such an ap-

proach is most often applied for run-off water from arteries
of traffic and arable land [78-81]. A sample of run-off water
is collected from a specially prepared erosion ditch (a site
selected after observation of groove erosion) manually by
means of a scoop and delivered to the laboratory for analy-
sis. Another approach is to place a glass bottle — a collector
in an embankment [78,79]. The bottle is placed in a plastics
container with a metal cover to protect the bottle from de-
struction. Due to application of the cover precipitation water
cannot enter the bottle. The bottle neck is ca 2 cm above
soil surface to prevent insects from entering the bottle [78].
The scheme of placing the collector is given in Fig. 14.
Fully automated collection systems are also avail-
able, which also enable measurement of some sample
parameters [81-84]. The system designed by Striebel et
al. [85] makes it possible to measure run-off rate, tem-
perature, and pH of run-off water. The samples collected
were transported to the mobile laboratory and subjected
to analysis for the content of organic pollutants (PAHs,



138

Grynkiewicz M. et al.

nitrophenols, TOC, AOX) and inorganic ions (Cu, Cd,
Zn, Fe, Pb). The main component of the system is a 10
1 vessel connected by means of polyethylene tubes with
devices used to measure physical and chemical sample
parameters on-line. The whole system is mounted in an
erosion tube placed in the ground at a depth of 0.5 m.
Run-off water samples are transported via rubber tubes
from the glass vessel to appropriate bottles (glass for
organic analytes and polyethylene for inorganic ana-
lytes). To protect the tubes from clogging and damage,
particles of a diameter larger than 5 mm are trapped
on gauze filters. The analytical data are recorded and
stored on computer disks. The collection system de-
scribed above is quite complex and costly and therefore
rarely used in practice [84]. A simple design collector
for run-off water and its situating for sampling was
presented by Perry [85].

Other designs of automatic collectors for sampling
run-off waters were proposed by Kohonen [87] and New-
burn [88]. Simpler and cheaper designs were proposed by
Nieminen [89].

The collector described above is mainly used to
collect run-off water from river surface during precipi-
tation. The device can be installed where depth is not
less than 50 cm. Precipitation water is collected via the
upper funnel (area of 0.50 m?) into the lower funnel
(area of 0.09 m?), which starts sinking. When the lower
funnel goes down to the level that run-off water reaches
an opening in a collecting tube of the first bottle, au-
tomatic sampling starts. When completely filled, the
bottles are closed with the use of a stop valve. The suc-
cessive flasks are filled as water collects in the lower
funnel. The successive samples correspond to precipi-
tation water columns of 1-2 , 4-5, 7-8, and 10-11 mm
in the lower funnel.

Sampling of run-off water from building roofs is
less complicated than from the arteries of traffic. A
system for collecting water can easily be set up. A glass
bottle is placed at gutter outlet; it collects water rinsing
the roof surface. To protect the bottle from destruction
it is appropriately situated in the ground or placed in a
plastic container fixed to ground. If concentrations of
a given analyte in rain water and roof run-off water are
to be compared an additional collector is placed on the
roof [90-98].

Summary

This work is a review of commonly used collectors
for sampling atmospheric precipitation. Literature studies
help select the most suitable collecting system as a proce-
dure of sampling depending on research project, kind of
sample and analytes.

Development of the analytical procedure for col-
lected samples is also very important. The scheme of
analytical procedure was developed at the Analytical
Chemistry, Chemical Faculty, Technical University of
Gdansk in Fig. 15 [98].

16.
17.

18.

19.

20.

21.

22.

23.

24.

25.

. SIEBERS I,

References

Manual 1993: Manual for Integrated Monitoring.
Programme Phase 1993 — 1996. Environment Data Centre,
National Board of Waters and the Environment, Helsinki.
Polska Norma PN-91 C-04642/02. Woda i $cieki. Badania
zanieczyszczen opadoéw atmosferycznych.

LOVBLAD G., WESTLING O., ,,Methods for determination
of atmospheric deposition”, Methods for integrated
monitoring in the Nordic countries. Nordic Council of
Ministers, Kopenhaga, 19-63, 1990.

JOSLIN J. D., MUELLER S. F., WOLFE M. H., Atmos.
Environ., 24 A, 3007, 1990.

KAWAMURA K., KAPLAN I. R., Atmos. Environ., 20,
115, 1986.

LEVSEN K., BEHNERT S., PRIEB B., SVOBODA M.,
WINKELER H. D., ZIETLOW J., Chemosphere, 21, 1037,
1990.

ALBER M., BOHM H. B., BRODESSER J., FELTES I,
LEVSEN K., SCHOLER H. F., Fresenius Z. Anal. Chem.,
334, 540, 1989.

LEISTER D. L., BAKER J. E., Atmos. Environ., 28, 1499,
1994.

KAWAMURA K., KAPLAN LR, ,,Organic Compounds in
Rainwater”, Organic Chemistry of the Atmosphere, [Ed.]
Hansen L.D., Eatough D.J., CRC Press, Boca Raton Ann
Arbor Boston London, 7, 233, 1991.

GOTTSCHILD D., NOLTING H. G,
Chemosphere, 28, 1559, 1994.

. STRIEBEL T., DAUB J., HERRMANN R., Sci. Total

Environ., 146/147, 515, 1994.

. CHARIZOPOULOS E., PAPADOPOULOU-MOURKIDOU

E., Environ. Sci. Technol., 33, 2363, 1999.

. WANIA F., HAUGEN J. E., Environ. Pollut., 105, 381,

1999.

.BESTER K., HUHNERFUSS H., NEUDORF B,

THIEMANN W., Chemosphere, 30, 1639, 1995.

. HATFIELD J. L., WESLEY C. K., PRUEGER J. H.,

PFEIFFER R. L., J. Environ. Qual., 25, 259, 1996.
HUSKES R., LEVSEN K., Chemosphere, 35, 3013, 1997.
JAGER M. E., BOURBON C., LEVSEN K., Intern. J.
Environ. Anal. Chem., 70, 149, 1998.

SCHAREF J., WIESIOLEK R., BACHMANN K., Fresenius
J. Anal. Chem., 342, 813, 1991.

KAWAMURA K., KAPLAN 1. R., Atmos. Environ., 20,
527, 1986.

LODE O., EKLO O. M., HOLEN B., SVENSEN A.,
JOHANSEN A. M., Sci. Total Environ., 160/161, 421, 1995.
REIMANN C., DE CARITAT P, HALLERAKER
J. H., VOLDEN T., AYRAS M., NISKAVAARA H.,
CHEKUSHIN V. A., PAVLOV V. A., Atmos. Environ., 31,
159, 1997.

AYRAS M. REIMANN C. Jonit ecogeochemical
mapping and monitoring in the scale of 1:1 mill. In the
West Murmansk Region and contiguous areas of Finland
and Norway — 1994-1996., Field Manual Norwegian Geol.
Unders. Rep. 95.111, 1995.

RANALLI A., TURK J. T., CAMPBELL D. H., Water, Air
Soil Pollut., 95, 237, 1997.

HANSEN B., NIELSEN E., Atmos. Environ., 32, 1075,
1998.

WALNA B., SIEPAK J., Pobieranic probek wod
opadowych do analiz fizycznych i chemicznych, Materialy
Konferencyjne ,,Metody pobierania i przygotowania probek
wod, $ciekow 1 osadow do analiz fizyczno-chemicznych”,
21 September 1995, Poznan, p. 21.



Atmospheric Precipitation Sampling...

139

26.

27.

28.

29.

30.

31.

32.

33.

34.

35

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47,

48.

49.

50.

51.

52.

53.

54.

STRACHAN W. M. J.,, HUNEAULT H., Environ. Sci.
Technol., 18, 127, 1984.

SCHUSSLER W., NITSCHKE L., Chemosphere, 42, 277,
2001.

STRACHAN W. M. J., HUNEAULT H., J. Great Lakes
Res., 5, 61, 1979.

PANKOW J. F., ISALELLE L. M., ASHER W. E., Environ.
Sci. Technol., 18, 310, 1984.

LINDBERG S., VERMETTE S. J., Atmos. Environ., 29,
1219, 1995.

THIMONIER A., Environ. Monitoring Assess., 52, 353,
1998.

BUJSMAN E., JONKER P. J., ASMAN A. H., RIDDER T.
B., Atmos. Environ., 25 A, 873, 1991.

NURNBERG H. W., VALENTA P, NGUYEN V. D,
GODDE M., URANO DE CARVALHO E., Fresenius Z.
Znal. Chem., 317, 314, 1984.

NGUYEN V. D., VALENTA P., NURNBERG H. W., Sci.
Total Environ., 12, 151, 1979.

.NURNBERG H. W., VALENTA P., NGUYEN V. D,

Jahresbericht Kernforschungsanlage Jiilich 1982/83, p. 41,
1983.

STRACHAN W. M. J., HUNEAULT H., Environ. Sci.
Technol., 18, 127, 1984.

FORNARO A., ISOLANI P. C., GUTZ I. G. R., Atmos.
Environ., 27 B, 307, 1993.

VERMETTE S. J., DRAKE J. J., Atmos. Environ., 21, 715,
1987.

VERMETTE S. J., PEDEN M. E., WILLOUGHBY T. C.,
LINDBERG S. E., WEISS A. D., Atmos. Environ., 29,
1221, 1995.

MARQUARDT W., IHLE P., Atmos. Environ., 22, 2707,
1988.

VERMETTE S. J., LINDBERG S., BLOOM N., Atmos.
Environ., 29, 1247, 1995.

LIGOCKI M. P, LEUENBERGER C., PANKOW 1.,
Atmos. Environ., 19, 1609, 1985.

LIGOCKI M. P, LEUENBERGER C., PANKOW 1J.,
Atmos. Environ., 19, 1619, 1985.

LEUENBERGER C., CZUCZWA J., HEYERDAHL E.,
GIGER W., Atmos. Environ., 22, 695, 1988.

KISS G., VARGA-PUCHONY Z., HLAVY I, I
Chromatogr. A, 725, 261, 1996.

KISS G., GELENCSER A., KRIVACSY Z., HLAVY 1J.,
J. Chromatogr. A, 774, 349, 1997.

KISS G., VARGA-PUCHONY Z., TOLANI B., VARGA
7., GELENCSER A., KRIVACSY Z., HLAVY J., Environ.
Pollut., 114, 55, 2001.

SCHARNWEBER T., KNOPP D., NISSNER R., Field
Anal. Chem. Technol., 4, 43, 2000.

RAYNOR G., Mc NEIL J., Atmos. Environ., 13, 149, 1979.
NAMIESNIK J., LUKASIAK J., JAMROGIEWICZ Z.,
Pobieranie  probek  $rodowiskowych  do  analizy,
Wydawnictwo Naukowe PWN, Warszawa 1995.

LANDIS M. S., KEELER G. J., Environ. Sci. Technol., 31,
2610, 1997.

MOHNEN V. A., ANEJA V. P, BAILEY B., COWLING
E., GOLTZ M. S., HEALEY J.,, KADLECEK J. A.,
MEAGHER J., MULLER S. FE., SIGMOND 1J. T,
»An assessment of atmospheric exposure and deposition to
high elevation forests in the Eastern United States” EPA/
600/3-90/058.

VONG R. J., BAILEY B. H.,, MARKUS M. J., MOHNEN
V. A., Tellus, 42B, 435, 1991.

BAUMGARDNER R. E. KRONMILLER K. G.,
ANDERSON J. B.,, BOWSTER J. J., EDGERTON E. S.,

55.

56.

57.

58.

59.

60.

61.

62.

63.
64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Atmos. Environ., 31, 2002, 1997.

FUZZI S., ORSI G., BONFORTE G., ZARDINI B.,
FRANCHINI P., Water, Air Soil Pollut., 93, 383, 1997.
COLLETT J. L., DAUBE B. C., HOFFMANN M. R,
Atmos. Environ., 24 A, 959, 1990.

FUZZI S., FACCHINI M. C., ORSI G., BONFORTE G.,
MARTINOTTI W., ZILIANI G., MAZZALI G., ROSSI P.,
NATALE P., GROSA M. M., RAMPADO E., VITALI P,
RAFFAELLI R., AZZINI G., GROTTI S., Atmos. Environ.,
30, 201, 1996.

DAUBE B., KIMBALL K. D., LAMAR P. A., WEATHERS
K. C., Atmos. Environ., 21, 893, 1987.

MILLET M., WORTHAM H., MIRABEL P. H., Atmos.
Environ., 29, 2625, 1995.

DEL MONTE M., ROSSI P., Atmos. Environ., 31, 1637,
1997.

DEFELICE T. P, SAXENA V. K., Atmos. Res., 25, 1,
1990.

HERING S. V., BLUMENTHAL D. L., BREWER L.,
GERTLER A., HOFFMANN M., KADLECEK J., PETTUS
K., Environ. Sci. Technol., 21, 654, 1987.

KRAMER M., SCHUTZ L., J. Aerosol Sci., 25, 137, 1994.
MCFARLANDA.R.,ORITZ C. A., ,,Characterization of the
Mesh Impactor Fog Sampler”, report to Southern California
Edison (Research & Development); Texas Engineering
Experiment Station Project 32525 1107; May, 1984.
JACOB D. J., WANG R. F. T., FLAGAN R. C., Environ.
Sci. Technol., 18, 827, 1984.

KATZ U. ,,A Droplet Impactor to Collect Liquid from
Laboratory Clouds for Chemical Analysis”, Material of
VII" International Conference ,,Physique des Nauges”,
Clermont-Ferrand, France, p. 697, 1980.

SCHELL D., MASER R., WOBROCK W., JAESCHKE
W., GEORGII H.-W., KOS G. P. A., ARENDS B. G.,
BESWICK K. M., BOWER K. N., GALLAGHER M. W.,
Atmos. Environ., 31, 2671, 1997.

HOFFMANN J., METZIG G., J. Aerosol. Sci., 22, S291,
1991.

FUZZI S., CESARI G., EVANGELISTI F., FACCHINI M.
C., ORSI G., Atmos. Environ., 24 A, 2609, 1990.
RICHARTZ H., REISCHL A., TRAUTNER F,
HUTZINGER O., Atmos. Environ., 24 A, 3067, 1990.
RICE C. P., ,,Pesticides in fogwater”, Pesticide Outlook, 7,
31, 1996.

SCHOMBURG C. J., GLOTFELTY D. E., SEIBER J. N.,
Environ. Sci. Technol., 25, 155, 1991.

RICE C. P., CHERNYAK S. M., Chemosphere, 35, 867,
1997.

CAPEL P. D., LEUENBERGER C., GIGER W., Atmos.
Environ., 29, 1335, 1991.

CHERNYAK S. M., RICE C. P., MCCONNELL L. L., Mar.
Pollut. Bull., 32, 410, 1996.

GLOTFELTY D. E., MAJEWSKI M. S., SEIBER J. N,
Environ. Sci. Technol., 24, 353, 1990.

COLLETT J. L., DAUBE B. C., MUNGER J. W,
HOFFMANN M. R., Atmos. Environ., 24 A, 1685, 1990.
SCHULZ R., HAUSCHILD M., EBELING M., NANKO-
-DREES J., WOGRAM 1J., LIESS M., Chemosphere, 36,
3071, 1998.

WAUCHOPE R. D., Pure Appl. Chem., 67, 2089, 1995.
FELDING G., SORENSEN J. B., HANSEN B., Intern. J.
Environ. Anla. Chem., 65, 215, 1996.

GERNAUD S., MOUCHEL J.-M.,, CHEBBO G,
THEVENOT D. R., Sci. Total Environ., 235, 235, 1999.
POMES M. L., THURMAN E. M., GOOLSBY D. A.,
,,An evaluation of a microtiter — plate enzyme — linked



140 Grynkiewicz M. et al.

immunosorbent assay method for the analysis of triazine and p- 209-219, 1988.
chloroacetanilide herbicides in storm runoff samples”, U. S. 89. NIEMINEN M., Boreal Env. Res., 5, 133, 2000.
Geol. Surv. Open — File Rep., p. 170, 1996. 90. LEVSEN K., BEHNERT S., WINKLER D., Fresenius J.
83. SCRIBNER E. A., GOOLSBY D. A., THURMAN E. M., Anal. Chem., 340, 665, 1991.
MEYER M. T., POMES M. L., ,,Concentration of selected 91. YAZIZ M. 1., GUNTING H., SAPARIN., GHAZALIA. W.,
herbicides, two triazine metabolites, and nutrients in storm Wat. Res., 23, 761, 1989.
runoff from nine stream basins in the midwestern United 92. QUEK U., FORSTER J., Water, Air Soil Pollut., 68, 373,
States”, U. S. Geol. Surv. Open — File Rep., 94-396, 144 p., 1993.
1994. 93. BUCHELI T. D., MULLER S. R., VOEGELIN A.,
84. CULLUM R. F., SCHREIBER J. D., SMITH S., SCHWARZENBACH R. P., Environ. Sci. Technol., 32,
GRISSINGER E. H., Appl. Eng. Agric., 8, 449, 1992. 3457, 1998.
85. STRIEBEL T., DAUB J.,, HERRMANN R., Sci. Total 94. BUCHELI T. D., MULLER S. R., VOEGELIN A,
Environ., 146/147, 515, 1994. SCHWARZENBACH R. P., Environ. Sci. Technol., 32,
86. PERRY S. H., DUFFY A. P., Atmos. Environ., 31, 1297, 1997. 3465, 1998.
87. KOHONEN T., Availability of automatic water quality 95. SHU P., HIRNER A. V., J. High Resol. Chromatogr., 21, 65,
monitoring for Finish watercourses, Publications of the 1998.
Water Research Institute, National Board of Waters, Finland, 96. MANSON Y., AMMANN A. A., ULRICH A., SIGG L.,
62, p. 1-19, 1985. Environ. Sci. Technol., 33, 1588, 1999.
88. NEWBURN L. H., Modern sampling equipment: 97. ZOBRIST J., MULLER S. R., AMMANN A., BUCHELI
Design and application. [red] Keith L. H., Principles of T. D., MOTTIER V., OCHS M., SCHOENENBERGER R.,
environmental sampling. American Chemical Society, EUGSTER J., BOLLER M., Wat. Res., 34, 1455, 2000.

4 Soil Bioventing: Principles and Practice N

Andrea Leeson and Robert E. Hinchee

Soil bioventing is a popular modern technique for removing contaminants from soil. This book
explains in practical terms how to carry out a bioventing program including basic physical and
chemical properties of soil to site evaluation, project design, and post-bioventing monitoring. The
wide breadth of coverage makes Soil Bioventing... useful to consulting firms, students, contractors,
environmental managers, and anyone who is responsible for supervision of soil cleanup for regu-
latory reasons.

$94.95; 272 pages; hard cover; 1997; ISBN 1-56670-126-0

Five Easy Ways to Order
* Online: www.battelle.org/bookstore
* By Phone: Call toll-free:
1-800-451-3543 or 614-424-6393
* By Mail:
Battelle Press at 505 King Avenue,
Columbus, OH 43201-2693
* By Fax: (614) 424-3819

* By e-mail: press@battelle.org

N%
%db% Batteﬂe Press

\ 505 King Avenue * Columbus, OH 43201-2693 J




