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TADEUSZ KOWALSKI*

TREATMENT OF POLLUTED WATERS
ON DOLOMITE BEDS

River water samples were treated by coagulation with chlorinated ferrous sulphate as
flocculant and by filtration on a partly decarbonized dolomite bed. For comparison, the filtration
process was also run on a sand bed. The application of the dolomite bed was found to be
preferable, as dolomite has a noticeably destabilizing effect on the iron complexes formed in the
course of the coagulation process. The advantages of the coagulation—filtration process can be
itemized as follows: complete removal of turbidity and colour; 60% removal of permanganate
COD; residual iron concentration below the admissible level (after sand filtration, iron concen-
tration approached 1.0 ppm); slightly increased calcium and magnesium concentrations; and
non-corrosive effluent from dolomite filtration. Coagulant doses varied between 50 and 100 g
FeSO, x TH,O/m3,

1. INTRODUCTION

As the pollution load received by surface waters increases continually, their
treatment for municipal water supply requires complicated technological systems
and very high doses of chemicals. The result is that the treatment costs also continue
to increase. To eliminate those drawbacks, attempts are made to use less complex
technologies which permit application of waste salts, e.g. ferrous sulphate, as
coagulants. It should be noted that alum coagulation involves high technological
regimes in order to prevent penetration of aluminium into the effluent. The
admissible concentration of aluminium in drinking water is 0.2 g Al/m3® (the
recommended level being as low as 0.05 g Al/m3) [1].

To meet the quality demands for drinking water, the following technological
system has been proposed — coagulation with pre-oxidized ferrous sulphate and
filtration on a partly decarbonized dolomite bed [2]. The dolomite bed prepared
according to this method has two major advantages — it enables pH adjustment and
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provides sorption of organics, especially of humic substances. Carbon dioxide, which
is formed in the course of the coagulation process, reacts with the dolomite bed, thus
increasing the pH level as well as the concentration of magnesium and calcium [3].
The removal of organics during filtration is governed by the following mechanism
— organic compounds have the power to form complexes with calcium and
magnesium and are removed via this route [4]. The efficiency of removal depends on
the biochemical degradability of the organic pollutants and on their power to form
complexes with the components of the filter bed (this power being the highest at
pH <7) [4], [5]. Ferrous salt coagulation, however, has the disadvantage of creating
favourable conditions for Fe (III) and Fe(Il) cations to form stable complexes with
the humic substances which are found in the surface water. This leads to considerable
rise in the concentrations of coloured matter and iron compounds, even fif filtration is
run on a sand bed [6]. It is interesting to note that the power of Fe(lIl) cations to
form complexes with humic substances is twice to four times as high as that of Fe(I1I)
cations [7]. The sorbing capacity of humic substances with respect to iron oxides
and iron hydroxides depends on the composition of the influent. In surface water,
where calcium and magnesium are absent, sorption is described by the Langmuir
isotherm. In the presence of calcium and magnesium, humic substances display an
increased sorbing capacity [8].

2. METHODS OF INVESTIGATIONS

Surface water samples for the experiments were collected from the Odra River.
The samples were coagulated by ferrous sulphate, which had been oxidized with an
equimolar quantity of chlorine water prior to application. The coagulant doses
applied amounted to 50 g FeSO, x 7H,0/m* and 100 g FeSO, x TH,O/m?>. After
sedimentation of flocs, the water samples were passed through a filter bed made of
partly decarbonized dolomite (CaCO, x MgO). Grain size and bed depth varied
from 0.5 to 7.0 mm and from 60 to 110 cm, respectively. Three filtration rates were
applied: 5, 10 and 15 m/h. For the purpose of comparison, the river water samples
were also passed through a sand filter (h=74 cm).

3. RESULTS

The river water samples were turbid and showed high concentrations of organic
pollutants (BODys, 5 to 16.7 g O,/m? TOC, 2.3 to 7.3 g C/m* and coloured matter,
30 to 70 g Pt/m3). Table 1 includes data on the physicochemical composition of the
samples investigated. In the technological system used for the purpose of this study,
the majority of organic pollutants were removed by coagulation with oxidized
ferrous sulphate. As shown by the data in tables 2 and 3, the removal efficiencies
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Table 1

Physicochemical composition of the Odra River water

Value
Parameter Unit

max mean min
pH 795 - 6.2
Colour g Pt/m3 70 45 30
Alkalinity g CaCO,/m3 120 93.0 55
Hardness deg. 15.8 14.8 12.8
Calcium g Ca/m3 81.5 715 62.8
Magnesium g Mg/m3 21.85 19.6 17.6
Iron g Fe/m3 1.15 0.63 0.4
BOD, g O,/m? 16.7 101 50
COD, g O,/m? 9.5 8.43 7.4
Humic substances g/m3 7.14 444 245
TOC g C/m3 7.31 5.74 23
Ammonia nitrogen g N/m3 29 2.08 0.4

Table 2
Physicochemical composition of water after iron coagulation
and filtration through partly decarbonized dolomite bed
Nater after filtration
Water after V;
; River  coagulation by
Parameter Unit waitet 100 g FeSO, 10 m/h 15 m/h 5 m/h
3
=iGH,C/m Bed depth (cm)
110 60 110 60 60
pH 7.55 6.5 845 7.0 7.2 6.0 72
Colour g Pt/m? 45,0 15 10.0 10.0 10.0 10.0 10.0
Alkalinity g CaCO,/m® 90.0 60 1200 85.0 90 80 80
COD, g 0,/m? 9.0 44 4.1 37 42 39 41
BOD, g O,/m3 5.6 5.6 43 425 425 4.25 4.1
Fe3* g/m3 0.65 0.5 0.26 0.14 0.2 0.2 0.13
Fe?* g/m3 0.5 0.8 00 0.08 0.0 0.0 00
Hardness deg. 15.3 1555 ~ 18.5 17.0 176 1675 1705
Calcium g Ca/m? 81.5 74.3 72.1 74.6 75.35 760 725
Magnesium 7 Mg/m3 18.4 17.07 20.6 16.3 18.5 18.0 21.5
Humic
substances g/m3 6.12 0.34 0408 0.408 0.34 - 0.408
TOC g C/m? 6.73 3.99 482 3.81 432 422 503
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varied from 5 to 98.7% (av. 46 to 70%), from 44 to 63%, from 19 to 46% and from
55 to 80% for BODs, permanganate COD, TOC and humic substances, respectively.
The effluent after coagulation showed only increased coloured matter concentration,
which was caused by formation of iron hydroxide and Fe(Ill)-humic substance
complexes. The possibility of treatment by oxidized ferrous sulphate coagulation was
indicated by total concentration of iron in the effluent, which ranged from 0.5 to 8.0
g Fe/m3. This pattern is associated with the power of the organic pollutants to form
complexes with iron compounds.

Table 3

Physicochemical composition of water after its coagulation by iron
and filtration through partly decarbonized dolomite bed or sand bed

Water after filtration through
partly decarbonized Sand bed

dolomite bed
Water after
Batarietar Unit River coagulation by v
water 100 g FeSO, 10 m/h 15 m/h 10 m/h
x TH,0/m?3
Bed depth (cm)

110 60 110 74
pH 795 6.7 7.7 7.1 7.15 6.70
Colour g Pt/m3 70 100 10.0 150 15 60
Alkalinity g CaCO;/m?® 115 85.0 1100 95.0 100 75
COoD, g O,/m3 8.8 5.5 4.8 48 47 50
BOD, g 0,/m? 5.44 290 22 20 25 1.6
Fe3* g/m3 0.32 30 0.32 0.6 0.6 2.84
Fe?* g/m3 0.52 0.0 0 0.0 0.24 0.0
Hardness deg. 15.8 15.55 17.8 17.0 17.8 15.0
Calcium g Ca/m? 714 764 814 77.11 75.7 74.5
Magnesium g Mg/m3 17.5 178 274 223 244 18.2
TOC g C/m? 6.92 5.6 5.7 48 55 48
Humic
substances g/m3 3.5 1.36 0.68 1.15 1.15 1.22

Filtration on the dolomite bed brought about a rise in pH, magnesium
concentration and hardness and provided a partial removal of organic pollutants
(tables 2 and 3). The increase in magnesium concentration and pH depended on the
filtration rate, bed depth [3] and coagulant dose. Thus, at a filtration rate of 10 m/h
and a bed depth of about 110 cm, magnesium concentration increased from 15 to
60%, a hardness between 8 and 21%; pH approached 8, and in some instances was
even higher (tables 2 and 3). According to the efficiency of the coagulation process,
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the removal of permanganate COD, BODg, TOC and humic substances varied from
0 to 21%, from O to 45%, from 0 to 6% and from 0 to 50%, respectively. Coloured
matter concentration and total iron content in the effluent from the filter bed ranged
from 5 to 15 g Pt/m? and from 0.04 to 0.5 Fe/m?, respectively, depending on the bed
depth and the filtration rate applied.

When the river water samples were treated® by coagulation and filtration on
a sand bed, the efficiency of organic matter removal fell in the same range as when
filtration was run on the dolomite bed. However, colour concentration and iron
content in the effluent from the sand bed were noticeably higher, ranging from 10 to
60 g Pt/m* and from 0.1 to 2.8 g Fe/m?3, respectively (table 3).

4. DISCUSSION

The efficiency of filtration on the partly decarbonized dolomite bed depended on
the complex-forming power of the organic pollutants present in the river water. This
relationship was confirmed by the finding that the concentration of iron compounds
in the effluent from the dolomite bed increased with the increasing content of humic
substances after coagulation or in the raw water samples (fig. 1). But the
complex-forming power also depended on the biochemical degradability of organic
pollutants. This mechanism manifested itself in the increase of iron compound
concentration and colour intensity in the effluent with the decreasing BOD (fig. 2).

oe - bed depth = 11m 8 & -60g FeSO,x 7 Hy0/m?
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Fig. 1. Effect on humic substance Fig. 2. Effect of BOD4 on removal efficiency
concentrations on removal efficiency

In the course of the biochemical degradation process, there was a decrease in
BOD; and an increase in the concentration of humic and protohumic substances,
which were resistant to biodegradation [5]. The low reduction concentration of
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organic substances during filtration on the dolomite bed proved that the complex-
forming power of iron compounds had been exhausted. It should be noted that when
the complex-forming power of various compounds is put in order, ferrous com-
pounds are noticeably ahead of these of calcium and magnesium [9].

The low concentration of iron compounds in the effluent from the dolomite bed
(as compared to the sand filter) indicates that partly decarbonized dolomite results in
destabilization of iron-humic substance complexes.

5. CONCLUSIONS

The technological system involves coagulation with oxidized ferrous sulphate and
filtration on a partly decarbonized dolomite bed. The system provides high removal
efficiencies, pH adjustment and enrichment of the water with magnesium (magnesium
concentration varied from 15 to 60%). It also allows us to eliminate some undesirable
phenomena associated with the formation of iron-humic substance complexes.

Another major advantage of using the technological system is the elimination of
some additional equipment which becomes necessary when pH is adjusted by lime
treatment. :
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OCZYSZCZANIE WOD POWIERZCHNIOWYCH NA ZLOZACH DOLOMITOWYCH

Badano uklad oczyszczania wéd, w ktérym koagulowano je wstepnie utlenionym chlorem siarcza-
nem zelazawym (FeSO, - 7H,0) i filtrowano przez zioze z dolomitu czgiciowo prazonego (CaCO5* MgO).
Stwierdzono, ze w testowanym ukladzie nastgpowalo catkowite usunigcie metnosci i barwy, eliminacja
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lub zmniejszenie niekorzystnych zjawisk zwigzanych z tworzeniem- si¢ barwnych komplekséw zwiazkow
zelaza z substancjami humusowymi oraz 60% obnizenie utlenialno$ci. Woda oczyszczona charakteryzuje
si¢ zawarto$cia zelaza ponizej wartoéci dopuszczalnej (po filtracji przez ztoze piaskowe stezenie Zelaza
bylo czgsto wigksze od 1,0 g Fe/m?), jest nieagresywna i wzbogacona w magnez i wapa.

OUYHCTKA ITOBEPXHOCTHBIX BOJ HA JOJIOMUTHBIX ®UJIIBTPAX

HccnenoBaHa CHCTEMAa OYHCTKH BOJ, B KOTOPOIl OHH MOJBEPrajMCh KOAryJalMd MMpeaBapHATE]bHO
OKHCJIEHHBIM XJIOPOM cyibdaTtom xenesa(lll) (FeSO, - 7TH,0) u ¢puapTpanum sepe3 QUILTP U3 9aCTHIHO
KaapuEEApoBaRHOro Honomuta (CaCO,-MgO). s cpaBHEHHS BOAY ONHOBPEMEHHO (GHILTPHPOBAIA
yepe3 necyanbiii GuabTp. BBIIO yCTaHOBIEHO, YTO B TECTHPOBAHHOH CHCTEME HACTYNAJH IIOJHOE
yHaJeHHe MyTHOCTH H UBETA, 3JMMHAHALMS HJIH yYMEHbIIEHHE OTPHUATE/bHBIX SBJIEHHH, CBA3aHHBIX
¢ 06pa3oBaHMEM LBETHHIX KOMIUIEKCOB COENWHEHHi Xele3a C IYMHHOBRIMH BELUECTBAMH, & TakKxke
60-mpoueATHOE yMeHbleRre OKuCIseMocTH. OYHINERHas BOJa XapaKTePH3YeTCs CONepXaHAeM Xele3a
HIXE JIONYCKaeMoro 3HadeHdst (mocie GuIbTpalEH Yepe3 mecyaHblii (UILTP KOHUEHTpau|s Xese3da
6uuta 6omsme 1,0 g Fe/m3), siBnsercs Ge3spenuoii M 60raToif MarHWeM H KalbIHEM.



