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GROUNDWATER FORMATION BELOW CHERNOZEM SOILS -
EFFECT OF MINERAL FERTILIZATION, RAINY
AND DRY PERIODS

FORMOWANIE WOD GRUNTOWYCH PONI ZEJ WARSTWY GLEB
CZARNOZIEMU - WPLYW NAWO ZENIA MINERALNEGO
ORAZ OKRESOW DESZCZOWYCH | SUCHYCH

Abstract: Chernozem soil samples from the east of Austriee ieeen packed into columns in order to investigate
the effects of mineral fertilization on the compimsi of water, released to deeper layers. A satutiitating
NPK fertilization was added on top of water-satedatolumns, and washed down with 150° grartions (about
0.1 pore volumes) every day except weekends, fap@ths. The eluates were collected and analyzd@Byand
AAS methods. After about one pore volume, a strpegk in alkali, alkaline earths, and sulfate ocadiiin the
eluates, due to ion exchange with the fertilizdutson. After this, most concentrations in the éésaapproached

a steady state again, but lower than the levelshefetre. After a period of drying, the release cikd S, as well

as P in 2 of 3 cases, increased, whereas theeadé&® and Mn decreased. Before the eluates dnt@eesample
collection vessels, ochre precipitation scavengezhymsolutes (Cr > Al > Pb > P > V > Fe), but left
Mo-Sr-Mg-K-Se-B rather untouched.

Keywords: soil columns, vertical migration, ochre formatidertilization, subsurface groundwater

In plain areas of intense agriculture, the compmsibf newly formed ground water is
greatly influenced by the vertical mobility of stdg mobilized by rainy events. Apart from
the washout of the atmosphere, water-soluble saitibns get released into deeper layers,
in particular through bare soil after harvest artbte seed germination [1], when there are
no plant roots ready for resorption. Fertilizersitein large amounts of readily soluble
substances, to ensure high availability to cropmtsPof readily dissolved amounts are
resorbed resp. exchanged in deeper soil layersdanahot reach groundwater levels.
Because groundwater might be used for human cort&amiater on (drinking, washing
etc.), it might be interesting to consider possisianges of water hardness, soluble iron and
other characteristics of practical interest. Inesrtb keep all added nutrients available to his
crops, the farmer should be concerned to avoicetoss his fertilizer to the groundwater.
A second change of composition occurs when theynéwmed ground water is aerated
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again, because of ochre formation and co-precipitateactions within the well. Ochres
from mine drainage waters formed under strongly aonditions contained mainly high Al
whereas ochres formed under slightly acid or neatraditions, were enriched in Cu, Pb,
Zn, Mn, and As [2].

In Austria, 30% of wet precipitation may contribute groundwater formation on the
average, but large variations due to different atim conditions occur. In Austria,
groundwater has to be kept clean by law in gengrakpective of use [3].

The compositions of percolation water in the nomssded soil layers and in the
corresponding groundwater are usually not fundaatigrdifferent. When rain water enters
the non-saturated region of soil, many reactiomstake place, like dissolution and dilution,
filtration, adsorption - desorption, ion exchangexidation, reduction, precipitation
hydrolysis, complexation, as well as accumulataestruction and transformation by biota
[4, 5].

Column studies are frequently used to simulatesprart phenomena of nutrients, trace
metals, radioactive substances and pesticides,elisa® the hydrological regimper se
[6-9]. They are much more laborious and expengiaa batch extraction methods, but they
consider also microbial life and long-term effedtghereas in batch extraction, a quasi-
-equilibrium between the respective solid and anesg of water is obtained, column
experiments yield a lot of eluate fractions versoe (gg for the entire vegetation period),
and also concentration profile of constituents libtmthe remaining solid. In the column,
equilibrium can be only obtained layer by layeteraction with air is low, and the solid is
in excess. Big lysimeters in the field get natymadcipitation and vegetation, and keep soil
physical parameters (pores etc.), but getting lgpsoiile after the experiment is difficult.

From this, it was decided to study the formatiorpefcolation water from arable soll
layers in model columns in the dark. The experimemat rather abstract to confine
retardation - mobilization effects to soil microbifife, neglecting horizontal flow,
consumption by higher plants, and minimizing prefeial flow effect through macropores.
Addition of fertilizer solution to these soil colu® and a subsequent long rainy period
simulate worst case conditions for vertical tramsmd solutes down to deeper layers, in
order to point out possible effects.

Chernozem soil samples from the most fertile amdahe east of Austria have been
selected for this experiment, because they are Rriowevelop rich microbial life, and they
have high water retention capacities coupled vath Water flow, thus enabling humerous
transformation reactions to take place.

Details of the water regime during the experimexgsvell as of the determination of
the effective pore volumes passing 50°d¢¢Cl-solution, have been given by [10]. Effects
concerning the added nutrients P and K, as weddaled trace elements As, B, Mo, Se and
V, and non-added main and trace elements, havettesed in detail in [8, 9].

Experimental

A haplic chernozem, calcic chernozem, and gleyiermbzem sample was taken at
depth 1-10 cm, 10-20 cm and 20-30 cm, from topsatilSierndorf/March, at the eastern
border of Lower Austria. After air drying, the saeg were packed into 4 columns, each
like the profile found in the field, to yield cyliers of 30 cm length, 12 cm diameter, and
about 5 kg of dry mass. The soils were charactgigeaqua regia and water extracts, soil
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pH, clay size and carbonate contents (Table 1a jme-run, the effective pore volume of
each column was determined experimentally by §ttthe peak of penetrating chloride,
applied as KClI solution.

Table 1
Some characteristics of the soils investigated
Haplic chernozem Gleyic chernozem Calcic chernome
Carbonate 0-10 cm 0 0.9% 1.3%
10-20 cm 0 1.1% 1.1%
20-30 cm 0 0.7% 1.2%
Humics 0-10 cm 0.9% 2.5% 3.6%
10-20 cm 0.9% 2.5% 3.4%
20-30 cm 1.0% 1.9% 3.4%
Clay size 0-10 cm 7% 13% 13%
10-20 cm 7% 14% 13%
20-30 cm 7% 15% 13%
Cation 0-10 cm 1.8 20.4 22.3
exchange 10-20 cm 2.3 20.2 21.4
capacity 20-30 cm 2.7 22.4 22.3
pH (CaCly) 0-10 cm 4.2 7.0 7.15
10-20 cm 4.25 7.05 7.2
20-30 cm 4.25 7.35 7.2

Remark: pH given in 0.05 units, cation exchangeaciy is given in cmolequ./kg, determined with BaCl

The addition of mineral fertilizer was simulated &yding 50 crhof a K/Ca/Mg/NH
IINOs/PQ,/SC, - solution containing a cocktail of presumablycamic trace elementse B,

As, Se, Mo, and V. As the matrix for the trace edais, an inorganic N-P-K fertilizer was
selected, with an application rate of 160 kg N/ NHNO; 320 kg BOs/ha as
Ca(HPQy)2'H,0, and 200 kg kKDO/ha (from this 20% given as,80, and 80% as KClI, in
order to avoid precipitation of gypsum). The tratements were added in concentrations
more than 100-fold above detection limit in theagéusolutionje 50 mg/dm B and V each,
20 mg/dn Mo, and 10 mg/diAs and Se each, within 50 &rof loading solution. This
means in absolute terms per column: 2.5 mg B andl Mg Mo, and 0.5 mg As and Se,
resp. 2 g/ha, 0.8 g/ha and 0.4 g/ha.

Every day except the weekends, 3 times 50 distilled water was added slowly via
a pipette, to simulate natural rainfall, with intexdiate periods of aeration. One addition
matched about 1/10 of effective pore volume. Egifittem pure gravity were taken from the
bottom of the columns. About 4-5 effective porewnés were collected. After collection of
40 fractions in 2 months, the columns were leftfory6é weeks, and rewetted again with up
to 6 portions of 150 chin order to estimate the effect of drying andasien.

The eluates were weighed, pH determined, and {HNOprapure added for
stabilization. Most of the analytical data (Al/A¢BR/Ca/Cd/Co/Cr/Cu/Fe/K/Li/
Mg/Mn/Mo/Ni/Na/P/Pb/S/Sr/V/Zn) were obtained from CR-OES multi-element
determination from undiluted and 1+4 diluted sarspte serve as controls. Some samples
at 1 effective pore volume had to be diluted 1+Be Bensitivity for arsenic was too low,
and therefore hydride-AAS had to be applied. Ferdhtermination of total selenium in the
eluates, an aliquot was dried after addition of iQ#solution, ashed with Mg-nitrate at
560°, and the ash dissolved in 1+1 HCI. Withous tpretreatment, measured Se was
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negligible. Be, Cd, Cr, and Pb were often belowedidn limit. Zinc desorbed from the
vessels and gave significantly higher results afterage of about 3 months. The soil
columns were kept in a dark room in the cellaralaut constant temperature (21-24° and
variable humidity (55-90%). Evaporation was faictynstant and about 10% [10].

Results

Column eluates versus water extract

The common water extract, performed with 5 g ofdssample shaken for 2 hours with
50 cnt dist. HO, could not predict the release from the colurmnmioed during the long
term experiment. Elution from the columns was mhigfher for Fe and Mn, but also for Sr
and Ba. An increase for the non-added mobile catigiiNa-Mg was expected to follow the
order of theCation Exchange Capacity (CEC), determined with Baglbut this was actually
not quite the case. Al, Cu, and Zn, however, wataimed on the column more than
predicted from the water extract. Ca and S reldes@ the columns was more than
calculated from batch release, even when the addeulints are taken into consideration
(Table 2).

Within Table 2, an overview about the budget ofestdd nutrients is shown.
Adsorption and migration reactions of added Asarg] Se, as well as added K, P, Mo, and
V have been treated in previous papers [8, 9].h&simput, the solubilities determined in
the water extract, times the collected volume efdluate, plus added amounts, are defined.
The output is the sum of the material releasechéoeiuates. Whereas boron was largely
recovered again (the time was too short to obtamptete washout from the Haplic and
Calcic chernozems), P and K were completely rethiaad much more sulfur liberated.

Table 2
Budgets for added nutrients
Calculated load Load from
Water extract Average pore from water Ad.d.Ed for column in 40 [%
lon 3 volumes for 40 fertilization ;
[mg/dm?] fracti extract fractions eluted]
ractions [mg]
[mg] [mg]

B P 0.0505 5.12 0.258 2.5 1.75 63%
F 0.0543 4.79 0.260 25 2.76 100%

T 0.0390 4.52 0.176 25 0.95 36%)

K P 5.60 5.12 28.7 4150 113 2.79
F 2.18 4.79 10.4 4150 4.5 0.11%

T 9.40 4.52 42.5 4150 113 2.7%
P P 2.02 5.12 10.3 175 31.3 0.17%
F 0.14 4.79 0.67 175 0.11 <0.1%

T 0.88 4.52 3.98 175 1.26 0.7%

S P 0.50 5.12 2.56 17 46 235%
F 0.76 4.79 3.64 17 59 286%

T 1.09 4.52 4.93 17 63 287%

F = Gleyic chernozem, P = Haplic chernozem, T =ci€alhernozem

Changes of leachable main ion concentration during months of intense rain

The experimental setup simulated a long rainy pleoi8 weeks. Addition of the NPK
fertilizer solution resulted in the release of sav@on-added cations, like Na, Li, Ca, Mg,
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Sr, Ba, and H, as well as sulfate, which peakedbaut one pore volume. After this, all
concentrations of non-added ions reached a stdathy again (at 4.4-5.1 pore volumes),
which was lower than from the conditions of thertsfat 0-0.35 pore volumes), probably
because of the exhaustion of the soluble phasespefor Ca from the Calcic and Al from
the Haplic chernozem columns (see Tables 4-6 agsl Fi3). Just the Na decline could be
fitted with a hyperbolic function (Langmuir desdgt). After the slight acidification at
about one pore volume, the pH slightly and steddidyeased.

Effect of a dry period

After a period of about 6 weeks after the end ofquécal addition of water on top of
the columns, they were rewetted again with portioh450 cni each, from the top. After
2-3 additions, the original amounts of eluates warkected. The concentrations found in
the eluates are given in Tables 3-5 as the meati'eot columns run in parallel for each
soil type, together with mean concentrations mehéneluates obtained before and after the
fertilization pulse.

Table 3
Mean of eluate concentrations before and afterai@xchange peak,
and fractions after re-wetting, for the Haplic afmrem
Before | After Fractions after drying
the ion exchange peak
Eluted pore volumes 2 0 0.109 0.232 0.348 0.455
Ca [mg/dnt] 50.5 12.8+ 1.6 15.0 19.9 24.8 26.4 26.1
Fe [mg/dn?] 62.5 12.6£5.3 7.16 10.29 9.38 17.49 13.23
K [mg/dn?] 27.2 15.4+ 3.6 26.1 26.7 40.0 45.1 40.8
Mg [mg/dmg] 6.3 1.6+ 0.2 1.98 2.69 3.21 4.06 3.81
Mn [mg/dn?] 22.8 5.12+1.38 5.80 7.99 11.45 12.73 13.29
Na [mg/dn?] 0.70 0.10+ 0.02 0.14 0.14 0.43 0.48 0.24
p [mg/dn?] 1.93 8.10+ 2.58 1.21 1.54 0.92 1.41 1.15
S [mgldn?] | 1.32 0.35+ 0.05 4.17 3.50 4.86 4.63 3.03

Sr [mg/dn?] | 0.206 0.050+ 0.007 0.055 0.070 0.103 0.113 0.114
Trace elements

Al |[mgidn?]| 0.276 1.033 0.205| 0.263]  0.166 0.148  0.212
As |[mg/dn?] | 0.019 Added n.d. 0.0063 0.004p 0.0048  0.0075
B |[mg/dnf] | 0.089 Added 0.162| 0.133]  0.214 0.191  0.183
Ba |[mg/dnf] | 0.103 0.025 0.028] 0.034  0.04¢ 0.062  0.060
Be |[mg/dnf] | 0.0003 0.00008 0.00006 < 0.000640.00004< 0.00004< 0.00004
Cd _|[mg/dnf] | < 0.0004 < 0.0004 <0.0004 0.0059 | 0.0058] 0.0024  0.005
Co |[mg/dnf] | 0.133 0.049 0.026] 0.049]  0.05] 0.065  0.059
Cr _ |[mg/dn?] | 0.0017 0.0027 0.007] 0.0028 0.0042 < 0.00850.0005
Cu_|[mg/dnf] | 0.012 0.007 0.0124] 0.0081 0.0086 _ 0.0083 _ 0.0059
L |[mg/dn]| 0.0038 0.0026 0.004] 0004 0006 0005  0.006
Mo |[mg/dn?] | 0.0012 Added 0.0022] 0.0040  0.0035 0.0057 _ 0.0033
Ni  |[mg/dn?] | 0.134 0.052 0.022| 0.049]  0.034 0.038  0.036
Pb_ |[mg/dnf] | 0.0078 0.005 0.004] 0009 0009 <0.0p3 <0.003
vV |[mg/dnf] | < 0.0007 Added 0.0051| 0.0015 0.0008 0.0000 0.0016
Zn _ |[mg/dnf] | 0.038 0.008 0.013] 0.017]  0.01§ 0.008 _ 0.009

Compared with the steady state reached beforertliiegdperiod, more K and S were
generally released. S rather shows a "snowbaltg&fféds peak was smaller than from the
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chloride which had been chosen to determine theabpore volumes. From the Gleyic and
the Calcic chernozem sample columns, a decreas® iand Mn mobility paralleled an
increase of P. In the Haplic chernozem, from wtaplpreciable washout of P had already
taken place, drying led to P fixation. Other iomgeistigated reached about the same level as
before the drying period.

Table 4
Mean of eluate concentrations before and afteraim@xchange peak,
and fractions after re-wetting, for the Gleyic aimrem
Before | After | Fractions after dryin
the ion exchange peal
Eluted pore volumes—)| 0 0.038 0.177 0.299 0.395 0.525
Ca [[mg/dnt]| 133.9 77.8+9.4 92 87 73 80 87 91

Fe [[mg/dn?]| 1.56 0.77+0.30 0.60 0.23 0.22 0.20 0.40 0.17
K [mg/dn?]| 0.88 0.55+0.21 0.92 0.84 0.74 0.80 0.93 0.98

Mg |[mg/dn?]| 64.5 34.0+ 7.0 41.5 24.8 28.8 29.9 43.2 44.6
Mn  |[mg/dnT] 2.9 1.52+0.72 1.43 0.80 0.66 0.16 0.27 0.11
Na [[mg/dn?]| 10.31 | 0.94+0.13 1.28 1.16 0.93 0.98 1.05 1.10
P [mg/dn?]| 0.055 | 0.030+0.007 | 0.087 0.133 0.053 0.035 0.049 0.042

S |[mg/dn?]| 255 0.90+ 0.47 4.68 12.33 5.64 4.96 4.83 4.73

Sr [mg/dn?]| 0.693 | 0.382+0.092 | 0.560 0.357 0.563 0.472 0.500 0.550
Trace elements

Al [mg/dn?]| 0.567 0.014 0.027 0.002 0.011 0.018 0.011 0.916
As _|[mg/dn?]| 0.014 0.013 n.d. 0.0012| 0.0014 0.0018 0.0036 0.0011
B [mg/dnt]| 0.239 Added 0.504 0.424 0.354 0.395 0.479 0.485
Ba |[[mg/dn?]| 0.085 0.047 0.075 0.065 0.058 0.065 0.072 0.977

Be [[mg/dn?]| 0.0005 < 0.00004 | 0.0001 | <0.00004 0.00004< 0.00004 0.00006|< 0.00004
Cd [[mg/dn?]|<0.0004 <0.0004 [<0.0004 < 0.0004 < 0.0004] < 0.0004 < 0.0004 < 0.0004

Co [[mg/dn?]| 0.014 0.003 0.0025 0.0006 0.0003 0.0003 0.0010 0803
Cr [mg/dmg] 0.0013 0.0007 < 0.000% 0.0005 0.0013 | < 0.0005< 0.0005 < 0.0005
Cu |[mg/dn?]| 0.019 0.003 0.0083 0.0078 0.0063 0.0041 0.0049 60.00
Li [mg/dmg] 0.0114 0.009 0.013 0.017 0.011 0.012 0.012 0.012
Mo |[mg/dn?]| 0.0013 Added 0.0047 0.003p 0.0036 0.0032 0.0046 052.(
Ni [mg/dmg] 0.024 0.011 0.0124 0.007p 0.0074 0.004 0.0077 80.90
Pb [[mg/dnT]| < 0.003 < 0.003 <0.008 0.011 <0.003 <0.003 93.p<0.003
Sr [mg/dmg] 0.693 0.382 0.560 0.357 0.568 0.472 0.500 0.550
vV [mg/dn?]| 0.0013 Added 0.0027 0.003% 0.0034 0.0037 0.0041 040.(
Zn [mg/dmg] 0.019 0.002 0.0084 0.016 0.0101 0.0025 0.0109 10.00
Table 5

Mean of eluate concentrations before and afteraim@xchange peak,
and fractions after re-wetting, for the Calcic ctomem

Before | After Fractions after drying

the ion exchange peak

Eluted pore volumes—> 0 0.036 0.131 0.238 0.338 0.457
Ca [mg/dnT] 174 156+ 13 128 214 207 189 170 194
Fe [mg/dn?] 10.3 | 3.03+1.14| 0.79 0.29 0.14 0.07 0.09 0.14

K [mg/dn?] | 39.6 | 22.1+48 | 294 421 | 4058 37.9] 353 37.4
Mg | [mg/idnf] | 285 | 12.4+1.8 | 13.02 | 15.49| 1437 1321 1576 15.14
Mn | [mg/dn?] 73 | 448x018] 1.92 2.32 1.60 1.57 1.98 2.37
Na | [mg/dn?] | 550 | 0.76+0.06| 0.65 1.18 1.05 0.95 1.03 0.99
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P [mg/dnTt] 0.259 (0.224-0.031 0.403 0.386 0.205 0.136 0.165 0.133
S [mg/dn?] 247 |0.88+0.30| 6.35 68.5 51.02| 30.16 20.09 18.97
Sr [mg/dnTt] 0.588 | 0.35+0.02 0.39 0.51 0.48 0.44 0.40 0.47
Trace elements

Al [mg/dn?] | 0.049 0.035 0298 | 0.03] 0.02L 0010 0.0p6  0.024
As | [mg/dn?] | 0.017 Added n.d 0.0024 0.00341 nd 00027 npf.
B [mg/dn?] | 0.082 Added 0.27 0.39] 0.3 0.3 0.4  0.44
Ba | [mg/dnf] | 0.139 0.090 0.14 0.19] 018  0.1d 02D 042

Be [mg/dn?] | 0.0003]| <0.00004 0.0000% < 0.00840.0004 < 0.0004 < 0.0004 < 0.0004
Cd [mg/dn?] |<0.0004 <0.0004 | <0.0004 < 0.0004 0.0004 < 0.0004 < 0.0004 < 0.0004
Co [mg/dnT] 0.005 0.005 0.0065 0.0024 0.0010 0.0010 0.0p14 26.00
Cr [mg/dn?] | 0.0010 < 0.0005 0.0019] < 0.00650.0005 < 0.0005 < 0.0005 < 0.0005

Cu [mg/dnT] 0.025 0.016 0.107 0.025 0.01p 0.018 0.0p0 0.020
Li [mg/dnt] | 0.0052 0.0028 0.006 0.00¢ 0.008 0.007 0.0p7 0.008
Mo [mg/dnt] | 0.00014 Added 0.007 0.00% 0.00p 0.002 0.0p4 0.009
Ni [mg/dn] 0.023 0.015 0.032 0.017 0.01p 0.0097 0.0p9 0.013

Pb | [mg/dnf] | <0.003| <0.003 0.008| <0.03 <0.0p3 <0.003 ©8,0< 0.003
v [mg/dn?] | <0.0007] Added 0.0034 | 0.001] 0.0020 0.0024 0.0021 0.0p12
Zn | [mg/dnf] | 0.016 0.003 0.167 | 0.009p 0.0085 0.0027 0.0023  G.902

Precipitates in the eluates

After 9 months of drying, the soil columns werendésitled und cut into 6 aliquots in
order to enable investigations of the respectivié pofiles. Compared with the original
lengths of the columns of 30 cm of air-dried sdfle cores packed together to yield
24-27 cm. In the depicted figures, however, thgtleraxis is taken as the original one. The
paper filter, which was inserted at the soil bosdmprevent wash-out of fine particles, was
not visible any more, except for the Haplic Cheeraz The quartz sand cover on top,
which should lead to a homogenous distribution ted Bpplied eluents on the entire
cross-section, of the columns could be removedlyea$he cores were surprisingly
compact. Veins of suspended quartz from the toprlaere visible from outside, but they
were present just on the mantle.

Table 6
Composition of the precipitates at the column astlgiven in % of silicate-free solid
Haplic chernozem Gleyic chernozem Calcic ch.

% P1 P2 P3 P4 F1l F2 F3 F4 T1 T2
Al(CH) 3 5.3 4.2 8.0 2.9 4.4 3.0 17.4 3.6 7.1 2.6
FeOOH 67.7 69.9 63.4 65.3 7.1 6.5 9.2 6.4 10}9 11.4
MnOOH 3.5 3.5 4.3 4.2 2.6 2.4 1.0 2.0 3.4 3.7
CaCOs 6.5 5.4 7.0 7.4 80.5 83.3 64.9 83.4 75|16 80.3
MgCO3 3.0 1.4 2.2 1.1 5.3 4.7 7.4 4.8 2.9 2.1

P,0s 14.1 15.6 15.1 9.0 < < < < < <
Fe+Mn+Al 76.5 77.6 75.7 72.4 14.1 11.9 27.6 11|18 21.4 17.7
Ca+Mg 9.5 6.8 9.2 8.5 85.8 88 72.3 88.2 78)5 82.4

P1.. T2: column labels

In the bottom plates and the outlets of the funnetsich carried the soil columns,
a brown precipitate occurred. The funnels were rsdpd from remaining soil material as
well as possible, and the brown residues were Wisdowith hydrochloric acid on the
boiling water bath, made up to 250 %rand submitted to multi-element analysis. In case,
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Fe is calculated as FeOOH, manganese as MnOOHjmalomas Al(OH), magnesium as
MgCOQO;, calcium as CaCpand phosphorus as,® (to allow addition of the weights
together with FeOOH und MnOOH ), and take the stitih@se 6 main elements as 100%
(silicon is lacking; the weight of the traces igyligible), this leads to the results of the
composition of the precipitates given in the subseq Table 6.

In the eluates of the non-contaminated chernozeits doeated in this study,
significantly more arsenic was found in the eluatean expected from the mean of the
groundwater monitoring program, in spite of thet lbat half of the mobilized arsenic was
scavenged in the ochre at the column outlet. Ifswekchre formation thus seems to be
a major sink of arsenic.

The precipitate formed on contact with air afteitieg the soil column was identified
as a Fe/Mn-hydroxide carrying appreciable amoufitphmsphate for the (acid) Haplic
Chernozem, and a Ca carbonate for the (slightlglialk) Calcic and Gleyic Chernozems.
Co-precipitated Al was variable and seemed to loélaatal.

These precipitation products can be explained ligation of soluble divalent Fe and
decline of CQ partial pressure on the air. Some of the elutadetrelements are caught in
these precipitates, others are not, which could teaartefacts in the interpretation of the
elution curves. For alkali and alkaline earth eletadexcept Ca), the precipitated quantity
in the run-off is, however, marginal. Figure 4 skothe scavenging effect of these
precipitates at the column outlet by depicting greportion found in the eluate. At the
average, scavenging took place in the order @&t>Pb > P>V > Fe > Be > Zn >As >
Cu > Ba > Co > Mn > Ni >Ca >Li >Mo >Sr >Mg > K > SeB (Fig. 4). Thus, Cr, Al, Pb, P
V, Fe and also Zn mainly precipitate, when wellevas aerated again.
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From the acid eluate of the Haplic chernozem, RZBAVIN/Ni were significantly less
depleted in this brown precipitate, than from thHalne eluates of the Gleyic and Calcic
chernozem samples.

Precipitations of Fe/Mn compounds are known to odoutubes of wells, as the
ochering-effect, in case too much air penetrategndo the groundwater horizon [5]. This
clogs the well, but obviously prevents contaminaiid the well water with a lot of ,heavy
metals” (see above). Similarly, precipitation amgadsition of CaC@at freshwater sources
occur from shifts of the CaGG CO, equilibrium. Soil gases may contain 10-100 times
more CQ than the common atmosphere, because it is stefmtityed by respiration of
plant roots and soil microbes [5].

BEHaplic
OGleyic
M Calcic

Fig. 4. Amounts released to the eluates versus ars@cavenged in the ochre 100 means: 100% pass
into the eluate

Conclusions

In terms of water classification (cited in MATTHES990), all obtained percolate
waters have to be classified as Ca-Mg-HGaters, before and after the fertilization
process. The water hardness would be hard frorGlgc and Calcic chernozem columns,
and soft from the Haplic chernozem columns. Theemigtaving the Haplic chernozem may
be termed as an ,iron-source“-water (Fe > 10 md)dm

The formation of groundwater may be regarded t@ lm®ntinuous process leading to
constant composition of well water. But in detdfie situation is more complex. The
composition of ground water formed below chernozsmits was found to be irreversibly
influenced from fertilizing events by ion exchangéter a long rainy periods, a new steady
state of percolate composition was reached, whiah umpredictable from the simple water
extract. After the drying period, a decrease ofafel Mn in the eluates coupled with
additional release of sulfur can be interpretecmsffect of aeration and degradation of
organic substances.
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Of course, this composition of the water leachexnfithe topsoil, might be modified
when permeating into deeper layers. In the bottéeep and the outlets of the funnels,
which carried the soil columns, a brown precipitateurred, which is commonly termed as
ochre formation. This was presumably mainly Fe-byafe for the Haplic, and CaGQor
the Gleyic and Calcic chernozem samples, coincidiity the pH of the eluates. Major
amounts of Cr, Al, Pb, P, V, Fe and also Zn leavhe column, were found precipitated
here, where re-aeration took place. From the adithte of the Haplic chernozem,
P/As/Co/Mn/Ni were significantly less depleted hist brown precipitate, than from the
alkaline eluates of the Gleyic and Calcic chernozamples.

In terms of ground water contamination, these ofbmmations protect well waters and
thus the consumers from a lot of harmful trace elets) and exert an excellent filter. This is
some kind of natural cleaning of the well water. ,M&r, Mg, K, Se, and B were not
significantly co-precipitated in these ochre layers
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FORMOWANIE WOD GRUNTOWYCH PONI ZEJ WARSTWY GLEB
CZARNOZIEMU - WPLYW NAWO ZENIA MINERALNEGO
ORAZ OKRESOW DESZCZOWYCH | SUCHYCH

Abstrakt: Za pomog ddswiadczér kolumnowych zbadano wplyw nawgnia mineralnego na skfad wody
w gkebszych warstwach gleby. W @eiadczeniach wykorzystano probki czarnozieméw zeych na terenach
wschodniej Austrii. Roztwor imitapy nawozy NPK wprowadzano na szczyt kolumny nasgcamdy porcjami
po 150 cm roztworu (co stanowito okoto 0,1 abpsci poréw) codziennie, z wyjkiem weekendéw, przez
2 miesjce. Eluaty zebrano i poddano analizie metodami ICRAS. Po zastosowaniu porcji roztworu
odpowiadajcej jednej ohjtosci poréw, zarejestrowano w odcieku silny pik alkafiy i siarczanowy, dglacy
skutkiem wymiany jonowej z roztworem. Neshie wicksza¢ stezen w eluatach byta stabilna, ale ich wadio
byly nizsze ni wczéniej. Po okresie suszenia uwalnianie K, S, i P w 2 przypadkéw ulegto zgkszeniu,
podczas gdy uwalnianie Fe i Mn spadto. Zanim elti@fity do pojemnikéw, sticana ochra oczyszczata roztwor
z wielu substancji rozpuszczonych (Cr > Al > Pb >PV > Fe), ale Mo-Sr-Mg-K-Se-B pozostaly raczej
niezmienione.

Stowa kluczowe:kolumny glebowe, migracja pionowa, tworzenie ochrgwaenie, podpowierzchniowe wody
gruntowe



