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In this study are presented the preliminary results regarding the
distribution and migration of Cd and Pb in urban soils from industrial zone
of lasi city. The studied soils are strong antropized and present radical
modifications of lithology, mineralogy and chemistry. The Cd content varied
between 0.09-1.36 ug/g, and the lead content between 25.83-186.73 ug/g.
The experimental results have evidenced the existence of some abnormal
distributions of cadmium and lead in studied soils, and association ways with
soils components less characteristic for these metals, respectively. The
characteristic for studied soils is high accumulation probability of Cd and
Pb, as mobile species with high toxic potential.
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The pollution of urban soils (ss. Antrosoluri [13, 14]) with heavy metals has
a particular character, because these soils present significant modifications of
lithology and chemical-mineralogical characteristics, in comparison with normal
soils [16, 17, 18, 30]. The inter-phase distribution and heavy metals mobility in
urban soils are conditioned by relative high number of factors which, in most cases,
have atypical values and variations, and make very difficult the realization of some
quantitative estimations and the establish of some explicit correlations. From
practical point of view, the distribution and mobility of heavy metals in urban soils
are analyzed on the basis of correlations between their contents (total, fix and
mobile fractions) and some physic-chemical or geochemical parameters, which can
be evaluated with a high accuracy or are more accessible for direct determinations
[4, 5,15, 16, 17].

The literature not offers univocal criteria for the differentiation between fix
and mobile forms and between speciation forms of heavy metals in urban soils,
respectively. The attribution of “fix” or “mobile” quality for a fraction from total
content of a heavy metal is realized towards the analytical technique used for the
metal determination [5, 21, 26, 30] or on the basis of some theoretical and semi-
empirical considerations, derived from analogies, extrapolations and/or
generalizations of some models or experimental data [15, 24, 29, 32]. Not always
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such interpretations determined concordant conclusions with the real behaviour of
heavy metals in urban soils [12, 18, 22, 33]. According with most opinions, an
acceptable estimation of heavy metals distribution and mobility in soils can be
realized on the basis of data obtained by the application of sequential solid/liquid
extraction. The “fix” or “mobile” quality is attributed to heavy metals in function
of their extractability (levigability) in some extractants (solvents or aqueous
solutions). On this basis is realized and the relative association of heavy metals
with mineral and organic components of soil, and the estimation of speciation
forms weight of these in a particular pedo-geochemical context, respectively [4, 5,
17, 21, 26].

The problems connected with distribution and migrations of heavy metals in
urban soils have an important place in environment geochemistry studies due to the
high toxicity of these metals and, on the other hand, due to scientific deficit from
this domain. Cadmium and lead represent two from the most dangerous heavy
metals, being included in A class of toxicity [1, 17, 25]. Cadmium and lead can
appear in urban soils as a large variety of speciation forms, thus the way in which
these metals can participate at inter-phase distribution processes are very different
from a zone to other [1, 4, 16, 17, 20, 30].

In this paper are presented the results of preliminary studied regarding the
distribution and mobility of cadmium and lead in urban soils from industrial zone
of lasi city. The determination of fix and mobile fractions weight to total cadmium
and lead contents, and the relative association of these with mineral and organic
soil components respectively, was realized basis of experimental results obtained
by sequential solid/liquid extraction and extraction in aqueous PEG-based two-
phase systems. The experimental results have evidenced the existence of some
abnormal distributions of cadmium and lead in studied soils, and association ways
with soils components less characteristic for these metals, respectively.
Characteristic for studied soils is high accumulation probability of cadmium and
lead as mobile species with high toxic potential.

MATERIAL AND METHOD

1. Work samples. The soil samples were obtained from industrial zone of lasi
city, from a perimeter situated on Tutora Bvd (IS.1 and 1S.8 samples), by a distance of
3.2 km in SE direction. The samples were take at a dip between 0 and 20 cm, during of
September — October 2005, the distance between samples being by 300 + 500 m. All
samples were dried in air (14 days) and then at 95°C, for 3 hours. After drying the
samples were used for granulometric analysis, and then they were grinded until almost
all material has the granulometric size less than 0.100 mm (fab. 7). The chemical
analysis was done using average samples obtained from these granulometric fractions.
The experimental strategy used in this study was detailed presented previous [11].

2. Physic-chemical analysis. For all soil samples have been determined:
specific weight, pH, acid-basis buffering capacity, ionic exchange capacity, electric
conductibility, clay minerals contents, carbonates, iron oxy-hydroxides and humus, total
contents of cadmium and lead, and the weight of these heavy metals associated with
the main organic and mineral components from soil, respectively. The procedure of sail
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samples preparation and study methodology of these have been presented in several
previous studies [5, 7, 8, 9, 10, 11].

Table 1

Textural classification of studied soils samples and details of drawing points.

Texture | Class Sample Observation drawing points
Slope Exposition | Hydrostatic level
Raw Raw/ clay-sand 1S.8 0.5-1.0° | S-SE > 2.5 m; temporary
Clay-sand 1S.10 2.0-2.5° | E-SE ~ 2.0 m; temporary
Medium | Clay-sand dust 1S.2 3.0-3.5° | E-SE > 3.0 m; temporary
Medium clay IS.5 2.0-2.5° | E-NE ~ 1.5 m; temporary
Clay- medium sand | IS.9 1.0-1.5° | S-SE ~ 1.5 m; temporary
Clay-sand dust IS.13 3.5+4.0° | E-SE ~ 2.0 m; permanent
Fine Clay-media argyles | I1S.1 4.0-5.0° | E-SE > 2.5 m; temporary
Clay argyles 1S.3 1.0-1.5° | E-NE ~ 2.0 m; temporary
1S.4 1.5:2.0° | E-NE ~ 1.5 m; temporary
1S.11 1.5-2.0° | E-NE ~ 1,5 m; temporary
1S.14 2.0-2.5° | E-SE ~ 2.0 m; permanent
Sand argyles IS.6 2.5-3.0° | E-SE ~ 1.5 m; permanent
1S.12 2.0-2.5° | E-NE ~ 2.0 m; permanent
Dust argyles IS.7 4.5-5.0° | E-SE > 3.0 m; temporary

Figure 1. The soil profile in drawing points 1S.4 (soil with fine texture, clay-argyles) (A),
drawing soil samples (5x) (B), microscopic image obtained from average sample
(polarizate light, in thin section (400x) (C) IR adsorption spectra obtained on clay-
humus fraction separated from soil sample (D). In figure (C): (1) complex formed
between humus, clay minerals (montmorillonite + kaolinite) and amorphous iron

oxides and oxy-hydroxides; (2) humus associate with amorphous iron oxy-
hydroxides; (3) deposition of amorphous silica; (4) aluminium-silica gel associated
with clay minerals and iron oxy-hydroxides. The IR spectrum was obtained by KBr

pellet method with a Bio-Rad Spectrometer [6].

3. Determination of heavy metals contents from soil. The total content of Cd
and Pb was determined by atomic absorption spectrometry (Perkin-Elmer 2380 atomic
absorption spectrometer, mono-element lamp, air-acetylene flame, at 228 nm for Cd
and 2833.3 nm for Pb) [5, 9, 10, 11, 21], after a complete weathering of samples with
HNO3, HF and H,O,. The separation of fix and mobile fractions of Cd and Pb was done
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by sequential solid/liquid extraction ad extraction in aqueous PEG-based two-phase
systems: (i) extraction with 0.1 M NaNO; — easy exchanged cations (F. 1 fraction); (ii)
extraction with 1 M CH;-COONa (pH = 5), CH3-COOH - cations bonded on carbonates
phases (F. 2 fraction); (iii) extraction with 0.07 M NH,OH.HCI, 4.5 M CH3;-COOH —
cations bonded on Fe and /or Mn oxides (F. 3 fraction); (iv) extraction with 0.02 N
HNO; and 30 %H,0,, 3 M CH3-COONH, and 3.5 M HNO; — cations bonded on organic
mater (F. 4 fraction); (v) dissolution with HCIO, and HF — residual fraction (F. 5).
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Figure 2. The soil profile in drawing points 1S.9 (soil with medium texture, medium
dust argyles) (A), drawing soil samples (5x) (B), microscopic image obtained from
average sample (polarizate light, in thin section (400x) (C) IR adsorption spectra
obtained on clay-humus fraction separated from soil sample (D). In figure (C): (1)
humus; (2) complex formed between humus, clay minerals (montmorillonite +
kaolinite) and amorphous iron oxy-hydroxides; (3) mixture of clay minerals; (4)
deposition of iron oxy-hydroxides; (5) aluminium-silica gel associated with clay
minerals, humus and iron oxy-hydroxides; (6) quartz; (7) feldspate.

RESULTS AND DISCUSSION

1. General characteristics of studied soils. The pedological and physic-
chemical of diagnostic characteristics (tab.I, 2) not permitted the classification of
studied soil samples in one of the soil class characteristic of lasi city zone [3]. The
frequent excavations and drillings (due to the constructions activities) and
continuous adding of alohtone materials have determined radical changes of
lithology, mineralogy and chemistry of these soils. According with SRTS 2003
[14] the studied soil samples can be classified in the antrosoil class with weak
differentiated textural varieties (fig. 3, tab. 1).

The mineralogical composition of studied soil varied between large limits
with important differences from a drawing point to other, as nature and contents of
component minerals (fig. 4). The quantitative ratios between minerals component
contents have an aleatory variation from a sample to other, without to can delimit a
characteristic variation tendency for these. Under these conditions establish of
some paragenesis and minerals associations for diagnostic are very difficult.
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Figure 3. The classification of
studied soil samples after their
texture: A —clay; T —clay-
bearing; S —sand clay; U — Clay
sand; N —sand [14].
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The clay minerals have a weight between 7.94-54.19 % (average: 29.48 %)
and are represented by monthmorilonite, illite-hydromuscovite, kaolinite and
halloysite. The weak correlations between clay minerals contents and another soil
components, the microscopic and IR spectrometry studies (figs. I, 2, 5) have
indicate that in most part, the clay minerals have alohtone origins, not exist cert
genetic connections between these and cannot be establish a characteristic
distribution tendency of these (fig. 4, 6).
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Figure 4. The content of carbonates, humus, iron oxides and oxy-hydroxides of
studied samples.

The carbonates have a weight of 0.76-8.32 % (average: 2.60 %) (fig. 4),
being represented by magnesium calcite, magnezite, dolomite, siderite, ankerite
and several amorphous basic carbonates. The microscopic and IR spectrometry
studies (fig. I, 2, 5) have show that between carbonates only calcite, basic
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carbonates and partial ankerite have authigenic character. The observed basic
carbonates are non-homogeneous mixtures, with amorphous aspect on calcite with
carbonated, hydrated oxides and/or hydroxides of some minor elements co-
precipitated on calcite.

Table 2
The physic-chemical characteristics of studied soil samples

Specification Minimum Maximum Average
G.s.") g/iem?® 1.2677 1.5572 1.4383
pH(KCI)® 5.28 8.30 6.67
Ex® Volts 0.109 0.640 0.348
pH(BC)™ 3.28 6.38 5.60
E.C®, nS/cm 1.95 14.56 7.62
csc®; Na* 0.18 3.20 1.33
mechiv.g/ K* 0.08 3.30 1.28
100 g dry soil |7y oz 0.81 10.25 455

ca®' 0.48 4.64 2.17

H* (SH) 1.42 18.17 8.51

T 6.77 33.26 17.91
sB® 4.11 18.29 9.36
v o 35.14 79.02 56.88

YSpecific weight — determined by picnometric method. “'Determined in KCI. ®’Redox
potential. “Acid-basic buffering capacity. ®Electrical conductibility. ©cationic exchange
capacit(g. MTotal cationic exchange capacity. ®Sum of exchanged bases = £ (Na*, K*, Ca**,
Mg?*). ®Saturation in bases: V[%]=[SB/(SB+SH)]x100.

The iron oxides and oxy-hydroxides have a weight by 0.59-3.53 % (average:
1.80 %) (fig. 4), being represented by hematite, gdethite, lepidocrocite, limonite,
magnetite. With exception of magnetite, other iron oxides and oxy-hydroxides are
in most cases by authigenic origin. The values of pH and redox potential (fab. 2)
determined the iron occurrence in these minerals, predominant as Fe(III).

The humus content is relative low, his weight being by 0.56-9.15 %
(average: 5.31 %) (fig. 4). The microscopic and IR spectrometry studies (fig. 1, 2,
5) have indicated that in studied soils, the humus was involve in intense processes
of alteration and decomposition. A relative stabilization of this is realized by the
formation of some complex associations with clay minerals, iron oxides and oxy-
hydroxides = amorphous silica or aluminium-silica gels.

In agreement with the contents of minerals and organic compounds, the ionic
exchange capacities (average CTSC: 17.91 mechiv.g / 100 g soil) and the acid-
basis buffering capacities (average: 5.60) have low values (fab. 2), which indicate a
low re-adaptation capacity and a high vulnerability of these soils towards to the
pollutants agents action. Under these conditions, the rapid and aleatory variations
of pH and redox potential (0.109-0.605 volts) promoted the heavy metals
accumulation in these soils. But, the sever modifications of lithology and chemical-
mineralogical characteristics of urban soils imprint to the heavy metals distribution
and migration processes a particular character.

182



Lucrari Stiintifice — vol. 50, seria Agronomie

P vigl—
86 B6GL

LIS e e e e o e
4000 3000

Wavenumber (ecm-1)

Figure 5. The soil profile in drawing points 1S.8 (soil with raw texture, raw clay dust)
(A), drawing soil samples (5x) (B), microscopic image obtained from average sample
(polarizate light, in thin section (450x) (C) IR adsorption spectra obtained on clay-
humus fraction separated from soil sample (D). In figure (C): (1) iron oxides and oxy-
hydroxides and caly minerals mixture; (2) quartz; (3) feldspate; (4) and (5) clay
minerals in different alteration states; (6) complex formed between humus, clay
minerals (montmorillonite + kaolinite) and amorphous iron oxy-hydroxides; (7)
amorphous silica; (8) association between aluminium-silica gel, humus and clay
minerals.

2. Cadmium and lead distribution in studied soils. In studied soils the
cadmium concentration varied between 0.09-1.36 pg/g (average: 0.43 pug/g), only
for three samples (IS.4, 1S.10, IS.11) the values are higher than the normal values
of cadmium concentration in soils. The lead concentration varied between 25.83-
186.73 ug/g (average: 89.71 ug/g), but here the obtained values are higher than
normal values of lead concentration in soils, for all samples. For none of studied
soils samples the cadmium and lead contents are not over to values of alert
concentrations. On the basis of these values the studied soils samples are situated in
the unpolluted soils class and partial in the low polluted soils class, probable due to
an accidental pollution. The presence of Cd and Pb in studied soils is recent and
was realized by two mechanisms: (i) deposition from air soils and (ii) dissolution
of some metallic components introduced in soil by specific industrial activities.
These observations are sustained by the non-uniform way of Cd and Pb distribution
in studied soils, evidenced by chemical analysis, IR spectrometry studies and
correlations between Cd and Pb concentrations and main soil components,
respectively. Similar observations have been noted and in other studies from urban
soils pollution with heavy metals field [11, 17, 18, 30, 22, 33].

According with pH and redox potential values and chemical-mineralogical
characteristics of studied soils (fig. 7, &, tab. 2), the probable speciation forms of
cadmium are: Cd*", [Cd(OH)]" and complexes with organic compounds, and for
lead: Pb*, [Pb(OH)]’, Pb(OH)y, and complexes with organic compounds. This
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means that the easy levigable fractions (F. 1) and those bonded by organic mater
(F. 4) will have the predominant weight to the concentrations of these two metals
in soils (tab. 4, 5).

Table 3
The Cd and Pb variation limits (total concentrations) in urban studied soils
Specification | Total;ug/g | F1,% | F2,% | F3,% | F4% | F5%
Cadmium
Minimum 0.09 19.20 3.19 3.97 30.16 2.62
Maximum 1.36 55.75 12.07 12.58 59.22 5.61
Average 0.43 36.40 3.48 8.08 48.21 1.97
Lead
Minimum 25.83 13.71 4.33 2.19 25.93 1.86
Maximum 186.73 58.27 26.35 5.73 61.27 5.14
Average 89.71 36.97 12.07 2.29 45.11 2.97
607 y=15145x-1.9182 60 1 y=0.5873.x-2.5381
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Figure 6. The correlations between Cd and Pb concentrations and clay minerals
content from studied soil samples. Both in case of cadmium and in case of lead
the second correlation tendency corresponds to the samples where the total contents
of these metals have high values

Both, Cd and Pb concentration is positive correlated with the clay minerals
content, and for both metals are evidenced two correlations tendencies (fig. 6).
These indicate two fixation possibilities of the metals on clay minerals: (i)
adsorption and/or ionic exchange - Cd*" and [Cd(OH)]" species, and Pb*" and
[Pb(OH)]" species, respectively; (ii) complexation on clay-humus associations. In
some studies, such correlations are attributed to the selectivity of Cd and Pb species
towards to clay minerals type [2, 4, 17, 19, 23, 28, 31, 32]. In case of studied soils,
for Cd such interpretation was not confirmed by chemical analysis, microscopic
and IR spectrometry studies. In comparison with Cd, the lead manifests certain
selectivity towards to clay minerals, being known his affinity for ilites. In general,
Pb>" and ionic hydoxi-complexes species are bonded on ilites and kaolinite by
adsorption and on monthmorilonite predominant by ionic exchange [2, 16, 30, 31].

The ours studied cannot evidenced in an explicit way the selectivity of Pb
binding on clay minerals. The chemical analysis, microscopic and IR spectrometry
studies and the correlations between Pb concentration and clay minerals, and lead
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weight from F. 1 fraction and clay minerals respectively, (fig. 9) sustain only
partial the previous observation. From our point of view, the interpretation of
binding selectivity of heavy metals on clay minerals must be make with prudence,
in special in case of urban soils and under concurrence conditions of inter-phase
distribution processes.

Table 4
The cadmium distribution in studied soil samples (% from total content)
Sample F.1 F.2 F.3 F.4 F.5
IS.1 34.16 n.d. 12.58 48.87 4.39
IS.2 29.27 n.d. 8.74 59.22 nd
IS.3 43.90 12.07 4.27 35.66 4.1
IS.4 35.04 3.19 6.46 49.31 6.00
IS.5 41.80 6.73 9.18 40.15 n.d.
IS.6 34.10 n.d. 11.13 51.07 n.d.
I1S.7 37.58 n.d. 4.77 54.68 n.d.
IS.8 27.82 n.d. 6.62 58.55 n.d.
IS.9 33.45 n.d. 13.74 51.08 n.d.
IS.10 19.20 9.72 8.55 56.92 5.61
1S.11 55.75 6.44 5.03 30.16 2.62
1S.12 41.39 10.64 3.97 42.29 n.d.
IS.13 43.90 n.d. 6.38 45.96 n.d.
IS.14 32.35 n.d. 11.71 51.03 4.91
Limits 19.20-55.75 0.00-12.07 3.97-13.74 30.16-59.22 0.00-6.00
Average 36.40 8.13 8.08 48.21 4.60

n.d. — undetermined; cadmium content is lower than detection limit of analysis method.

"6F Cd - H,0; 29815 K
241 = 10-6
1.2 [CdTT=107M [Cd(OH)]*
F 0a/ H 0
0.8 ~ T |
T, " [T Figure 7. The cadmium probable
g Cd CA(OH) speciation forms in studied soil
w , 2(aq) samples as function of pH and
redox potential
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Towards to carbonates minerals, Cd not present correlations with cert
geochemical signify. This indicate a low affinity of Cd for carbonates, and this
observation is sustained by the low weight of F. 2 fraction at total Cd concentration
(tab. 4). In case of lead, a good positive correlation with carbonates minerals is
observed, which indicate a higher affinity of this for carbonates, in comparison
with Cd. The weight of F 2 fraction at total Pb concentration is higher than in case
of Cd. Under physic-chemical conditions of studied soils, Pb is fixed on carbonates
minerals, probable by co-precipitation (as hydroxide or / and carbonates) (fig. 8).
After that, Pb”" can substitute isomorphic Ca®" from carbonates network. By such
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mechanism the lead can be practical irreversible fixed and in significant quantities
in urban soils.

Table 5
The lead distribution in studied soil samples (% from total content)
Sample F.1 F.2 F.3 F.4 F.5
IS.1 35.79 5.08 2.92 53.71 2.50
IS.2 22.14 12.75 n.d. 60.78 2.85
IS.3 51.02 15.67 3.15 25.93 4.23
IS.4 47.60 6.44 2.81 39.55 3.60
IS.5 23.88 20.05 5.73 48.14 2.20
IS.6 13.71 15.79 4.09 61.27 5.14
IS.7 34.27 9.19 n.d. 50.62 4.70
IS.8 19.52 14.23 3.87 59.33 n.d.
IS.9 55.34 5.69 2.19 34.07 2.7
IS.10 17.81 26.35 5.05 48.29 2.50
IS.11 58.27 7.88 n.d. 29.65 3.12
1S.12 47.43 11.70 n.d. 39.01 1.86
IS.13 39.15 13.86 n.d. 42.91 2.90
IS.14 51.69 4.33 2.36 38.32 3.39
Limits 13.71-68.27 | 4.33-26.35 0.00-5.73 25.93-61.27 0.00-5.14
Average 36.97 12.07 3.57 45.11 3.20

n.d. — undetermined; lead content is lower than detection limit of analysis method.

9 Pb - H,O; 208.15 K
7.2% [PL?*] = 10%M
o m— PbOy _

0.8:02/H,© b Figure 8. The lead probable
N speciation forms in studied
804 pp2 soil samples as function of
b pH and redox potential.
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Towards to iron oxides and oxy-hydroxides, the Cd and Pb concentrations
not have correlations with cert geochemical importance, and the weight of F. 3
fraction at the concentration of the two metals have low values (fab. 4, 5). But,
these results not indicate a weak affinity of Cd and Pb towards to iron oxides and
oxy-hydroxides. Taking into account the physic-chemical and mineralogical
characteristics of studied soils, is most probable the shutting of Cd and Pb fixation,
due to the association of iron oxides and oxy-hydroxides with humus and clay
minerals, in complexes with a relative high stability (fig. 1, 2, 5).

Towards to humus, the Cd and Pb concentrations are positive correlated, but
the attribution to the geochemical significance is more difficult. For both metals
can be distinguish two general correlations tendencies, which indicate two main
fixation mechanisms of Cd and Pb on humus: (i) complexation (for low
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concentrations of Cd and Pb) - Cd*" and [Cd(OH)]" species, and Pb*" and
[Pb(OH)]" respectively, (ii) adsorption (for high concentration of Cd and Pb) -
Cd(OH)xaq) and Pb(OH)»q) species. The high values of F. 4 fractions weight at Cd
and Pb concentrations is due to the fixation of the two metals on humus by
synergetic mechanism, induced by the humus association with iron oxy-hydroxides
and clay minerals. In addition, the Cd and Pb fixation on such organic-minerals
associations is very selective towards to the variations of physic-chemical
conditions from soils.

60 1 y=0.4373x +23.327 70 - y =0.7832x + 13.543
s R?=0.5588 A 60 | R?=0.5887
% 550 |
‘2’40 * = 40 |
5 30 2 4 = %0
20 A 5
5 w 20
O 20 4
A £ 10
10 ; ; i T " 1 0 . . . . . )
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Clay minerals, % (w/w) Clay minerals, % (w/w)

Figure 9. The correlations between easy levigable fractions (F. 1)
at total concentration of Cd and Pb and the content of clay minerals
from studied soil samples.

In case of studied soils, the weight of Cd and Pb fractions to the total
concentration follows the order: F. 4 (fraction bonded on organic mater) > F. 1
(easy exchanged fraction) >> F. 2 (fraction bonded on carbonates minerals) > F. 5
(residual fraction) (fab. 4, 5). F. 1 and F. 4 fractions are predominant, for both Cd
and Pb. The sum of these two fractions varied between 76.12-92.26 % (average:
84.61 %), in case of Cd, and between 66.10-90.01 % (average: 82.08 %), in case of
Pb.

In comparison with Cd and Pb distribution in F. 1 and F. 4 fractions
evidenced in “normal” soils (unmodified anthropic) [1, 13, 14, 16, 26], the values
obtained in case of urban soils studied by as are significant higher. This behaviour
of Cd and Pb in urban soils is probable due to the continuous perturbation of
speciation equilibrium, as a consequence of aleatory variations of soils physic-
chemical properties. These variation determined sever modifications of Cd and Pb
inter-phases distribution, which are traduced by the levigation of these metals from
some mineral phases (in special carbonates, iron oxides and oxy-hydroxides, etc.)
and their passing in soil solution (as ionic forms and / or colloidal associations).
From soil solution, the Cd and Pb levigated species are temporary fixed on clay
minerals, which determined an abnormal increasing of F. 1 and F. 4 fraction
weight.

The experimental data have evidenced n interesting particularity of Cd and
Pb fractions bonded on clay minerals (F. 1) and organic compounds (F. 4).
Practical, these fractions are composed by two parts: (i) one which correspond to
normal distribution of Cd and Pb — where Cd and Pb are strong and selective

187



Universitatea de Stiinte Agricole si Medicina Veterinara lasi

bonded on the two soil component (strong chemisorptions and superficial
complexation); (ii) another one which correspond to the “excess” of Cd and Pb
towards to normal distributions — this is determined by Cd and Pb levigated from
destabilized soil components and which are weak and non-selective fixed (by
physical adsorptions). Chemical analysis, microscopic and IR spectrometry studies
(tab. 4, 5; fig. 1, 2, 5) have confirmed the existence, on clay minerals and organic
compounds from studied soils, both of Cd and Pb species, strong bonded (by
chemisorptions and / or superficial complexation) and hard extractible, and of Cd
and Pb species, weak bonded (most probable by labile colloidal associations)

which can be relative easy extracted.
Table 6
The fixation ways and relative affinities of Cd and Pb
toward to studied soils components

Mechanism | Adsorption lonic exchange Complexation Co-precipitation
Cd ClL.Min. = Hum. >> | Hum. > CL.Min. | Hum. >> FeOx | FeOx > Carb.
FeOx > Carb. >> FeOx> Carb. | >> Cl.Min. >> Cl.Min.
Fraction Mobile fraction (levigable) of total Cd__| Fix fraction (residual) of total Cd
Pb ClL.Min. > Hum. > | Cl.LMin. = Hum. | Hum. >> FeOx | Carb. >> FeOx
Carb. >> FeOx >Carb.>> FeOX > ClL.Min. >> Cl.Min.
Fraction Mobile fraction (levigable) of total Pb | Fix fraction (residual) of total Pb

ClL.Min — clay minerals; Hum. — humus; FeOx — iron oxides and oxy-hydrozides; Carb. -
carbonates.

The weight of residual fraction (F. 5), both for Cd and for Pb, has low
values. The association of this fraction with different mineral and organic
components from urban soils is uncertain and disputed. In our opinion, an
important contribution to the F. 5 fractions have the species of these two metals
associated with low soluble compounds formed “in situ” (basic salts, oxides,
hydroxides, carbonates, etc.). The chemical and physic-chemical analyses realized
on residual fractions have evidenced the presence of Cd and Pb basic carbonates, in
all samples.

The evidenced tendencies, for Cd and Pb, are predominant accumulative, but
the distribution of these are inmost part abnormal towards to chemical-
mineralogical characteristics of studied soils. Through and in other papers have
been underlined similar behaviour of Cd and Pb in urban soils [11, 18, 22, 25, 27,
29, 33], in this moment cannot be formulated hypothesis with a general character.
Cert, is the fact that in urban soils almost all heavy metals have particular
distributions, different of normal distribution observed in another soils types.

The association way estimation of Cd and Pb with urban soils components
and of mobility of these two metals respectively, on the basis of experimental
results obtained by sequential solid/liquid extraction, generated several practical
problems: (i) concordance between geochemical and analytical conceptions about
notions of “fix” and “mobile” component; (ii) the association relevance of
chemical elements with mineral phases, realized on the basis of the data obtained
by sequential solid/liquid extraction and the real significations of those
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associations; (iii) practical possibilities for realization of a selective sequential
solid/liquid extraction towards to components mineral phases of soils.

CONCLUSIONS

1. The urban soils from investigated perimeter are strong anthropized, and
have radical modifications of lithology, mineralogy and chemistry. The pedological
and physic-chemical diagnostic characteristics not permit an exact classification of
samples in none of soils class characteristic for lasi city zone.

2. The mineralogical composition of studied soils varied in relative large
limits. The quantitative ratios between mineral components have an aleatory
variation, without to can delimit a characteristic variation tendency. Under these
conditions, establish of some paragenesis and minerals associations for diagnostic,
is very difficult.

3. In studied soils the Cd concentration varied between 0.09-1.36 ug/g, and
the Pb concentration between 25.83-186.73 pg/g. In general, Cd and Pb
concentration are positive correlated with the contents of clay minerals, carbonates,
iron oxides and oxy-hydroxides and humus, but not all these correlations have cert
geochemical significations.

4. In case of studied soils, the weight of Cd and Pb fractions to the total
concentration follows the order: F. 4 (fraction bonded on organic mater) > F. 1
(easy exchanged fraction) >> F. 2 (fraction bonded on carbonates minerals) > F. 5
(residual fraction). F. 1 and F. 4 fractions are predominant, for both Cd and Pb. In
comparison with Cd and Pb distribution in F. 1 and F. 4 fractions from unmodified
anthropic soils, the values obtained in case of studied urban soils are significant
higher.

5. In studied urban soils, Cd and Pb have generally abnormal distributions
and association ways less characteristics for these metals with soil components.
Characteristic for these soils is the high accumulation probability of Cd and Pb as
mobile species with high toxic potential. Sever modifications of lithology and
chemical-mineralogical characteristics of urban soils determined that the heavy
metals distribution and migration processes to have a particular character.
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