vonums
VT, Poffs

SWEDISH WATER AND AIR POLLUTION RESEARCH INSTITUTE

INSTITUTET FOR VATTEN- OCH LUFTVARDSFORSKNING

HALSINGEGATAN 43 . BOX 21060

$-100 31 STOCKHOLM . SWEDEN . TEL. 08-24 96 80
STEN STUREGATAN 42 . BOX 5207

$-402 24 GOTHENBURG . SWEDEN . TEL. 031-81 02 80

DESIGN OF A PLANT-EXPOSURE CUVETTE SYSTEM TO STUDY
EFFECTS OF AIR POLLUTANTS

Lena Ské&rby

Y&~ 1010

B 429
Gothenburg
July

1978



yils il

L3s anvisningarna innan blankstten f

Denna sida fir kopioras!

Férsoksversion MDN 5 1975-02 15 0CO

i Utf8rande institution/Rappartutgivare

Institutet £8r Vatten- och

<2 REF

PROJEKTBESKRIVNING
TITELBLAD-RAPPORTER

H PR

2 3 Datum 4 Arendebateckning (Diarienr)
Luftvardsforskning (IVL) 1978-08-01
i3 T 18 C MR
8 Projent 3 M1 rappertne
_‘[ 1 Upplaggning [j 2 Komplettering —] 3 Avslutat : :
10 11 Kontraktnr 12 Startar [13 Sluthr 14 MI projektnr (I forek fall)

15 Finansierande organ

Institutet f6r Vatten- och Luftvar

dsforskning, Goteborg

16 Projektbeskrivning/ Rapportens titel och undartitel

Design of a plant-exposure cuvette
effects of air pollutants.

system to study

17 Projektledsre/Fdrfattare

Lena Skd&drby

This cuvette system has been built
to more carefully study uptake and
on vegetation.

18 Sammandrag (ange garna maisattning, metod, teknik, resultat m m)

in the laboratory to make it possible
different effects of air pollutants

The construction details of the plant-exposure cuvette system have been
described. The cuvettes utilize a dynamic, positive pressure, single-
pass flow system which provides uniformity of flow, toxicant mixing and
cuvette distribution. Environmental control of exposure inserts or out-
lets from the cuvettes can be maintained. A brief background is also
given together with a proposal of different measurements and studies

to be done with this cuvette system.

19 Sammandraget skrivet av

EOrF;
20 Forslag till nyckelord
Exposure cuvettes, plants, air pollution.

21 Klassifikationssystem och klass

22 Indexterm (ange killa) )

23 Ovriga bibliografiska uppgifter 24 ISSN
Rapportens beteckning: B 429 CTRLTTY

26 Hemligt T paragraf 27 Sprak 28 Antal sidor 29 Pris

ﬂ Nej [_] Ja jamlikt § sekretesslagen | engelska 14

30 Projektbeskrivning/Rapporten bestalls hos

Institutet f6r vatten-

Box 5207, 402 24 Goteborg

och Luftvardsforskning

’

Blanketten bestalls hos

MILJODATANAMNDEN

Postad . ‘des
Jordbruksdeparfdmentat

Fa
10320 STOCKHOLM

Telefon

08 - 763 10 00



Abstract

This cuvette system has been built in the laboratory to
make it possible to more carefully study uptake and

different effects of air pollutants on vegetation.

The construction details of the plant-exposure cuvette
System have been described. The Cuvettes utilize a dyna-
mic, positive pressure, single-pass flow system which
provides uniformity of flow, toxicant mixing and cuvette
distribution. Environmental control of eéXposure inserts
Or outlets from the Cuvettes can be maintained. A brief
background is also given together with a proposal of
different measurements and studies to be done with this
Cuvette system.



Design of a plant-exposure Cuvette system to study
effects of air pollutants.

Introduction

The impact of air pollution on Crops, forest trees and
ornamentals as well as natural vegetation has not received
as much attention in Sweden as in other industrialised
Countries.

However, in spite of Sweden's relatively small population
and large areas of land, problems caused by air pollution
do exist. Today, effects on different ecosystems of acid

precipitation and the photochemical oxidant Ozone are two
environmental problems of great concern.

A widespread method to study air pollution effects on plants
is to use different types of exposure cuvettes in the labo-
ratory. Such exposure Cuvettes were developed at the Swedish
Water and Air Pollution Research Laboratory (IVL) , Gothen-
burg.

In this paper, the design and use of these cuvettes will be
described. It also gives a general background as well as
suggestions concerning the kKinds of measurements for which
this type of cuvette might be used.




Background

Air pollutants are chemical compounds, organic or inorganic,
which are emitted mainly from automobiles, industries, and
combustion plants. These compounds also occur naturally, e.q.
heavy metals, nitrogen and sulphur in fossil fuels, but man's
activities have led to the formation and accumulation of toxic
levels of these compounds. Many organic pollutants are pro-
duced synthetically and are not found naturally, e.g. DDT,
phenoxy acids, and PCBs.

The impact of air pollutants on vegetation is of international
importance,but is accentuated in the industrialised parts of
the world, €.g. the UsA (1), Japan (2), Great Britain (3), and
the Netherlands (4). Lists of relative susceptibility of plant
species to different air pollutants including ozone, SOZ' HF,
PAN, NO2 and heavy metals have been published (5, 6).1In

these studies, susceptibilityof the plants is primarily related
to foliar responses. Furthermore, most studies deal with short-
term, high-level eéxposures of plants, i.e. acute doses. In
nature, plants are often subject to long-term, low-level
exposures of gases,i.e. chronic doses, and more information
regarding the impact of such €xXposures is vitally needed.

It is likely that responses at chronic levels would be different
(7, 8). Reduced yield and growth (9, 10) , changed metabolic
content of plants (11, 12), and altered community composition
by natural selection of resistant species (13) are some of

the possible effects.

In the ecosystem pPlants are exposed to several pollutants
in a variety of combinations under continuously varying
environmental conditions, leading to an extremely complex

interaction .between air pollutants and plants (14, -15) .,



Plants are also stressed by many biotic factors, such as
insects, viruses and fungi. There are also some reports that
illustrate negative effects of air pollutants on plant tole-
rance to these biotic stresses (16) .

Regardless of the level of air pollutant, it is clear when
studying effects of air pollutants on vegetation that bio- '
chemistry, physiology, ecology and economy are interrelated.

A scheme suggesting the relationship between these disciplines
is shown in Figure 1.

Measurements for which the exposure cuvettes are useful

Many different aspects must be considered in the study of air
pollution effects on vegetation (Figure 1). For controlled
studies on the impact of air pollutants on plants, exposure
cuvettes in the laboratory are essential. Several factors which
affect the plant's response to air pollutants have been identi-
fied. Some of the more important factors are concentration of
the pollutant during exposure, length of exposure time, the
duration and intensity of environmental factors during exposure
and the plant's phenological condition, genetic make-up, and
cultural history. Consequently, in order to compare work from
other laboratories and to be able to duplicate work of various
investigators, it is essential that these factors can be con-

trolled and decribed during exposure studies.

Three study areas which could utilise such exposure cuvettes
are presented below:

1. The screening of species or varieties for air pollutant sus-
ceptibility. Foliar responses (necrosis, chlorosis) could
then be studied as well as photosynthesis, respiration and
transpiration. Seedlings of Swedish Crops and forest trees
could be exposed to a variety of air pollutants, singly or
in combination. Such screenings would give an indication of
what crops and trees are air pollution susceptible or tole-
rant. This knowledge would also be useful in the future if
we face a situation where air pollution resistant crops

become a necessity in Sweden.



The study of deposition of pollutants on plant surfaces,
uptake of air pollutants by plants and subsequent chemical
transformation of the compounds, and other processes rela-
ted to the ultimate fate of the pollutant.

The study of effects of chronic exposure. In the field,
long-term low levels of air pollutants may reduce growth,
yield and reproductive capacity, which is not clearly
visible to the eye. As a consequence, it may alter the com-
munity composition of plants in natural ecosystems. It is
very difficult to successfully correlate changes in biomass
as well as disappearance of susceptible species in the field
with just slightly elevated air pollutant levels. If reduced
productivity, i.e. reduced flowering and fruiting capacity,
Oor an extreme sensitivity of crops and wild plants could be
demonstrated in the cuvettes after a long-term low-level
€xposure, such data might be used in the development of pre-

diction models of potential field effects of chronic exposure.



Design and construction details

IVL today has three exposure cuvettes designed as shown

in detail in Pigure 2.

In Figure 3 the whole exposure system is described. The
system is under a positive pressure and it provides a

uniform flow throught the cuvettes.

The three cuvettes are made of glass, which is practically
inert. The volume of each cuvette is five litres and it
has two openings for air inlet and outlet. To provide
mixture of the air in the cuvettes a special round made
of teflon manifold was constructed (Figure 2). The plant
or plants to be exposed are placed in a nutrient solution
which is kept in a glass pot of 700 ml. The pot has three
openings, two for nutrient solution (inlet and outlet) and
one for areation. The pot with the plant in it is placed
under the chamber. A thin teflon flat, with a hole for
the stem, is placed on top of the pot to prevent the
nutrient solution from evaporating or reacting with the
air in the cuvette. The nutrient pot is black to prevent
algae from growing. The chamber and nutrient pot are

held together with a metal clamp.

éiE-éE@-§§§E_9§§-999§£§Ei§§--¥§§§@

The air and test gas generating system for the cuvettes
is detailed in Figure 3. All lines and joints are made

of glass, teflon or plyethylene. Ambient air from outside
is pumped into the system with a pump through two filter
columns of silicagel which absorbe most of the water in
the air (A). The incoming air passes through a cleaning
plenum equipped with an initial particle filter (Bl), a
charcoal filter to eliminate organic compounds (B2), a
filter with KMnO4(B3) and K2C03(B4) to eliminate NOX and



802 and other acid gases, a filter with oxalic acid to
eliminate NH3(B5) and another particle filter (B6).
Parts of the clean air passes through a needle valve
into a humidifying unit (C) to reach the humidity
chosen for a certain experiment. This unit consists of
a peristaltic pump, which introduces water with a
constant flow into a heated flask where the water is

evaporated and mixed with the dry air.

After the dry and wet air has been mixed together in
the mixing chamber (D) the system divides in two lines.
One line - the control (reference) - goes directly to
one cuvette (E). The trace gases (pollutants) are

added to the other line through a needle valve and a
capillar from a gas bottle or a permeation tube (F).
Present construction limits the number of pollutants
that can be added to one but the design can be changed
to allow more pollutants to be added and mixed before
entering the cuvettes (E2 and E3). After the addition
of the pollutants the air passes through another mixing
chamber (G). Then the line is divided before entering
the two exposure cuvettes (E2 and E3). The flow through
each cuvette is controlled by needle valves and normally

set to 5 litres per minute.

Analyses of trace gases is carried out before or/and
after the air has passed through the cuvettes (Fig. 3;
Hl’ H2, H3, Il, I2, I3). 502 and NOX are analysed with
a FPD monitor (Meloy SA 160) and a chemiluminescent

nitrogen oxides analyzer (Monitor Labs 8440) respectively.



Analyses of CO2

A CO2 instrument (Infrared photometer) (UNOR 2) is
connected to the cuvettes. It records the difference
in C02—concentrations between the ambient air and
either the control cuvette or the cuvettes with an
air pollutant. In this way a direct measurement of

the photosynthesis activity is recieved.

Environmental control

Plants are illuminated with an Osram Dysprosium lamp
(400 W) . This lamp has a spectral energy distribution
which rather well simulates natural day light. The
humidity and temperature is monitored by a hydrothermo-
graph. At present, the temperature in the cuvettes
cannot be regulated and the temperature inside the
cuvettes is about O,SOC higher than the room tempera-

ture.

Further development of the system will continuosly be

done.
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Figure 1

AIR POLLUTION EFFECTS ON VEGETATION
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