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Abstract: The objective of this study is to reveal the sgdadind temporal variations of surface water quatity
this part of the River Nile with respect to heavgtais pioneerution. Seventeen parameters in te@td monitored
at seven sites on a monthly basis from October 20 E2ptember 2014. The dataset was treated usngals of
univariate and multivariate statistical analysetus@r analysis showed three different groups afilarity
between the sampling sites reflecting the varighifi physicochemical characteristics and pollutievels of the
study area. Six PCs factors were identified asamsiple for the data structure explaining 91 % haf total
variance. These were eutrophication factor (23.2pHysicochemical factor (20.6 %), nutrients (1%Band three
additional factors, affected by alkalinity and hgavetals, recorded variance less than 15 % each, &ie heavy
metals pollution indexHPI) revealed that most of the calculated values Wwelew the critical index limit of 100.
However, two higher values (124.89 and 133.11) veadeulated at sites V and VI during summer du¢hto
temperature and increased run-off in the riveresyst

Keywords: Nile River, physicochemical parameters of rivertava multivariate statistical techniques, heavy
metals pollution index

Introduction

Rivers play an essential role in the growth of antp/’'s economy. The benefits of
streams are not limited to the supply of drinkingtev but also include serving other
purposes such as irrigation, fishing, navigatiodustry, generation of hydropower, and the
waste disposal [1]. As such, the increased humaeenside activities certainty impacts river
water quality.

Domestic, industrial and agricultural wastes are thain sources of river water
pollution [2, 3]. Also, there are different typeg wastes such as motor parts, a scrap of
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cars, engines, cans types, etc. These residuedtanedumped in areas where heavy metals
and other components are accessible to leachingaming an impact on environmental
values. On the other hand, the natural processeweafpitation and surface runoff are
a seasonal phenomenon, largely affected by sefartirs including, but not limited to,
climate changes [4, 5] and agriculture [6]. Duespatial and temporal variations in water
characteristics, a monitoring program that can ii@va representative and reliable
estimation of the parameters of surface water tyuadi necessary. Thus, monitoring
programs including regular water sampling at ddfersites and determination of various
physicochemical parameters are usually conductadtireg in a large data matrix, which is
often difficult to interpret and needs a complichttata interpretation using multivariate
methods [7].

Different multivariate statistical methods such @aster analysis (CA), principal
components analysis (PCA), and factor analysis ethe interpretation of complex data
matrices for characterizing and evaluating the tmapand spatial variations of surface
water quality parameters caused by natural andr@mbhenic factors. This allows the
identification of possible factors that affect tlvater systems and offers a valuable tool for
reliable assessment and management of water resoimcorder to help find reasonable
solutions to pollution problems [7-10]. In recergays with urbanization and industrial
development, much attention has been given to\hkiation of heavy metals pollution in
different water resources by heavy metal pollufizasex HPI) [11, 12].HPI is a method
that assesses the cumulative impact of heavy matalse overall water quality [11].

The Damietta branch of Nile River extends for 220 fkom the Delta barrage to the
Mediterranean Sea. It is the primary source of midrad agricultural water supply to many
governorates such as El-Qalubia, El-Gharbyia, Bldbdjia, and Damietta [13].
It receives a significant amount of land-basedueffts of untreated or partially treated
sewage water [14]. Considering the above factsptisent study was taken up to assess
the quality status of the Damietta branch of NileveR using multivariate statistical
techniques with emphasis on the following: (i) eksenthe similarities or dissimilarities
between sampling sites and seasons, (ii) identdyewquality variables responsible for
spatial and temporal variations in river water gyadnd (iii) explore the degree of heavy
metals contamination in the river using the heaeyats pollution indexHPl).

Materials and methods

Study area

The study area (Fig. 1) extended about 78 km in iBaabranch. The depth varied
between 1 and 7.5 m, with an average of 3.5 m. fidié data used in this paper were
collected at seven key points on a monthly basimmfOctober 2013 to September 2014.
The site | was located at the water inlet of watkanet station was slightly stressed by
pollutants. Sites Il and VI near the hot water eutf thermal power generations plants.
Site Ill near the drainage canal of inorganic feer factory receiving industrial sewage.
Sites IV, V, and VII near some villages receivirapestic sewage.

Physicochemical analysis

Temperature T), water transparencyW\(T), pH, electrical conductivity EC), total
dissolved solidsTDS), and dissolved oxyge) were measured in-situ using portable
water quality analyzers. In the lab, the analydigploysicochemical parameters namely
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nephelometric turbidity unitsNTU), chloride (Ct), alkalinity (CaCQ), nitrate (NQ),
nitrite (NO,"), ammonium (NH'), and inorganic dissolved phosphorus {POwere done
by standard methods [15]. The phytoplankton biom@&ddorophyll-a) was determined
according to the methods described by Wetzel akdnis [16]. Four metals (Pb, Cu, Cd,
and Ni) were determined by graphite furnace atabgorption spectrophotometry. Briefly,
300 cnf aliquot of the water sample is taken in a 500 conical flask and boiled over
a hot plate until the volume is reduced to 100.chhe digestion of the water samples was
then achieved by the method described by APHA [TbE analysis was performed by
atomic absorption spectrometer (Agilent 240FS), #reddetection limits for Pb, Cu, Cd,
and Ni were 0.1-30, 0.2-60, 0.02-3, and 0.1-20 mg’drespectively. The instrument was
calibrated with standard solutions prepared froommmercially available respective
standards (Chemlab-Belgium). Analytical blank waedibefore the estimation of every
metal. The analysis was performed in duplicates] Hre results were represented as
averages of the duplicates [17].

31°30'0'E

31°30'0" N+ 131°30'0" N

vil\Ramietta
®

®
New Damietta

Shirben
[ ]

31°0'0"' N 31°0'0'N

31"1;,-0'0' E
| ] [km]
0 20
Fig. 1. Map of the study area showing the locatibwater sampling stations
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Statistical analysis

Descriptive statistics were calculated for the monitored parameters i water
samples. The Pearson correlation coefficient wasl us define the relationship between
each two parameters. Multivariate analysis of vaawas used (MANOVA) where the
several variables were tested together spatialtgraporally instead of one variable [7].

Indexing approach: Heavy metals pollution indexdfl) is a technique of rating that
shows the aggregate influence of individual heawtats on the total water quality.
The rating is a value between zero and one, andeitction depends upon the relative
importance of individual water quality considerasoor it can be defined as inversely
proportional to the recommended standd&idl for each parameter [18-20]. The calculation
of HPI involves the following steps:
1. The calculation of weightage 8t parameters.
2. The calculation of the quality rating for each lo¢ heavy metal.
3. The summation of these sub-indices in the ovendkx.

The weightage af" parameter is given by

W = K/,
where W, is the unit weightage an& the recommended standard fiSt parameter

(i = 1-4), whilek is the constant of proportionality.
Individual quality rating is given by the expressioelow

Q= 100V,/S;
whereQ, is the sub-index oif" parameter, is the monitored value of th& parameter in

[ng dm] and§ the standard or permissible limit for tfeparameter.
The heavy metal index is then calculated as follows

=1""1

where Q is the sub-index of" parameterW, is the unit weightage foi” parameter,
n is the number of parameters considered. Genethltygritical pollution index value is
100.

All the previous analysis were performed by SPSSd@8ster analysis (CA) and the
principal component analysis (PCA) are employedtha data set by using StatSoft
Statistica 8.0 software package.

Results and discussion

General water quality

Descriptive statistics including the maximum, minim, mean and standard deviation
are summarized in Table 1. In all sampling sitee, water was slightly alkaline, the range
of pH was 7.60-8.72. This pH range may indicateptesence of carbonates of calcium and
magnesium in water [21]. The water transparencgednbetween 30 and 545 cm with
an average of 180 +156 cm. The observed high stdrdfviation around the mean may be
attributed to the seasonal variations in the intgnsf solar radiations penetrating the
surface water [22]. In the case of total dissolgetids TDS), there was a considerable
amount of dissolved ions in the study area. It inabe range of 268-686 mg- dhwith an
average of 435 +117 mg-dinThe effluents from urban, agricultural and indiagized
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zones are directed into the river course which atrirereases the concentrationsTbiS in

the water body [23, 24]. The conductivitf®) values are sensitive to the variations of
dissolved salts [25]. Throughout this study, tE€ values ranged from 398 to
1434 pS-crmwith an average 830 uS-cimThese high values may indicate the high impact
of land runoff where wastewater could increase dbieductivity due to the presence of
chloride, and nutrient salts [26]. Moreover, thésoasuggest a potential irrigation problem
in Damietta branch due to salinity hazards wheesE@ values exceed on an average the
level set by national guidelines [27] for agricu#buse and other purposes. Chlorinity §ClI
concentrations ranged from 144 to 210 mg-dwith an average of 163 mg-dinThese
recorded high levels of chloride indicating tha¢ ttampling sites are receiving sewage
water and industrial effluents that rich in chlerifC should be < 50 mg-dr) as adopted
by Ravindra and Kaushik [28]. Dissolved oxygddQ) concentrations showed variable
results according to site nature. The values rariged 3.7 to 7.8 mg-dm which better
than the values (1.7 to 6.8 mg-dmnthat recorded by El Shakour and Mostafa [25] in
Rosetta branch. Nutrient concentrations were cenailly high most of the year: nitrite
(0.017 to 0.095 mg-dm), nitrate (0.03 to 0.20 mg-diy ammonium (0.003 to
0.55 mg- dn?), and phosphate (undetected level 0.093 mg)dm

Table 1
Summary of basic descriptive statistics
Component Units Mean Stand. dev. Minimum Maximum
Temperature [°C] 28.0 4.7 19.0 36.3
Transparency [cm] 180 156 30 545
pH [] 8.21 0.35 7.60 8.72
DO [mg-dm? 5.90 0.78 3.68 7.83
Alkalinity (ALK) [mg-dm?| 825 183 673 1438
EC [uS-cm'] 830 342 398 1434
TDS [mg-dm? 435 117 277 686
CI- [mg-dm?| 163 15 144 210
NO; [mg-dm? 0.04 0.02 0.02 0.10
NO;~ [mg-dm?| 0.10 0.05 0.04 0.20
NH, [mg-dm?| 0.27 0.13 0.003 0.55
PO~ [mg-dm?] 0.02 0.02 0 0.09
Cu [ug-dr] 225 9.8 3.2 40.4
Ni [ug-dm? 3.2 2.8 0.08 7.7
Pb [ug-drir] 0.76 0.84 0.08 2.86
Cd [ug-dr] 0.10 0.06 0.01 0.23
Chlorophyll-a [ug-dmi] 11.0 43 33 19.6

According to the environmental management enging@&k the presence of elevated
levels of ammonia in water is considered indicati¥éreshly polluted water by discharged
wastes. These high nutrient levels promoted thengive growth of phytoplankton where
chlorophyll-a values ranged between 3.2 and 19.6dmg. The high chlorophyll-a
concentrations indicate poor water quality and hkies between 4 and 10 pg-drare
considered as levels of eutrophication [30, 31]e Hata of the water quality parameters
show significant correlations between most of theameters (Table 2). This indicates that
the monitored parameters; except nickel metal whidmot show a significant correlation
with any parameter, may share a common origin ®oufFor example, ammonia has
significant positive correlations with phosphatad, and cadmium, indicating a probably
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common source of organic contamination such aseatdd wastewater [32, 33].
The obtained data were further analyzed by usingadditional multivariate statistical
technique (MANOVA) to explore temporal and spatiatiations (Table 3). According to
the data obtained, the seven sites and the fogpsesare significantly different regarding
selected water quality parameters.

Table 2
Correlation coefficient between the selected watelity parameters

T |wr | pH | DO | ALK | EC [TDS]| CI- [NO, [NOs [NH/[POZ|Cu| Ni | Pb | Cd
T 1
WT | 0.2 1
pH [-0.6]-0.1] 1
DO [-0.6"| -0.1|-05]| 1
ALK| 0.4 | 0.4 [-0.13] -0.2] 1
EC | 05 [-0.87]0.07] 0.14] -0.44 1
TDS| 0.5 [-0.8° | 0.22| —0.2] -0.470.9" | 1
Cl-|] 02| 05 0.2 [-0.46/-0.03]-0.3]-0.3] 1
NO, | 0.1 -0.001 0.3 | 0.1] 0.24] 0.0101] 01 1
NO;|-0.4 [-0.14]-0.6"| -0.1| 0.1 ] 0.01 0.1 0.02] 04| 1
NH, [-0.5| 0.1 | -0.4[-0.47] 0.03] -0.2/-0.1] 0.3 | 0.3 0.1] 1
PO, |-04] 0.1 [-05] 0.2 [-0.01y-0.3]-0.2] 0.1 | 0.3] 0.1] 05| 1
Cu| 02]-02] -01 -03 04 o0op -Q204|01] 0.1] 0.370.14] 1
Ni | 01| -0.2] -0.4] 0.2 0.4 0.3403] 01| 0.1] 0.1 03 03 o011
Pb | 0.1 [-0.04-0.5 | -0.3]-0.0210.01]-0.1] -0.2] 0.3] 0.1] 04] 0.2 0.1]0.1] 1
Cd | 0.2 | -0.1] -0.1 -0 -0.1| 0.2| 0.2| —-0/4 0.02(-0.030.5 | 0.2 |0.240.06| 0.2 | 1
Chl-a| 0.8" | 0.4 [ 0.6 |-0.67| 0.4 [-0.3[-0.3]-04] 0.2 0.2] 0.6|-0.3/0.390.1| 0.2 | 0.15

" correlation is significant at the 0.01 levélcorrelation is significant at the 0.05 levdl, - temperature,
WT - water transparencpLK - alkalinity, EC - electric conductivity, Chl-a - chlorophyll-a

Table 3
Multivariate test (MANOVA) for all sites (A) and asons (B) of Damietta branch of Nile River
(Y]
Test Value F Sig.
Pillai's Trace 4.5 2.4 0.05
Wilks' Lambda 0.0 4 0.001
Hotelling's Trace 803 17.342 < 0.001
Roy's Largest Roo 777. 389 <0.001
(B)
Test Value F Sig.
Pillai's Trace 2.8 5.9 < 0.001L
Wilks' Lambda 0.0 7.7 <0.001
Hotelling's Trace 107 11.2 < 0.001
Roy's Largest Roo 89.8] 45 <0.001

Heavy metals pollution index HPI)

The maximum values of lead (Table 4) were foundsitgs Ill and V1 in autumn
(2.2 and 2.1 pg dmrespectively), also at sites V and V1 in summe2g2and 2 pg-dm
respectively), the other values were low. These &mmounts of lead may be attributed to
the less soluble of lead-containing minerals inuradt waters [34]. The high values of
copper in respective seasons may indicate thetdimgzact of domestic and agricultural
runoff. The maximum Cu was 42.3 and 41.35 pg>dim spring at sites VI and II
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respectively. The low values of cadmium (0.01-0,28-dm° indicate there is no
significant source of cadmium pollutants. AccordingCaruso and Bishop [35], the major
source of Cd is the metal industry and waste imaiien, which is absent in the monitoring
area. The maximum values of nickel were 7.67 pg®dm summer at site Il and
7.30 pg-dn? in autumn and summer at two sites | and VI. Mdsthe dissolved heavy
metals showed slightly high concentrations durinmmier and fall than the other seasons.
This kind of pattern may be due to the high evagomarate of surface water followed by
elevated temperature [20, 22]. It was also obsetivatifor all metals, there was a trend of
increasing concentrations at site VI which seversiyffering from hot water flow
throughout the year.

Table 4
The values of heavy metals and el calculation for the surface water based on thddweater standard
Pb [ug-dm? Cu[ug-dm? Cd [ug-dm? Ni [ug-dm?] HPI
16.22
I-Su 0.16 34.12 0.10 0.48 8.3
I-Sp 0.08 11.48 0.12 0.39 4.8
I-W 0.08 16.22 0.03 7.0 5.5
I-A 0.40 19.38 0.07 7.30 20.5
Average 0.18 20.30 0.08 3.79 9.8
II-Su 0.08 19.80 0.09 7.67 4.7
II-Sp 0.08 41.35 0.18 0.37 5.4
II-w 0.74 17.43 0.05 131 345
1I-A 1.71 27.55 0.10 1.24 87.5
Average 0.65 26.53 0.10 2.65 331
IlI-Su 0.12 19.80 0.01 5.40 6.8
11I-Sp 0.53 28.08 0.12 0.08 25.3
1-w 0.36 18.04 0.10 6.10 18.7
I-A 2.21 4.49 0.12 0.17 102
Average 0.80 17.60 0.08 2.93 38.1
IV-Su 1.95 21.03 0.14 4.31 91.1
IV-Sp 0.08 25.60 0.23 6.65 7.2
IV-wW 0.60 17.77 0.16 5.28 30
IV-A 1.41 37.29 0.03 4.33 65.5
Average 1.01 25.40 0.14 5.14 48.5
V-Su 2.26 30.98 0.12 4.99 125
V-Sp 0.08 25.32 0.14 5.92 6.5
V-W 0.08 18.30 0.01 0.08 3.8
V-A 0.81 40.17 0.21 2.63 39.4
Average 0.81 28.70 0.12 3.40 43.6
VI-Su 2.86 20.25 0.18 7.30 133.1
VI-Sp 0.32 42.30 0.05 6.32 16.5
VI-W 0.08 31.80 0.02 1.61 4
VI-A 2.09 37.37 0.15 1.86 97
Average 1.30 32.93 0.10 4.27 62.6
VII-Su 0.08 12.20 0.11 0.51 4.8
VII-Sp 0.08 12.68 0.17 0.31 5.3
VI-W 0.90 3.20 0.01 0.08 41.1
VIII-A 1.37 25.79 0.04 3.24 63.54
Average 0.61 13.46 0.08 1.04 28.67

To assess the degree of surface water pollutidh,was calculated (Table 4) and the
results with units weightag&\{) and standard permissibl&§)(showed that th&lPI value
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considering all the seasons and locations was J®iS.HPI value is less than the critical
value of 100 as suggested by several authors [@B, However, considering the class
proposed by Edet and Offiong [37], the general watelity in regard to heavy metals in
the high classHPI > 30). So it can be inferred that the impact bt considered metals
on the overall quality of the water is alarming doethe increased human activities near
some of the locations that can be clearly visudlizlile sampling.

Spatially, theHPI showed evident variations where its values rangech 3.8 to
133.1. Taking into account the averadfel for each site, the lowebtPl was calculated for
the site I, which is nearly far from the direct iagp of human activities, while the highest
was for site VI, which is close to the thermal powtation. Temporally, in the summer
season, thédPl was calculated to be 133.1 at site VI which wasenehigher than the
critical value of 100. And during the same perithd calculatedHPI for the sites IV and V
also fall in the high class. Furthermore, high ealofHPI were calculated at sites Il and IlI
during autumn. All of these increases are attrithdbehuman activities.

Spatial similarity of monitoring sites (CA)

Cluster analysis was performed to find the sintjafietween the sampling sites.
The dataset was treated (after lpgt+1) transformed) by the method of complete linkage
with Bray-Curtis as a measure of similarity. Thigtatistically significant clusters were
formed (Fig. 2): cluster 1 comprised only two samgplsites (Il and V1), which
corresponded to the hot water outlets of thermalgucstations. Cluster 2 comprised four
sampling sites and subdivided into two smallerteliss the first comprised 3 sampling sites
(Iv, V, and V11) where agricultural and domestindause were predominant and the
second cluster included only one sampling site (Mhere urban and industrial zone was
predominant. Cluster 3 was small cluster compradg sampling site (1) which almost far
from the direct impact of pollutants. The clustgriechnique reveals the group of a similar
site in a considerable way [38]. These clusterduded sampling sites with similar
characteristic features and were affected by sswtsimilar types.

Vi

Vi

Fig. 2. Cluster analysis of spatial changes of natrlity parameters on Bray-Curtis similarity
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Source determination

The principal component analysis was employed andataset to identify the factors
that influence the surface water quality. Six pipat components were obtained with
eigenvalues > 1 explaining about 91.03 % of thal teairiation. The first PC accounting for
23.2 % of the total variance was correlated withtewdransparency, dissolved oxygen
values, phosphate concentration, and phytoplarkimmass (Table 5). This eutrophication
factor may be interpreted as representing influenfrem domestic and agricultural
effluents. The second PC was correlated with teatpeg, pH, conductivity, and TDS. This
factor described the variability of physicochemisalrces, which explains 20.6 % of the
total variability. Conductivity is normally used as indicator of natural pollutants which
can be caused by soil erosion and/or weatherirggtsffon water quality during seasonal
fluctuations [39]. This component also suggests mhast of the variations are dueT®S
and conductivity. The third PC accounting for 16.29 was correlated mainly with
water-soluble N-species, NQONO;-, and NH'. This nutrient factor represented influences
for agricultural and industrials runoff. The fourthC was loaded on total alkalinity,
probably represented the buffering indicator ofewajuality, which explains 12.58 % of
the total variance. The fifth PC, accounting 10.@®the total variance was loaded with Pb
and Cd and could be considered as representing pmtiutants from industrial effluents.
Finally, the sixth PC factor which explained only& % was correlated with Cu and Ni
and represented soil leaching process and the frfrmh extensively farmed areas.
According to Shokr et al. [40], the concentrati@fsCu and Ni in the Nile Delta soil
exceeded recommended values (63 and 50 migrkgpectively) proposed by Canadian
Soil Quality Guidelines [41] for agricultural andsidential purposes. Flooded rice soils in
the Nile Delta increase the mobility of water-sddubeavy metals [42] and thus recycling it
back into the Nile river.

Table 5
Results of the principal component analysis (P@AMater quality parameters of the study area duoime year
Variables Units PC1 PC2 PC3 PC4 PC5 PC#6
Temperature [°C] —-0.19 0.79 -0.2]7 0.317 0.04 0.p3
pH [] 0.15 0.79 0.41 0.17 0.06 0.06
Alkalinity [mg-dm?® | 0.24 | -0.22 0.16 0.75 -0.38  -0.29
Transparency [cm] 0.75] -0.18 0.1] -0.087 -0]13 027
Conductivity [uS-crit] 0.01 0.92 -0.17 -0.02 -0.1 —-0.06
Ccr [mg-dm? | —0.49 0.46 -0.29 -0.11] -031 0.2b
TDS [mg-dm? | —0.13 0.95 —0.05 0.06 -0.04 0.0p
DO [mg-dm?] | 0.67 0.12 -0.21 -0.17| -0.41 -0.18
NO;~ [mg-dm% | —0.28 0.04 0.71 0.19 -0.24 0.3
NO;~ [mg-dm¥ | —0.34 0.11 0.64 0.14 -0.0p  -0.25
NH," [mg-dm? | -0.15| -0.22 0.78 0.14 0.19 -0.19
PO [mg-dm® | 0.67 | -0.21 0.2 0.1 042  0.1f
Chlorophyll-a [ug-dm] 0.82 -0.21| -0.01 0.27 0.1 -0.2
Pb [ug-drif] 0.37 0.02 0.09 -0.13 0.63 -0.06
Cu [ug-dm’] 0.39 0.29 -0.24 0.19 -0.08 0.54
Cd [ug-dn] 0.44 0.31 0.39 —0.03 0.65 0.18
Ni [ug-dnm 0.11 0.32 -0.17 0.17 0.27 0.78
Total 23.2 20.63| 16.29 12.58 10.4 7.76
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Conclusions

In the present study, the multivariate statistteahniques were successfully employed
to evaluate the variations in water quality of tNde River Damietta branch. Cluster
analysis grouped the seven sampling sites int@ tbiesters based on similar characters of
water quality parameters and pollution sources. diirecipal component analysis provided
meaningful information about the parameters respfor water quality variations which
are mainly related to natural conditions, pollutiand nutrients (agricultural and industrial
runoffs). Also, anthropogenic activities appearedé the main source of most elements,
whereas soil leaching contributed highly to Cu &idconcentrations. It is believed that
these findings could be very useful for the locatharities to manage and control the
pollution of the river water used in different humases.
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