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Abstract

This paper presents the results of biomonitoring?lofin ambient air. For this purpose
Italian ryegrass was used to evaluate Pb levelitibaélly chlorophyll forms (a+b, a and
b) were measured in leaves. Plants were exposé&dsies varying in environmental
characteristics in the 2011 growing season. A aimdlet of plants was conducted in
control conditions. Three 28-day long exposureesewere performed. The aim of this
study was to analyse the relation between Pb lamdl chlorophyll content in various
exposure sites and series using multivariate aisabfsvariance. The analysis revealed
variability of Pb and all chlorophyll forms contsrih different exposure sites and series.
The lowest level of Pb concentrations was noted aub-urban site together with the
highest level of all chlorophyll forms contents.M@aical variate analysis could be a
proper tool for a graphical data presentation ofl@®kel in plants exposed to various
environmental conditions.
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1. INTRODUCTION

Lead is an amphoteric element with strong toxigvégt In natural conditions
its accumulation in rocks and soils is relativedw! It was widely used in petrol
production, nowadays it can be emitted during itrdisactivities of many
products, such as batteries, paints and lacquetkelpast the main source was
emission during combustion in car engines, nowedieagines only emit these
elements [2]. Lead is also emitted together withtipalate matter and can be
transported with it surviving even for 10 days. Vdet dry deposition can affect
surface waters and soils [7]. When environmentdciglified it can turn into
soluble form, which is available to plants. Thedkwof a plant’s tolerance to
lead is different for various species. Cumulativeperties are widely used for
clearing an environment from this element as wellpeotecting barer against
spread with wind to further distances [8]. Leadamntiration in the atmosphere
does not exceeded limited values according to EaaopJnion law, however it
can be transported and cumulated in plants. Heatglmoccurred in soils and
atmosphere can affect plant growth and developnaemd, as a consequence
decrease the yield [1]. Even small amount of haaeyal in the air can cause a
plant’s physiological disorder affecting biogeocheah balance and habitat
stability [17]. There are however, some plant spgcivhich can accumulate few
percent of heavy metals in dry mass of above graugdns, and they are called
hyperaccumulators [21]. Many investigations haverbearried out to discover
the mechanisms of these species high resistanioeatey metal concentrations.
There are still many discussions concerning thisbiem [14]. The effect of
heavy metal can cause negative response of phobesinactivity, as well as
disorders in water balance, respiration, minerdiseances content [3]. The
water balance is extremely important for propertphynthesis process and
plant growth. Water potential, transpiration inignand relative water content
are usually affected by exposure to heavy metadnmbient air. Chlorophyll
content is one of the parameters, which is affedigdmbalances in plant
metabolism. Hence it can be also a proper markeplafit stress to some
external factor, such as heavy metals in ambient ai

Italian ryegrassL(lium multiflorumssp. italicumL) cultivar ‘Lema’ was found
as one of the most useful bioindicator for heavyaineoncentration in ambient
air, due to its wide range and fast growing [11heTaim of this study was to
evaluate the relation of lead accumulation in dtaliryegrass leaves with
chlorophyll content. As well as determination ofupl response in different
locations and exposure series using canonicalteagiaalysis.



CANONICAL VARIATE ANALYSIS OF CHLOROPHYLL CONTENT IN PLANTS 17
EXPOSED TO DIFFERENT LEAD CONCENTRATIONS IN AMBIENT AIR CONDITIONS

2. MATERIALSAND METHODS

2.1. Sampling and samples preparation

The experiment was carried out in 2011 during gngwseason. Investigations
schedule was provided according standardized meth@german Engineering
Association [20]. Similar amount of seeds were somto 5L pots filled with
the standard mixture of soil and peat. Plants weatered by deionized water
(conductivity level between 2-5uS ¢nrdeionizer HLP 30, Hydrolab, Poland) to
avoid the additional application of heavy metalsdid&ionally, plants were
fertilized (according to their needs) during growvim the greenhouse, the last
fertilizing was at least one day before transporthie exposure site. Every time
when plants reached the height of 8-10 cm they watdo 4cm, also one day
before exposure. After six weeks of cultivatiorthie greenhouse conditions the
pots with plants were transported to the exposites.g-ive sites were selected
to presented investigations and were located in ditg of Poznan and
surrounding areas. The sites varied in the airityuetharacteristic - there were
two city sites (site No 1 and 2), one site in sbbareas (No 4), one site
representing agriculture area (No 5) and one sitatéd in Agro-ecological
Landscape Park (No 3) (Fig. 1).

== gldwne ulice
main roads
—> rzeka Warta
Warta river

5 km
—

Fig. 1. Location of exposure sites in Poznan aity aurrounding areas

Plants were exposed for 28+1 days. Three exposiresswere carried out in
the 2011 year - 16.05-12.06; 13.06-10.07; 11.0087Five plants were
exposed at every site. Similar set of plants weasltivated in greenhouse
conditions as control. A continuous water supplysvpaovided through glass
fibre wicks placed in pots and dipped in specialyistructed water reservoirs
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with volume ca. 8L. Hence it was not necessaryheck and water the plants
every week. The construction made it possible tat® plants at 130cm height
above ground at every site, so we received comfgrabults of plant response
to air pollution by lead.

2.2. Chlorophyll and lead content measurements

Chlorophyll contentat+b, a andb in fresh and dry matter was investigated.
Chlorophyll a+b, a and b content in fresh matter was measured using the
dimethyl sulfoxide extraction method [16, 9]. Theveél of chlorophyll was
analysed by the spectroscopic method (spectropleaesnHach DR 2000,
Lange, USA) and calculated based on Arnon’s pat@ased on the percentage
of dry matter content and chlorophyll in fresh weighe chlorophyll content in
dry weight was calculated.

Lead (Pb) concentrations in leaves were measurédrébeand after every
exposure series. For this purpose leaves were dndd.5 g of dry weight were
deepen in 9mL ultrapure HNO Samples were mineralized in microwave
equipment MARSS5. The whole process was divided thtee phases: rich the
certain parameters, maintains proper parameteesgpre 300 PSI, temperature
175°C) for 15 minutes, cooling for the next 15 ness The digested samples
were quantitatively transferred into 10mL volumetflasks, and the final
volume adjusted to the mark with deionized watdr wRs determined in each
prepared sample using an inductively coupled plaspectrometer equipped
with a dynamic reaction cell (ICP-MS Elan DRCII,ra Elmer, Canada). An
ICP-MS spectrometer equipped with a Meinhard comm@emebulizer, a
cyclonic spray chamber, Pt cones and a quadrupss mwaalyzer were used for
this study. Typical instrument operating conditiémsthe ICP-MS spectrometer
were: RF power - 1150 W; plasma Ar flow rate - 5in; nebulizer Ar flow
rate - 0.98 L/min and auxiliary Ar flow rate - 1L2min. Whilst tuning the ICP-
MS, compromise conditions for a maximum signal nsiey of the analyte
(24Mg+,  115In+, 238U+) and a minimum ratio of oxide
(140Cel160+/140Ce < 3%) and doubly charged ions (128B28Ba+ < 3%)
were found. The proper conditions of ICP-MS workingre checked by using a
solution containing Mg, In, U at a concentration bfug L* and a Ba
concentration of 10 pg'L (Smart Tune Solution - Elan DRC Il /plus, Atomic
Spectroscopy Standard, Perkin Elemer Pure). Céldoracurves were
established using aqueous standards of Pb. Thelast solution were
prepared using 10 mgL Multi-element ICP-MS Calibration Std 3 (Atomic
Spectroscopy Standard, Perkin Elmer, Canada). Shtopes of Sc45 and
Rh103 were prepared from appropriate solutions vathconcentration of
1000 mg ! (Merck, Germany). All standards were preparedydfidm after
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subsequent appropriate dilution with high purityiodézed water (Millipore,
USA). The internal standards correction, scandiund ahodium at the
concentration of 1 pg't, provided for dealing with matrix-induced varioasd
instrumental drifts.

The correctness of the analytical results was aegelBy the use of CRMs for
Pb in water reference material NIST 1643e.

2.3. Statistical analysis

Let us adopt the structure of a model for the sarmglcoming from the content
of lead ( =1) ori-th chlorophyll formsi(= 2,..,1; herel = 7),k-th exposure site
(k = 1,..., K; hereK = 6), thej-th seriesj(= 1,...,J; hereJ = 3) andr-
replications (=1,...,r, ,; herer, , =5 excludingr,, = 4):

— 1 2 12
Yige = 1 TS T & TGy T 6 (2.1)
where for the-th selected (one of six) chlorophyll content ontemt of lead,

4 is the general mearé; is thek-th exposure site effec ”-2 is thej-th

exposure series effec ,fqz is the k, j-th effect of site x exposure series

interaction andg,;, is the random error. In addition, ltdenote the number of

all replications in the experiment, and eqdak > > 1, .
ko

All chlorophyll contents are related to each otlaer,well as connected to the
Pb level in leaves. According to the above asswmptiand relations, it is

convenient to treat the results of experimentakolations as multidimensional
variates. The multivariate linear model can betemiin the form:

Y =1yw' + X B+ XE, + XppE, +U (2.2)

where Y is the NxI matrix of observations], is theNx1 vector of every
element equal 1p is thelx1 vector of general means, is theKxl matrix of

exposure sites effect&, is theJxl matrix of exposure series effects,, is
the KJxI matrix of sites x series interaction parametexs, X,, X,, are

design matrices antl is theNxI matrix of errors.
Finally the considered model can be describederfahm:

Y =XE+U (2.3)

where X =[1 i X;:X,:X,,] and& =[pig; 8, 5] .
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Let us consider the hypothesdsy,,:C,,=,, =0, whereC,, =1 ,; =& 1,1k,
(I, being the KIJxKJ identity matrix). Then the best linear unbiased

estimator forg,, is &, = (X},X,,) Xi,Y [17]. This hypothesis tests whether

the lead concentration and chlorophyll contentaroExperimental object (grass
plants in individual site and certain series), k@l by the exposition site x
series interaction (means of Pb concentrationscdarophyll contents in all
exposition site and series over all expositionesgriis zero. The hypothesis was
tested using Lawley-Hotelling’s statistics [12, 10]

The analyses conducted to determine the chlorogbyllents in Italian ryegrass
made it possible to present the position of seteetgperimental objects in the
space of the two first canonical variates. Candniadate analysis is a method
which enables a graphical presentation of the tesof multidimensional
experiments [12]. In the case of our investigafimto the differences between
sites x series interactiqithe lead concentration and chlorophyll contents}
method consists in transforming the mat@x.,, into a set of new variables

which carry similar information, but are distribdten a multivariate Euclidean
space [10, 12].

3. RESULTSAND DISCUSSION

Investigations revealed variability in Pb contentolium multiflorumleaves, as
well as in all forms of chlorophyll content. Thendest lead concentrations were
always noted at the control site in all series. M/hghlorophyll concentrations
were lower at all exposure sites in comparisorh® dontrol one. Differences
between all chlorophyll forms in exposed plants amhtrol were always
significant at levela=0.01. Decreased chlorophyll content in plant |saire
relation to selected trace elements was alreadsdniot many horticultural and
crop species [13]. While lead disturbed biosynthesichlorophylls in mustard
[8]. The highest Pb level was observed in planfgosgd at city sites (No 1 and
2), while lower and comparable levels were notedgab-ecological park (No
3), sub-urban (No 4) and rural sites (No 5) (Tgb. 1

The highest chlorophyll (all forms) content was etbtin control plants
Comparing exposure sites, excluding control, thghést average chlorophyll
contents were observed at the sub-urban site (N6id. 2.).
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Table 1. Comparison of chlorophyll concentrationd b contents at individual
exposure sites and the control. Average valueslofaphyll concentrations for control.

Exposure sites Control
(differences between individual exposure sites andaverage
Parameters control) values)
1 2 3 4 5

a+b (mg g'FwW) -1.37% | -1.21% | -1.03** | -0.92**| -0.29** 4.31
a(mg g'FW) -0.77* | -0.92* | -0.66** | -0.61** | -0.14** 2.71
b (mg g'FW) -0.54* | -0.39** | -0.52**| -0.28**| -0.18** 1.34
a+b (mg g'DW) -31.6* | -27.6** | -29.0%* | -21.6** | -26.4** 46.9
a (mg g'DW) -20.6** | -19.5%* | -19.5% | -15.4* | -17.5* 30.5
b (mg g'DW) -9.91* | -8.21* | -9.56* | -6.07** | -8.24** 14.2
Pb (ug gDW) 0.57* | 0.59** | 0.26** | 0.30** | 0.23* 0

** 0<0.01- significance level

wh

the second coordinate (10.9%)

4
-3

the first coordinate (84.2%)

Fig. 2. Position of chlorophyll contents in plaatghe exposure sites in relation
to control in the first two canonical variates apdcing of the chlorophyll
contents and Pb in dual space

This was affected by the highest chlorophyll cotden dry mass. While the
highest levels of chlorophyll contents in fresh giiwere recorded in plants
located in the rural site (No 5). The lowest chjgrgll contents (excluding
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chlorophyll a in fresh weight) were noted at onetlod urban sites (No 1).
Interesting relation was observed between Pb acetimm and chlorophyll
content at sub-urban site. High chlorophyll corgeint dry matter were noted,
while Pb concentrations were comparable to thedednat site No 3 and 5.
However, chlorophyll contents in fresh weight wateeomparable level at these
three sites (Tab. 1). Detailed comparison of irdlial experimental objects
(values of observation factors in particular expesseries and site) confirmed
the highest chlorophyll contents in control sit@alhexposure series (Fig. 3).

0E-2
—_ 12 .
S
N
8 i , 0E3
8 O
2 3E3 4E3
2 /
S / N
o 5E3 ¢ \ o AE-2
'g _ p ] “/n"_ 2 E-3
§ b /6 /‘ 0 3 % 12
® |1E3 5E2 o 1EL3EL 0E-1
- \ 1E-2 = ) ® ® ®
2 E-2 5E-1 2E1 4 E-1
3E-2
the first coordinate (38.7%)

Fig. 3. Position of chlorophyll contents in plaatsexposure sites and series in the first
two canonical variates (1 e -1 denotes the firpbsure site and the first exposure series)

This was valid for all chlorophyll forms, excludirdplorophyll in fresh weight
after 3 series (Tab. 2). Analysis of positioning of cartakperimental objects
in the canonical variates space revealed dataidgithto two groups. At one
site chlorophyll contents for all exposure siteslsf series were located, while
the 29 and 3" was at the other site of the plot. Lower differenin comparison
to control were found for samples collected frorarpé after the 1st exposure
series (Fig. 3). Chlorophyll contents in dry mas®ath urban sites in the'2
exposure series were the lowest for all experimeaiigects (Tab. 2), hence we
could observe a greater distance to results atetsteof sites in the"2and the
3" exposure series.
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Table 2. Differences between individual exposutessiand series of all chlorophyli
forms and Pb in comparison to means over all exipossites and all exposition series

Site- Chlorophylls
series| atb a b a+tbdm | adm bdm Pb

OE-1 2.02 0.20 1.16 27.39 7.43 1347 -0}32
1E-1 -0.75 -1.1§ -0.02 -7.76 -8.91 -1.18 0)02
2E-1 0.88 -0.48 0.66 4.0 -4.07 3.67 -0J02
3E-1 -0.55 -1.03 0.04 -6.0[7 -7.96 -0.67 0J06
4E-1 0.84 -0.50 0.6% 11.85 -1.00 6.56 0/07
5E-1 -0.46 -1.01 0.16 -7.48 -8.58 -0.66 0/16
0E-2 1.06 1.29 0.16 30.21 26.42 6.82 -0}32
1E-2 -0.96 -0.19 -0.4% -11.25 -4.91 -4.3 0/81
2E-2 -1.25 -0.61 -0.47 -11.56 -6.29 -4.05 0/93
3E-2 0.27 0.33 -0.34 -5.41 -2.48 -3.72 -0J08
4E-2 -0.83 0.00 -0.29 -5.62 0.18 -2.05 0)01
5E-2 1.75 1.30 0.42 0.36 1.17 -0.41 -0J16
0E-3 -0.66 0.04 -0.34 10.69 12.33 111 -0}32
1E-3 0.00 0.57 -0.2 -7.3/7 -1.87 -3.21 -0J09
2E-3 -0.84 -0.12 -0.39 -7.09 -1.87 -3.13 -0j11
3E-3 -0.38 0.27 -0.29 -7.26 -1.75 -3.17 -0J16
4E-3 -0.40 0.26 -0.30 -3.78 1.04 -2.41 -0J20
5E-3 0.26 0.82 -0.17 -3.8/7 1.10 -2.63 -0J28

E-exposure site

A smaller distance to the control site was obsefeedhe sub-urban site (No 4)
and the urban site (No 2) during tHéekposure series (Fig. 3). This was caused
by high values of chlorophyle+b and b (Tab. 2). The lower level of
chlorophyll content and photosynthesis activityret exposure sites was related
to lead accumulation. Disturbed photosynthesis gge@an cause smaller plant
growth and development, as well as a lower levelelgments related to
photosynthesis activity, such as nitrogen, potassimagnesium, and also can
effect on cell membranes permeability. Chlorophghibition was previously
noted [5, 4] mainly due to high sensitivity of twkey enzymes of the
chlorophyll biosynthetic pathway: d-aminolaevuliracid (ALA)-dehydratase
(EC 4.2.1.24) and protochlorophyllide reductasd.[18
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4. CONCLUSIONS

Canonical variate analysis revealed variability Rl and contents of all

chlorophyll forms in different exposure sites araties. Overall, the highest
chlorophyll content was observed in the contrainpd, while the lowest were
noted in plants exposed in one of the urban sité® lowest level of Pb

concentrations was noted at sub-urban site togaetitérthe highest level of

contents of all chlorophyll forms. Canonical vagianalysis could be a proper
tool for graphical data presentation of the Pb ll@veplants exposed to various
environmental conditions.
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ANALIZA ZMIENNYCH KANONICZNYCH ZAWATO SCI CHLOROFILU
W ROSLINACH EKSPONOWANYCH NA R&ZNE STEZENIA OLOWIU
W POWIETRZU ATMOSFERYCZNYM

Streszczenie

Praca prezentuje rezultaty biomonitoringu ofowiu zmdznicowanych warunkach
srodowiskowych. Do oceny zawaktm poziomu oftowiu wykorzystano ébny zycicy
wielokwiatowej. Dodatkowo w dtiach oznaczono zawagtochlorofilu (atb, a orazb)
w $wiezej masie. Rdiny eksponowano w okresie wegetacyjnym roku 204alpkciu
stanowiskach badawczych zréacych se& parametramisrodowiskowymi oraz w
warunkach kontrolnych. Rbny eksponowano w 28-dniowych okresach badawczych.
Wyniki zawartgci Pb oraz pozioméw chlorofili w eéfych miejscach ekspozycyjnych
oraz seriach testowano z zastosowaniem wielowymvigiranalizy wariancji. Wykazano
zmiennd¢ zawartdci Pb oraz pozioméw wszystkich form chlorofilu wzngch
miejscach ekspozycyjnych i seriach. Nagze zawartéci ofowiu oraz najwysze
poziomy wszystkich form chlorofilu zaobserwowano stanowisku podmiejskim. W
pracy wykazano przydat&d analizy zmiennych kanonicznych do graficznej pneaeji
wynikéw biomonitoringu powietrza.

Stowa kluczowe:  otéw, chlorofil, zycica wielokwiatowa, analiza zmiennych
kanonicznych
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