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Abstract

This paper deals with the use of potassium permanganate (klare-oxidant in the reverse osmosis water plant of Marbella
(Spain) during the summer of 1997. This facility usually treats shallow coastal marine raw water extracted at a depth of 10 m,
containing a high amount of algae. These algae have caused heavy fouling rates in the reverse osmosis (RO) membranes and
problematic operation of the plant. The use of KM@a® pre-oxidant in dosages of about 0.45 to 0.8 lugasigreatly improved

the process through elimination of algae and organic matter in the water. Finally, the use of the reactant only increstsafd the ¢

water production by between 3 and 5 $US/108Qdepending of the specific dosage used).

Introduction RO membrane facility, in order to improve the general operation
of the plant, as well as to safeguard the quality of influent marine

KMnO, was introduced as a water treatment chemical by Sivaters rich in algae and unspecific organic matter.

Alexander Houston in London as early as 1913. In the USA this

was already used in 1927 and 1928 in Rochester, NY, and BuffaMaterials and methods

NY, respectively (Welch, 1963; Shrode, 1972). In Spain the first

experiments were carried out in Caceres in 1984 intended Marine raw waters used in this study were abstracted through

oxidise Fe an Mn in anoxic raw waters used for drinking watggumping from an open conduit inlet located at a depth of 10 m and

production (Catalan et al., 1984). distance of 500 m from the coastline in Marbella (Spain). This
KMnO, is a very effective pre-oxidant for the following:  raw water is also used to feed the RO plant of the Western Sun

« oxidation of divalent Fe and Mn (Adams, 1960; Humphreyoast (Malaga): the RO plant is the biggest in Europe and the 6th
and Eikleberry, 1961; Marin Galvin and Rodriguez Melladdyiggest in the world, producing 55 00&/¢hof soft drinking water

1996); (Velasco Lépez, 1997).
« oxidation of unspecific organic matters (Ma, 1990; Marin Water samples were analysed accordin@t@ndard Meth-
Galvin, 1997); ods 1989 and Marin Galvin, 1995; organic matter was analysed
* removal of algae and their metabolites (AWWA, 1982py the heat acidic medium permanganate method (COD-Mn), and
Carbonell Padrino and Martinez Ramirez, 1996); total-P by the ascorbic-molybdate method. The membrane filtra-
« disinfection better than chlorine on some micro-organismigon technique was employed to investigate total and faecal
such as viruses (Welch, 1963); coliform numbers.
« reduction of the final dose of chlorine; Laboratory tests with KMnQused the solid commercial

« reduction in trihalomethane (THM) formation and othemroduct (AQUOX") in a 0.1% w/w solution: 1 fof this solution
chlorinated organic compounds (Armenter et al., 1997dded to 1 000 fof raw water implied a dose of 1 migf 1 gin®
Colthurst and Singer, 1982; Marin Galvin, 1997; Singer et abf product. All experiments were done in triplicate. Conversely,
1982); full-scale plant tests also used the commercial product but dosed

« finally, reduction in tastes and odours in final drinking waterslirectly as solid product.

(Cherry, 1962; AWWA, 1982; Marin Galvin, 1997).
Results and discussion

All the evidence summarised above is based on results obtained

when treating raw continental water (i.e., not saline waterkable 1 shows the average quality of marine raw water investi-

extracted from reservoirs, rivers and underground waters) igated corresponding to a period between 23 June and 19 Septem-

tended for drinking water production. Nevertheless, the use bér 1997. During this period the water showed algal bloom

KMnO, to treat marine raw waters has only been employed to datkearacteristics due to the presence of the following phyto-

in raw waters with high amounts of divalent iron and manganegéankton species: Rhodophyta (red algae), Chlorophyta (green

(Pujadas, 1984), with good results. algae), diatoms (Navicula and Rivularia) aRtiodomonas
This paper reports on the first results of a more complefdinoflagellates). This bloom caused severe fouling of RO mem-

investigation, focused on the use of KMpa® pre-oxidant in an branes as well as a high level of COD-Mn (greater than 5 mg

O/t - maximum level established in the Spanish criteria for

drinking waters) in the final treated water. Due to these problems

* To whom all correspondence should be addressed. the effectiveness of KMnQo remove algae and organic matter
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TABLE 1
AVERAGE QUALITY OF MARINE RAW WATER STUDIED
Parameters Units Concentration
Temperature °C 23
COD-Mn mgt O, 12.5
Chloride gl of Cl 19.45
Conductivity mS/cm 58.98
pH pH units 8.1
Iron mgt of Fe <0.010
Manganese mgbf Mn 0.030
Total phosphorus mgyof P 0.038
Total coliforms colonies/100 én 100
Faecal coliforms colonies/1004m 0
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of contact time and decoloration doses of 0.6, 0.7 and 0.8
Laboratory tests g/mé, respectively, were analysed. The averaged results (see
Table 2) for marine raw water indicated that after 1 h of pre-

The use of KMnQis dependent on the time elapsed betweeaxidation with 0.6 g/rhof KMnO,, the COD-Mn value was
addition to raw water and the subsequent treatment processluced to 50% (average), the total coliform number being zero
applied to water (e.g. settling, filtration,...). In this case, thand total-P was reduced from 0.038 #rtg/<0.005 mg!/
correct use is when the KMnQ@arries out its oxidant action
before introducing the water to the membranes. Full-scale plant tests

A typical parameter in the use of KMp®& the immediate
KMnO, demand of water after 15 min (IR This was deter- As noted above, concurrent with a strong period of algal bloom
mined by dosing different amounts of KMpG@olution to experienced in the marine raw water, the increasing fouling of the
1 000 nd of raw water and reading which dose produces thRO membranes provoked a reduction of 50% in the time of the
disappearance of pink colour in 15 min (disappearance of pimperative cycles. This circumstance was associated with in-
colour denotes that the concentration of KMri® lower than creases of the (SDI) values (a fouling index of the RO mem-
0.050 mgY) (Shrode, 1972; Welch, 1963). Results indicated ahranes) of raw water up to more than 5 units, as well as high values
IPD,, ranging between 0.45 and 0.7 §éwcording to the varying of the COD-Mn (from 25 to 37 mg/
quality of the marine raw water. When a dosage of 0.7 to 0.8 §/of KMnO, was added to raw

For operational purposes, it is very important to know thevater during abstraction, the organic matter in the water was
evolution of decoloration with time for different KMp@oses: oxidised by KMnQ along the pipeline feeding the RO plant (1.5
therefore, depending on the flow pumped towards the RO platat 2.5 h of hydraulic time) and it did not show any pink colour in
both the hydraulic time (from 1 to 3 h) and the dose of KinQthe inlet to the RO plant.
changed. Fig. 1 shows the average decoloration vs. time curve for The use of KMnQwas continuously maintained for 120 h
all the laboratory experiments carried out. These data show t{i& to 19 September). In this period the time of service of the RO
optimal dose to apply for each specific hydraulic time. membranes increased to the original values as found during the

In this way, the waters dosed with KMp@fter 1, 2 and 3 h absence of algal blooms, and the SDI values became lower than
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TABLE 2
LABORATORY TESTS: AVERAGED EVOLUTION OF WATER QUALITY DOSED
WITH KMnO , (DOSAGE IN g/im?)

Time (h) Dose COD-Mn | Residual | Colour Total-P Total
Mn coliforms
1 0.6 6 0.045 <2 <0.005 0
2 0.7 5.9 0.040 <2 <0.00§ 0
3 0.8 5.9 0.035 <2 <0.004 0

COD-Mn: mg! O,; Mn: mg#; Colour: Hazen units; Total-P: mgfotal coliforms
colonies/100rh

3 units. At the same time, the pre-oxidised water showed a
constant residual concentration of Mn lower than 0.05@ argl TABLE3
a COD-Mn value lower than 5 mig/ ESTIMATED COSTS OF WATER PRODUCTION
Finally, the average costs of treatment with KMi@reased
the total ():/osts of drinﬁing water treatment by onls4 between 3 and Percentage $US/1000m?
5 $US/1 000 rh(dependin(% on specific dosage, and approxi- Chemicals 20% 8
ma_tely never more than 10% over total costs). Table 3 shows an Electric power 40% 16
estimation of costs. Membranes 40% 16
Conclusions replacement
Permanganate (+10%) (+4)

. . . Total - 44

The dosing of KMnQas pre-oxidant in low dosages has proved

its effectiveness in order to eliminate the problems caused by

algal blooms in marine raw water, to be treated in an RO plant.

The additional costs of treatment can be estimated to be ab@HERRY AK (1962) Reduction for tastes and odours - Klyia0d

5 to 10% with respect to the usual RO treatment costs. Neverthe- activated carbonVater Works EngiMarch) 182-185

less, new experiments are being carried out to optimise tR&@LTHURST JM and SINGER PC (1982) Removing trihalomethane

process. precursors by permanganate oxidation and manganese dioxide ad-
sorption.J. AWWA74 (2) 78-83.

HUMPHREY SB and EIKLEBERRY MA (1961) Iron and manganese
removal using KMnQ Water & Sewage Work08 176-180

. . MA J (1990) Effectivenes and mechanism of potassium permanganate
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