Geochemija * Geochemistry * Ieoxumus

Processes of chemical element dispersion and
redistribution in the environment with wastewater
sludge used for recultivation of woodcutting areas

Vladas Katinas,
Valentinas Kaduinas,
Alfredas Radzevicius,
Rimanté Zinkuté

Katinas V., Kadunas V., Radzevi¢ius A., Zinkuté R. Processes of chemical element
dispersion and redistribution in the environment with wastewater sludge used for
recultivation of woodcutting areas. Geologija. Vilnius. 2002. No. 38. P. 3-11.
ISSN 1392-110X.

Possibilities to use the wastewater sludge of Panevézys polluted by technoge-
nous elements and unsuitable to agriculture for recultivation of woodcutting areas
have been investigated. It has been determined that in the course of sludge mine-
ralisation the content of organic matter and Ca decreases, while the concentrations
of other elements increase and their soluble forms transfer to mineral forms. Trace
elements can be washed into deeper horizons of the ground together with particles
of sludge, but their mobile forms are completely stabilised by soil (especially peaty)
and by geochemical barriers (Fe—Mn hydroxide, carbonate—alkaline and other) for-
ming in deeper horizons, therefore there is no danger of groundwater contamina-
tion. Such a way of polluted wastewater sludge utilisation is most rational under
suitable geological-geochemical conditions.
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INTRODUCTION

At present, with the production volume decreas-
ed, the content of most technogenous metals in

In towns with developed industry the problem of
wastewater sludge utilisation is complicated, becau-
se great contents of heavy metals always accumulate
in it, thus limiting the possibility of its usage in
agriculture, which is regulated now by the LAND
20-2001 standard “Requirements for wastewater
sludge utilisation for fertilising” (Valstybés Zzinios,
2001).

Wastewater sludge of Panevézys, especially the
previously accumulated one, contains perhaps the
highest metal concentrations in Lithuania (including
Ce, Bi, Cd which are rarely found elsewhere) accu-
mulated due to specific technologies used in “Ekra-
nas”, “Tikslioji mechanika” and other plants.
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sludge has also diminished 2-2.5 times, but still it is
too high for the sludge to be used as a fertiliser in
agriculture. Though elevated amounts of calcium,
magnesium, phosphorus and biophilic minor elements
(Zn, Cu, B, Mo, Co, Mn) in sludge are useful or
can be tolerated, the increased contents of lead (up
to 1500 mg/kg), nickel (up to 550 mg/kg), chromium
(up to 400 mg/kg) and cadmium (up to 20 mg/kg in
dry sludge) are unallowable, can poison the soil and
make it unsuitable for agriculture, because accord-
ing to heavy metal concentrations it would belong
to the third category. Depositing of sludge in sites
and reservoirs requires great capital investments,
while other way of its utilisation (incineration) also
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poses many problems due to a low content of orga-
nic matter (up to 50%) and greatly toxic products
of burning.

In search of the ways to solve this problem, based
on experience and data of foreign countries (Gal,
1984; Grant, Olesen, 1984) and the Institute of Geo-
logy (Dilitinas et al., 1998), as well as on the initia-
tive of Ecological Department of Panevézys City Mu-
nicipality and JSC “Aukstaitijos vandenys®“, with the
approval of Ministry of Environment and administ-
ration of Panevézys district forests, experimental and
industrial investigations of wastewater sludge utilisa-
tion for fertilising of replanted woodcutting areas in
Gilénai forest of Taruskos forestry were done in
1996-2001, aiming to determine the scale of hazar-
dous chemical element dispersion in the environ-
ment (ground, groundwater and vegetation) (Fig. 1).
The following principles must be followed when
choosing the woodcutting areas: a) the site must be
located in the area with as small run-off as possible,
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Fig. 1. Location scheme of sites for Panevezys wastewa-
ter sludge utilisation and observation points there. 1 —
experimental site, 2 — industrial site

1 pav. PanevéZio miesto vandenvalos dumblo utilizavimo
aiksteliy ir stebéjimo tasky jose iSsidéstymo schema. 1 —
eksperimentine aikstele, 2 — gamybine aikstele
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b) its geological structure must be suitable for form-
ing the geochemical barriers (Fe—-Mn, carbonate-alka-
line and other), c) the site must have a sufficiently
thick layer of peat and forest litter which best of all
can stabilise the mobile element forms, d) the water-
proof loamy horizon must be not deeper than 2-
3m, e) the forest in the chosen areas must be not
used for gathering berries, mushrooms and medici-
ne raw material.

ORGANISATION AND METHODS OF
INVESTIGATION

The site (400 m?) was chosen for experimental in-
vestigations in 1995-97. On an undisturbed forest
soil layer 25 t of sludge was spread. Dispersion of
chemical elements in soil, ground (one stationary
dug hole until the waterproof loamy horizon was
made), groundwater, surface water and vegetation
was investigated. On obtaining positive results the
woodcutting site 2 ha in area was chosen for indust-
rial investigations in 1998; 300 t/ha sludge was spread
on it. When the technical problems of sludge spread-
ing arose, the stumps of the trees were uprooted
and buried in trenches, thus the forest soil and partly
also the natural ground (subsoil) were disturbed.
Four stationary dug holes up to groundwater level
(1.5 m) were arranged.

When the total contents of trace elements in the
sludge spread on the chosen sites, as well as the
amount of water-soluble (mobile) element forms in
it, natural (background) element content in soil, sub-
soil and water of woodcutting areas had been deter-
mined, the following indices were investigated twice
a year (in spring and autumn): a) variation of trace
element total content and their mobile forms in
sludge, main technogenous elements (Zn, Cu, Cr,
Ni, Pb, Cd) in particular, b) migration of elements
in inert and mobile forms from sludge to soil, sub-
soil, groundwater in constantly equipped observation
points, c¢) variation of trace element content in ve-
getation (fir-tree seedlings, deciduous trees, bushes,
grass, etc.) in the sites and in control areas.

Laboratory investigations of the samples were
done in the spectral and hydrochemical certified la-
boratories of the Institute of Geology according to
the standard methods of geochemical investigations
(Radzevicius et al., 1997). The average values of
element total content in sludge (Table 1) were cal-
culated after elimination of sandy samples from the
set of results, as due to a low content of elements
these samples make the set inhomogeneous. The total
contents of elements in the ground of the industrial
site (Table 2) were the average values in the cor-
responding layers of four observation points; they
characterise the whole investigated area more gene-
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Table 1. Variability of chemical element median values in wastewater sludge, ppm
1 lentelé. Cheminiy elementy medianinio kiekio kaita vandenvalos dumble ppm

Year / Metai | LOVKN | pH | ca | P | ag| o | ca [ Ni| P [ zn | ce| Bi| cd
1998 09 685 82 82 21507 176 295 291 92 1456 4296 715 62 5.3
1999 05 462 78 63 21917 154 280 362 221 1075 1422 1081 56 143
1999 09 272 75 43 5580 144 407 581 425 1065 1072 1649 49 187
2000 05 239 71 29 17288 131 494 313 76 754 690 357 55 81
2000 09 476 71 23 3242 112 304 212 44 699 360 180 36 75
2000 05 679 68 19 21764 142 205 295 43 544 3394 726 23 3l

LOI - loss on ignition, %

Table 2. Variability of chemical element average contents in industrial site ground, ppm
2 lentelé. Cheminiu elementy vidurkinio kiekio kaita gamybinés aikStelés grunte ppm

Dg)‘/’]til;’mm ]I“&I pH [Al* |Ca| Fe| Mn| P | St | Ag | Cr | Cu | Ni [ Pb |Zn | Ce| Bi| Cd
1 2 | 34|56 78| 9| 10| 11| 12| 13]14]15]16] 17|18
Background / Fonas
02 257 56 29 01 01 215 490 13 0074 253 31 49 119 163
0.4 06 62 34 01 01 225 497 16 0056 328 22 64 87 22
0.8 22 64 45 01 02 198 359 21 0057 284 29 93 96 56
1.2 08 66 52 01 06 574 296 32 0065 264 25 115 91 43
15 04 68 46 04 09 659 273 51 0076 253 99 296 143 218

1998 09
02 93 79 43 08 06 39 1312 53 0125 621 89 61 151 163 89 66 59
0.4 27 58 42 02 05 436 482 31 0117 205 58 49 97 16 21 29 21
0.8 69 68 51 02 04 348 327 52 0097 195 58 68 94 25 9 28 09
1.2 1.9 68 49 01 05 229 332 42 0078 204 34 88 83 22 9 28 09
15 12 76 41 04 09 664 390 67 0054 247 41 83 119 198 10 29 1.1
1999 05
02 63 82 23 08 06 326 1177 103 0.6 593 9.6 441 453 495 168 8.7 63
0.4 37 71 24 04 06 250 555 106 006 262 39 83 134 92 39 27 18
0.8 65 62 33 04 05 278 742 65 005 174 32 68 132 96 28 22 07
1.2 53 67 25 03 06 289 289 66 006 206 24 52 116 103 12 22 08
15 24 88 26 04 08 716 372 98 007 209 16 56 102 108 9 24 14
1999 09
02 163 78 32 08 07 422 1450 328 059 433 112 385 476 483 287 75 7.1
0.4 32 71 24 04 02 285 487 145 0.09 185 42 127 142 222 28 28 09
0.8 84 7 22 02 04 246 432 162 007 282 43 83 76 105 28 28 09
1.2 51 65 21 02 07 263 432 157 011 206 21 31 82 106 29 29 0.7
15 18 84 26 05 09 746 559 145 006 108 32 79 71 91 29 29 04
2000 05
02 66 7.6 29 21 20 38 1027 115 051 325 99 253 393 273 264 92 46
04 247 75 15 16 09 163 678 134 005 263 61 92 181 141 22 21 04
08 228 78 16 09 07 178 464 99 004 252 52 92 72 146 19 20 05
1.2 48 76 13 05 19 189 336 109 006 264 63 125 75 81 19 13 03
15 16 74 15 08 34 338 86 94 009 378 22 76 103 82 24 25 03
2000 09
02 74 74 24 23 21 415 689 1597 7.9 963 719 163 280 687 194 9.6 3.9
04 201 74 27 12 11 252 677 194 008 261 48 59 152 196 18 23 02
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Table 2 (continued)
2 lentelé (tesinys)

1|2|3|4|5|6|7|8|9|10|11|12|13|14|15|16|17|18

08 74 72 29 08 12 275 688 147 012 353 59 57 113 202 14 21 04

12 51 72 21 13 06 205 585 156 006 332 62 73 96 155 17 17 04

15 25 74 17 02 36 513 89 98 006 236 49 38 84 107 21 21 03
2001 05

0.2 195 82 21 49 6.6 59 7400 459 6.44 427 5635 2335 2013 725 129 4.4 242
0.4 42 74 28 14 13 260 883 97 059 412 09 149 352 292 16 22 12
0.8 123 68 31 05 10 147 654 51 0.06 357 19 61 141 74 12 14 05
1.2 1.1 74 33 05 11 201 575 63 0.07 349 21 65 133 83 12 12 04
1.5 38 74 22 06 24 469 888 60 0.05 23.6 32 53 86 67 18 20 02

* Al, Ca, Fe — %

Table 3. Variability of the contents of trace element mobile and potentially mobile forms in wastewater sludge in
industrial site ground, ppm

3 lentelé. Tirpiu ir potencialiai tirpiu mikroelementu formu kiekio kaita vandenvalos dumble ir gamybinés aikstelés
grunte ppm

Year / Zn Cu Pb Ni Cr Cd

Metai Bk.* | Fk.** | % B.k.| F.k.| % B.k.| Ek. | % B,k.| Fk. | % B.k.| Ek. | % B.k.| Fk. | %

Deponed wastewater sludge / Kauptuvy dumblas
1996 4296 465 10.8 291 445 153 1456 627 43 92 538 589 295 379 128 62 22 373
Introduced wastewater sludge / Paskleistas dumblas
1998 09 994 308 31.0 104 927 89.1 958 52,6 55 107 342 319 93 168 181 36 0.8 217
1999 05 1442 398 27.6 362 164 45 675 362 5.4 221 185 84 280 93 33 143 10 6.9
1999 09 1072 370 345 581 56 1.0 1065 483 45 425 178 42 407 42 10 187 16 83
2000 05 1163 240 20.6 145 19.9 13.7 1091 44,6 4.1 116 37.1 319 124 102 82 116 06 55
2000 09 1125 149 395 142 29 69 1161 105 6.5 125 52 208 143 32 74 18 02 89
2001 05 3394 153 45 295 79 27 1077 43 0.4 43 26 61 205 12 06 3.1 0 0
Ground / Gruntas

Depth, m| Year Zn Cu Pb Ni Cr cd
Gylis m | Metai| Bk.|Fk. |% | Bk| Fk| %| Bk| Fk. | % | Bk|Fk | % | Bk | Fk. | % | Bk | Fk. | %
1 2 3| 4 5 6 7 8 9 | 10 11 1213 | 14| 15| 16 | 17 | 18 | 19 | 20
02 1998 09 263 7.7 29 64 040 63 15 47 323 95 05 55 291 08 28 22 019 87
0.4 181 43 24 28 009 32 29 82 287 83 06 75 294 08 26 19 014 73
0.8 4 54 129 31 031 100 10 13 130 71 10 139 229 07 29 06 005 7.8
12 45 49 109 20 023 115 8 18 223 52 09 188 139 05 39 09 0.10 118
15 87 43 49 20 032 160 8 14 162 56 13 227 141 05 34 07 008 108
02 1999 05 49 56 114 92 056 62 45 64 142 44 15 34 43 05 11 71 023 32
0.4 9 24 264 31 021 70 13 19 142 8 12 151 18 02 12 09 013 144
0.8 9 36 394 30 02 73 13 15 115 6 10 163 28 05 17 09 002 22
1.2 10 31 302 22 031 155 11 12 111 5 05 102 20 01 07 10 001 1.0
15 10 41 412 18 018 180 10 09 99 5 06 110 20 005 03 1.0 001 10
02 19909 39 35 91 72 063 9 50 18 36 35 122 35 50 036 07 47 016 34
0.4 10 27 266 31 045 153 12 07 59 5 093 186 22 024 11 1 001 10
0.8 10 43 428 33 026 87 7 012 17 6 084 141 24 021 09 1 0 0
12 10 19 194 24 009 45 8 011 14 3 026 87 18 013 07 1 0 0
15 10 29 290 30 074 247 7 01 14 7 099 144 21 008 04 1 0 0
0.2 2000 05 17 44 259 93 428 460 19 192 101 7.0 4.04 577 187 7.68 411 39 044 113
0.4 23 25 109 61 348 580 18 0.2 07 9.0 057 63 301 045 15 1 004 43
0.8 20 28 141 54 385 713 13 006 05 93 08 94 263 029 11 1 0 0
12 20 31 154 59 164 278 13 005 04 117 001 0.1 302 022 07 1 0 0
15 29 1.1 36 19 008 42 11 0 0 105 0 0 399 016 04 1 0 0

02 200009 10 26 256 67 149 222 16 083 52 44 014 32 211 6.14 292 45 005 5.1
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Table 2 (continued)
2 lentelé (tesinys)

1 | 2 [ 3] a] sle|l 7] s ofl o] u] 2] ] 1s] 6] 17] 18] 9] 2
04 17 19 111 56 135 241 12 0 0 59 021 36 259 038 15 1 007 74
038 1127 247 28 117 418 9 024 27 57 009 16 352 084 24 1 0003 03
1.2 10 27 268 28 031 1.1 9 005 05 71 0 0 332 08 26 1 0 0
LS 10 09 93 48 007 15 11 0 0 38 0 0 229 02 10 1 0

02 2001 05 493 695 141 1809 2320 128 510 59 12 740 18 25 1230 121 98 22 001 05
04 7 13 186 26 006 23 6 0 0 42 0 00 180 006 03 1 0 0
038 8§ 06 75 30 003 L0 7 0 0 43 0 191 002 01 1 0 0
12 7 08 114 09 001 11 7 0 0 49 0 222 0 0 1 0 0
L5 8 05 63 19 002 L1 7 0 0 75 0 0 241 0 0 1 0 0

* Total content, ppm / bendras kiekis ppm.

** Content of mobile and potentially mobile forms, ppm / judriy ir potencialiai judriy formy kiekis ppm.

rally, while mobile plus potentially mobile element
forms determined using 1N ammonium acetate so-
lution at pH 7 and 4.8 respectively characterise conc-
rete samples (Table 3).

RESULTS

Geological structure of the sites. The chosen woodcut-
ting areas were situated at the edge of a small local
limnoglacial basin. The surface was plane, with a
small run-off, mainly bogged up, in some places
drifted, with fragments of continental dunes. The
waterproof horizon consisting of loamy till of Baltic
formation was 8-14 m thick, the depth of its occur-
rence was 1.5-2.5 m. The overlying cover consisted
of: a) a 0.2-0.5 m thick layer of peat and forest
litter (it is disturbed in industrial site), b) a 0.8-1 m
thick fine sand layer with small interlayers of aleu-
rite in the lower part (in industrial site sometimes
also with introduced pieces of peat), c) a 0.3-0.5 m
thick gravely sand, in experimental site with pebble,
while in the industrial one in some places cemented
with iron hydroxides (“ortstein) at the groundwater
level. The amount of carbonates was also conside-
rably increased there. The obvious geochemical bar-
riers were two — the upper one related to the peat
layer and the lower one to Fe-Mn hydroxides. They
play the main role in the stabilisation of chemical
element mobile forms in sludge.

Variability of trace element content in sewage slud-
ge. Sewage sludge spread in woodcutting areas is
quickly mineralised, the content of organic matter
and calcium in it decreases (from 75-42% to 32—
22% and from 8.2 to 1.9%, respectively), while the
amount of other trace elements, especially of Pb,
Ce, Cr, Ni, Cu, Bi, Cd, increases. This is most cle-
arly reflected in data on the experimental site
(Fig. 2). The maximum concentrations in the indust-
rial site sludge were observed after a year, later

they slightly decreased. The content of silver and of
the elements related to the mineral part of sludge
was constant, while the content of phosphorus was
increasing in spring seasons. The concentration of
zinc was most variable, its content was especially
high in the last (fourth) year of investigation. It is
noteworthy that when the content of Ca in sludge
decreased and pH was reduced, its concentration in
ground increased. During the second year, when new
soil was forming, the content of organic matter and
trace elements in sludge increased again and later
remained almost stable. This variation (partly de-
pending on the inhomogeneity of a sample set) pro-
bably reflects the processes of element rotation in
the system “soil-vegetation—soil”, because an espe-
cially great increase of the content in sludge was
observed for organic matter and the elements ha-
ving the greatest concentration in grass vegetation
and deciduous trees.

At the initial stage of mineralisation, the content
of mobile and potentially mobile forms of chemical
elements in sludge reached the following values (per
cent from total content of the element): Cu — 89,
Ni - 32, Zn - 31, Cd - 22, Cr - 18, Pb — 5.5. The
content of element mobile forms in sludge was dec-
reasing constantly (Table 3), they must have been
gradually replaced by potentially mobile, until stable
(immobile) forms were finally left.

Factor analysis results indicated the absence of
stable associations in sewage sludge (wet). The loa-
ding coefficients of the first factor are formed by
the following variables: Cr—-Mo-Co-LOI-Ca-Cd-Y-
Ce-Ni-Yb-Pb-Fe—-Cu-Mn and Sn (where LOI is
weight loss on ignition), i.e. technogenous elements
related to the organic, carbonate and Fe-Mn hydro-
xide part of sludge. The second association consists
of Li-Zr-Ti—As-Bi and part of Y, La, Ba, Sr. This
is a mixed association of weathering-resistant mine-
rals and carbonates. Mg-Sr-Ba and part of Ca, Ce
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and La are associated with alkaline medium (high
pH). The fourth association is natural, it is related
to allothigenous minerals of sludge (Al-Ga-Nb-B).
An obvious relation of Al with Zn and Bi and the
absence of Ag and Rb in associations must be due
to the specificity of their forms.

After spreading of sludge and change of the me-
dium conditions (reducing anaerobic conditions chan-
ged to oxidising), with organic matter decay, these
unstable associations quickly disintegrated. First of
all, the relationship of technogenous elements with
organic matter disappeared and they started to group
themselves according to the sorbing medium. Within
the first three years a constant relationship of tech-
nogenous elements with carbonate-sulphate, Fe-Mn
hydroxide, phosphate material and weaker bonds with
clayey part were formed in sludge, i.e. inert com-
pounds of a corresponding composition appeared.
The first association consisted of Pb—Zn-Fe—Cr—Cu—
Bi-Cd-Sn and part of V, the second one of Mn—
Ca-Ag-Mo-Ni-Mg-Sr. The third association (Li-Al-
Ga—Zr-Yb-Ti-Nb-Ce-La) is related to main and
accessory minerals in sludge, its antagonists are Ba,
V, P and LOI which have no significant relations-
hips with other elements and form their own sepa-
rate associations with a lower percentage of varian-
ce. These results show that regular processes of che-
mical element redistribution are going on during di-
sintegration of sewage sludge, they are leading to
formation of stable, mostly mineral forms. They are
inert in nature and have no significant negative in-
fluence on the environment. The process lasts 2-3
years. Analogous processes are going on in munici-
pal solid waste landfills (Katinas, 1993).

Migration of elements in ground. Similar redistri-
bution processes of chemical elements are going
on also in the ground of woodcutting areas where
the element contents correspond to the background
values of sandy soil in Panevézys region (Kadiinas
et al., 1999). Peaty soils contain more Ca, Cu, Mn,
P, Pb and Sc, while sandy ones — Ti, Zr, Nb, Ag,
Al, B, Ba, Sn and Zn. In soil the clements form
two main associations: a) Al-Ga-Ti-Co—Cr-Li—-Sc—
Ni-La-Sn-Ba-B-Nb-V-Ag-Zr-Mo-Yb-Fe-Mn-P
with a small part of Y, Pb, Cu; their antagonists
are LOI and Ca; b) Ca—pH-Mg-Sr-Y-Pb-Cu with
part of P Yb and LOI. These associations are na-
tural, the first one reflects the relationship of the
elements with main allothigenous minerals of sand,
aleurite and clay fractions and Fe-Mn hydroxides,
while the second one — with small amount of car-
bonates (the elements of deponing medium are in-
dicated in bold).

After spreading of sludge in the experimental si-
te the content of technogenous elements increased
only in the surfice part of the peat layer (Fig. 2).

8

Only small part of them in soluble form reached
the ferriferous sand layer and was sorbed there (Ka-
tinas, 1999, Katinas, Radzevicius, 1999). The con-
tent of elements in ground layers of the industrial
site was changing unevenly. It depended greatly not
only on redistribution processes of elements, their
migration forms and formation of geochemical bar-
riers, but also on ground mixing level during arran-
gement of the site. After disturbance of soil no pro-
tective layers of forest litter and peat remained which
could sorb the mobile forms of most elements. When
inclusions of organic matter appeared in permeable
sandy ground, the barriers reducing (or enhancing)
the mobility of separate elements were formed. This
predetermined the uneven concentration of elements
both in separate layers of ground and in the area.
Within the first year most of the elements in sludge
(Pb, P, Fe, Ca, Ag, Cr, Ni, Cu, Ce, Cd, Bi and
other) were accumulating in the surface layer of the
site (due to mechanical washing-in of sludge partic-
les), while their mobile forms reached the ferrife-
rous sand horizon to a depth of 0.8-1.2 m and were
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Fig. 2. Variation of trace element concentrations in the
ground of experimental site, ppm
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sorbed there. Later a rather intensive accumulation
of Fe, Mn, P, Ca, Sr, Cr occurred there. Migration
of biophilic Zn was very uneven, the variability of
its total concentration and content of mobile forms
was probably controlled by biogenic factors (Table
2). In deeper horizons no significant concentration
of technogenous elements from sludge was found.

The extremely variable at that time element as-
sociations in ground can also illustrate the course
of this process. In 1998-99 the first association was
formed by immobile elements of main allothigenous
minerals and technogenous elements (Yb, Y, Ce,
La, Al, V, Mn, Ga, Fe, Nb, Li) and the second one
by technogenous elements of unknown deponing me-
dium (Ag, Zn, Pb, As, P, Rb, Mo, Bi, Cd, Sn with
part of Ce and La). At the end of investigation the
first two stable associations were formed only by
technogenous elements from sludge (Sn—-Ag-Cr-Ni-
V-Mn-Fe-P-Co-Pb-Bi-Cd and Zn-Mo-Yb-La—-Ce—
Cu-Ba-Sr-Ca-LOI-Mg), their antagonists were Ga,
Zr, Ti, Nb, while the elements of main and acces-
sory minerals were found only in the third—fifth as-
sociations. The elements of the first two associa-
tions are well differentiated also according to the
deponing media (Fe-Mn hydroxides — phosphates
and carbonates — organic matter). Unlike in sludge,
technogenous elements in ground are little associa-
ted with organic matter, and their relationships with
clay fraction elements are negative.

The stability of relationships of these elements
in ground can also be proved by the composition of
secondary associations which reflect natural bonds
of elements in clay (Li-Al-Mn-Ga), carbonate (pH-
Ca-Sr-Mg) and accessory (Nb-Ti—Zr) minerals.

Variation of chemical element mobile forms. Within
the study period the content of mobile forms of
main technogenous elements (except Zn) in sludge
was decreasing, though not always evenly (Table 3).
Only the content of mobile forms of Zn and Cu in
the ground of both sites constantly but slowly incre-
ased, especially in the lower horizon, while the con-
centration of Cd, Pb, Cr and Ni was elevated only
in spring of 1998. After that it decreased again. The
level of ground pollution is best of all reflected not
by the amount of mobile and potentially mobile
forms, but by their percentage from the total con-
tent of elements in a sample. It can be seen from
the data presented in Table 3 that only in 1999 sligh-
tly more copper reached the deeper horizons, while
in 2000 the content of mobile (mostly potentially
mobile) forms of all the elements was insignificant.
During the second year of investigation the mobile
forms both in sludge and in ground were replaced
by potentially mobile ones, depending on the acidi-
ty-alkalinity level of the medium. The latter one is

everywhere alkaline (Table 2), unfavourable for ele-
ment migration.

In 2001, in the surface layer of industrial site
ground only traces of mobile forms of Zn, Cu and
Pb were found, while the content of potentially mo-
bile forms of Zn and Cu decreased 2 times, Cr — 3,
Pb — 5 and of Cd even 10 times. In deeper layers
only a small amount of potentially mobile forms of
Zn, traces of Cu and Cr were found, and no mobile
forms of Pb, Ni and Cd were left (Table 3). The
increased mobility of Zn and Cu probably depends
on their biophility, while of Cr — on the type of its
compounds or its valency.

The soluble forms of technogenous elements
which are washed out of the sludge are extremely
intensively sorbed by the organic matter of soil, es-
pecially by peat (Klimantavic¢itite, 1997), therefore
these elements are accumulating only in the surface
(20-60 cm) layer of peat or forest soil (Fig. 2). It
also holds up sludge particles which are mechanical-
ly washed out by water. Only an insignificant part
of Ni, Cr, Cu, Zn mobile forms penetrates deeper
where it is sorbed by ground carbonates and espe-
cially by Fe-Mn hydroxides. Thus, only insignificant
amounts of the polluting technogenous elements stu-
died can get into groundwater. When the soil is
disturbed, the mechanical washing-in of trace ele-
ments with sludge particles into sandy ground is
going on and the mobile forms are migrating sligh-
tly deeper, however, they do not reach the ground-
water, either, because they are bound in the ferrife-
rous sand layer. In this layer the content of techno-
genous elements significantly increases.

In surface water and groundwater, in the sur-
roundings of both sites no elevated content of ha-
zardous elements washed out from sludge was found
during the investigations; only rather high iron and
manganese concentrations (0.42-0.67 and 0.02-0.06
mg/l, respectively), however, this is a specific featu-
re of the whole region of Paneveézys. Only the con-
tent of Pb, Ni and Cr in surface water slightly ex-
ceeded the regional background during the first year
(Table 4).

No success was achieved in determination of va-
riation regularities of trace element content in vege-
tation; the concentration of hazardous elements in
control samples was often higher than in samples
taken from the sites. Technogenous elements from
sewage sludge had probably a secondary influence
on vegetation. It depended much more on the indi-
vidual properties of a plant, period of vegetation,
atmospheric pollution, climatic and other factors. Se-
edlings and one-year-old sprouts of fir-trees and bir-
ches, raspberries, absinthium, cereal grass (roots and
overground part) and mushrooms have been inves-
tigated. Technogenous elements (Zn, P, Cr, Cu, Pb)

9



Viadas Katinas, Valentinas Kadiinas, Alfredas Radzevicius, Rimanté Zinkuté

Table 4. Average contens of trace element in groundwater, mg/l
4 lentelé. Mikroelementy vidurkinis kiekis gruntiniame vandenyje mg/l
Year Metai | Fe | Mn Zn Cu | Pb | Ni Cr | Co | Cd

1998 09 0.645 0.021 0.0054 0.0026 0.0052 0.0027 0.0021 0.0004  0.00031
1999 05 0.663 0.032 0.0074 0.0031 0.0019 0.0031 0.0012 0.0003  0.00024
1999 09 0.0029 0.0057 0.0016 0.0041 0.0007 0.00022
2000 05 0.626 0.028 0.0011 0.0029 0.0013 0.0035 0.0009 0.0003  0.00018
2000 09 0.665 0.034 0.0023 0.0062 0.0013 0.0036 0.0008 0.0002  0.00015
2001 05 0.673 0.036 0.0018 0.0034 0.0017 0.0028 0.0008 0.00012
Fonas 0.344 0.011 0.013 0.0151 0.0024 0.0049 0.0015 0.0005 0.008

accumulated slightly more in mature tissues and at
the end of vegetation, while in grass plants they
prevailed in roots. Mushrooms accumulated rather
much Mn, P, Pb, Zn, Cu, Ag, Ni. The sludge had
an obvious positive influence on seedlings (especial-
ly on their growth rate) but during the first year
the excess of toxic elements and their mobile forms
depressed their rooting and uptake of some biophi-
lic trace elements. Besides, the sludge was extreme-
ly polluted by weeds (mostly by absinthium) which
depressed the seedlings.

CONCLUSIONS AND RECOMMENDATIONS

During mineralisation of wastewater sludge the con-
tent of technogenous elements increases with a dec-
rease of organic matter and calcium amount. The
redistribution of chemical elements in sludge and
ground is going on, their stable associations are for-
ming, related with Fe-Mn hydroxides, carbonates-
sulphates, phosphates, in some cases with organic
matter. Migration of the technogenous elements stu-
died and their mobile forms to groundwater is in-
significant, because it is restricted by geochemical
barriers (peat, carbonates, Fe-Mn hydroxides). The
resulting stable, inert element compounds are not
hazardous to the environment.

The data obtained indicate that wastewater sludge
contaminated with technogenous elements can be suc-
cessfully applied for recultivation of peaty woodcutting
areas and fertilisation of newly planted forest areas
when the soil structure is undisturbed. This way of
utilisation of wastewater sludge extremely polluted by
hazardous chemical elements is at present most ra-
tional, because: a) it does not pose noticeable danger
to the environment, b) it is cheaper than deponing in
special depositories, c) it is more safe and cheap than
utilisation by incineration.

It is recommended: a) to use wastewater sludge
for fertilising the replanted woodcutting areas or ter-
ritories that are newly planted with forest and have
undisturbed peaty soil; b) after spreading the sludge
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to destroy the sprouted weeds during the first year
and only then to plant the seedlings. In this way the
negative influence of the excess of soluble forms of
hazardous elements on rooting and growing of the
seedlings will be avoided.

Applying this way of wastewater sludge utilisa-
tion in any region, it is not enough to base on these
general regularities or similarity of the geological
structure, because their geochemical conditions and
processes, depending on may factors, can differ gre-
atly. In each case it is recommended: a) to determi-
ne natural (background) geochemical parameters of
the area; b) to know element content in sludge; c)
to accomplish a 2-3-year course of investigations of
element migration.

The optimal norm of wastewater sludge in replant-
ed woodcutting areas of peaty forests in Paneveézys
region is 300 t/ha. It can be increased to 400 t/ha and
more in the cases when: a) the content of hazardous
chemical elements (especially their soluble forms) in
sludge is correspondingly lower, b) the thickness of
undisturbed peaty forest soil layer is greater than 0.5 m.
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CHEMINIU ELEMENTU SKLAIDOS IR
PERSISKIRSTYMO APLINKOJE GEOCHEMINIAI
PROCESAI, PANAUDOJANT VANDENVALOS
DUMBLA MISKO KIRTAVIECIU REKULTIVACIJAI

Santrauka

Pramoniniuose miestuose visada iSkyla vandenvalos dumb-
lo, itin uzterSto kenksmingais metalais, utilizavimo proble-
ma, nes jis netinka Zemes tkio reikmeéms. Atlikti tyrimai
parode, kad toks dumblas gali biiti panaudotas durpingy
misko kirtavie¢iy rekultivacijai, tik svarbu parinkti mazai
nuotakius, durpingus plotus su negiliai sliigsanc¢iu vandens-
paros horizontu. Dumblui mineralizuojantis, mazéja orga-
ninés medziagos ir kalcio, atitinkamai daugéja likusiy ele-
menty. | gilesnius grunto sluoksnius jie patenka daugiau-
sia su dumblo dalelémis. Giliau migruoja Ca ir vandenyje
tirpios formos (pH 7), kurias palaipsniui keicia potencia-
liai tirpios (pH 4,8), be to, judrias formas intensyviai sor-
buoja dirvozemio organiné medZiaga, o juy likutj stabilizuo-
ja giliau esantys geocheminiai barjerai (Fe ir Mn hidrok-
sidy, karbonatinis ir kt.). Formuojasi naujos mikroelementy
asociacijos, susijusios su deponuojancios terpés (hidroksi-
dinés, karbonatinés-sulfatinés, organomineralinés ir kt.)
mikroelementais. Nauji elementy junginiai yra inertiski, ne-
sklinda aplinkoje, todel nekelia pavojaus. Tinkamomis ge-
ologinémis-geocheminémis salygomis uZterStas dumblas gali
biiti naudojamas kirtavieciy rekultivacijai — tai racionaliau-
sias jo utilizavimo btidas. Optimali jterpimo norma priklau-

so nuo dumblo uzterStumo laipsnio (tirtame objekte ji su-
daro 300 t/ha). Medziy sodinukams dumblas turi rySky tei-
giama poveikj.

Baanac Karunac, Banentunac Kaaynac,
Anbsppenac PanzsBuutoc, Pumante 3unkyTte

INPOLECCBI MUI'PALIMN U
NEPEPACIIPEJAEJEHNUA XUMMWYECKUX
SJEMEHTOB B ITOYBE ITPAN
NCITOJb30BAHUN OCAJKOB CTOYHbBIX
BOJ AJIsA PEKYJbTUBALIMU JIECHBIX
BbIPYBOK

Peszmowme

B mpOMBIIIIEHHBIX TOPOJAX YACTO BO3HUKAIOT MPOO-
JIEMBl YTUIM3ALUN CUIBHO 3aTPS3HEHHBIX TOKCHYHBIMH
XUMHUUYECKHUMH 3JIEMEHTAMU OCaJKOB CTOYHBIX BOJI,
HETIPUTOHBIX TSl CENTbCKOTO Xo3siicTBa. MccnemoBaHus
MTOKA3aJIi, YTO TaKOH WJI MPUTOJEH I PEKYIbTHUBAIINU
BBIpYOOK TOPGSIHUCTHEIX JecoB. BaxHo BBIOpaTh
c1abO0CTOYHBIE YYACTKH C MEIKO3aJIeTalolIuM BOJIO-
VIIOPHBIM TOPHU30HTOM. [IpM MHHepan m3aluu WiIa Co-
JlepKaHHe OPraHUYECKOrO BEIIECTBA M KAJbIUS MMOHU-
’KaeTcs, HO COOTBETCTBEHHO MOBBIIIACTCS COACPKAHME
OCTaJbHBIX JJIEMEHTOB. B TpYHT OHM MPOHHUKAIOT C
yactuiaMu uia. [my6ke MpOHMKAIOT KalbIUH U BOJO-
pactBopuMbie ¢opmbl (pH = 7) anmemeHTOB, HO OHU
CKOPO 3aMeIaloTCsl MOTEHIMATbHO PAaCTBOPUMBIMU
(pH = 4,8). ITomBmwxHBIE GOPMBI XOPOIIIO COPOUPYIOTCS
OPTraHWYECKIM BEIIECTBOM ITOYBBI, @ MX OCTATKH CTa-
OWIN3HUPYIOTCS TCOXMMHYECKUMHU OapbepaMu T'PYHTA
(TUIPOOKUCHBIM, KapOOHATHBIM | JIp.). Ilpu 3ToM 006-
pas3yroTcs HOBBIE acCOIMALINA MHUKPO3JIEMEHTOB, CBS-
3aHHBIC C JJIEMEHTAMH ICTIOHHPYIOMUX cped. Hoswre
COCIMHECHHMSI 3JICMEHTOB MAJIOMOJIBUKHBI U BIUSHUS Ha
cpemy He okasbpiBaioT. [To3TOMy 3arps3HEHHBIH W IpU
COOIIONICHNH COOTBETCTBYIOIIUX T'€O0JIOTHYECKUX YCIIO-
BHUI BIIOJIHE IIPUTOACH JJISI PEKYJIbTHBAIIUU JECHBIX
BBIPYOOK, a 3TOT CHOCO0O €ro yTWJIM3aIUU SBIISETCS
Hambollee pallMOHAIBHBIM U peHTabenbHbIM. Hopma
BHEJIPEHUS 3aBUCHUT OT CTEINEHM 3arpsi3HEHUs Wia; B
HCCIeIOBaHHOM 00BbekTe oHa cocrasmia 300 T /ra.
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