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Abstract

During periods of high water discharge, dyke-protected floodplains of the river Rhine in the
Netherlands become inundated and suspended matter from the river settles out. In the last
30 years, floodplain top layers have been sampled several times just after deposition; samples
were dried and stored in a specimen bank. We used these samples to assess the development
of sediment contamination with heavy metals and organic micropolluiants during the past de-
cades. Heavy metals investigated include zinc, copper, chromium, lead, cadmium, nickel,
mercury and arsenic. Different groups of chemically persistent organic micropollutants were
studied: polycyclic aromatic hydrocarbons (PAH); polychlorobiphenyls (PCB), hexa-
chlorobenzene (HCB), DDT and DDT-metabolites. In general, the levels of most con-
taminants decreased substantially between 1958 and 1981. The variation among the different
floodplain locations is due to differences in hydrodynamic characteristics of the location. A
comparison was made between the concentrations found and the levels considered acceptable
if the floodplain area is used for cattle grazing; a comparison was made also with estimated
natural background levels and with reference values defined by the Dutch government.

Keywords: cadmium, floodplains, heavy metals, mercury, organic micropollutants, PCB’s,
-Rhine

Introduction

During spring, water discharges in the river Rhine increase, causing inundation of
the floodplains along the river and along its branches in the Netherlands. During
the inundation periods, suspended solids settle on the floodplain, leaving behind a
thin layer of sediment (about 1-5 mm).

Figure 1 shows a cross section of a typical floodplain/river system in the lower
Rhine area. Generally, a low summer dyke and a high winter dyke are part of the
system (right-hand side of Fig. 1). At some locations, however, no summer dyke is
present (left-hand side of Fig. 1). The summer dyke protects the area between the
two dykes during periods of normal and moderately increased water discharges,
making cattle grazing and brick production possible during the summer period.
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Fig. 1. Cross section of a typical dyke-protected floodplain system in the Dutch lowland.

With increasing water discharge the area within the summer dykes becomes inundat-
ed first and finally the area between the summer and winter dykes; this last event
takes place only at high water discharge, on average once every two years. The entire
land area between the winter dykes is generally considered as floodplain. The total
floodplain area along the river Rhine and its distributaries in the Netherlands is
about 40 000 ha.

Freshly deposited sediment from the floodplain areas has been sampled for differ-
ent purposes since 1958. Sampling took place through the careful removal of freshly
deposited material immediately after the floodplain area fell dry; the samples were
taken by the same technician from 1958 to 1981, which reduced variation in sam-
pling technique to a minimum. The fact that the samples were stored in a specimen
bank gave an excellent opportunity to investigate the changes in floodplain contami-
nation during the last decades.

Contaminant levels in the floodplain sediments are important:

— as an indication of river pollution,

— in relation to plant uptake (generally grass), and

— in relation to animal uptake through the consumption of polluted grass but also
through direct ingestion of soil.

Materials and methods
Sampling scheme

Figure 2 shows all sampling locations involved in this study: sampling areas situated
between summer and winter dykes and sampling areas not separated from the river
bed by a summer dyke are indicated.

Heavy-metal concentrations were determined in samples from 13 different loca-
tions along the river Waal, the largest distributary of the river Rhine. Heavy metals
were also determined in the upper S cm layer of a number of floodplain areas in
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Fig. 2. Map of the Rhine river system in the Dutch lowland, indicating floodplain areas and sediment
sampling sites.
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Table 1. Sampling scheme for heavy metal and organic micropollutant determinations in floodplains;
number of samples in every sampling year.

Location

1 2 3 4 5 6 7 8 9 10 11 12 13

Heavy metals

1958 (surface sample) 2 - 5 2 2 - - - - - - - R
1970 (surface sample) 10 19 - 9 9 10 10 10 10 5 10 10 10
1972 (surface sample) 6 4 10 - - - - - - - 10 - R
1981 (surface sample) 8 g§ 10 10 6 10 8 8 8 g8 10 10 10
1969 (core sample) 5 2 - 5 - - - - 10 10 10 10 10
Organic micropollutants

1958 (surface sample) 6 - 6 2 2 - - - - - - - -
1970 (surface sample) 4 4 - 4 4 - - - - 4 4 - -
1972 (surface sample) 4 4 4 - - - - - - - 4 - -
1981 (surface sample) 4 4 4 4 4 - - - - 4 4 - -

'
'
'
'
'
]
'
'
'
'
'

1969 (core sample) - -

1969; these samples, however, did not consist of freshly settled sediment, but of a
series of consecutive sediment deposits.

Organic micropollutants were determined in a smaller number of samples from
only 7 locations (all included in the heavy metal analysis scheme).

Sampling took place in 1958, 1970, 1972 and 1981. It was not possible to sample
all floodplain locations in every sampling year.

A survey of the samples analysed is given in Table 1.

Analytical procedures

To determine the organic matter content the sample was heated with a known
amount of potassium dichromate in dilute sulphuric acid. The amount of dichro-
mate not consumed in the oxidation process was determined through titration with
ferrous ion. From the amount of consumed dichromate the organic matter content
was estimated.

The percentages particles < 2 um and < 16 ym in carbonate-free mineral matter
were determined by a sedimentation method based on Stokes’ law (Kilmer & Alex-
ander, 1949).

For the determination of heavy metal concentrations the dry sediments were treat-
ed with mixtures of oxidizing strong acids; depending on the element to be deter-
mined a specific acid mixture was chosen:

— Zn, Cu, Cr, Ni: hot mixture of sulphuric, nitric and perchloric acids,
— As: hot mixture of sulphuric, nitric and perchloric acids followed by treatment
with hydrochloric acid/potassium iodide/ascorbic acid,
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— Hg: cold mixture of sulphuric acid, nitric acid and potassium persulphate,
— Pb, Cd: hot nitric acid and final transfer to hydrochloric acid.

Analyses were carried out using flame-AAS techniques, except for As and Hg
(Vierveijzer et al., 1979).

As and Hg were determined with cold AAS techniques after reduction of all
chemical forms of arsenic and mercury to arsenic hydride and metallic mercury,
respectively.

The analytical method for the determination of organic micropollutants has been
described earlier (Japenga et al., 1987). Results are generally given as the sum of
individual components:

— PAH: the sum of 6 individual PAH’s (Borneff & Kunte, 1969),

— PCB: the sum of 6 congeners (numbers 28, 52, 101, 138, 153 and 180) together
accounting for about 30-40 % of total PCB,

— DDT: the sum of o,p’- and p,p’-DDT and their DDD- and DDE-metabolites.

Treatment of data

Experimentally found pollutant concentrations in sediments have to be compared
with reference values in order to classify the degree of pollution and to decide on
possible pollution control measures. Reference values for individual pollutants were
established by the Dutch authorities (Anonymous, 1987, 1988). They represent up-
per limits for heavy metal concentrations in soils at which all soil functions still pro-
ceed normally. Reference values were derived from the following formulas:

C'(Zn) = C(Zn)x140/[50 + 1.5x(2L + H)]

C'(Cu) = C(Cu)x36/[15 + 0.6x(L + H)]
C’(Cr) = C(Cr)x100/[50 + 2% L]
C'(Pb) = C(Pb)x85/[50 + (L + H)]
C'(Cd) = C(Cd)x0.8/[0.4 + 0.007(L + 3H)]
C'(Ni) = C(Ni)x35/[10 + L]
C'(Hg) = C(Hg)x0.3/[0.2 + 0.0017 X (2L + H)]
C'(As) = C(As)x29/[15 + 0.4x(L + H)]
where:
C’' = normalized heavy metal concentration
C = measured heavy metal concentration (mg kg-! dry matter)

L = clay content (particles <2 pm)(%)
H = measured organic matter content (%)

To make comparisons possible, experimental data and reference values were adjust-
ed to fit standard soil composition (25 % clay and 10 % organic matter).

By another normalization method, measured concentrations are extrapolated to
material containing 50 % particles <16 um in the carbonate-free mineral matter.
This method has been commonly used for aquatic sediments (de Groot et al., 1982).
In the following paragraphs it is used only if comparison is intended with literature
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data sets based on this normalization method.

Organic micropollutants are considered to be bound mainly to the organic matter
fraction. Experimentally found concentrations are normalized to soil containing
10 % organic matter:

C' = Cx10/H

where:

C' = normalized organic micropollutant concentration

C = measured concentration of organic micropollutant (PAH, PCB, DDT,
HCB)

H = measured organic matter content (%)

Results and discussion
Sample characterization

The samples varied widely in carbonate, organic matter and clay contents. Average
values did not vary significantly with respect to the sampling site, but some variation
between years can be observed. Average percentages (with minimum and maximum
values in parentheses) are summarized in Table 2.

Drying procedure

To determine whether the drying procedure used in the past caused any loss of com-
ponents, a preliminary experiment was carried out. A wet sediment sample with only
1.4 % organic matter (corresponding to a low binding capacity for organic
micropollutants) was analysed for PAH, PCB, DDT and HCB. The same sample
was dried at 50-70 °C for 5 days and then the analyses were repeated. At tempera-
tures below 70 °C only negligible losses occurred.

Table 2. Average contents (%) of organic matter, particles <16 um, and calcium carbonate in river Waal
floodplain sediments (minimum and maximum values in parentheses).

Sampling year

1958 1970 1972 1981
Organic matter 14.5 11.1 12.3 10.4
(11.7-18.9) (3.6-15.4) (8.4-14.5) (1.2-18.4)
Particles <16 ym 58.3 64.4 78.7 65.6
(38.2-72.7) (17.4-87.2) (28.2-88.1) (6.9-86.2)
Calcium carbonate 13.2 10.2 12.7 8.7
(12.0-14.1) (5.5-12.4) (11.3-16.5) (1.7-10.8)
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As all floodplain samples were dried just after collection at 40 °C for one night
and as their organic matter contents exceeded 1.4 % it can be concluded that the
drying procedure did not cause any detectable loss of compounds through volatiliza-
tion. Biodegradation in the air-dried sediment samples was considered negligible.

Pollution levels in the period 1958-1981

Heavy metal contents are given in Table 3 as the arithmetic mean of the concentra-
tion values corrected for clay/organic matter for all analysed floodplain sediment
samples per sampling year. The 1969 core samples are included in the table; they
agree quite well with the 1958-1970 fresh sediment samples. Figure 3 shows the time-
course of heavy metal contamination of the river Waal floodplains; 1958 is the refer-
ence level taken as unity. To improve visualization, all samples taken in 1970 and
1972 were combined. Between 1958 and 1970/72, cadmium levels nearly doubled;
copper and mercury levels increased slightly. In the same period the concentration
levels of the other heavy metals decreased slightly (zinc, chromium, lead) or dramat-
ically (arsenic); there was little change in nickel levels. After 1970/72 the concentra-
tions of all heavy metals except nickel decreased sharply. Nickel levels remained
constant during the whole period studied, which may be attributed to a mainly
natural origin of nickel (this will be shown later).

Contents of organic micropollutants are given in Table 4 as the arithmetic mean
of the concentration values corrected for organic matter content for all analysed
floodplain sediment samples per sampling year.

Figure 4 shows the time-course of pollution levels based on the data in Table 4.
In order to improve visualization, all 40 samples taken in 1970 and 1972 were com-
bined. The values for 1958 were taken as the reference point (= 1) for the concentra-
tion changes observed.

The concentrations of PAH and DDT tended to decrease, especially after
1970/72. PCB and HCB increased substantially between 1958 and 1970/72, then
decreased.

Variations between floodplain locations

Variation in heavy metal and organic micropollutant concentrations in the river
Waal floodplains is much smaller when samples from one floodplain location col-
lected in the same year are considered. It is clear that statistically significant differ-
ences exist between the locations. To find certain trends, heavy metal concentrations
in relation to location characteristics were studied for two sampling years: 1970 and
1981. The reason for choosing these particular sampling years is the large number
of locations sampled in these years. All locations were included except location 3
which was not sampled in 1970. It must be stressed, however, that the results given
below for heavy metal levels in 1970 and 1981 are representative of all other data.

To analyse differences in concentration levels between the sampling locations the
following procedure was used: average adjusted concentrations of six heavy metals
(Zn, Cu, Cr, Pb, Cd, Hg) were calculated for every location in 1970 and 1981. Ni
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Table 3. Average heavy metal concentrations, corrected for clay content and organic matter content, in
river Waal sediments (mg kg—1). Coefficients of variation (%) are given in parentheses.

Sampling Number of Element
year samples
Zn Cu Cr Pb Cd Ni Hg As
1958 11 1151 146 428 303 6.4 55 5.2 87
(8) ) (40 (13) (13) (10) (12) (15)
1970 122 870 157 373 259 11.8 54 6.3 51
17) 24) [€2))] (19) 27) (14) (33) @2n
1972 30 1147 185 404 336 14.9 54 6.5 35
% (5) (22) (10 (6) ® (16) (13)
1981 114 656 104 214 173 7.5 53 1.2 24
(17) (18) 29) 19) (26) 17 (€2)) (18)
1969 62 1009 184 404 277 8.9 54 7.1 58
(core samples) (18) (23) 27) (16) (32) 17) (26) (20)
3 e .
2.5

Bl 1958 [ZZ1970/72 [__]1981

Fig. 3. Heavy metal pollution of freshly deposited sediments from the river Waal floodplains in different
years (1958 = 1).

and As were not included because their concentrations were not raised due to pollu-
tion; this will be shown later. The average concentration level of each element at
each location was expressed in relation to the average value of the total sample set
of that element in the sampling year considered (compare Table 3). In this way the
relative deviations from the annual mean were obtained for every location and for
every element in the same sampling year.
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Table 4. Average organic micropollutant concentrations, corrected for organic matter content, in river
Waal sediments (mg kg-1). Coefficients of variation (%) are given in parentheses.

Sampling year Number of Organic micropollutant
samples
PAH PCB HCB DDT
1958 16 16.8 0.49 0.14 0.28
(18) 39) (25) 21
1970 24 12.0 0.96 0.38 0.29
(38) 47 (46) (30)
1972 16 13.3 0.99 0.36 0.25
(20) 29) (38) (26)
1981 28 7.2 0.40 0.28 0.15
(39) (45) (62) (40)

]
m

DDT A

Hl 1958 1970/72 [} 198t

Fig. 4. Organic micropollutant pollution of freshly deposited sediments from the river Waal floodplains
in different years (1958 = 1).

Figure 5 gives the variation in heavy metal contamination between locations in
1970 and 1981 (normalized to standard soil containing 25 % clay and 10 % organic
matter). All elements follow more or less the same pattern {(especially in 1970).

Average values for the relative deviations from the mean for all six elements (com-
pare Fig. 5) were averaged. This gave a general value for the relative deviation from
the mean for heavy metal contamination levels for all locations studied. Results are
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Fig. 5. Heavy metal contamination of floodplains in 1970 and 1981; variation between the locations
given as relative deviations from the annual mean for individual elements.

presented in Figure 6. The locations were subdivided into two main classes: flood-
plains with a summer dyke and floodplains without a summer dyke. Floodplain 9
occupies an intermediate position having only a low levee instead of a summer dyke.

The results show that higher heavy metal levels in floodplains are found when a
summer dyke is-absent. These areas are already flooded at a moderate rise in water
level; floodplains protected by summer dykes are flooded only at extremely high
river discharges. This trend can be further supported by concentrations found in
river sediment sampled at the Biesbosch/Nieuwe Merwede sedimentation area in
1970; here, suspended matter was deposited under average river discharge condi-
tions and substantially higher concentration levels are found. Results for zinc and
cadmium are given below (normalized to 50 % particles <16 um) for the three types
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1970 1981

14 deviation from the mean concentration deviation from the mean concentration
E 14

Z
=

T i = = 1 0 = T T
158H1218 9 246710 16§8M121B 9 246710
location location
M no summer dyke summer dyke R no summer dyke summer dyke
] 1ow levee — mean values ET1 tow leves — mean values

Fig. 6. Floodplain heavy metal contamination in 1970 and 1981; variation between the locations given
as average relative deviations from the annual mean for all elements. The effect of summer dykes is
shown.

of sediments:

— Rhine sediment (1970) (average annual water discharge):

Zn: 1855 mg kg1, Cd: 27.1 mg kg-!

— Floodplain sediment (1970) (without summer dykes) (moderately high water dis-
charge):

Zn: 943 mg kg-!, Cd: 12.3 mg kg-!

— Floodplain sediment (1970) (with summer dykes) (very high water discharge):
Zn: 690 mg kg1, Cd: 7.9 mg kg-!

A clear relationship exists between water discharge and contaminant levels in the
sediments: the higher the discharge the lower the heavy metal concentration levels.
For suspended matter in the river Rhine this relationship was described by Salomons
& Eysink (1981) (Fig. 7).

It can be concluded that the differences between floodplains protected by summer
dykes and floodplains without a summer dyke shown in Figure 6 are accounted for
by differences in river discharge.

Classification of pollution levels

Different methods are used for the classification of soils with respect to heavy metal
contamination. Some are used as a tool to decide whether or not a soil should be
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Fig. 7. Relationship between water discharge and Zn and Cd concentrations in suspended matter of the
river Rhine (1977/78).

removed and cleaned. Other methods are used as an instrument for land use classifi-
cation. Still other methods exist which classify the degree of pollution in relation
to natural background levels.

A short outline of three different approaches is given below.

Comparison with natural background levels - Igeo-values

The experimentally found concentrations can be related to naturally occurring back-
ground levels of the heavy metals in order to determine the relative degree of con-
tamination for each element. A straightforward classification into readily recogniza-
ble indexed groups indicating pollution severity proved to be useful. In Germany,
Miiller (1978) introduced a quantitative measure of the metal pollution in aquatic
sediments, which is called the ‘index of geoaccumulation’:

Igeo = 2log(C/1.5%x B)

where:
C = the measured concentration of the element in question
B = the estimated background level of the element in question

Both B and C are values normalized to 50 % particles <16 um, because the values
for background levels were expressed as such. Miiller originally introduced the
method for the fraction of particle size <2 um; the different normalization
methods, however, do not give substantial differences for our data set.
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The factor 1.5 in the formula is used to account for possible variations in the
background levels due to lithogenic effects.

B is determined through the analysis of sediments deposited in the past, when lit-
tle or no heavy metal contamination through human activities existed. The data sets
used here are based on measurements by Salomons (1989) in sediments sampled in
1922. Other data sets give comparable background values.

Based on Igeo-values, the degree of pollution can now be classified as follows:

Igeo Igeo pollution class Description

>5 6 very strongly polluted

4-5 5 strongly to very strongly polluted
3-4 4 strongly polluted

2-3 3 moderately to strongly polluted
1-2 2 moderately polluted

0-1 1 unpolluted to moderately polluted
<0 0 practically unpolluted

Igeo-values were calculated using the following background values: Zn 68 mg
kg-!, Cu 13 mg kg-1, Cr 72 mg kg-!, Pb 21 mg kg1, Cd 0.25 mg kg-!, Ni 29 mg
kg-!, Hg 0.1 mg kg1, As 15 mg kg-!.

Pollution degrees based on Igeo-values are shown in Figure 8.

It can be concluded that most of the nickel present in the floodplain sediments
is of natural origin. For arsenic the pollution level has decreased rapidly and the
more recent floodplain sediments are practically uncontaminated with this element.
Even in 1981, sediments continued to be heavily to very heavily polluted with cadmi-
um.

o Igeo-value

|
5

1L\ 1 L L L 1 L

Zn Cu Cr Pb Cd Ni Hg As

El 1958 1970/72 [ 1981

Fig. 8. Heavy metal pollution in freshly deposited sediments from the river Waal floodplains in different
years, compared with natural background levels (Igeo-values).
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Comparison with reference

values

Pollution levels can also be estimated on the basis of reference values given in Table
5 (Anonymous, 1987, 1988). These values are upper limits for soils, considered to
be multifunctional soils by the Dutch authorities; it means that at these heavy metal
concentrations no harmful effects on organisms have been found (de Groot; pers.
comm.). Reference values are used as a basis for possible source-oriented environ-
mental protection measures to be taken by the authorities.

Figure 9a gives the proportion between the experimentally found average values
(1970 and 1972 taken together to improve visualization) and the reference values
from Table 5. Figure 9b shows the same values but now compared with so-called

Table 5. Heavy metal reference values R and signal values S for standard soil containing 25 % clay and

10 % organic matter (mg kg-! dry matter).
Zn R(Zn) = 140 S(Zn) = 2500
Cu R(Cu) = 36 S(Cu) = 400
Cr R(Cr) = 100 S(Cr) = 600
Pb R(Pb) = 85 S(Pb) = 700
Cd R(Cd) = 0.8 S(Cd) = 30
Ni R(Ni) = 35 S(Ni) = 100
Hg R(Hg) = 03 S(Hg) = 15
As R(As) = 29 S(As)y = 100
experimental value/reference value experimental value/signal value
F 1
E a b
| 1
: g os|
i 06+
-4 5
0.4 Z ;
i
0.2 £ E
C L E
Z | 1 2’
Zn Cu C Pb Cd Ni Hg As 0 LB E | E
Zn Cu Cr Pb Cd Ni Hg As
1968 EZ) 70/72
£ a1 — reference level Wl ess E1970/72 [ 11981  — signal level

Fig. 9. Heavy metal pollution in freshly deposited sediments from the river Waal floodplains in different
years, compared with reference values (a) and signal values (b).
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‘signal values’, also given in Table 5. These values are regarded as alarm levels for
sediments by the Dutch authorities (Anonymous, 1988); at such levels removal and
clean-up of the soil is considered.

The figures show that the heavy metal levels generally exceed the reference values
by a factor of 5 to 10; only the nickel and arsenic levels are close to the reference
values. Signal values were never exceeded.

For organic micropollutants the reference values used (normalized to standard
soil containing 10 % organic matter) (Anonymous, 1988) are given in Table 6. In
the case of PCB’s, reasonable doubt exists with respect to the given value (de Groot,
pers. comm.). Figure 10a gives the ratio between the experimentally found average
values (1970 and 1972 taken together) and the reference values from Table 6. Figure
10b shows the same values but now compared with so-called ‘signal values’.

PCB, HCB and DDT levels exceeded the reference values by a factor of up to 100.
Signal values were reached for PCB in many samples.

Table 6. Organic micropollutant reference values R and signal values S for standard soil containing
10 % organic matter (mg kg-! dry matter).

PAH R(PAH) = 2.3 S(PAH) = 17
PCB R(PCB) = 0.02 S(PCB) = 0.4
DDT R(DDT) = 0.0025 S(ODT) = 0.5
HCB R(HCB) = 0.0025 S(HCB) = 0.5
experimental value/reference value experimental value/signal value
1000 3 1
; a b
100} ] 2 \
i : Z 2r ;’ ;
10 Z Z
1.6

T T T

T T T

0.6+ =

0.1 ! i ; '
PCB HCB DDT  PAH o \
PCB
B 1958 23 1970/72
[ 1e81 — reference level WM 9s8s =F197os/72 [ 11981 — signal level

Fig. 10. Organic micropollutant pollution in freshly deposited sediments from the river Waal floodplains
in different years, compared with reference values (a) and signal values (b).
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LAC values

The Dutch Ministry of Agriculture developed a set of values for contaminant levels
in agricultural soils, the so-called LAC values (named after the technical committee
which developed them) (Anonymous, 1986). These values are meant to indicate the
levels above which problems might arise for plant and animal well-being or the qual-
ity of agricultural products. LAC values are dependent on soil type and land use:
heavy metal availability is strongly dependent on soil composition (adsorption ca-
pacity) and on the uptake characteristics of the organisms. Because floodplain sedi-
ment deposits can be considered as clay soils used for grazing cattle and sheep, the
following values are used:

— Zn: 350 mg kg-! dry matter,

— Cu: 80 mg kg-! dry matter (used for grazing cattle), 30 mg kg-! dry matter
(used for grazing sheep),

— Pb: 150 mg kg-! dry matter,

— Cd: 3 mg kg-! dry matter,

— Hg: 2 mg kg-! dry matter.

The metal levels in most samples analysed were well above the LAC values. There
is no evidence that cattle take in larger amounts of heavy metals when they graze
in floodplains as compared with areas that are not polluted with river sediments.
This might be due to the high contents of organic matter and carbonate in the flood-
plain sediments (van de Ven et al., 1977). Plant uptake of organic micropollutants
is limited but cattle tend to consume considerable amounts of soil; milk from cattle
grazing in the floodplain areas shows elevated but not alarming PCB levels (Roos
et al., 1984). Eggs from birds of prey and owls living in the floodplains show in-
creased organic micropollutant levels (Fuchs et al., 1981).

Conclusion

The environmental protection measures taken during the past decades in the coun-
tries bordering the Rhine have had a measurable effect on the quality of suspended
matter as reflected in the pollution of freshly deposited sediments. This is valid both
for heavy metals and organic micropollutants. However, due to their immobility
and chemical persistence, the pollutants described here will remain in the upper layer
of the floodplain soil for many years. A real improvement of floodplain soil quality
can be expected only in the next decades (if the decrease in input continues).
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