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ABSTRACT

Incidents of algal bloomstargeting the major water treatment plantswithin
the capital region have been reported by the Egyptian media since 2006.
While previous studies focused upon the identification of algal types and
its correlation to the disinfection byproducts formed, no correlation
between the changein raw water quality and this phenomenon was explored.
For this purpose, a survey of the Nile water quality parameters at one of
the major water intakes at El-Maadi, South of Greater Cairo Urban Region
was conducted during the period Dec 2011- Nov 2012. Bench-scale
experiments were conducted to evaluate the effectivity of the conven-
tional chloride/alum treatment relative to a combined Cl/permanganate
preoxidation with Al and Fe coagulants during the algae outbreak period.
The results showed that the addition of a permanganate dose of 0.5 mg/L
significantly reduced the chlorine demand, the applied coagulant dose as
well as the residual metal (aluminum/iron) concentration in the treated
water. Multivariate analysis was used to identify the raw water parameters
that contributed towards the reported algal population aswell asto explain
the impact of chemicals coagulants added upon the final water quality
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INTRODUCTION

In Egypt, the mgority of the population depends
upon the river Nile as the main source for drinking
water and for industrial and agricultura activities.
However, after the completion of the Aswan High
Dam (AHD) in 1966, stream flow-regulation has
caused significant changes to the Nile aquatic eco-
system and waterway environment!?’-1844, This

changeinflow lead to the retention of water masses
at reservoirs behind dams and barrages in some re-
gions within the Nile system, which provided fa
vorable conditionsand abundant timefor phytoplank-
ton development. Subsequently, this altered the
aquatic vegetation which isasource of nutrientsfor
phytoplankton and algae utilization.

Evidently and since 2006 - specifically in Sep-
tember /October, incidents of algal blooms target-
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ing the maor water treatment plants all over the
country were reported by the Egyptian media. The
increase in algal growth was attributed to the ex-
tended storagetime of raw water on site beforetreat-
ment aswell asthe lack of regular maintenance and
pipe cleansing, an event scheduled every 6 months
(Al Ahram Newspaper, 28 September 2006). As
well, the prolonged residence time of water masses
in the distribution system was reported to promote
unexpected algal growth and microbia re-growth.
Eventually, this caused an increase in agal toxins
within the water distribution system during this pe-
riod that was reflected by reports of at least 85 sick
and one documented death in 2006 (Egyptian Min-
ister of Health- 15 October 2006).

Generally, dgae are widely dispersed through-
out lakes and rivers at relatively low population
densities; however, its population is liable to rap-
idly grow with the increase in nutrients in surface
waterd?, Thismay result in dissol ved oxygen deple-
tion, high water turbidity and eventually, the degra-
dation of aquatic ecosystem(®14149 As well, this
may cause acute disturbance in taste, odor and in-
duce toxins under stressful environmental condi-
tiong“%4U_ |n aconventional water treatment plant,
uncontrolled algae blooms may clog screens and
rapid sand filters and hinder thedrinking water sup-
ply system® 53, On the other hand and due to their
microscopic size, agae may penetrate filters and
reside within the domestic drinking water supply
storage systems and excrete extra-cellular organic
products that may lead to an increase in the coagu-
lant demand, impair thefinal water disinfection pro-
cess and promote microbial re-growth in the water
distribution systemg®552, Subsequently, reduction
of surface water algae during the initial stages of
treatment is preferred to maintain acceptable fina
water quality(?24552, Thisis mainly becausethe re-
moval of alga cells as suspended solids may re-
duce the associated soluble toxins that may impair
the physicochemical water treatment systems.

The general techniques applied for algal-con-
trol in drinking water treatment systems were dis-
cussed elsewhere 24225452121 Of these operations,
coagulation/ flocculation is regarded as the main
process for algae removal as it has the ability to
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remove suspended solids through particle destabi-
lization while flocculation allows for solid separa-
tion either through settling or flotation, and filtra-
tion(2824224112 However, due to its small size and
low specific gravity, algae removal may not be ef-
fectively achieved through using chemical coagula-
tion alone*?. Therefore, chemical pre-oxidants (such
asozone, chlorinedioxide, chlorine, or permangan-
ate) arerequired to enhance coagulation asthey have
the capacity to inactivate algal cell30.10.24402522]
Overdl, chlorine is the preferred pre-oxidant be-
causeit isapowerful water disinfectant that issafer
to apply; is more economical than other algaecides
and is less time-consuming in application“, Nev-
ertheless, it was reported that algae may consume
large quantities of chlorine and thus reduce the free
chlorine available to control bacteriaif they persist
after treatment!*Y.On the other hand, it was reported
that overdosing of preoxidants must beavoided asit
can cause agal cell lyses and release undesirable
toxins or offensive taste and odor associated com-
pounds?* 29,

In Egypt, atypical drinking water treatment sys-
tem comprises stages of pre-chlorination, floccul a-
tion/coagulation with alum, filtration (14 sand and
carbon filters), post-chlorination and settling in dis-
tribution tanks*3. In this set-up, pre-chlorination is
regarded asthe most important stage for the control
of bacteriaand algal growth(*8138, |n this respect, a
number of studieswere conducted to investigate the
contribution of this stage towards the formation of
disinfection by-products in the final treated waters
and to set recommendationsfor its application(8136,
Nonetheless, in a review by Donia (2007), it was
specul ated that there was aneed to upgrade the cur-
rent treatment technol ogiesin Egypt in order to effi-
ciently handle the recent added loads of chemical
and biological pollutants transported through sur-
faceand drinking water systems. However, there has
been no investigation exploring the relationship be-
tween theraw water quality parametersand the noted
algal surges. As well, no study was conducted to
evaluate theimpact of the current applied treatment
procedures upon the final treated water parameters
in case acombined pre-oxidation stage was applied.

Thus, theaim of the current study isto survey of
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the water quality parameters of Nile surface water
at El-Maadi, South of Greater Cairo Urban Region
Figure 1 during the period of Dec 2011- Nov 2012.
Multivariate statistical analysiswas applied to iden-
tify the contribution of the measured parametersto-
wards such an occurrence. Aswell, during thiswork,
an investigation of methodsto improvetheefficiency
of the current applied pre-oxidation/coagul ation pro-
cedurethrough use of acombined preoxidation (per-
manganate and chlorine) and the use of the different
coagulants (alum, ferric chloride and ferric sulfate)
was undertaken during the algae outbreak period.
Asafinal step, the effect of thiscombined pretreat-
ment/ coagul ation upon the final main water param-
eters and the residual metal (aluminum/iron) con-
centration in the treated water was assessed using
multivariate statistical analysis.

MATERIALSAND METHODS

Samplingsite

The sampling site is located at El-Maadi dis-
trict Figure 1, south of the Greater Cairo Urban Re-
gion, Egypt (Latitude: 29°'56°53.3"N and Longitude:
31°'15°24.6"E). The area is bound from the north
and east by residential areas and to the west and
south, the predominant activity isagriculture.
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Physical and chemical analysisof water

Ample water samples were collected twice/
month from Dec. 2011 to Nov. 2012. Both tempera
ture and pH of the samples was measured on site.
Thesamplesweretransferred immediately to thelab
for physical and chemical characterization accord-
ing to APHA (2005). The measured parameters in-
cluded: Turbidity: Nephelometric method; TDS: EC
electrical conductivity; Total alkalinity: titrimetri-
caly (pH 4.5); (Ca**) and (Mg*): Na,EDTA titri-
metric method; Chlorides: Argentometric method,;
(SO,*); Barium Chloride spectrophotometric
method; PO,*: Stannous Chloride colorimetric
method; TOC: Persulfate-Ultraviolet or Heated-
Persulfate Oxidation Method; Silicates:
Silicomolybdate M ethod. Nitrates were determined
using the sodium salicylate method for nitrates de-
termination in drinking waters*!. Algae count was
determined using Sedgwick — Rafter method Count-
ing cell™. Residual elements (Al, Fe and Mn con-
tent) in the final treated waters were determined by
Eriochrome Cyanine R Method; Phenanthroline
Method, and the Persulfate M ethod, respectivelyi.

Jar test- experiments: Pre-oxidation and settling
tests

Jar tests were conducted to evaluate algal re-
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Figure 1 : A map of Greater Cairo Urban Region indicating the Location of sampling site along the River Nile at

El-Maadi district.(py)
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TABLE 1 : Monthly mean variation of Nile raw water physical and chemical parameters (Algae count, Turbidity,
temp, pH, TDS, TOC, Total alkalinity, calcium, manganese, chloride, sulfate, phosphate and nitrate contents) dur-

ing the period from Dec. 2011- Nov. 2012

Algae TurbidityTemp TDS

Slica TOC Alkalinity Ca*™

Total

Mg™ CI° SO PO/ NO; (x10?)

MO unit/mL) (NTU) (o€) PH gLy mgSIOuAL (mglL)  (mg  (mgL)(mg/L)mgL) (mg/L )ug/L) (mg NIL)
CaCO,/L)

Dec 5200 6.3 15.307.9 314 158 3.84 162 320 180 360 400 230 7.00
Jan 4350 60 13.407.9 288 1.96 4.52 144 380 195 372 406 80 5.00
Feb 3300 46 14.007.9 268 263 4.64 134 344 170 320 420 7.3 3.00
Mar 4000 43 16.308.2 254 367 5.69 140 300 158 277 330 9.0 3.70
Apr 3800 44  22.008.3 253 256 4.89 141 295 150 280 320 100 350
May 3100 49 25.708.2 240 333 6.99 142 280 143 245 298 8.0 5.00
Jun 2330 45 27.007.9 221 3.74 5.36 118 260 120 200 238 6.0 240
Jul 2500 34 29.207.9 223 4.88 4.30 124 257 102 197 240 5.0 270
Aug 3150 42 29.707.8 230 4.03 3.95 136 240 96 212 257 9.0 4,00
Sep 6300 65 27.708.0 257 4.4 4.37 142 264 112 235 286 160 7.00
Oct 7100 6.7 25.508.0 269 2.09 3.76 152 270 146 275 396 170 750
Nov 8300 64 222081 277 2.6 4,74 154 300 173 310 364 200 9.00

. The monthly data represents the mean value of 4 weeks deter minations that were repeated in triplicates.

moval by pre-oxidation followed by coagulation
using asix-paddiestirrer (JLT 6- VELP Scientifica)
on surfacewater samplesat room temperature (about
20°C). This method was used to determine the opti-
mal oxidant aswell asthe coagulant demand/dose™.

Satistical analysisof data

Cluster analysis was performed using Ward’s
method for minimum variance and the similarity co-
efficient used was the Square Euclidean distance
function using ‘StatistiXL 1.8 incorporated within
the Microsoft Excel 2007 (Microsoft® Windows
2007) software program. Hierarchal clustering was
performed for thewater chemical and physical char-
acteristics before and after treatment and theresults
obtained included the distance matrix, clustering
strategy report and dendogram were utilized in data
interpretation accordingly.

RESULTSAND DISCUSSI ON

Nilewater quality and algaetypespresentin raw
Nilewaters

TABLE 1 showsthe mean monthly chemical and
physical water quality parameters obtained during
Dec 2011 — Nov. 2012. The data revealed that a

higher algal count was obtained during the period
from Sept. to Nov. 2012. This increase may be at-
tributed to agricultural wastewater dischargeand the
accumulation of pollutants and nutrients south of the
sampling point!*3, The TDS ranged from 221- 314
mg/L with the highest in the winter season whilethe
lowest in June 2012, which is similar to that re-
ported by Amer and Abd El-Gawad (2012) within
the vicinity of the selected site in 2010. Generally,
it was reported that the salinity of Nile water in-
creased going from Aswan High Dam (160 mg/L) to
Cairo (around 260 mg/L)“841, This was attributed
to the release of agricultural wastewaters contain-
ing excess chemicasaongtheriver. Aswell, it was
reported that higher TDS recorded during winter for
the Nile waters was attributed to the dam closure
period in which the amount of water released from
the behind the dam was|essthan that in summer. On
the other hand, a decrease in TDS within the Nile
systemwasrelated to theincrease in suspended par-
ticles during the flooding period as these particles
may adsorb the dissolved solids onto it and subse-
quently reduce the TDS by sedimentationid. Thedata
also revealed that the highest water turbidity was
observed during the winter period whilst the lowest
was during the summer season, an event that was
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TABLE 2 : Monthly mean variation in algae count (unit/ mL) and the count of the different types of algae identified
in these raw waters and their relative percent with respect to the total Algae count during the period from Dec.

2011- Nov. 2012

Total
Months i%i? Diatoms D |a});)oms Chlorophyta chi orozp hyta Cyanophyta Cyanophyta% Euglenophyta Eugl e;/;)phyta
unit/ml
Jn 4350 2300 529 1400 322 500 11.5 150 3.4
Feb 3300 1750 53 1000 303 400 12.1 150 4.7
March 4000 1980 49 1400 35 500 12.5 100 35
April 3800 1900 50 1100 289 700 18.4 100 2.7
May 3100 1500 484 1050 339 500 16.1 50 1.6
June 2350 1150  48.9 800 34 350 14.9 50 2.2
July 2500 1100 44 850 34 500 20 50 2
Aug 3150 1400 44.4 1150 365 700 222 100 2.5
Sep 6300 2900 46 2450 389 1000 15.9 150 2.5
Oct 7100 3750 52.8 2650 373 650 9.2 150 0.8
Nov 8300 4300 51.8 3150 379 700 84 150 1.8
Dec 5200 2700 519 1850 356 550 10.6 100 2

attributed to the winter closure period*®. High tur-
bidity of the Nile stream was attributed to the in-
creasein water nutrient content™, whichisin agree-
ment with the current findings.

Generally, it was reported that Nile water tem-
peratures varied from 13°C in winter to H” 30°C in
summer®2, This variation in temperature was re-
ported to beanindicator of water transparency which
had adirect impact upon regul ating al gal/phytopl ank-
ton populationin thesewaters?. Aswell, higher tem-
peratures were reported to accel erate the metabolic
rate of microalgag®l. The presence of carbonatesin
thesewaterswas reported to be dependent upon both
the pH and sdinity (TDS)™*”. In addition, theincrease
in alkalinity (CaCO,) of these raw waters was re-
ported to promote phytoplankton growth? as are-
sultsof algal utilization of dissolved CO,and HCO,
in biomassformationt,

Overal, it was observed that there was an in-
crease in Ca, Mg, SO,, Cl, PO, and NO, content
during the winter period, which is in accordance
with the findings of Emara et a. (2012). The phos-
phates and nitrates contents of these waters showed
a similar pattern of increase and decrease during
the study period. This may be attributed to the dis-
charge of agricultural drainage!”?"¢ as well as
from surrounding industrial and urban sources™®.
Finally, the silica content of these waters ranged

between 1.58-4.88 mgSIO,/L withthehighestin July
and the lowest in December. Shehata et al. (2008)
reported that low silicalevels were associated with
theincreasein diatomspresent inthesewaters. This
variation in silicates was also attributed to the fact
that diatoms utilized dissolved silicates for the for-
mation of skeletal materialsduring algal productiv-
ityf®l,

Concerning the class and types of algae present
in these waters, the data obtained TABLE 2 shows
the predominance of diatoms over Chloropyta,
Cyanophyta and Euglenophyta. This is accordance
with the findings of Abd El-Hady (2014) who indi-
cated that phytoplankton in the Nile system were
dominated by Bacillariophyta (diatoms) all year
round. As well, the prevalence of diatoms within
theriver Nile was attributed to the presence of iron
and dissolved silica*?. On the other hand, whilethe
predominance of diatom isregarded asawater good
quality indicator under low stress conditions, the
increase in Chlorophyceae and Cyanophyceae is
considered an indication of organic pollution and
nutrient accumulation in surface waterg®y.

MV S analysisof raw water data and itscorrela-
tion with algal types

Generally, it wasreported that theimportant fac-
torscontrolling algal growth arelight, temperature,
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the chemical composition of water and itsacidity or
alkalinity™l. However, to better explain the depen-
dency of the algal content of these waters upon the
measured parameters, Hierarcha Cluster analysis
was performed using the analytical data obtained
for the raw waters and the identified types of algae
present and the result is depicted in a dendogram
Figure 2. The dendogram indicated the split up of
the data into 17 clusters that were grouped into 2
main groups. The first of the multi-cluster groups
indicated that the Euglenophyta content was strongly
dependent upon thetotal alkalinity (CaCO,) and the
TDS of these waters. This may be attributed to the
fact that Euglenophytamay utilize these contents as
nutrients during its growth period®l. Cyanophyta
al so showed astrong dependency upon all chemical
parameters measured aswell as on Euglenophytain
these waters. This may be attributed to the fact that
Cyanophytaisaphotosynthetic nitrogen fixing group
that thrives upon the increase in nutrient content!=el,
The second group i ndicated that both the Chlorophyta
and Diatoms contents were the major contributors
towardsthe measured Total algal count. Eventhough
thiswas attributed to the pH of raw waters, the abun-
dance of these types of algae may be attributed to
theincreasein nutrients®®. Overdl, thedatareveaed
that these two groups of algae were al so affected by
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the presence of Euglenophyta and the water TDS.
There is significant correlation revealed between
phosphates and nitrates contents as well as for the
turbidity, TOC and SiO, content, both of which were
found to be affected by the pH of thesewaters. This
may signify the role that these contents play in the
formation of algae anditsgrowth astheir abundance
was related to dlightly alkaline pH waters®. On the
other hand, it was reported that the significant cor-
relation between nitrate and phosphate may be in-
dicative of their assimilative origin, i.e. agricultural
sources®el,

Evaluating the efficiency of the chlorine/alum
water treatment processupon algal removal and
residual turbidity

Overdl, the efficiency of the pre-chlorination
stage is governed by two indicators, namely: the
chlorine demand and residual chlorine content. The
chlorine demand determines the chlorine dose ap-
plied during the pre-chlorination /disinfection pro-
cess and the residual chlorine signifies that suffi-
cient amount of chlorine has been added to inacti-
vate bacteriaand some viruses that may cause diar-
rheal disease in drinking water®™. Technically, a
minimum of 0.5 mg/L residua chlorinemust bemain-
tained to ensure water protection from recontamina-

Chlorophyta —
Diatoms
Total algae
Total Alkalinity
Euglenophyta
TDS

Temp

Mg

Ca

cl

504
Turbidity |
TOC |

5i02

Measured Variables

PH |
PO4

NO3

Cyanophyta

Square Euclidean Distance

353498937

Figure 2 : Dendogram depicting Hierarchal Clustering strategy and distance between the mean measured monthly
Nile water chemical and physical variables and the type of algae identified within these waters using Ward’s meth-

ods for minimum variance
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Figure 3 : Seasonal variation in Chlorine demand (mg/
L) for the mean seasonal algae count (units/mL) of (win-
ter = 4000, spring= 3000, summer= 3200 and fall= 7000)
and the resulting residual chlorine (mg/L) (Dec 2011-
Nov 2012)

tion during storage and that residual chlorinelevels
between 0.2 and 0.5 mg/L at the consumer outlet
water giventhe extremities of the supply network®Y.
Figure 3 shows the seasonal variation in chlorine
oxidant demand and the corresponding residua chlo-
rine. It was noted that as the algal count increased
from 3000 to 7000 units/mL (spring and winter), the
chlorine dose breakpoint increased from 2.0 to 3.5
mg/L. Aswell, in order to achieve the required re-
sidua chlorine of 0.2-0.5 mg/L, the optimal chlo-
rine dose applied was 3.7, 2.7, 3.3 and 5.5 mg/L for
the winter, spring, summer and fall algal count, re-
spectively.

Generally, chlorine disinfection effectivity de-
pends on the applied dose and contact time®. Pre-
viouswork by El-Dib and Ali (1995) recommended,
asaprecaution, to monitor the applied dose and not
to exceed the chlorine contact time over 30 min for
Nilewaters. Thiswas based upon their findingsthat
the concentration of THMs formed increased pro-
gressively asthe contact time extended from 30 min
to 240 min. Aswell, low chlorine dose may readily
aid in the formation of chloro-substituted by-prod-
ucts, while higher chlorine doses may lead to the
oxidation and cleavage NOM productsand THMs.

Generally, the hydrated form of Al,(SO,),
(A1(SO,),.nH,O, where n=14-18) is widely used
as a coagulant in drinking water treatment(335512,
Of the advantages of using alum is the fact that it
does not damage algal cells® aswell asit removes
alargeportion of natura organic matter (NOM) that

301

—==  Qurrent Research Peapser

100

95

90

85

—#— Winter —— Spring

80

B —

Algal removal %

70

65

60

Alum Dose (mg/L)

Figure 4 : Mean Algal removal % vs the applied alum
dose (mg/L) for the mean seasonal algae count (units/
mL) of (winter = 4000, spring= 3000, summer= 3200 and
fall= 7000) and using the chlorine dose (mg/L) for (win-
ter = 3.7, spring= 2.7, summer= 3.3 and fall= 5.5) (Dec
2011- Nov 2012)

has a slower reaction rate with chloring?Y. Techni-
caly, it was reported that a typical alum dose be-
tween 5-50 mg alum/L was effective for turbidity
reduction in most waters?. Figure4 showsthevaria-
tioninalga remova % using an alum dose ranging
from 5- 30 mg/L in pre-chlorinated waters. It was
observed that applying 5 mg alum/L to the pre-chlo-
rinated waters achieved an initial algal removal ef-
ficiency of 60% and 80% for the lowest and highest
algal count, respectively. However, in order to
achievethe L.ONTU WHO limit target, ahigher alum
dose of 30 and 25mg/L was applied for 15 min. and
30 min contact time, respectively. Accordingly, this
achieved 86% and 89% reduction in final water tur-
bidity for the respective contact times. In addition,
inthe current study, these reduction obtained for un-
buffered waters may benefit from thefact that alum
addition to alkaline raw waters decreased the pH to
the acidic range for an efficient coagulation and for
better THM removal*+63, However, athough alum
is effective in removing turbidity, it is aways- ap-
plied in excess which may result in high residual
Al Explicitly, it was reported that about 11% of
theAl input remainsin treated waters and may pro-
duce aresidua concentration of 0.003to 1.6 mg/L,
which may exceed the acceptable limits.

Enhanced algal control and removal using com-
bined chlorine/permanganate preoxidation

As indicated previously, while the mgor con-
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cern for the use of chlorine and its derivatives in
water disinfection is the formation of chlorinated
by-products, the application of KMnO,, was re-
ported to remove soluble manganese and iron that
are frequently associated with the presence of
cyanobacteriain raw water®. Aswell, KMnO, may
serve as an aternative to pre-chlorination or other
oxidantsfor the control of color, tasteand odor, and
algae and for thefurther control of biological growth
intreatment plants. In addition, previousstudieshave
indicated that combining chlorine with permangan-
ate during the pre-oxidation stage has a synergistic
effect upon water disinfection®!,

Previous studies have recommended the use of
permanganate dose between 0.5-3 mg/L for en-
hanced dgal removal by alum coagulation*?, Heng
et al. (2008) indicated that a0.5 mg/L permanganate
dose in combination with chlorine attained the best
reduction efficienciesinturbidity and COD,, inraw
surfacewaters. Inthe current study, the effect of add-
ing an optimal constant dose of 0.5 mg/L KMnO,
upon the water chlorine demand was studied and
the results are depicted in Figure 5. It is evident
from the resultsthat the applied permanganate dose
effectively reduced the chlorine demand and there-
sulting waters did maintain acceptableresidua chlo-
rine content required for bacterial growth control in
water supply delivery system. Thismay be explained
by the synergistic inactivating effect and strong ad-
sorptive capacity of the permanganate reduced prod-
uct/intermediate (MnQ,) 1. As well, the combina-

18
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tion of permanganate/ chlorine during the pre-oxi-
dation stage may enhance the inactivation of algal
cellsand itsremoval through coagulation, an event
that may control the production of THM S, None-
theless, overdosing with permanganate must be
avoided since a residual 0.05 mg/L KMnO, or
greater may result in apink taint in thedrinking wa-
ter. Nonetheless, Fan et a. (2013) indicated that the
application of a1l mg/L dose KMnO, may lead to a
KMnO, residual of 0.2 mg/L which becomes non
detectable after 1-2 hours of treatment.

Theeffect of thecombined chlorine/per mangan-
ate pre-oxidation upon the use of al and fe co-
agulant salts

Aluminum sulfate, ferric chlorideand ferric sul-
fate are the most common coagulants used in drink-
ing water treatment?3339, The main purposefor the
useof thesemeta coagulantsisto reduce NOM which
may interferewith theremoval of other contaminants
that cause membrane fouling, contribute to piping
corrosion and act asasubstrate for bacterial growth
in the distribution system®l. However, it isimpor-
tant to note that the action of aluminum and ferric
salts depends upon their hydrolyzed form and their
soluble complex that posses high positive charge as
well as upon an acidic pH range

To attest the effectivity of these metal salts co-
agulation using the combined permanganate /chlo-
rine pre-oxidation, the residual turbidity and algal
removal% of the raw and final treated waters were
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Figure 5 : The effect of using KMnO, (0.5 mg/L) upon
the reduction in Chlorine demand dose (mg/L) and the
residual chlorine (mg/L) after the application to raw
surface water (initial mean algal count 7000 units /mL
— during algal peak period)
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Figure 6 : The effect of varying coagulant (alum, ferric
chloride and ferric sulfate) doses upon the Algal removal
% in waterspretreated with a combined peroxidant dose
of chlorine (2.7 mg/L) / permanganate (0.5 mg/L) dur-
ing algal peak period
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Figure 7 : The effect of varying coagulant (alum, ferric
chloride and ferric sulfate) doses upon the final turbid-
ity of water pretreated with a combined peroxidant dose
of chlorine (2.7 mg/L) / permanganate (0.5 mg/L) dur-
ing algal peak period
monitored after applying the coagul ant doses (5-30
mg/L) these waters. Figure 6 shows that the appli-
cation of these metal sdtsto ClI/KMnQO, pretreated
raw waters achieved algal removals of over 90% at
adoseaslow as10 mg/L. Figure 7 indicatesthat the
maximum algal remova % and lowest residual tur-
bidity was achieved using aum, ferric chloride and
ferric sulfate doses ranging between 25-28 mg/L,
15-20 mg/L and 20-25 mg/L, respectively. Nonethe-
less, Al salts were reported to have a better capac-
ity for turbidity removal and be more effective at
lower doses than ferric salts, while ferric salts are
more effectivein NOM removal and are not sensi-
tive to temperature changes as alum=,

TABLE 3 provides a summary of the finished
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water quality after the application of the combined
pre-oxidation treatment for the raw water. Chen et
al. (2009) reported that the presence of low calcium
carbonate content (240 mg/L) in raw water was an
important factor in the performance of the KMnO,/
alum system provided that the pH remained near a -
kaline. Aswell, in neutral pH range, it was reported
that the surfaces of MnO, and algae cells devel oped
a negative charge and that calcium ions in water
served to bridge and hold these negatively charged
surfaces together into algae flocs™. Aswell, it can
be seen from the datathat ferric chloride and ferric
sulfate provided slightly better finished water qual-
ity characteristics. However, the use of ferric chlo-
rideincreased thefinal Cl aswell asthe use of alum
and ferric sulfate increased the residual sulfates.
Basiouny et al. (2008) studied the effect of potas-
sium permanganate pre-oxidation alone upon the
coagulation of raw Nile water. They found that an
optimum KMnO, dose of 6 mg/L applied to Nile
water resulted in a 35% turbidity removal. How-
ever, thisrequired the an alum dose between 40-60
mg/L and a ferric sulfate dose of 85-105 mg/L to
achieve aturbidity reduction of 58% and 20%, re-
spectively, with no pH adjustment.

Regarding the residual metal in final treated
waters, an account of the health effects and efficacy
of using both Al and ferric salts in water treatment
was presented elsawhere*3, However, the use of
alum as coagulant may lead to a high residual con-

TABLE 3: The effect of using different coagulants (Alum, Ferric Sulfate and Ferric Chloride) optimal dose and the
combined Cl,/ KMnO, (2.7 mg/L + 0.5 mg/L) upon finished water quality parameters (pH, turbidity, chloride,

sulfates, TOC and residual Al, Fe and Mn).
Water Quality

Pre-oxidation with 55 mg

Combined Pre-oxidation = Cl, (2.7 mg/L) and KM nO, (0.5

paramaers ClLA + 28 mg/L 25 mg/L an o 20 mg/L Ferri
m m erric m erric

Coagulant S0mg/L Alum Alum Qulfate CEI oride
pH 73 7.3 7.25 7.2
Turbidity (NTU) 0.33 0.3 0.3 025
Residud Al (mg/L) 023 0.17 0.05 0.05
Residud Mn (mg/L) 0.02 0.10 011 0.10
Residud Fe (mg/L) 0.07 0.00 0.14 0.13
Chloride (mg/L) 35 35 35 43
Sulfates (mg/L) 52 49.5 51.7 37
TOC (mglL) 7.0 6.8 6.6 6.5
Algd Count (unit/mL) 200 100 80 80
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Figure 8 : Dendogram depicting Hierarchal Clustering strategy and distance between the average chemical and
physical parameters of the final treated waters using Ward’s methods for minimum variance

tent aswell asit may form micro-flocsin the distri-
bution networksthat provide nutrientsfor microbial
growth?3. 42 On the other hand, it was reported
that utilizing KMnO,/alum in combination did re-
duce the amount of residual alum in the finished
waters®. Ferric salts are aso favored because of
being more robust operationally and insensitive to
the coagulation pH“J. However, ferric salts were
reported to induce high akalinity consumption plus
the residual sulfates or chloride in finished water
may increaseits corrosivity® Aswell, high residual
iron content in drinking water may be responsible
for the disinfectant neutralization, the coloration of
water and the metallic taste in water“2. ferric chlo-
ride, on the other hand, is a corrosive compound
that could rapidly attack metals and in a treatment
plant, thus, using ferric chloride as coagulant may
necessitate major modifications in dosage equip-
ments and system (storage tanks, pumps, piping,
valves and accessories)®l. In addition, the use of
ferric sulfate in drinking water treatment may incur
higher operational coststhan using aum; however it
offersahigher satisfaction to the consumert®,

Hierarcha cluster analysis was performed on
the final treated water main parameters and the re-
sults are depicted in the dendogram Figure 8. From
thisfigure, it can be seen that the reductionin alga
count was dependent upon the sulfatesand chloride
content of the final treated waters. In addition, the
reduction in TOC isstrongly dependent upon the pH
while the reduction in turbidity is more directly re-
lated to the hydrolyzed metal ions.

CONCLUSION

Inthe current study, an investigation of relation-
ship between the Nile surface waters quality mea-
sured parameters and the occurrence of agae was
investigated using multivariate statistical analysis.
The data revealed that Chlorophyta and Diatoms
contents were the major contributors towards the
measured Total algal count and that the Euglenophyta
content was strongly dependent upon thetotal alka-
linity (CaCO,) and the TDS of these waters.
Cyanophytaal so showed astrong dependency upon
all chemical parameters measured as well as on
Euglenophytain these waters. Aswell, the effectiv-
ity of the current treatment procedure using pre-chlo-
rination/alum upon the clarification of the final
treated water was investigated relative to the appli-
cation of a combined KMnO, /chlorine / coagulant
stage. The results indicated that this application of
KMnO, waseffectivein reducing therequired chlo-
rine demand while maintaining an acceptable re-
sidua content. Aswell, the use of the combined chlo-
rine/permanganate pretreatment using alum, ferric
chloride and ferric sulfate improved residua tur-
bidity of the treated waters and enhanced agal re-
moval%. Moreover, thefinished water quality after
the application of the combined pre-oxidation treat-
ment for the raw water indicated favored the appli-
cation of ferric chlorideand ferric sulfate. The study
aso reveded that the sulfates and chlorides ions
contents were more responsible for thereductionin
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total algal count whilethe hydrolyzed metal ion was
effective in the reduction of the final water turbid-

ity.
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