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PRELIMINARY STUDIES ON THE EXCHANGE
OF AMMONIUM AND PHOSPHATES IN BOTTOM
DEPOSITS OF DAM RESERVOIRS AND RIVERS

Bottom sediments in reservoirs (in Roznéw and Goczatkowice) and in Rudawa river have
been formed by sedimentation of mineral suspended matter. These sediments are capable of
adsorbing phosphates and are saturated with ammonium ions. Physico-chemical processes of
sorption and desorption depend on degree of humification of organic matter, chemical composition
of sediments and concentrations of components in solution.

1. INTRODUCTION

A very important role in enrichment of water bodies with nutrients is to be
ascribed to the process of sorption and desorption in bottom deposits. Process of
sedimentation in rivers and reservoirs is different than that in lakes. Because of soil
erosion in a catchment area, large number of soil particles get into water and reservoirs
and form there bottom deposits due to sedimentation under conditions of slackening
or cessation of gravitational currents. These sediments are called allochtonic.

In lakes bottom sediments are formed from autochtonic matter, especially
organic matter. Therefore, organic matter content is a major criterion in clas-
sification of bottom sediments. In the case of reservoirs, content of organic matter in
bottom sediments (allochtonic material) is lower than 5% [6, 15], while in bottom
sediments of lakes (autochtonic material) it exceeds 20% [9], [13]. This distinct
difference in chemical composition of bottom sediments in lakes and reservoirs
affects considerably exchange of nutrients between sediments and water [4], [7], [8],
[14]. Sorption or/and desorption of nutrients in bottom sediments decide whether
their content in reservoir water is low or high.
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Bottom sediments consisting mainly of clay minerals washed down from soils in
a catchement area are negatively charged and they usually adsorb cations [3]. Such
anions as phosphates are adsorbed, while easily leached nitrates [11] are not adsorbed.

The purpose of these studies is an attempt to explain how bottom sediments of
rivers and reservoirs affect content of ammonium nitrogen and phosphate in water
(under laboratory conditions).

2. MATERIAL AND METHODS

Bottom sediment samples have been collected from central parts of dam
reservoirs in Goczalkowice and Roznéw as well as from Rudawa river at its mouth
to Vistula river. Grain size and chemical composition of the bottom sediments have
been determined. Grain size has been estimated according to aerometric method
after PROSZYNSKI [5]. Chemical analyses of bottom sediments have been carried out
according to standard methods [5]. Humus compounds in bottom sediments were
identified in 0.1n NaOH extract at high temperature [1]. Contents of ammonium
and phosphates have been determined using 2.5% extract of sodium chloride in 0.1n
hydrochloric acid. Ammonium content has been determined according to Nessler
method, while phosphates have been determined colorimetrically according to
molibdene method [2].

Sorption and desorption were investigated as follows: 1 g of bottom sediment (air
dry) has been treated with 100 c¢cm?® of solution of known concentrations of
phosphates and mixed in a mixer at the rate of 30 revolutions/minute. Sorption of
the ions studied has been calculated from a difference in the initial concentration of
phosphates and after the following time intervals: 1/2h, 1h, 3h and 24h. Sorption and
desorption of ammonium nitrogen were estimated similarly. Differences in exchange
of ions have been determined using distilled and river water as solvents of ion
extract. Chemical composition of water used for experiments has been determined
according to standard procedures [2].

3. RESULTS AND DISCUSSION

Grain sizes and chemical composition of bottom sediments are different in the
Roznéw and Goczatkowice reservoirs and in Rudawa river (figure 1, table 1).

Material collected from the Roznow reservoir is composed of heavy clay without
sand fraction. Samples taken from the Goczatkowice reservoir consist of medium
loams with admixture of sand fraction. Bottom sediments in Rudawa river are
composed of the same amounts of silt and clay. Grain size composition of sediments
indicates large sorption capacity of the deposits in question.

pH values of bottom sediments vary in the range from 5.8 to 7.6 and deposits in
the Goczaltkowice reservoir are slightly acid.
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Fig. 1. Grain size composition of bottom sediments

G-1, G-2 — sediments in Goczalkowice reservoir, R,, R, — sediments in Roznow reservoir, Ru — sediments in Rudawa river

Table 1
Chemical composition of bottom sediments
Goczatkowice Roznow Rudawa
Parameter it
G-1 G-2 R-1 R-2 Ru
pH value 58 6.0 7.6 7.6 70
Organic carbon [%] 277 290 2.52 249 237
Nitrogen [%] 0.26 027 0.20 022 027
Ammonium nitrogen [mg N/g] 1.60 1.54 1.67 1.57 0.34
C/N ratio 10.65 10.62 12.60 1133 88
Humification degree [%] 44.48 4552 33.80 39.80 64.50
Phosphates [mg P/g] 049 ‘045 0.54 0.52 0.09
Magnesium {mg Mg/g] 044 045 0.65 0.64 0.30
Calcium [mg Ca/g] 0.13 0.12 0.22 0.20 0.17
Iron [mg Fe/g] 3.8 3:7 4.1 39 22
Manganese [ppm Mn] 553 564 1312 1200 414

Contens of organic matter were very low and slightly differentiated. Thus, the
sediments can be classified as mineral. Contents of total nitrogen were slightly
differentiated and varied from 0.20 to 0.27%. Per cent of exchangeable ammonium
ions amounted 67.8% and 12.6% (of the total nitrogen) in reservoir sediments and in
river sediments, respectively. Large portion of ammonium ions in the total nitrogen in
the reservoir bottom sediments was cased by saturation of their sorption complex with
these ions originating as a result of organic matter decomposition (mineralization).

Reservoir bottom sediments, in contrast to river bottom sediments, were also rich
in exchangeable phosphorus (0.50 mg/g at average). In river sediment, phosphoric
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ions constitute only 18% of phosphates. The interesting thing is that contents of
phosphates are larger in samples of higher concentrations of iron. Hydrogen oxide of
iron is the major sorbent of phosphates.

Table 2

Chemical composition of water tested

Parameter Value
pH value 8.0
Akalinity [meq] 43
Total hardness [G.d.] 16.0
Calcium [mg Ca/dm?] 94.0
Magnesium [mg Mg/dm?3] 13.0
Potassium [mg K/dm?] 25
Sodium [mg Na/dm?] 9.8
Iron [mg Fe/dm?] 0.24
Chloride [mg Cl/dm?] 16.5
Ammonia [mg N-NH/dm*]  0.50
Phosphates [mg P/dm?] 0.50
Oxidability [mg O/dm?] 6.8
Turbidity [mg SiO/dm®] 134

A narrow tange of C/N ratio (8.8-12.60) may result from the presence of
nondegraded admixtures of plankton for which the ratio of C/N is 6 according to
STANGENBERG [10].

Degree of organic matter humification was differentiated and on average reached
40.9% and 64.5% in reservoirs sediments and in river deposits, respectively.
Considerable degree of humification of river sediments results probably from the fact
that the river drainage area is of agricultural character and during heavy downpours
strongly eroded soils together with humus form bottom sediments.

The ratio of calcium to magnesium indicates that magnesium dominates.

Large amounts of iron have been recorded (table 1). Content of iron in the
reservoir bottom deposits was two times higher than in river sediments.

Concentrations of manganese were the highest in the Roznow deposits (1256 ppm
on average), and the smallest in Rudawa river sediments (414 ppm).

Results of the experiments carried out prove that in each case desorption of
ammonium ions and strong sorption of phosphate ions occur (table 3, figures 2, 3, 4).

Desorption of ammonium from sediments in both distilled and river water at its
concentration of 0.5 mg N-NH, took place. Desorption of ammonium in distilled water
was more efficient than in river water and reached 23.6% and 41.2% of exchangeable
ammonium ion in the case of reservoir sediments and bottom sediments, respectively.
Desorption of ammonium ions occurs because of the saturation of sorption complex
with these ions and due to physico-chemical character of that proces which makes
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Fig. 2. Sorption of phosphates in sediments in solutions of concentrations of 1.00, 0.75, 0.50,
and 0.25 mg P/dm?

A — Goczalkowice reserveir, B — Rozndw reservoir, C — Rudawa river

migration of this ion easy. The interesting thing is that the river bottom sediment
containing the smallest amounts of exchangeable ammonium released most of that
ion (table 3). Chemical composition of the bottom sediment of Rudawa river can
explain this phenomenon.

All sediments are highly capable of adsorbing phosphates. Efficiency of adsorp-
tion was correlated with concentration of phosphates in solution (figure 2). It has
been stated that for a given concentration of phosphates in solutions, sorption is
inversely proportional to the content of exchangeable phosphorus and directly
proportional to the degree of humification of organic matter (table 1). Sorption of
phosphates in river water is similar to sorption in solution of the same concentration
of phosphates (figure 3). It proves that sorption of phosphates depends first of all on
chemical composition of sediments and concentration of phosphates in water.
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Fig. 3. Sorption of phosphates from water of known chemical composition by sediments from
1 — Rudawa river, 2 — Goczatkowice reservoir G1, 3 — Goczalkowice reservoir G2, 4 — Rozndow
reservoir R2, 5 — Roznow reservoir Ri
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Fig. 4. Desorption of phosphates to distilled water from sediments

A — Goczalkowice reservoir, B — Roznéw reservoir, C — Rudawa river

Desorption of phosphates in distilled water was smailer in the case of river sediments
and reached only 0.37 mg P/100 g of sediment, while in reservoir sediments it was
about 6 mg P/100 g of sediment.
A low efficiency of phosphate desorption in river sediment resulted probably
from a small content of exchangeable phosphorus in the sediment. Amount of
phosphates which were desorbed from reservoir bottom sediments to water was also
limited by iron content in sediments (table 1). Similar relation was reported
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Table 3
Desorption of ammonium ions from bottom sediments
Goczatkowice Roznow Rudawa
river
G-1 G-2 R-1 R-2 Ru
Desorption to distilled water
[mg N/g sed.] 0.396 0.352 0.401 0361 - 0.140
Nitrogen release from bottom sediments
[%] 24.75 22.86 24.01 2299 41.18 -
Desorption to the river water
[mg N/g sed.] 0.193 0.189 0.220 0.182 0.120
Nitrogen release from bottom sediments
[%] 12.06 12.26 13.17 11.59 35.29

by TROJANOWSKI [12] who pr.oved that in the lake sediments the amount
of exchangeable phosphorus depended on iron and aluminium contents in the
deposits.

In all the cases, the equilibrium between water and deposits has been quicky
achieved (ca. 3h).

4. CONCLUSIONS

1. Bottom sediments in reservoirs and river are composed of heavy loams and
clays. Therefore their sorption capacities are great. '

2. Contents of organic matter in bottom sediments in reservoirs and rivers ‘are
small, which supports the statement that due to sedimentation of mineral suspended
matter the bottom deposits are formed.

3. Sediments in reservoirs and river adsorb phosphates in all cases and release
ammonium nitrogen when saturated with ammonium ions.

4. Sediment capacity for sorbing and desorbing ammonium and phosphate ions
indicates that the sediments can be considered a factor controlling concentrations of
fundamental nutrients in reservoirs.

REFERENCES

[1] Czesny R., Wasser, Abwasser und Fischereichemie, Berlin 1960, 353-356.

[2] HErmANOwICZ W., DOZANSKA W., DOILIDO J., KOZIOROWSKI B., Fizykochemiczne badanie wody
i sciekéow, Warszawa, Arkady, 1976.

[3] KEeNNEDY V. C., Mineralogy and cation exchange capacity of sediments from selected streams, Geol.
Survey Paper, 433-D, 1965, 93 p.




30 D. WoicIK

[4] KRAMER J. R, HERBES S. E., ALEN H. E., Phosphorus analysis of water biomass and sediment, Intresci.
Publ,, New York-London-Sydney-Toronto 1972, pp. 51-100.

[5] LityNski T., JURKOWSKA M. GorracH E. Analiza chemiczno- rolmcza, Warszawa, PWN,
1976.

[6] PASTERNAK K., Wiasciwosci osadéw zbiornika zaporowego w Porgbce, Acta Hydrobiol, 11, 3 (1969),
pp. 361-376.

[7] PLANTER M., WISNIEWSKI R., Factors affecting nutrient budget in lakes of Jorka Watershed
(Masuriean Lakeland, Poland) IX. The exchange of phosphorus between sediments and water, Ekol.
Pol., 33, 2 (1985), pp. 329-344.

[8] PRINCE A. T., BRUCE J. P., Development of nutrient control policies in Canada, Amer. Chem. Soc.
Symp. Nutrients Nat. Waters, 1971, March 28-April 2, Toronto, 480 p-

[9] RyYBAK J., Przeglad badar nad osadami dennymi jezior, Ecol. Pol, s. B, XV (1969), pp. 19-30.

[10] STANGENBERG M., Nitrogen and carbon in the bottom deposits of lakes ard in the soils under carp
ponds, Verh. Inter. Ver. Theoret. Lim., 10 (1949), pp. 422-437.

[11] STuM W., MORGAN J. J., Aquatic chemistry, Wiley, New York 1970, 583 pp.

[12] TrROJANOWSKI J., Sorption properties of bottom sediments of Szczytno Male and Letowo lakes, Pol.
Arch. Hydrobiol.,, 34, 2, (1987), pp. 149-161.

[13] VOLLENWEIDER R. A., Scientific fundamentals of the eutrofication of lakes and flowing waters with
particular references to nitrogen and phosphorus as factors in eutrofication, Organization for Econ.
Co-Operation and Development. Direct. Sc. Affairs. 1968.

[14] WISNIEWSKI R., PLANTER M., Exchange of phkosphorus across sediment water interface (with special
attention to the influence of biotic factors) in several lakes of different trophic status, Verh. Intermaty.
Limnol., 22, 1985, pp. 3345-3349.

[15] WROBEL S,, The bottom deposits in dam reserveirs at Roindw and Czchéw, Limnol. Invest. in
the Tatra Mts and Dunajec River Basin, Komitet Zagosp. Ziem Gorskich, PAN, 11, 1965, pp.
289-294.

WSTEPNE BADANIA NAD WYMIANA JONOW AMONOWYCH I FOSFORANOWYCH
PRZEZ OSADY DENNE ZBIORNIKOW ZAPOROWYCH I RZEK

Osady denne badanych zbiornikoéw zaporowych (w Roznowie i Goczatkowicach) i rzeki Rudawy
powstale podczas sedymentacji zawiesiny mineralnej sorbowaly fosforany, byly wysycone natomiast
jonami amonowymi. Obserwowano tez zalezno$¢ fizykochemicznych proceséw sorpcji i desorpcji od
stopnia humifikacji materii organicznej, skladu chemicznego osadéw oraz stgzeria badanych sktadnikow
W Troztworze.

[IPEJBAPUTEJILHBIE UCCJIEJOBAHN I OBMEHA AMMOHUEBBIMUA U ®OCPATHBIMH
VOHAMU JAHHBIMU OTJIOXEHUSIMU TIJIOTUHHBIX BOAOEMOB U PEK

JlaHHBIE OTJIOKEHHMS HCC/IENyeMBIX IUIOTHHHBIX BOZOeMOB (B Poxiyse M ['o4ankoBHIAx) ¥ pekH
PynaBel, obpasyroniuecss BO Bpemsi CeIMMEHTAlii MEHEPANbHON Cyclen3uH, copOuposamu pocharel,
3aTO OHM OBUIM HACBHIICHBl AMMOHHMEBBIMM HOHaMmHu. [aGnromanachk TakkKe 3aBHCHMMOCTb (usu-
KO-XMMMHYECKHX MPONECCOB COPOIIH U AECOPOIIHI OT CTENeHN T'yMU(DUKAIMK OPraHMYECKOTO MaTepuaa,
XUMHYECKOTO COCTaBa, a TAKXKe KOHIEHTPAIMM UCCIEHYEMBIX COCTABHBIX 3JIEMEHTOB B pacTBOpE.
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