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Abstract

The interdependence of phosphorus content with iron and manganese concentration in
sediments of the Prut and Dniester Rivers was established. The methodology of sampling in
accordance with recommendations of the American Geological Agency was used. The Fe and
Mn content was determined by the flame atomic absorption spectroscopy. In order to establish
the phosphorus content in water, bottom sediments and its interstitial water the methodology
and procedures recommended by World Health Organization were applied.

The recorded ratio of total iron and phosphorus at sediments surface along the Prut and
Dniester Rivers was, in the most cases, greater than 15. This fact indicates that in sediments
there is enough iron to control the flux of phosphorus from sediments in the water horizon. In
interstitial water the Fegiss:0-P ratio was greater than 3.6, suggesting that the sediments have
a high affinity to phosphates, immobilized its.

In bottom sediments of the Prut and Dniester Rivers the manganese and iron content has
correlated positively with the phosphorus forms amount.
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1. Introduction

Phosphorus fate in soils and sediments is influenced by the redox potential. Under
oxidizing conditions, hydroxides of iron and manganese have a substantial role in the
phosphorus adsorption [1]. The concentration of phosphorus bound with iron has
depended on the sediment type and its humidity, the content of organic matter.
Therewith, the phosphorus content in sediments is directly connected with the amount
of total dissolved iron in the interstitial water [2].

In the specialty literature there are present the results revealing the significance of Fe
and Mn in the formation of metal-P complexes and the immobilization of phosphorus
[2-7].

Both phosphorus and iron play a very important role in the aquatic medium, because
these elements are essential as electron acceptors in oxidation/reduction processes
taking place during organic matter degradation in sediments and in water layer above
bottom sediments. Iron plays an essential role in photosynthesis and it has been
suggested to be a potential factor limiting phytoplankton production. Phosphate
concentrations are greatly affected by processes taking place in sediments; therefore,
there is an obvious need for better understanding of phosphorus transformations in
sediments [2].

During organic matter degradation, phosphorus is mobilized in interstitial water of
sediments. Also, phosphorus can be mobilized in interstitial water through desorption
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and reduction of Fe3*ions. The classic model describing the P-release from sediments
to water links the release to the iron cycle. In anoxic conditions, insoluble Fe3* ions are
reduced to dissolved Fe?* ions and Fe-bound P is released into interstitial water. When
dissolved Fe?* formed in dissimilatory Fe3* reduction is diffused towards oxic sediment
surface or further to near-bottom water, it is re-oxidized to Fe**. The precipitated Fe3*
oxides are considered to bind P and thus effectively prevent the concomitant diffusion
of P to overlying water. Sediments of water bodies with high oxygen amount are often
characterized by a high content of iron oxides [4].

The predominant Fe:P surface complexation ratio of Fe(OOH) is suggested to be 2
mol:mol, which corresponds mass ratio of 3.6 w:w. The low Fe:P ratio (<3.6) indicated
high efflux of phosphorus, suggesting that there was not enough diffusing Fe to form
Fe3* in the oxic surface zone of the sediments or near-bottom water to bind the P
diffusing from the sediments. Thus, phosphorus is released into water column [4].
Jensen and coworkers concluded that the Fe:P molar ratio has a direct impact on the
magnitude of phosphorus release. Presented results indicate that the Fe:P ratio above
15 (by weight) may be possible to control internal P-loading by keeping the surface
sediment oxidized [5].

The aim of presented work was to establish the interdependence of phosphorus
amount with iron and manganese content in sediments of the Prut and Dniester Rivers.

2. Experimental

Sampling. The methodology of sampling in accordance with recommendations of the
American Geological Agency (AGA) was used [8]. Samples were collected using all-
plastic dredge sampler, fresh material being wet-sieved through 2-mm all-plastic sieve.
During the transportation, the samples were stored in the portable refrigerator at 4°C.
Analytical procedures. In the laboratory the water samples were filtered through the
membrane filter (0.45uym) and preserved with HNOs, in accordance with
recommendations of the World Health Organization [WHO, 9]. In order to identify the
total content of heavy metals in freshly sampled sediments there was used the
extraction procedure recommended by AGA [8]. For interstitial water extraction there
was used the centrifugation of fresh (wet) sediments. Then, the supernatant was
filtered through membrane filter (0.45 mm) and stored in the dark at 4°C until analysis.
The Fe and Mn content was determined using the flame atomic absorption
spectroscopy.

In order to establish the phosphorus content in water and interstitial water the
methodology and procedures recommended by WHO were used [9]. In sediment there
were determined (i) inorganic phosphorus, (ii) organic phosphorus and (iii) the total
content of phosphorus. For analysis the fresh sediment samples were used. The total
phosphorus content was determined according to recommendations of AGA [8]. The
content of inorganic phosphorus was determined in accordance with WHO
recommendations for inorganic suspended phosphorus [9]. The content of organic
phosphorus was determined by the subtraction of inorganic phosphorus content from
the total content. The phosphorus content in interstitial water of the sediments was
determined after centrifugation of fresh (wet) sediments [10].

3. Results and discussion

Along the Prut River the ratio of total iron and phosphorus (Fetwt:Pwot) at sediments
surface (0-5 cm) have ranged within 16-30 (Tab. 1), and along the Dniester River-
within 6-31 (Tab. 2). The low values (<8) of Fewt:Pwt ratio supposed the reduced
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capacity adsorption of sediments towards phosphates or even a saturation of sorption
sites, followed by a mobilization of phosphates in water layer above sediments [11].

Table 1. Ratio of iron and phosphorus (Few: : Pwt) in the bottom sediments (BS). Ratio of
dissolved iron and phosphorus-orthophosphate (Fediss:0-P) in interstitial water (IW) along the

Prut River.
2009
Spring Summer
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Fetwot:Ptot (BS) 30 17 26 30 21 17 25 20
Fediss: 0-P (IW) 6.9 24 6.1 7.7 5 13 5.2 2.8
2010
Sculeni Valea Mare Cahul Cislita Prut
station station station station
Spring
Fetwot:Ptot (BS) 18 16 19 18
Fediss: 0-P (IW) 7.3 9.3 2.3 5.6

Such values were recorded only episodically for the Dniester River sediments (station
Oxentia, 2009). In most cases, the molar ratio Fewt:Ptwt is greater than 15. This fact
indicates that in sediments there is enough iron to control the flux of phosphorus from
sediments into water horizon [4].

In interstitial water the dissolved iron and phosphorus-orthophosphate (Feudiss:0-P)
greater than 3.6 indicates a high capacity of sediments to phosphorus immobilization
in oxic conditions. Conversely, a low ratio Fe:o-P (<3.6) indicates a high release of
orthophosphates from sediment into water horizon without corresponding high iron
amount [4].

The Feudiss:0-P ratio in interstitial water of the Prut River sediments was ranged from
2.3 t0 24 (Tab. 1) and in pore water of the Dniester River sediments — from 1.4 to 11
(Tab. 2). In most cases, the molar ratio Feudiss:0-P was greater than 3.6. This fact
suggests that the sediments have a high affinity to phosphates, immobilized its.

In specialty literature there are presented data for various water bodies, where in
bottom sediments the content of iron and manganese correlated positively with the
phosphorus amount in sediments [4,5,12]. During of spring, in bottom sediments of the
Prut River the manganese and iron content has correlated positively with the
phosphorus forms: Mntot-Prot (r=0.79), Mntot-Pinorg (r=0.75), Fetwt-Pwot (r=0.99), also,
during of summer: Mniot-Ptot (r=0.97), Mntot-Pinorg (r=0.98), Mntot-Porg (r=0.99), Fetot-Ptot
(r=0.89), Fetot-Porg (r=0.99) (Tab. 3).
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Table 2. Ratio of iron and phosphorus (Few: : Pwt) in the bottom sediments (BS). Ratio of
dissolved iron and phosphorus-orthophosphate (Fediss:0-P) in interstitial water (IW) along the
Dniester River.

2009
Oxenti Vadul lui Oxentia | Malovat | Vadul lui Voda
Molar ratio a Voda station | station | a station station
station
Spring Summer
Fetot:Prot (BS) 6 14 10 12 13
Fediss: 0-P (IW) - 8.9 4.9 1.3 7.2
2010
Oxentia station | Vadul lui Voda station
Spring
Fetwot:Ptot (BS) 20 31
Fediss: 0-P (IW) 11 0.4

Table 3. Pearson correlations between the metals (Mn, Fe) and phosphorus forms content in
interstitial water and bottom sediments of the Prut and Dniester Rivers
Corelation Season r** Relationship

Prut River

Fediss- 0-P* spring 0.8922 CFe = 15.CoP + 69.79
Interstitial water Fediss- 0-P summer | 0.8790 CFe =5.89-CoP + 148
Fediss-Pcond summer 0.9957 CFe = 12.89-CPcond _ 246

Mniot-Prot spring | 0.7958 | CMn=1.73.CPlt.97.78
Mnwot-Prot | summer | 0.9781 CMn = 0.36-CP®t +125
Mntot-Pinorg spring 0.7550 CMn = 1.56-CPinorg +1 1
Mniot-Pinorg | summer | 0.9830 | CMn=1.96.CPinorg +92 7
Sediments Mniot-Porg | summer | 0.9946 CMn = 9 65.CPord - 487

(0-5cm) Fetot-Ptot spring | 0.9998 | CFe=21.8.CPlt+9954
Fetot-Prot summer | 0.8977 CFe = 36.5-CP®t +690
Fewt-Porg | sSummer | 0.9978 CFe = 183.CPo9 .5201

Dniester River

Sediments Mntot-Pinorg | summer | 0.9456 CMn = 2 6.CPanor .25 6

(0-5 cm) Fetot-Pinorg summer | 0.9987 CFe = 74.CPanorg 6757

* 0-P — phosphorus-orthophosphate, Pcond— condensed phosphorus forms, Piot — total
phosphorus, Pinorg— inorganic phosphorus, Porg — organic phosphorus

In interstitial water of the Prut River sediments, for spring samples, there are positive
correlations between dissolved iron and phosphorus-orthophosphate (r=0.89). During
of summer, the correlation coefficient between Fediss and condensed phosphorus
content was 0.99, while between Fediss and o-P was 0.88.

In bottom sediments of the Dniester River, the correlations between iron and
manganese content was positive with inorganic phosphorus amount, the correlation
coefficients being of 0.94 and 0.99, respectively (Tab. 3).

4. Conclusions
The recorded ratio of total iron and phosphorus at sediments surface along the Prut
and Dniester Rivers was, in the most cases, greater than 15. This fact indicates that in
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sediments there is enough iron to control the flux of phosphorus from sediments in the
water horizon. In interstitial water the Feudiss:0-P ratio was greater than 3.6, suggesting
that the sediments have a high affinity to phosphates, immobilized its.

In bottom sediments of the Prut and Dniester Rivers the manganese and iron content
has correlated positively with the phosphorus forms amount.
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