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ABSTRACT

The hydrological characteristics of abandoned OldnGa Canalat Haridwar were investigated during the year
2011. The samples were collected before the divei@iontrol) at Pathri Super passage (S), and aflieersion at
Pathri Super passage 4$ Solani Aqueduct ¢§ Dhanuari (), Piran Kaliyar (S), Mehawar Kalan (§ and
Roorkee (§ sampling stations. Among various sampling statjaine quality of Old Ganga Canal water was
severely deteriorated at Piran Kaliyar. The hydgikal characteristics viz. temperature, turbidiiyS, EC, BOD,
COD, CI, Ca, Na, K, Mg, total phosphorus, nitrate nitrag&Q?, Cd, Cu, Cr, Fe, Ni, Mn, Pb, Zn, SPC and FC of
water were significantly (P<0.05) different at alle sampling stations in comparison to control.ofig various
sampling stations, Piran Kaliyar (sshowed maximum values of physico-chemical antbhiaogical parameters
viz. temperature (19.6%), turbidity (11.88 NTU), TS (278 mg'), EC (4.55 mg ), BOD (270.42 mg [}), COD
(289.74 mg LY, CI' (184.67 mg %), Ca (199.64 mg [}), Na (63.85 mg [*), K (54.87 mg '), Mg (165.84 mg L
1), total phosphorus (42.87 mg™), nitrate nitrogen (48.85 mg £), SQ% (234.55 mg '), Cd (1.12 mg [), Cu
(1.74 mg LY, Cr (0.58 mg LY, Fe (5.69 mg %), Ni (1.58 mg L*), Mn (0.36 mg %), Pb (0.64 mg [), Zn (1.87
mg L), SPC (8.5x10SPC ml™) and FC (9.6x18FC 100 ml™) in canal water. The water quality index (WQI)
rating of canal water was of bad at sampling statids, § S and very bad at5S, S and g sampling stations.
Thus, the canal water was not found suitable fal@gical health of Old Ganga Canal.

Keywords: Hydrological characteristics, Old Ganga Canaltewguality, WQI, contamination.

INTRODUCTION

Water quality is extremely important because cartséacess to good quality water is necessary ferals well as
the economy [1, 5]. Since rivers constitute thenmaland water resources for domestic, industaall irrigation
purposes, it is imperative to have a monitoringgpam, providing a representative and reliable estion of the
quality of surface waters [22, 23], necessary ®vent and control water pollution [19, 7]. Contaatian of river
water by industrial effluents has been given muténéion due to their low biodegradability and oxiffects [8, 9].
The scarcity of clean water and pollution of fragater has therefore led to a situation in which-fiftie of the
urban dwellers in developing countries, and threartgrs of their rural dwelling population do n@vk access to
reasonably safe water supplies [14, 15].

The abandoned old section of the Upper Ganga Canginally constructed around 1850 by the East dndi
Company. The construction of Upper Ganga Canal agaseived and constructed by Proby T. Cautley duitfire
period 1840-1854, and he has been affectionatefhenebered as a British Engineer with an Indian heéatthe
beginning one of the branches of river was a nhtirannel flowing near Haridwar, and it was madelitcert the
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entire winter flow in the new branches [3]. Thesffitime slice of phase- | propose to construcaraltel lined canal
(Parallel Upper Ganga Canal) of 295 cumecs capheiypnd silt ejector 3 from 6 to 36 km and 177.240 km, 4
new cross drainage works on the Parallel Upper &dbgnal namely Ranipur Syphon, Pathri Super Passage
Ratmau Aqueduct and Solani Aqueduct [3, 4, 5].

It was the biggest canal system ever undertaketmadttime. It was and still is an engineering maitehas

agueducts, super passages, massive sluice gategypetc. But presently, this old section of tieautiful canal is
in disuse and a new canal course has been comstrpatallel to the old canal. The old canal is vesy pitiable

condition. It is neglected and open to vandalism5}4 The Old Ganga Canal now received the domesdiste as
well as agricultural runoff from various villageg., Pathri barrage, Dhanuari, Piran Kaliyar, Mehawatak and
Roorkee. It receives water from Sonali River imyaseason and drains from the new canal. The ¢aupaimarily

an irrigation canal, although parts of it were alsed for navigation, primarily for its constructionaterials [3, 4,
5]. The Upper Ganges Canal has since been enlgrgedally for the present head discharge of 10{B0(295

m3/s). The system consists of main canal of 272sménd about 4000 miles long distribution chanrigte canal
system irrigates nearly 9,000 km? of fertile agitieral land in ten districts of Uttar Pradesh arthtakhand. The
Old Ganga Canal has its ecological importance asstunique biological diversity in terms of flaad fauna in
their riparian catchments. It supports a great faijmn of wild flora and fauna as it flows near tRathri forest
division. Canals deposit nutrient runoff, espegiglhosphorous, into the wetlands. The natural adgeievegetation
mix evolved under nutrient poor conditions, and ith@eased nutrients are changing plant commuriteea saw
grass to cattail dominated this in turn changegeryevels and fish populations [30, 32, 33].

Major changes came to the system in the 19th cgmthen Upper Ganga Canal was constructed paralliglet Old
Ganga Canal from Pathri Super Passage to Roorkeee3timated length of the canal was about 20 Kmesd&
drainage efforts substantially lowered the watgele and altered the north to south flow of the Glahga Canal
[3]. Today Old Ganga Canal has been changed ars&lasanal and facing severe scarcity of water. Withwater
in canal, many species would not be able to mote imerior wetlands. Canals open up wetlands mby ¢or
exotic species, but also native fish, as canalp@lipnovement and range expansion within the refgdn35, 38].
At the same time there are adverse effects of dilenefluents on water quality and aquatic biotanssl. Due to
drainage of sewage effluent there is significaotéase in TDS, turbidity, BOD, COD, chlorides, $dfes, nitrate
nitrogen, total phosphorus and heavy metals likeZReCd, Cr, Cu, Ni, Mn and Pb of the receivingevébodies [9,
13, 16, 25]. Thus, these effluents pose an enviemah problem mainly in terms of COD, color, tokjcand
salinity [16, 23, 28, 29] and ultimately disrupethcological health. Keeping above in view the gnefmvestigation
was undertaken to study the Hydrological charasties of abandoned Old Ganga Canal at Haridwaa(bkhand),
India.

EXPERIMENTAL SECTION

2.1. Study area, samples collection and analysis

The Old Ganga Canal originally originated from HarPauri and reaches to Pathri Super passage. wAcagal
was constructed at Pathri Super passage and mtst efater was diverted in this new section of tarrach runs
about 20 km parallel from Pathri Super passage dorikee. The samples were collected before the sliver
(control) at Pathri Super passage (S), Pathri Spassage ($, Solani Aqueduct ($, Dhanuari (§, Piran Kaliyar
(S4), Mehawar Kalan (§ and Roorkee (. The samples were collected in the plastic coetai, brought to the
laboratory and were analyzed for various physicentical properties viz. temperature, turbidity, tatalids (TS),
pH, electrical conductivity (EC), dissolved oxygéDO), biochemical oxygen demand (BOD), chemical gety
demand (COD), chlorides (¢l calcium (Ca), sodium (Na), potassium (K), magmas(Mg), total phosphprus,
sulphate (SG¥), nitrate nitrogen, heavy metals such as cadm(@d), copper (Cu), chromium (Cr), iron (Fe),
nickel (Ni), lead (Pb), manganese (Mn), zinc (Znyl anicrobiological properties like Standard plateirat (SPC)
and Fecal coliform (FC) following standard methéizls

2.2. Heavy metals analysis

For heavy metal analysis, 5-10 ml sample of wateranal were taken in digestion tube, added 3.@aonk. HNQ
and digested on electrically heated block for 1 h4% C. Then added 4.0 ml of HCJ@nd heated to 24 for an
additional hour. Cooled and filtered through Whatr#a4?2 filter paper and makeup volume 50.0 ml aseldufor
analysis following standard methods [2].
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2.4. Statistical analysis

Data were analyzed for analysis of variance (ANOWA)letermine the difference between sample cheviatits of
different sampling stations located at Old GangadCalrhe mean and standard deviation were alsalledéad with
the help of MS Excel. Water Quality Index (WQI) waadculated following standard method [2].

RESULTSAND DISCUSSION

3.1. Characteristics of old Ganga canal water
The mean + SD values of hydrological charactessticOld Ganga Canal water at various samplingostatviz. S,
S, S S S S and $sampling stations are presented in Table 1.

3.2. Temperature, turbidityand TS

In the present study, the temperature, turbidity @8 of canal water was increased from 14662.36 NTU and
168 mglto 14.85°C, 2.45 NTU and 174 mgtatS,, 14.96°C, 3.79 NTU and 187 mgtatS,, 15.22°C, 4.99 NTU
and 224 mgl* atS;, 19.68°C, 11.88 NTU and 278 mglatS,, 19.14°C, 9.74 NTU and 264 mgtatS;, and 18.94
°C, 6.88 NTU and 252 mgtatS; respectively (Table 1). The values of temperattirgyidity and total solid were
observed to be significantly (P<0.05) differentaitthe sampling stations in comparison to the watmtrol. The
values of temperature, turbidity and total solidsevobserved maximum at sampling statigarf8i it is likely due to
discharge of untreated sewage in Old Ganga CarRiram Kaliyar (§) because there is no wastewater treatment
facility at Piran Kaliyar. Awomeso et al. reportdie drainage of textile effluent increase the tatalids and
turbidity of Ibeshe stream water in Nigeria. Total solidadas deemed to be associated with health effectsit s
rather used as an indication of aesthetic chaiatitar of drinking water and as an aggregate inidroaf presence of
a broad array of chemical contaminants [18, 19, 24fording to Olayinka [18], effluents from texiindustries
are capable of increasing total solids of waterybdee and Lin [13] described solids concentratienimportant
characteristic of wastewater.

3.3.pH and EC

Conductivity is the ability of a substance to coddelectricity. The conductivity of water is a meseless linear
function of the concentration of dissolved ionscdn serve as an indicator of other water qualiopblems. If the
conductivity of a stream suddenly increases, iicates that there is a source of dissolved ionthé@vicinity.
Therefore, conductivity measurements can be usedogsck way to locate potential water quality desbs [6, 7].
The pH is a measure of acidity or alkalinity of aatA pH of 7 is considered to be neutral. Aciditgreases as pH
values decrease, and alkalinity increases as pltesahcrease. The pH of water affects the solyhilit toxic as
well as nutritive chemicals which affect the availdy of these substances to aquatic organisms.agiglity
increases, most metals become more water solutllenare toxic [21, 22].

In the present study, the pH and EC of the Old @abanal water was increased 7.68 and 2.22 d&in%, 7.74
and 2.28 dS fhat S, 7.92 and 2.36 dShat S, 8.74 and 4.55 dSTat S, 8.64 and 4.12 dS 't S and 8.26 and
3.40 dS ritat S respectively from their initial 7.56 and 0.12 dS Havels (Table 1). The change in EC were found
to be significantly (P<0.05) different while pH wascorded insignificantly (P>0.05) at all the saimglstations
from the values noted at the control (S) samplitbgss The maximum pH and EC of the Old Ganga Carzdér
were observed at sampling statiogs The change in pH and EC might be connected wighr¢lease of chemicals
from agricultural runoff and domestic wastewatesctiarge in Old Ganga Canal. One of the effects®frEwater

is the impacts on the taste of water [17, 37, 38].

3.4. Dissolved oxygen, BOD and COD

Dissolved oxygen (DO) is the most important potiatiassessment parameter of the receiving waterebodi
Stabilization of organic matter, when dischargetiaated or partially treated in receiving wateesds to depletion
of DO [13, 14]. Depletion of DO in natural watedtees its ability to sustain aquatic life. Biocheahioxygen
demand (BOD) is a measure of the amount of oxyganhkacteria will consume while decomposing orgaméatter
under aerobic conditions [16, 18]. If effluent witigh BOD is discharged into a stream or rivewyiit accelerate
bacterial growth in the river and consume the orylgeels in the river. Chemical oxygen demand (C@GLy vital
test for assessing the quality of effluents andtevasters prior to discharge. The COD test predintsoxygen
requirement to oxidize all organic material intolzan dioxide and water [12, 15].
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Table 1. Hydrological characteristics of abandoned Old Ganga Canal at various sampling stations.

Befor_e _ _ After diversion ngpling ;tations_ =
Parameters diversion Pathri Super passage| Solani Aqueduct Dhanuari Piran Kaliyar Mehwar Kalan Roorkee calculated CD
©) (Sy (S (S) (S9) (S) (S)

Temperaune© e 5 A R
Tty (70 2% s e [ wmoume | oom | oom | sw |ow
TS (mg L) 6,97 2754 2955 fo12 750 2560 7o 832 | 1054
pr 055 0.2 017 019 2029 2020 a3 | 086° | 010
EC (ds 20,05 cos7 “osa w016 o8 sos3 Y I
0O (mg L) Y a7 1106 Irop ‘104 2108 soo | 2210 | 314
500 (ng ) i L sEe | nw | fmwe | | | o |on
con (g L) 5% 25 mow | mme | e | mam o | meR | e | us
choces (g oo 2 e | g | mem | ommR |0 | pm | ow
catium (3 ) s B pee | s | mem | IR | e | o
B 250 pre | s | s | owme |2 | |ew
oassm(maty | 1% 2 s | ouw | oS | oam [ %% | o |
peoresum(mg) | 2 1 el | gge | e | mam | m | ay | aa
1Total phosphorus (mgL 4.34 5.66a 7.40a +11.45a 42.87a 32.75a 28.63a 11.04" 3.96
) +1.12 +4.23 +3.49 +2.40 +2.60 +3.51 +2.40
supras (0 ) o i oa e | degm | masm | mve | 70w | o | om
e ivogen (mo ) | Gy L e | om | wm [ wm | B | s |
o o Gee | G | nm | im0 | ou | o
Copper (mg ) 2000 2007 10,06 10,06 20,06 1007 wop | 10107 | 021
cvomum (m0t | oz Gme | o | ome | om0 | e | oo
ron (mg L) 000 2024 w051 2015 20,22 2025 w05 | 4359 | oss
kel (g L) o o e[ hm e [am | s | o
Lead (g L) ND 20,05 2006 20,04 20,09 20,06 w07 | 14236 | o
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3 012 0.14a 0.18a 0.26a 0.36a 032a 0.29a ;
Manganese (mg t) +0.00 +0.07 +0.06 +0.09 +0.07 +0.05 +0.06 26.47 039
Zinc (mg L) +°d60‘°:1 164(2)2 %5(2)? 1.64a +0.06 1.87a +0.03 1.75a +0.04 1.72a +0.05 1894 | 0.08
] 2.3x16 5.3x 16° 7.8x106a 6.9x10a 8.5x10a 4.8x10a 9.5x10a "
SPC (SPC mi) +31.0C +39.0( +45.0( +56.0( +46.0( +54.0( +39.0( 524.87" | 36.98
1 1.6x10 8.6 x 16¢ 9.5x10a 8.6x10a 9.6x10a 6.8x10a 7.6x10a "
FC (FC 100 mf) +26.00 +35.00 +40.00 +32.00 +29.00 +44.00 +36.00 425.33" | 42.87

Mean + SD of six values; *, **, ***significantly dierent to the values before the diversion at P§0@01 and 0.001 ANOVA;
a-significantly different to the diversion pointDexritical difference; NS-not significant; ND-noetécted.

Table 2. Water quality index beforediversion Old Ganga Canal, Pathri Super passage and Solani Aqueduct sampling stations.

Before diversion (S) Pathri Super passagg (S Solani Aqueduct ($
Parameter Q-value erlghtlng Subtotal | Q-value| Weighting Subtotal | Q-value| Weighting Subtotal
actol factol factol
pH 91 0.12 10.9¢ 90 0.12 10.8¢ 90 0.12 10.7¢
Change in temp 30 0.11 3.28 29 0.11 3.24 29 0.11 20 3.
DO 7 0.18 1.23 7 0.18 1.20 7 0.18 1.14
BOD 61 0.12 7.32 21 0.12 2.58 7 0.12 0.86
Turbidity 91 0.09 8.22 91 0.09 8.20 88 0.09 7.98
Total Phosphorus 5 0.11 0.55 5 0.11 0.5p 5] 0.11 505
Nitrate Nitrogel 88 0.1C 8.7¢ 10 0.1(C 1.0C 10 0.1C 0.9¢
Total solids 31 0.17 5.26 31 0.17 5.22 30 0.17 5.16
Fecal coliforms 38 0.17 6.43 2 0.17 0.3 2 0.17 40.3
Total 117 52.00 - 1.17 33.15 - 1.17 30.9p
Water quality index 44.44 - - 28.33 - - 26.4
Water quality rating Bad - - Bad - - Bad

Table 3. Water quality index at Dhanauri and Piran Kaliyar sampling stationsat Old Ganga Canal

Dhanauri (9 Piran Kaliyar (9
Parameter Q-value erlghtlng Subtotal | Q-value| Weighting Subtotal
actor factor

pH 24 0.12 2.85 64 0.12 7.73
Change in temp 28 0.11 3.13 20 0.11 2.17
DO 6 0.18 1.14 4 0.18 0.74
BOD 2 0.12 0.24 2 0.12 0.24
Turbidity 85 0.09 7.69 73 0.09 6.57
Total Phosphort 5 0.11 0.5¢ 5 0.11 0.5¢
Nitrate Nitrogen 1 0.10 0.10 1 0.10 0.10
Total solids 29 0.17 4.99 28 0.17 4.78
Fecal coliforms 2 0.17 0.34 2 0.17 0.34
Total 1.17 21.04 - 1.17 23.21
Water quality inde 17.9€ - - 19.8¢
Water quality ratin Very Bac - - Very Bac
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Table4. Water quality index at Mehwar Kalan and Roor kee sampling stationsat Old Ganga Canal

Mehwar Kalan (§ Roorkee (§
Parameter Q-value erlghtlng Subtotal | Q-value| Weighting Subtotal
actor factor

pH 68 0.12 8.1¢ 80 0.12 9.5¢
Change in ter 21 0.11 2.2€ 21 0.11 2.3C
DO 5 0.18 0.93 6 0.18 1.11
BOD 2 0.12 0.24 2 0.12 0.24
Turbidity 76 0.09 6.88 82 0.09 7.35
Total Phosphorusg 5 0.11 0.55 5 0.11 0.55
Nitrate Nitrogel 1 0.1 0.1C 3 0.1C 0.27
Total solid: 28 0.17 4.8t 28 0.17 4.87
Fecal coliforms 2 0.17 0.34 2 0.17 0.34
Total 1.17 24.33 - 1.17 26.58
Water quality index 20.79 - - 22.71
Water quality rating Very Bad - - Very Bad

In the present study, DO was decreased 8.21 naglsampling station,$8.05 mgL* at S, 7.69 mglL* at S, 4.22
mgL* at S, 5.82 mgl* S; and 6.41 mgtiat S respectively from it initial level 8.44 mgL The maximum decrease
in dissolved oxygen was noted at sampling statipard it is likely due to discharge of huge quantifyuntreated
domestic effluent in Old Ganga Canal. The BOD a@Dof the canal water at sampling station S wecended
4.55 mgL* and 8.95 mgL’. The BOD and COD were increased 14.88 thghd 24.88 mgttat sampling station;S
25.89 mgl* and 42.64 mgtat S, 36.67 mgL* and 78.82 mgtat §, 270.42 mgl* and 289.74 mgtat S, 220.12
mgL™* and 260.25 mgt at § and 186.71 mgt and 252.44 mgt at § sampling stations respectively (Table 1).
The dissolved oxygen, BOD and COD were recordebetcsignificantly (P<0.05) different at all the sdimg
stations in comparison to the control samplingi@atHigh BOD and COD might be due to presenceighh
oxidizable organic matter and rapid consumptiomiesolved inorganic materials. The higher bactddad (SPC
and FC) in textile effluent might be due to presenEmore dissolved solids and organic matter énefiluent [23,
24, 34, 35].

The low DO of the stream might be linked directiyhigh value of nutrients (nitrate and phosphateeoved from
the stream with subsequent high coliform populatiamich might have reduced the DO [5]. This impliest the
effluent discharge from the textile industry midtatve released high oxygen-demanding wastes [4]r&mmental
implication of low DO is death of aquatic organispis High COD in water indicates the presence iofdgically

resistant organic substances [20]. The elevatagesabf COD in this study were in line with the stud Olayinka
[18] who found a high value of COD in groundwatkrse to textile effluent discharge. Poor water fyalan have
an adverse effect on aquatic diversity. Water ¢gpakn be adversely affected by pollution; for epéanchemicals
entering the canals via discharge pipes or sedping dumped containers. In some locations therestmen water
overflows, which in times of severe rain, can ogasions cause an inflow of raw sewage [23, 24, IB5addition

the impact on water quality of less obvious soumfepollution, particularly diffuse sources, can dmnsiderable.
Diffuse pollution sources tend to drain slowly @ndiscriminately from farm, residential, industrial derelict land
bordering the canals, reservoirs or their tribesfil6, 29, 30].

3.5. Chlorides, calcium, sodium, potassium and magnesium

The chlorides, calcium, sodium, potassium and msigneof the canal water at sampling station S wecerded
87.41 mgl', 142.58 mgl*, 26.36 mgl*, 18.96 mgl* and 112.36 mgt respectively. The values of chlorides,
calcium, sodium, potassium and magnesium were aseck 92.86 mgt 148.75 mgl*, 29.88 mgl*, 22.54 mgL’,
and 117.48 mgt at sampling station;S112.78 mgL}, 152.87 mgL*, 32.78 mgL}, 26.58 mgL* and 124.91 mgt
at S, 136.85 mgl, 162.85 mgl, 45.25 mgl*, 39.49 mgl* and 135.82 mgtat S, 184.67 mgL*, 199.64 mgL,
63.85 mgl*, 54.87 mgl* and 165.84 mgt at S, 172.85 mgL}, 180.28 mgl}, 58.74 mgL}, 49.36 mgL' and
162.36 mgl* at § and 160.36 mgt, 178.36 mgl}, 52.31 mgl*, 44.58 mgl* and 157.28 mgt at § sampling
stations respectively (Table 1). The chloridescicah, sodium, potassium and magnesium of the caatdr were
recorded to be significantly (P<0.05) different#itthe sampling stations in comparison to conffble findings are
supported by the authors [17, 18, 19].

3.6. Total phosphorus, nitrate nitrogen and sulphates

The total phosphorus, nitrate nitrogen and sulghiteanal water were 4.34 m¢L0.54 mgl* and 124.35 mgt
respectively at S sampling station. The valuesotdl tphosphorus, nitrate nitrogen and sulphate® i@aind 5.66
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mgL*, 12.28 mgL* and 135.40 mgt at S, 7.40 mgL*, 12.48 mgl* and 138.96 mgt at S, 11.45 mgL*, 26.85
mgL? and 162.38 mgt at S, 42.87 mgL?, 48.85 mgL* and 234.55 mgtat S, 32.75 mgL?, 24.85 mgt* and
228.74 mgl* at S and 28.63 mgt, 18.96 mgL* and 210.24 mgt at § sampling stations. The values of total
phosphorus, nitrate nitrogen and sulphate wereifgigntly (P<0.01) different at all the samplingtes in
comparison to the control (Table 1). Effluent disge generally adds significant quantities of salish as sulfates,
phosphates, bicarbonates, chlorides of sodiumijuralgotassium and magnesium to the aquatic envieon [23,
24]. Over time, silt gathers on the canal bed. Thisbined with submerged rubbish thrown into caaal$ general
debris tends to reduce the navigable depth [26, 2/@dging operations remove this and hence imptbhgecanals
for navigation. This aims to improve the benthiditet for wildlife, and also to increase the watesiesthetic
appearance. Higher content of N and P in wastevilateease the aquatic weeds species in the cadatam also
physically impede water-flow [18, 19, 20].

3.7. Heavy metals

The heavy metals are at very low concentratiorthénnatural environment. They are introduced tdaser waters
as waste by human activities. Some of the metalsoatern for human and aquatic health are cadmiead,
copper, mercury, selenium, and chromium etc. Thetera of Cu, Fe, Mn and Zn were recorded 0.02 Thd@l08
mgL™, 0.12 mgL*, and 0.63 mgt respectively while Cd, Cr, Ni and Pb were not detedn canal water at control
sampling station. The values of these metals weneased Cd (0.14 mgt), Cu (1.08 mgL?), Cr (0.22 mgL?), Fe
(3.47 mgL™), Ni (1.01 mgL™), Mn (0.14 mgLY), Pb (0.30 mgL*) and Zn (1.42 mgL') at Ssampling station, Cd
(0.16 mg L™, Cu (1.15 mgLY), Cr (0.28 mgL?), Fe (3.75 mgLY), Ni (1.06 mgL™), Mn (0.18 mg L), Pb (0.36
mgL ™) and Zn (1.52 mg}) at S, Cd (0.18 mgL"), Cu (1.30 mg L%, Cr (0.36 mgL?), Fe (4.25 mgL?), Ni (1.18
mgL ), Mn (0.26 mg L™, Pb (0.46 mg %) and Zn (1.64 mgL!) at S, Cd (1.12 mgL?"), Cu (1.74 mgL?), Cr
(0.58 mgL™), Fe (5.69 mgL™Y), Ni (1.58 mgL™?), Mn (0.36 mgL™?), Pb (0.64 mgL?) and Zn (1.87 mgL) at S, Cd
(1.06 mgL™), Cu (1.62 mgL™), Cr (0.42 mgL™"), Fe (5.24 mgL™), Ni (1.35 mgL™), Mn (0.32 mgL™), Pb (0.56
mgL ™) and Zn (1.75 mgl?) at $ and Cd (0.86 mg [), Cu (1.41 mgL?Y), Cr (0.40 mgL™"), Fe (5.12 mgL?), Ni
(1.14 mgL™), Mn (0.29 mg L™), Pb (0.45 mgL") and zn (1.72 mgl?') at S respectively. The metal contents
increased significantly (P<0.01) in sub canal wateall the sampling sites after discharge of texffluent (Table
1). The content of metals was observed to be stgmifly (P<0.01) different at all the sampling &ias. Health
implications of high concentration of lead incluadeemia, kidney damage and cerebral edema [6, 8hn@tm,
zinc and potassium values lie within the permissibhits [24, 25, 26] as given by Yusuff and Somé {5, 26].
Sekhar et al. and Vinod and Chopgd., 23, 24] have correlated heavy metal contantnato industrial effluent
discharge. Urbanization and population growth iraRiKaliyar a pilgrim city has rapidly increasedtle volumes
of wastewater generated in the region to aboutQ®0pd day™. Since there is no proper wastewater disposatsyst
untreated domestic sewage is released directhtm@anal. Canal receives wastewaters from sroalé sndustries
such as commercial laundries, textile dyeing opamnat hospital, the slaughterhouse, and miscellaeschargers
such as petroleum and other oily waste from motehiale workshops. Furthermore, since the canal is
topographically situated at a low elevation, a éangimber of side canals drain into the Mid-canahwheir heavy
pollutant loads [36, 37, 38].

3.8. SPC and FC

Bacterial parameters, such as fecal coliform aaddsrd plate count which serve as indicators ddilfpollution

were studied. The SPC and FC in unpolluted canamgere found 2.3x2BPC mfand 1.6x18FC100 mit.

Their values increased in water to 5.3%¥ $8C mftand 8.6 x 1®FC100 mf* at S sampling station, 7.8x2®PC
mltand 9.5x10FC100 mit at S, 6.9x10 SPC mftand 8.6x16FC100 mf* at S, 8.5x10 SPC mt*and 9.6x18
FC100 mt* at S, 4.8x16 SPC mi'and 6.8x1OFC100 mi* at § and 9.5x10SPC mitand 7.6x10FC100 mf*at S

sampling stations respectively. The values of SRE EC were noted to be significantly (P<0.001) atiét at all
the sampling stations in comparison to control damgstation (Table 1). The presence of FC in OshGa Canal
water is an indication of contamination by humawage or animal droppings which could contain dieezausing
organisms [37, 38].

4, Water quality index (WQI)

Water quality index is a 100 point scale that summea results from a total of nine different measuents like
temperature, turbidity, total solids, pH, dissolvedygen, biochemical oxygen demand, nitrate nitnpgetal

phosphorus and fecal coliform. The 100 point indam be divided into several ranges viz. excell®8ft100), good
(70-90), medium (50-70), bad (25-50) and very a@%). In the present study, the WQI rating of Glanga Canal
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water was of bad (44.44) at sampling station S,iddclined to bad (28.33) at,$ad (26.43) at,Sbad (19.84) at
Ss, very bad (17.98) at,Svery bad (20.79) ats&nd very bad (22.71) at sampling statigiTable 2, 3, 4).

CONCLUSION

It was concluded that Old Ganga Canal has high @arand biological contaminants in terms of phgsitiemical
and microbiological parameters. Drainage of domestastewater considerably increased the physicoictad,
microbiological characteristics and metal contewits TS, EC, pH, BOD, COD, Cl Ca, Na, K, Mg, total
phosphorus, nitrate nitrogen, $Q Cd, Cu, Cr, Fe, Mn, Ni, Pb, Zn, SPC and FC ofatamater. The study
suggested that the wastewater being dischargedhatoanal by the localities have considerable thegyaffects on
the water quality of canal and the water is notdgém human consumption and ecological health ofataWwQl
showed that the canal water quality changed badgety bad after discharge of wastewater. Thus, dtmes
wastewater and agricultural runoff deterioratesviager quality of Old Ganga Canal which is an ustismmsource of
potable and irrigation water as well. It is therefaecommended that the wastewater from differenélities
especially from Piran Kaliyar should be treatedobefbeing disposed into the canal. Further invatitg is
required on the water quality of Old Ganga Candligmimpact on ecological components.
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