In SHORT: how pollution is controlled

In accordance to UE's policy, in our country the control of environmental
pollution is carried out on the basis of three approaches:

(a) Ecotoxocological tests before any permission to market a new product,
carried out by the producer according to international test guidelines.

(b) Definition of specific emission limit values for each “producer” for those
substances that are emitted/released in dependence to the type of
production process involved, with successive controls on emissions at the
source, for a small fraction of time.

(c) Use of "air quality" automated recording gauges, where the concentrations
of some persistent airborne pollutants (CO, SO2, NOx and ozone, benzene;
PM10 on a weight basis) are continuously measured, to provide very
precise data for a few points on the territory, that are used in mathematical
diffusion model together with meteorological data; pollution is defined in
reference to arbitrarily set threshold values.



Hundreds of xenobiotic or potentially harmful substances are released into
the environment, the fate of which little or nothing is known.

There is little or no data on the fate of too many contaminants, generally
released into the environment at low concentrations and (presumably)
below the emission limits set by law, such as heavy metals, polycyclic
aromatic hydrocarbons, dioxins, furans, new generation nanomaterials etc.
which can be harmful even at extremely low concentrations.

These substances, together with many others, including the "generalist”
ones, can exert effects on the biotic and abiotic components which are
 INDEPENDENT (“every substance for itself”);

« ANTAGONISTS (“they cancel each other out”);

« SYNERGIC ("they add up or amplify")



BIOMONITORING consists of the measurement - extended in time and space - of the
response effects manifested by organisms, in particular by those that prove to be
particularly sensitive - or rather - "reactive": we could define them as "environmental
sentinels”.

In the biomonitoring approach, the question is not primarily "what is the concentration of
substance X?" but rather «are any effects observed on the living component? How
serious are they?", possibly in connection with the human component, because if an
animal is showing signs of damage, we cannot exclude that also human beings will be
affected.

From the response effects shown by single individuals, populations or whole
communities, the degree of environmental compromise can be derived: if there is a
statistically significant deviation from those recorded under “normal conditions”, in
absence of other disturbing factors, and on the basis of the knowledge of the biology of
the organism under study, the cause of the observed effects can be referred to a single
pollutant or - more generally - to pollution.



Practically every organism is able to provide information on
the environment in which it lives, especially if it is compared
with others (concept of the "ecological niche" or ecological
hyper-space), but above all if it is "interrogated” in the right
way..

Plants, yeasts, insects, birds, earthworms, molluscs, ....
They are all potential “biomonitors”... |
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Potentially every organism is an environmental sentinel
since, by definition, the very fact of being alive gives us
information on the presence of specific conditions which are
compatible to the life of that organism.

Among all organisms, there are many that have a
physiology and ecology that is partially or largely unknown,
and in any case too complex, for which it is difficult to
identify a response attributable to specific causes.

For this reason, specific groups of organisms are selected,
because particularly reactive toward a specific factor or
groups of factors. The choice also depends on the
specialization (and scientific strength) of the people who
study them: a deep knowledge of the biology of that group
of organisms is of paramount importance to ensure
scientifically sound results.



The ideal biomonitor should be:

* ubiquitously present;

 easily available and easily identifiable;
 stationary and always available;

 capable of reacting to environmental variation, but sufficiently
resistant to environmental stress.

Many good reasons might suggest to consider this short list “false”
or “misleading”. Actually, different biomonitors can be selected on
the basis of the aims of our study, or on the basis of the subject of
our study.



There are two different types of biomonitors:

* BIOINDICATORS have high sensitivity towards the polluting substance (or
group of substances), and already following exposure to low doses they
manifest clear and specific symptoms that are easily quantifiable, undergoing
evident variations in physiology, morphology or frequency distribution
following the influence of substances present in the environment: from the
quali-quantitative measurement of the observed change, the presence of the
pollutant(s) in the environment can be derived.

 BIOACCUMULATORS have high tolerance and accumulation capacity,
storing the pollutant (which must have persistence characteristics;
alternatively, its stable derivatives must be measured), often without showing
symptoms; in this case, the concentration of the substance measured in the
body should reflect the environmental one: from the measurement of its
concentration in the bioaccumulator, the environmental availability of that
substance in the environment can be inferred.



We will proceed with EXAMPLES:

Bioindication, Active biomonitoring: Observations on individual plant species

(Nicotiana tabacum, Trifolium pratense) as bioindicators of a specific pollutant,
ozone.

Bioindication, Passive biomonitoring: determination of a Biodiversity Index of
epiphytic lichen communities as indicators of air quality.

Bioaccumulation, active and passive biomonitoring: analysis of samples of
mosses, lichens and bees as bioaccumulators of potentially toxic elements,
polycyclic aromatic hydrocarbons, persistent airborne organic pollutants or
pesticides.




Ozone (O,) is a gaseous pollutant with a charac
whose molecules are made up of three oxygen atoms, w
causes the so-called «Los Angeles smog»
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Traditional chemico-physical ozone monitoring has limitations in:

« peculiar nature of this pollutant which is of secondary origin;
* non-optimal location of the automated recording gauges;

 need to know the environmental state even in near-natural areas where
ozone may possibly be present at unsuspectedly high concentrations.

Alternative methods of measuring the concentration of specific pollutants can

be found... For instance, passive samplers, that, unlike automatic analyzers,

do not use a pump. A specific adsorbent contained in the passive sampler

captures a certain mass of a specific airborne substance, that enter in the

sampler by diffusion. i TR s

The concentration in air is obtained by measuring
the mass of substance captured as a function of exposure time.
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This sampling method, based on the principle of molecular diffusion (i.e.
without the use of a pump), does not provide real-time concentration values,
like automatic analyzers, but only the average concentrations relating to the
sampling period. They cannot give any information concerning the maximum
concentration present (“acute episodes of pollution™)

However, it has the following advantages:

* Preparation, use and analysis are easy;

 The analytical technique in particular is simple;

» |t does not require electricity;

« Possibility of having a high spatial density of
measuring points;

« Possibility of reusing display structures and cartridges.

There are now around fifty substances tested experimentally in standard atmosphere,
for which accuracy values (expressed as relative percentage error) better than 1% are guarante
Among these: SO,, NO,, NO, Ozone, H,S, benzene, formaldehyde, toluene and xylenes.
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Introduction

The remarkable incraase in population and number of industries in the
Los Angeles arca since 1940 has given rise to a serious problem of air pollu-
tion known as smog, Leal injury to plants, particularly leafy vegelable
crops, was first noted in 1944 and has increased in severiiy since then.

The example that best summarizes the operational
possibilities of biomonitoring methods is
represented by a cultivar (cv.) of the tobacco plant
(Nicotiana tabacum L.), Bel-W3, used since 1962
for detecting the effects of ozone.

It presents interesting aspects, starting from the
high sensitivity to the pollutant, as exposures of a
few hours to concentrations of the order of 40 ppb
are sufficient to cause the appearance of typical
lesions. It must be noted that 40 ppb is considered
the discriminating threshold between natural O,
levels and those deriving from photochemical
activity.



The tobacco plant has an annual cycle. It
continuously produces new leaves during the
growing season, with very vigorous growth.
Flowering is determined by the ratio of the number
of hours of light/dark. The farmers are interested in
the leaves. If damaged thelr prlze drastlcally
declines. Ty 3
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Some varieties are
particularly sensitive to
O;. The lesions caused
by O, are easily
identifiable and
quantifiable, as they
consist of punctiform
bifacial necroses, a few
millimetres in diameter
and with a clear outline,
which start to become

confluent if the
exposure to ozone
goes on, whereas their
color lightens from
blackish to dirty-white
in a few days.




If farmers simply moved
from Oj-sensitive varieties
towards O;-tolerant ones,
there was also who was
able to understand that
the O;-sensitive varieties
or — better — the most
sentitive one, could
become a perfect
biomonitor of O, pollution,
and provided to officially
register it:

BEL-W3 was officially
born as leaf-spot sensitive
indicator of air polluting
ozone in July 1976.
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carly s late crosses among inbred lines of US. origin. These
ciosacs were randomly mared for six generations. AS-G is a very
carly population [AESION and has prcdt:rminar.cl_-,' dark vellow
flint kernels.

AS-DE (S)C3 (Rge. Mo, GP 68} was developed to provide a
source of deep-kernel germplasm adapted o temperate latitudes,
‘Curco Rlanco’, 3 deep-kernel variety of Peruvian origin, was
crossed with 10 inbred lines (AB0, A427, A495, A408, AKD, ABIS,
A556, CMD5, MSI3HM, and ND303). Three cycles of recurrent
selection for kernel depth were conducted uzing the 5, progeny
method, followed by IEIEE generations of random mating, AS-
DE (8)C3 is of AESHMW maturity and has yellow [loury kernels
that average 1.5 cm in depth.

ASF(HTHCS (Reg. No.o GP 6% was developed through re-
search on a recurrent selection method. Eight inbred lines (A7S,
AZ36, AME, AR5, ORS, Oh43, OhS1A, and W were combined
in an eight-way cross that was randomly mated for one genera-
tion, This synthetic, AS3 (HT)CO (formerly designated Minne-
S0OLa Sfymh:_-tic ), was subjected to three cyeles of recurrent seleg-
tion for grain yield wsing the half-sib progeny method, The
tester in each cvele was Minnesota Synthetic | (pedigree: AT71,
AST4, B164, Mich, 265, Mich. 401, SDI100, W20, and WR3). Effecis
of this recurrent selection were reporied earlier (Achmad Bai-
haki. 1978 Effects of recurrent selection on genetic variability
and performance of a synthetic maize variety. M.5. Thesis, Univ.
of Minnesota, St Faul) AS-3 (HT)C3 is of AESS00-600 maturity
and has vellow dent kernels.

REGISTRATION OF BEL-W3, AN OZONE-

SUSCEPTIBLE TOBACCO GERMPLASM?
{Reg. No. GP 14)

H. A. Menser, H. E. Heggestad, and J. J. Grosso®

BEL-W3 tobacco (Nicofiana tabacum L), a leaf-spot sensitive
indicator of air polluting ozone, was identified and developed
by the ARSUSDA and released in 19750

BEL-W3 originated in 1957 from a small planting of the com-
mercial shade-grown cigar-wrapper cultivar, 'COC-W3E, devel-
npcd by the Consolidated Cigar Co. However, COC-WH was too
susceptible to weather fleck, an orone-incived disorder, and was
never grown commercially, Teses in controlled-environment
chambers showed that BEL-WS was more sensitive 1o orone than
CCC-WE, The greater sensitivity was conflirmed by observation
in greenhouses and ficlds.

BEL-W3 ilowers earlier than other Connecticut and Florida
shade cultivars that have heen tested for air pollution responsecs
at Beltsville. Repeated field and chamber experiments indicate
flecking will occur following a 2 to S-hour exposure to 5 o 6
pphm of oeone,

Seed stocks are available in small amounts [rom the Tobacco
Laboratory, Plant Genetics and Germplasm Institute, ARS-USDA,
Beltsville, MD 205705,

REGISTRATION OF CONNECTICUT SU-
MUTANT TOBACCO GERMPLASM!
{(Reg. No. GP 15)

H. A. Menser, L. G. Burk, and G. W. Schaelier®

AN aurea tobacco (Nicatiana fabacum L) mutant of the
Connecticur Cigar cultivar “John Williams Broadleal” was de-
tected in 1962 in Erlanr.[ngs of the 18-year-old seed. The mutant
form has been designated Su and maintained by the ARS-USDA,
Beltsville, MDD 20705, since that thme. Su seed was released
officially by the Department in 1975,

A single plant among about 300 seedlings became uniformly
vellow after a brief display of varicgation during carly growth,
and it produced seed that exhibived aph.ennlrpic ratios of 1
green: 2 vellow-green: 1 aibino (lethal)? The sulfur-yellow ap-
pearance of the serviving mutant class sugpested the term Su
to describe the mumtation factor. The three Fhenmrpes wWEeTEe
designated Su/5u for albino, Su/su for yellow-green, and su/su
for the normal green wild type.

So/%u will not survive aumtlﬂphically but ran be coltured
on a mediom containing a source of cirbon and growth factors,
including hotmones* Under these conditions, Su/5u grows as
rapidly as Sussu. In soil, Susan grows o matority but at 3
much slower growth rate than su/su, Very high light intensity
with a long photoperiod stimulates the growth rate of Su/su to
nearly normal. Physiological, biochemical, and cywological stu-
dlies have disclosed unigue photosynthetic and photorespicatory
propereies for the muetant and wild types®

Mo homozygous Su plants have been grown to maturicy, but
small amounts of Su/0 and sufsu seed can be obtained [rom
the Tobaccy Laboratory, Flant Genetics and Germplasm Tnsti-
tote, ARS-USDA, Belesville, Maryland 20705

' Registered by the Crop Science Society of America, Accepted
5 Aonr. 1976,



The most frequently applied operational method was developed by
researchers at Imperial College, London. It is based on the
determination of a Leaf Damage Index (LDF) or Leaf Injury Index
(LIl), later appropriately modified to increase the quality of the data
and the correctness of sampling, therefore of the information
obtained.

A first attempt was successfully conducted by Pisa scientists in =
cooperation with the Italian environmental agency (ANPA, Rome, g e
1999) to describe the fundamental standard procedures of O, ==
bioindicators, with special attention to plant growth, staff training ' Bi& B85
and data analysis.

Soon later, the VDI (Verein Deutscher Ingenieure) protocol
followed, with further compelling information on seed and soil
quality, watering etc.

The last step was given by the acceptance of the VDI protocol by
the International Co-operative Programme on effects of air pollution

and other stresses on vegetation (ICP - VEGETATION).




Due to its high standardization and frequency of application, the Tobacco
procedure can now be considered an excellent example - although not the
only one - of the application of biomonitoring techniques for the
characterization of air quality in relation to a single pollutant.

The current method is used in environmental investigations, especially linked
to authorization processes of large industrial complexes (e.g. thermoelectric
power plants).

The procedure aims to reconstruct the distribution patterns on the territory of
the ground concentrations of ozone, and its temporal variations on a weekly
or monthly scale for the entire period of the photochemical season.



Growth protocol:
Instruction are given in terms of:

e Seed mass per surface unit, how to plant them,
how and when to transplant young seedlings;

« growth conditions: in a climate cell at 20-23°C, 70-
80% RH, light/dark photoperiod 14/10, 500-550
umol photons m=2 s-!, good water availability.

* |t is mandatory to growth the plants in FILTERED
AIR




a) Nicotiana tabacum cv. Bel-W3 seeds;
b) soil Einheitserde Patzer ED73;

c) seedbed;

d) Seedlings with extended cotyledons.



The adult plant are
transplanted in plastic pots
with pieces of cotton twine
protruding from the holes in
the bottom, which are inserted
in a polystirene frame inserted
in a plastix box (A) that will
contain water, to provide the
correct soil hydration by
capillarity.

b) schematic drawing of the
operation;

c) explanatory diagram.




Seedlings and adult plants are grown in closed glasshouses
provided with filtering system with active carbons, to exclude the presence of ozone (A);
Eventually, boxes in plexiglass can also be used.
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According to the instructions given in VDI 3957/Part 6 (2003) guidelines, the fourth leaf
of each plant must be marked with a colored wool thread. (a) Exemplary diagram taken
from the guidelines; (b) Indicator plant marked. All the following leaves will also receive
their proper number.



After 8 weeks from sowing (when the seedlings have
4-5 fully expanded leaves), the plants must be
selected for homogeneity and transferred to the
exposure sites, away from roads, tall trees and walls.

(Left) Exposure structures

according to the requirements and
Indications contained in the
reference VDI standard

[VDI 3957/Part 6, 2003]




In each site at least 6 plants of the cv. Bel-W3 and
at least 3 Bel-B (as a control) are placed, possibly
inside frames with shade net, inside a fence, at a
distance of 50 cm from each other according to a

scheme like this:

A 0O O
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Stazione di biomonitoraggio degli inquinanti ae-
rodispersi nel centro di Firenze
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Indicator plants of Nicotiana tabacum exposed during the active biomonitoring campaign of
tropospheric ozone conducted in the area surrounding the Enel Thermoelectric Power Plant of Torre
Valdaliga Nord of Civitavecchia (RM), in the year 2012.



Indicator plants of Nicotiana tabacum exposed in the urban center of Civitavecchia (station n.
12), during the active biomonitoring campaign of tropospheric ozone conducted in the area
surrounding the Enel Thermoelectric Power Plant of Torre Valdaliga Nord of Civitavecchia (RM),
in the year 2012, at respectively: a) beginning and b) end of an exposure cycle.



To each plant a reference code is assigned,
then the leaves are numbered; the
numbering will be extended to those that
will form with growth.

The set of plants is kept for 4 weeks, and
then is replaced with a new set of 8 week
old plants, 4-5 expanded leaves coming
from filtered air. If necessary, plants
damaged by vandalism are replaced during
construction with "twins" kept in cultivation
under controlled conditions.




The number of leaves present on each plant is counted, and the
percentage of necrotized surface area for each leaf is recorded. The
percentage of damage is expressed in intensity class of the
phenomenon, as follows:

0 = no damage;

1= >0 damage <5% of the total leaf surface;
2 = damage from 5 to less than 10%;

3 = damage from 10 to less than 15%;

4 = damage from 15 to less than 20%;

5 = damage from 20 to less than 30%;

6 = damage from 30 to less than 40%;

7/ = damage more than 40%.



Fig. 22 - Riferimenti standard per la :
zulla bioindicatrice taba




The leaf damage index is then calculated,
based on leaves longer than 6 cm, and
those that had not suffered damage
exceeding class 2 in the previous week:Si

IDF = Zile(Dt'Dt-l)i/N

where:

n = leaf progressive number (from the plant base);
N = total numer of the observed leaves;

D, = leaf damage at the last week;

D, , = leaf damage at the end of the previous week.



Alternatively, field data can be collected by interpreting photographs

of leaves or by using more sophisticated image processing
techniques.

In any case it is useful to have reference photographs available for:
a) compare the damage observed;

b) correctly estimate the intensity of the phenomenon.



The LDl is linearly correlated to AOT40 values. From the mean LDI value of a
site the corresponding AOT40 value is easily obtained.
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Figure 6. Relationship between M7 ozone values and leaf injury index on tobacco Bel-W3 (LII) in
the three sites where automatic analyzers were operating. Values of the 5th set of plants are identified.

With respect to passive samplers (see above), the tobacco plants show
the effects caused by acute pollution, which is particularly important also
for human health.



The main operational limitations consist of:

* need for large spaces (and a long time) in an environment with filtered air;
* due to the fraqgility of the leaves, transport over long distances is difficult;

« the indicator plants remain in place for several weeks (usually 4).

To avoid these problems, a new system
based on the use of tobacco seedlings
grown in tissue culture plates has recently
been developed.

The sensitivity of the cotyledons and of the
first expanding leaves is well correlated to
that of mature leaves




TRANSPLANT




A kit of Bel-W3 tobacco seedlings
after seven days of exposure to
ozone-polluted air.

After exposure, the young
seedlings can remain for 1 day in
ozone-free conditions, thus
allowing the full development of
the damage induced by the
pollutant.
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The advantages deriving from ozone biomonitoring with this miniaturized kit
of young Tobacco plants can be summarized as follows:

(i) the space required for plant growth is reduced;
(ii) a large number of individuals may be exposed,;
(iif) the plates are small and therefore easily transportable, so they can be

shipped and brought back to the laboratory easily to conveniently estimate
the damage by the same operator, ensuring standardization of the reading;



NOT ONLY TOBACCO...

The visual estimation of leaf damage represents the

weakest point of the tobacco-based methodologies
discussed so far.

A methodology based on non-subjective measures and
not significantly influenced by other factors evidently
represents a clear improvement of the present systems.



Trifolium repens L. cv. Regal

Yy

 TOLERANT CLONE -
NC-R

SENSITIVE CLONE:
NC-S




The ozone-sensitive (NC-S) and ozone-resistant (NC-R) clones
show measurable differences in biomass growth in response to the
presence of ozone while responding in the same way to all other
factors tested so far that can positively or negatively influence
growth.

The growth of NC-S and NC-R is similar when the ozone
concentration is low, while the growth of the NC-S clone is much
lower than that of the NC-R clone when the ozone concentration is
high.



Biomass production of white clover (Trifolium repens) cv.
Regal NC-S clone (left) compared to that of NC-R clone
(right) in a monitoring campaign concerning tropospheric
ozone conducted in Pisa.



Clover stem cuttings of the two clones are
transplanted in standard conditions (3-4 leaf
nodes in soil with certain characteristics,
irrigated with a suspension of Rhizobium,
fertilized and maintained at 20-23°C, 14
hours of photoperiod, etc.

After 28 days of rooting, the
seedlings are transplanted into
plastic pots diam. 30 cm and 15
dm? of volume, and the pots are
transferred to the exposure sites
(n =20 NC-S and 20 NC-R)




The exposure lasts 28 days. At the beginning of the
fourth week, surveys are carried out on the health
status of the plants if symptoms attributable to
ozone appear on at least 20% of the individuals:
whitish necrotic spots turning brown at maturity,
with interveinal localisation.

A simplified form is used with respect to tobacco: S=healthy
plant; N=dwarfism; P=pathogens; I|=insects; A=withering;
O=o0zone (O1: light damage; O2: moderate damage; O3:
severe damage).



The first harvest is carried out 56 days after rooting, cutting the
epigeal portion (leaves, stems, flowers) at a height of 7 cm above
the surface of the sail.

The dry weight of the sample is made placing in a paper bag the
material, and kept it at 80°C until the constant weight is reached (to
measure the weight, the sample is left to cool over silica in a closed
cabinet).

The harvest is repeated every 28 days, for a total of 5 in a season.



In Italy, the clover method is less frequently used in comparison to the
tobacco’s one, although it can provide solid data that are collected in a
faster way. Possibly, this is a deliberate choice related to the fact that
clover is a typical meadow plant, used as fodder for herbivores, and very
close to alfalfa (Medicago sativa): is you give evidence of a damage of a
sensitive clover induced by O, easily the same conclusion might be
derived for an observed decrement of alfalfa crop production... in this
case it seems preferable to use a plant like tobacco, that is by far less
frequently cultivated in our country: no authomatic relationships with a
decrease in biomass production, only spotted or necrotic leaves...



