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The aim of investigation was to develop a new approach in Cd, Zn, Cu, Pb phytotoxicity assessing. This
approach provided the probit analysis using. Methods included probit analysis, thin layer chromatography,
statistical methods (calculation of the least significant difference, correlation analysis). We applied
«doze-effect» model to obtain the ranking of the metals according to their phytotoxicity in spring barley
field. We offered to estimate the phytotoxicity by PhLDs, index. Research results were: graphic
formalization of “dose-effect” dependence and calculation of phytotoxic doses (PhLDy, and PhLDys) for
Cd, Cu, Pb, Zn in polluted soil. According to PhLDj, value we conducted a comparative assessment of Cd,
Cu, Pb, Zn phytotoxicity relatively to spring barley. According to PhLD;, value metals could be ranked:
Cd>Cu>Pb>Zn. The most toxic metal was Cd. PhLD values, on which the estimation of metals
phytotoxicity, were: Cd — 50, Cu — 129, Pb — 537, Zn — 603 mg/kg mobile forms in turf-podzol sandy
loam soil. Our findings are relevant to estimating the metal hazard and controlling the condition of the

crop growth.

Key words: heavy metals, phytotoxicity, probit analysis.

Investigation of damaging effect factors
(for ex. pollutants toxic effects) on biological
objects usually requires probit analysis. The
idea of probit analysis was first published by
Bliss in 1934 in an article devoted to the impact
of pesticides on the dead pests percentage [1].
Bliss suggested to calculate the percent of dead
pests using block probability— probability unit
(or probit), which got the complete definition
by Finney [2]. It is known that measuring of
the lethal dose for an exact individual is almost
impossible, because the death of the plant
organism often occur not immediately. If the
dose is not sufficient to cause the death of the
plant organism, it also turns out over time.
Moreover, the accurately determination of the
dose at which 100% of individuals die is not
possible and not acquitted. That’s why usually
there is the determination of the dose at which
50% and 95% of individuals are dying (or
biomass decreasing). These doses are taken
as averages characteristics of lethal effect of
damaging factors and indicate respectively
LD, and LDy [3]. Methods of probit analysis
using, and calculation of plant or animal
organisms death resulted by the toxic factor
in agrocenoses in field are described in [3].

Transformation of dead plants percent to
probit, and “dose-effect” curve are shown in
Table 1 and in Figure 1.

Probit analysis is widely used in Toxicology
because LD;, and LDy, are among the most
important indexes in assessing the toxicity
of the substance. The more LDy, and LDy,
the less toxic to certain populations. Usually
LD;, index is used in toxicology as “doze-
effect” correlation for assessment of toxicity
substances for human’s life with following
methodology of extrapolating data [4, 5].
However, there are not ecotoxicological studies
which should to determine the LDy, and LDgy;
for living components of the ecosystem.
Although, the biological productivity of
ecosystems is an important parameter which
characterized the condition of ecosystems and
comfortable human existence in it as the last
link in the food chain [6, 7].

Modern ecotoxicologic assessment of
pollutants danger includes several indexes
bypassing attention of calculation lethal doses
for biological objects in ecosystem [8-12]. In
multimetallic chronic pollution, which are
typical for natural conditions, it is impossible
to establish a clear “doze-effect” dependence
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Table 1. Table of transformed percentage killed plant into probit [1-3]

Killed
plant 0 1 2 3 4 5 6 7 8 9
(%)
0 - 2.67 2.95 3.12 3.25 3.36 3.45 3.52 3.59 3.66
10 3.72 3.77 3.82 3.87 3.92 3.96 4.01 4.05 4.08 4.12
20 4.16 4.19 4.23 4.26 4.29 4.33 4.36 4.39 4.42 4.45
30 4.48 4.50 4.53 4.56 4.59 4.61 4.64 4.67 4.69 4.72
40 4.75 4.77 4.80 4.82 4.85 4.87 4.90 4.92 4.95 4.97
50 5.00 5.03 5.05 5.08 5.10 5.13 5.15 5.18 5.20 5.23
60 5.25 5.28 5.31 5.33 5.36 5.39 5.41 5.44 5.47 5.50
70 5.52 5.55 5.58 5.61 5.64 5.67 5.71 5.74 5.77 5.81
80 5.84 5.88 5.92 5.95 5.99 6.04 6.08 6.13 6.18 6.23
90 6.28 6.34 6.41 6.48 6.55 6.64 6.75 6.88 5.05 7.33
o Phytotoxic lethal dose (PhLDj;, and
17T L—=] PhLD,;) is the amount of pollutants in the soil
% of killed plant A (or plant) (mg kg'l) which results 50% (or
/ 95% ) death of plants.
Our research has been devoted to defining
indexes PhLD;, and PhLDy; of Cd, Zn, Cu, Pb
SOFA=FTt—r for spring barley in polluted turf-podzol sandy
loam soil.
Impact pollution is a one-time (or non-
i systematic) contamination of soil pollutants
1 leading to disruption of biotic component of
o 1'} ecosystems, i.e. it is formed the artificially
LDs5g Doze created biogeochemical endemic [13—-15].

Fig. 1. Curve of doze-effect correlation

for each metal. But, in practice, single heavy
metals pollution occurs rarely. Therefore, the
simulation conditions of soil contamination
impact allow to define the “dose-effect” with
various concentrations of metal in the soil
and to establish lethal dose in plant (LD, and
LDys). Such an experiment will be assessed
phytotoxicity each of the pollutants that can be
used in calculating the risk of contamination
of toxic metals in the environment. The need
for such research is of particular relevance
in terms of pollutant contamination of
agro-ecosystems, quantity and quality crop
production which is very important for humans
as consumers of it [6—12]. In addition, the
establishment of indicators lethal doses will
enable comparative evaluation of the toxicity
of pollutants in relation to biological objects.
We offer to define the lethal indexes for
plant (phytotoxicity) using known probit
analysis analogously to LDy, and LDgy;.
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Impact and chronic pollution of toxic
metals in agro-ecosystems generally occurs
near proximity anthropogenic (industrial)
landscapes. In order to predict the harmful effect
of metals behavior in polluted conditions in
such landscapes, it is necessary to have ecotoxic
preliminary data about these pollutants, for
example, their kinetics, soil profile migration,
effects on micro biota, plant up-taking and
others properties. For this purpose, the model
experiment included the artificial adding of
different dozes of Cd%", Pb%", Cu?*, Zn?" salts in
sod podzolic sandy loam soil.

Materials and Methods

The soil of experiment was sod podzolic
sandy loam on layered glacial sands (sod
podzolic). Sod podzolic soil has the following
physic chemical characteristics: pHg,;
5.5; organic matter by Turin 0.87%, CEC
6.3 mg eqv/100 g. Crop was spring barley.
Research conducted at the Institute of
Chernigov APP UNAAS. Experimental studies
conducted over the years 1999-2012.
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Scheme of experiment (adding of toxic metals salts to soil)

Control (no HM application)

cu?’:

Zn?*:

100 mg kg ! of the soils (1 MAC)

600 mg kg ! of the soils (2 MAC)

150 mg kgf1 of the soils (1,5 MAC)

900 mg kgf1 of the soils (3 MAC)

200 mg kg ! of the soils (2 MAC)

1200 mg kgf1 of the soils (4 MAC)

300 mg kg ! of the soils (3 MAC)

1500 mg kg ! of the soils (5 MAC)

cd?*:

Pb2*:

15 mg kg ! of the soils (5 MAC)

150 mg kg ! of the soils (5 MAC)

30 mg kg ! of the soils (10 MAC)

300 mg kg ! of the soils (10 MAC)

60 mg kg ! of the soils (20 MAC)

450 mg kg ! of the soils (15 MAC)

90 mg kg ! of the soils (30 MAC)

900 mg kg ! of the soils (30 MAC)

150 mg kg ! of the soils (50 MAC)

1200 mg kg*1 of the soils (40 MAC)

300 mg kgf1 of the soils (300 MAC)

1500 mg kgf1 of the soils (50 MAC)

That amount corresponds with those
adopted in Ukraine Maximum Allowed
Concentration (MAC) in soil.

The following metals salts: Pb(NOj),,
ZnS0O,H,0, CuS0, 7TH,0, CdSO,, were used
for the trace elements application. Spring
barley (Hordeum vulgare L.) was selected as
a model plant. Soil preparation, pots filling,
and trials were carried out in accordance with
standard methods [3]. The studied elements
were extracted by 1 M HCI from the soils. The
method of HM determination was thin layer
chromatography (TLC). Method widely used
in our previous investigation and officially
recognized in Ukraine (Ne 50-97, 19.06.1997)
[16].

For studying the total biomass we
used the average value of biomass within
agrodempopulation, which, in our case,
consists of a set of spring barley individuals in
per unit area with a certain concentration of
mobile and potentially mobile forms of metals
in the soil. Mean standard deviations, variance,
and minimum, maximum, standard errors were
calculated from at least three replicates. The
experimental results were interpreted using
standard statistical methods. Probit analysis
was applied according to Dospekhov V. [3].
This method applies to the generalized system
modifications probit. It allows only estimating
of PhLD5,and PhLDys approximately, because
it cannot allow calculating the confidence
intervals of these values. Thus it may be
possible some errors in values of “doza-
effect”, and as a result in PhLDyy, and PhLD;.
However, on the accuracy of PhLDy, it affects
very slightly. To avoid these shortcomings and

draw the line that best fits the experimental
set points, it is necessary to use more complex
system modifications probit. However, the
uses of sophisticated methods are not always
beneficial, because in most cases this accuracy
is not required.

Results and Discussion

Experimental data are shown in Table 2.
Except experimental data Table 2 includes the
values of Ig D (where D is a 1 M HCI extracted
forms in soil, mg kg™') and probit values.

Probit value 5 corresponds to the 50%
of biomass reduction, probit value 6,64
corresponds to the 95% of biomass reduction in
plant population (Table 1) [1-3]. For example,
inhibition 19,3% of biomass corresponds to the
probit 4.12 in the polluted by Cd soil (tables 1,
2); [1-3].

Relationship between LgD of Cd?*, Pb?",
Zn?*, Cu?*, Co?", Ni?* and probit on the studied
soils are shown in figures 2, 3, 4. Lg of dose
marked on the ox, and values of probit marked
on the oy.

The correlation between LgD of Cd?" and a
probit for sod podzolic sandy loam on layered
glacial sands was:

y=3.0274x - 0.1749 (1)

If probit equals 5 (PhLDj, calculation),
from here:

5=23.0274x—-0.1749,and x = 1.7 (2)

The antilogarithm (1.7) = 50 — PhLDy,.
If probit equals 6.64 (PhLDy; calculation),
from here:
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Table 2. Heavy metals pollution impact on concentration of its available form in sod podzolic soil
and reduction of spring barley biomass

D 1M HCI . Reduction of .
H Pl Pl h - . P
et | extracted forms | (GRS | oL, | springbarley | igD | (T
in soil. mg kg ) ’ biomass.%
22.9+0.3 25.3+0.20 80.70 19.3 1.36 4.12
46.4=0.5 18.2+0.10 57.80 42.2 1.67 4.80
Cd 77.1+0.6 12.3+0.10 39.30 60.7 1.89 5.28
101.2+0.8 7.3+0.10 23.55 76.5 2.00 5.74
153.1+1.2 1.4+0.05 4.40 95.6 2.18 6.75
231.9+2.6 27.2+0.2 86.50 13.5 2.37 3.92
347.7+3.8 24.6+0.2 78.30 21.7 2.54 4.23
Pb 695.1+4.3 15.2+1.5 48.30 51.7 2.84 5.05
930.0+5.0 7.5+0.5 24.19 75.8 2.97 5.71
1158.3+5.6 1.7+0.1 5.50 94.5 3.06 6.64
67.2=0.9 28.2+0.3 89.70 10.3 1.83 3.72
102.9+1.6 25.1+0.3 80.00 20.0 2.01 4.16
Cu
135.5+1.9 15.0+0.1 48.40 51.6 2.13 5.05
173.8+1.8 5.56+0.1 17.60 82.4 2.24 5.92
427.4+4.2 26.8+0.3 85.40 14.6 2.63 3.96
550.3+4.9 24.8+0.3 79.10 20.9 2.74 4.19
Zn
685.7=5.2 11.5=+0.2 37.1 62.9 2.84 5.33
743.0+6.0 3.5+0.1 11.20 88.8 2.87 6.23
7.5
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Fig. 2. Correlation between LgD of Cd and probit in the condition of sod podzolic sandy loam
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on layered glacial sands




Experimental articles

7

‘-: i)

55
5

Probit 4.5

4 e
3,5

2,5

15

1

22 23 24 25 26

2,7

28 29 3 31 32 33

LgD

Fig. 3. Correlation between LgD of Pb and probit in the condition of sod podzolic sandy loam
on layered glacial sands
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Fig. 4. Correlation between LgD of Trace Metals and probit in the condition of sod podzolic sandy loam
on layered glacial sands

6.64 =3.0274x —0.1749,and x = 2.3 3)
The antilogarithm (2.3) = 199.5 — PhLDg;.
The correlation between LgD of Pb%' and a

probit for sod podzolic sandy loam on layered

glacial sands was:

y = 3.6038x — 4.8227 (4)

If probit equals 5 (PhLDjy, calculation), from
here:

5=3.6038x—4.8227,and x =2.73  (5)

The antilogarithm (2.73) = 537 — PhLDy,.
If probit equals 6.64 (PhLDgy; calculation),
from here:

6.64 = 3.6038x —4.8227, and x =3.18 (6)
The antilogarithm (3.18) =1513.6 — PhLDg;.

The correlation between between LgD and
probit is presented in table 3. Values of PhLDy,
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Table 3. Correlation between LgD and probit

Metal Regression equations
Sod podzolic

Cd y=30274x — 0.1749 (R*=0.94)
Pb y=3.6038x — 4.8227 (R*=0.92)
Zn y=19.036x — 20.099 (R®=0.85)

Cu y=>5.3198x — 6.2087 (R =0.93)
Co y=3.857T1x — 3.4384 (R2=0.80)
Ni y=4.1516x — 3.4822 (R =0.88)

Table 4. The PhLD5, and PhLDy; of Cd>*, Pb?*, Zn®*, Cu®*, in Sod podzolic soil

(1 M HCI extracted forms in soil, mg kgfl).

Metal PTDy, PTDy;
Sod podzolic
Cd 50 200
Pb 537 1514
Zn 603 913
Cu 129 263

and PhLDy; for each metal are presented in
Table 4.

So PhLDs, and PhLD,; indicators
characterize phytotoxicity of metals.
For assessing the phytotoxicity of these
toxicants used PhLD5,. According to PhLDjy,
summarizing the results the metals can be
ranked by descending phytotoxic order as
follow: Cd>Cu>Pb>Zn.

According to PhLDgy; the metals can be
ranked by descending phytotoxic order as
follow: Cd>Cu>Zn>Pb. This is because the
large doses of lead and other metals causes
the defense mechanisms of plant organisms
that are responsible for the normal up-taking.
Often, in such cases, the break downing of
defense mechanisms results to freely up-
taking toxicants instead nutrients. Such
phenomenon describes in many environment
axioms, in particular in Shelford’s regularity.
Diapason of resistance (tolerance) is between
organism limit factors (pessimums). That’s
why commonly known toxicological practice of
lethal dose establishing operates 50% changing
of population. Furthermore, it is known that
plants root up-taking of lead has less intensity
than other ways of plant up-taking.

Some studies indicate that low doses of
lead are often not only inhibit the production
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of biomass crops, but also cause a stimulating
effect which is observed when feeding
micronutrient [15—-20]. It is established
that small amounts of lead needed to plant
organisms. Although lead is present in
all living organisms, it is proven its vital
necessity. But on the other hand, toxicity or
biological role or mechanisms of lead’s action
are studied very poorly [19-21]. Therefore,
setting up of experiments for studying the
“dose-effect” dependence should consider not
only the effect of depression, but stimulating
effect of metals in small quantities. Indeed, all
metals in small quantities play role as ultra-
trace elements [15—21].

We offer to use the probit analysis for
assessing the phytotoxicity metals.

Graphic formalization of “dose-effect”
dependence for Cd, Cu, Pb, Zn relative to
spring barley was built. The PhlDy,and PhLDy;
for each metal were calculated.

We suggested to estimate the heavy metals
phytotoxicity by means of PhLD;, value. The
results helps to compare phytotoxicity of
studied metals Cd, Cu, Zn, Pb for plants of
Spring barley (Hordeum vulgare L.) on sod
podzolic sandy loam on layered glacial sands
(sod podzolic). The PhLDsy, value is indicates
not only 50% reduction of biomass for spring
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barley in polluted soil but also is index of
phytotoxical assessment. We offer to use

th
fo

e PhLDjy, value in ecotoxical investigation
r phytotoxical assessment. The wvalue

PhLDj, was Cd — 50, Cu — 129, Pb — 537,
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ITPOBIT-AHAJII3 SA OIITHIOBAHHSA
®ITOTOKCUYIHOCTI Cd, Pb, Cu, Zn
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B. M. R‘aeeub}cuﬁz

1,lflepmaBHa €KOJIOTiuHa aKageMisa
TiCJAAIUIIOMHOI OCBiTH Ta yIIpaBIiHHA
Mimnpupogu YKpainu,
Kuis
?HaunionanpHuit Yuisepcurer «Kueso-
MorunsHcbKa akagemMisa», YKpaiHa

E-mail: alsko2011@ukr.net,
Kavetskyv@ukr.net

MeTa poboTu mojsraJja y po3po0JeHHi HOBO-
To MigXony IpHU OIiHIOBaHHI (hiTOTOKCUUHOCTI
Baskkux meraiais (Cd, Zn, Cu, Pb), Bukopucro-
Bylouu mpobiT-ananis. MeTogaMmu mocaimsKeHb
Oysu mpobiT-amania, xpomarorpadis y TOHKO-
My mapi copb6eHTy, CTaTUCTUYHI MeTonu (pos-
PaxyHOK HaliMeHINOi cyTTeBoi pisuuIli, Kope-
JNANiAHUNA aHauaiz). PesyabraTaMu gocaig:KeHb
Ooyau: rpadiuni dopmamisamnii samexmoCTi
«mo3a-ehpeKT» 3 PO3PaXyYHKOM (hiTOTOKCUUHUX
003 (PhLDjs, tra PhLDgy;) nna Cd, Cu, Pb, Zn B
yMOBaXx IEePHOBO-CEPEIHBOIII30JIUCTOr0 I'PYH-
Ty 3a iMIaKTHOTO 3a0pyAHEeHHA. 3a 3HAUEHHAM
PhLDg, npoBefieHO IOPiBHAJNBHY OLIHKY (iTO-
TokcuunocTi Cd, Cu, Pb, Zn ¢cTOCOBHO AYMEHIO
aporo. Haii6inpm TokcumunuMm BuaBubca Cd.
TakuM uyuHOM, PAL PITOTOKCUUYHOCTI BAKKUX
MeTasdiB 3a BenmuuHO PhLDj;, mae BUTIAL:
Cd>Cu>Pb>Zn. Benuuunu PhDj,, 3a axumu
IPOBEeHO OIiHKY (iTOTOKCHMYHOCTI MeTaJiB,
cramoBuian aaga Cd — 50, Cu — 129, Pb — 537,
Zn — 603 mr/kr pyxomux (GopM Ha IepPHO-
BO-CePeNHbONIA30INCTOMY I'PYHTi. PedynbTaTu
IOCJiMKeHHS CTOCYIOThCSA OLiHKU Hebe3IleKu
MeTaJy i KOHTPOJIIO 3a CTAHOM POCTY CiJIbCBKO-
TOCIIOAAPCHKUX KYJIBTYD.

Knwuosicnosa: Basxkimeraan, PiTOTOKCUUHICTD,
mpobiT-aHamis.
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ITPOBUT-AHAJINS ITPU ODEHKE
OUTOTOKCHUYHOCTH Cd, Pb, Cu, Zn

H.A. Puxcenko®
B. M. Kaseypruii®

TocynapcTBeHHAS 9KOIOTHUECKAA AKALE MU
IIOCJIEIUIIJIOMHOTO 00Pa30BaHUA U YIIPABIEHUA
Mwunanpupoas! YKpauHsl,
Kues
2HauH0Haannﬁ YHUBEPCUTET
«KueBo-Morunsauckas akageMusi», ¥ Kpaina

E-mail: alsko2011@ukr.net,
Kavetskyv@ukr.net

ITens paboThl 3akJOUajach B pa3paboTKe
HOBOTO IIOAXO0MA IIPU OIleHKe (DUTOTOKCUYHOCTHU
Tsokeabix metasiaos (Cd, Zn, Cu, Pb), ucmoansysa
npobur-anmaaus. MeToabsl uccaemOBaHUM
BKJIIOUAJU MPOOUT-aHAIN3, XpoMaTorpauio B
TOHKOM CJIOe COPOEeHTa, CTAaTUCTUUECKNE METOIbI
(pacueT HAaUMEHBINIEHN CYIIIeCTBEHHOII Pa3HUILHI,
KODPEeNAIMOHHBIN aHaiu3d). PesyabraTamu
nccaeIoBaHUM OBIJIN: rpapuueckue
popmMaau3an Uil 3aBUCHUMOCTHU «JI03a-d3(pPeKrT»
¢ pacueroM (uroTokcuuHuX H03 (PhLDj, u
PhLDgy;) nosa Cd, Cu, Pb, Zn B ycioBuAX KepHOBO-
CPEeIHEeMOA30JIUCTOCTH TOYBBI C MMIIAKTHOTO
sarpasHeHu.34d. [To suauenuio PhLDj, npoBenena
cpaBHUTeJbHAas oreHKa (uroroxkcuunoctu Cd,
Cu, Pb, Zn mo OTHOIIIEHNIO K AUYMEHIO SPOBOMY.
Haub6oaee TokcuuHbiM okasdajca Cd. Tarkum
o6pasoM, pAX (PUTOTOKCUUYHOCTU TAKEIBIX
MeTaaygoB o BenuuuHe PhLDj, umeer BuZI:
Cd>Cu>Pb>Zn. Pasmep PhDj;,, mo KOTOpOH
MIpoBeieHa OIleHKa (PUTOTOKCUYHOCTY METAaJLIOB,
cocrasiaana Cd — 50, Cu — 129, Pb — 537, Zn —
603 Mr/Kr mogBUIKHBIX (POPM Ha AEePHOBO-
CpeqHeNmoA30JIUCTON mouBe. Pe3yabTaThbl
uccJIeNOBAaHUSA MMEIOT OTHOIIEeHWEe K OIleHKe
OIIACHOCTY MEeTAaJIJIa ¥ KOHTPOJIIO 38 COCTOSIHUEM
poCTa CeJbCKOX03ANCTBEHHBIX KYJIbTYD.

Knrwouesvle cnosa: TsoKeIbie METANIBL, (DUTOTOK-
CUYHOCTH, IPOOUT-aHATINS.



