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Abstract: Zooplanktons  are  animals floating in water that constitute an important food source for many
species of aquatic organisms. They consist of Protozoa, Cladocera, Copepoda, Rotifera etc and serve as
indicators  of  the  health  of  any aquatic body. They are very sensitive to the environment that they live in.
A change in the environment leads to change in the tolerance, abundance, diversity and dominance of
planktons. Therefore, this paper deals with the effect of domestic sewage on zooplankton population in River
Rapti at Gorakhpur U.P. India. During the study period, 18 species of zooplanktons were observed belonging
to families Protozoa (6), Rotifera (4), Cladocera (3), Copepoda (4) and Ostracoda (1). Among different groups
of zooplanktons, protozoa population was the most abundant. In this study it was observed that population
of zooplankton was very low where sewage mixed into river.
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INTRODUCTION Sewage water discharge is a major component of

India is rich in water resources, having a network of nutrient loading of  the  water  bodies promoting toxic,
as many as 113 rivers excluding tributaries and vast algal blooms and leading to a destabilized aquatic
alluvial basins to  hold plenty of groundwater. India is ecosystem.  The   problem is  further  compounded in
also blessed with snow-capped peaks in the Himalayan areas where waste water treatment systems are not
range, which can meet a variety of water requirements of effective [2].
the country. However, with rapid increase in the Domestic  human  waste  includes human excreta,
population of the country and the need to meet the urine and the associated sludge (collectively known as
increasing demands of irrigation, domestic and industrial black water) and wastewater generated through bathing
consumption, the available water resources in many parts and kitchen (collectively known as grey water).
of the country are getting depleted and the water quality The   average    daily    output    of    human  waste
has deteriorated. In India, water pollution comes from (i.e. excrement and urine) has been increasing with
three main sources: domestic sewage, industrial effluents increase in population.
and run-off from agriculture. Water pollution affects plants and organisms living

The most significant environmental problem and in the water bodies. In almost all cases the effect is
threat to public health, in both rural and urban India, is damaging not only to individual species and populations,
inadequate access to clean drinking water and sanitation but also to the natural biological communities.
facilities. Almost all  the  surface  water  sources are Zooplanktons that are heterotrophic planktonic
contaminated to some extent by organic pollutants and animals floating in water constitute an important food
bacterial contamination and make them unfit for human source  for  many  species  of aquatic organisms [3].
consumption unless disinfected. The diseases commonly Tucker [4] reported zooplanktons are rich with the
caused by contaminated water are typhoid, cholera, essential amino acids and fatty acids. Zooplanktons are
gastroenteritis, bacterial dysentery, hepatitis, globally recognized as organisms that indicate pollution
poliomycitis, amoebic dysentery etc [1]. in aquatic environment [5].

water pollution contributing to oxygen demand and



A×1000×CN (number of individuals)/Liter = 
L
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The knowledge of plankton composition and Collection and Preservation of Zooplanktons: For the
distribution with respect to time and space in a water analysis of zooplankton samples were collected by
body are of great value [6]. Zooplankton study is of filtering 30 liters of water through standard plankton
necessity in fisheries agriculture and paleolimnological counting net. Planktons were counted with the help of
research [3]. Zooplanktons biomass, abundance and Sedgewick Rafter slide. The plankton samples were
diversity are used to determine the condition of the observed under  Olympus  microscope. The planktons
aquatic environment [7]. were identified using books and journals [14-20].

The continuous  monitoring  of river’s water quality Abundance of zooplankton was estimated as
is very essential to determine the state of pollution in our organisms/liter in the concentrated sample using the
rivers. Studies of this type provide important information equation:
to general public and government which can be further
used to develop the policies for the conservation of
important natural fresh water resources [8]. Many reports
on different water bodies about the effect of sewage on
zooplankton diversity are available [6, 9, 10]. Therefore, an Where, A =Number of zooplanktons/cc 
attempt to evaluate the effect of domestic sewage on C =Volume of concentrated sample taken for counting
zooplankton population  in  River Rapti a tributary of L = Volume of water in liter for collection of sample
River Ghaghara at Gorakhpur, U.P., India is made in this 1000= Area of counting chambers
paper.

MATERIALS AND METHODS

Sampling Stations: Three water sampling stations were
selected over 6 km stretch of River Rapti. Station I (R ): The average physicochemical quality of River Rapti1

upstream of sewage discharge, station II (R ): sewage at three sampling stations in Gorakhpur during winter,2

mixing point, here a continuous discharge of city sewage summer and rainy season are presented in Table 1.
through a large cemented drain occurs on the bank of the Maximum water temperature 33.8°C was observed at
river this was about 3 km away from the station I and station R  in summer season and minimum 19.9°C at
station III (R ): downstream of sewage discharge point, station R  in winter season. The pH value of the river3

about 3 km away from station II. water at different stations was recorded to be within

Sample Collection and Their Physicochemical Analysis: 7.0 at station R  in winter season. Highest value of
The study of the River Rapti at Gorakhpur was done for 12 electrical conductivity 404 µmhos/cm was recorded at
months (Dec. 2009 to Nov. 2010). Samples of river water station R in summer season and lowest value 198
were collected in winter (Dec.  2009) rainy (August 2009) µmhos/cm was recorded at station R in rainy season and
and summer (Jun 2010) seasons from all three stations. highest value  of  total dissolved solids (TDS) 260 ppm
Samples were collected in plastic bottles for was recorded at station R  in summer season and lowest
physicochemical analysis. For biochemical oxygen value 102 ppm was recorded at station R  in rainy season.
demand (BOD) and dissolved oxygen (DO) samples were Dissolved O  ranged between 10.2 ppm at station R
collected in BOD bottles. Temperature, pH and dissolved during winter to 2.4 at station R  summer season. Low
oxygen were measured at the site. level of  DO  is  again  indicative of polluted nature of

Methods for Analysis of Physicochemical Parameters: in summer season and 2 ppm at station R and R  in winter
The  physicochemical  analysis  was  carried  out  using season.  Chloride  concentration ranged between 12 ppm
the methods given by APHA [11], Trivedi and Goel [12] at station R  in rainy season to 285 ppm at station R  in
and Adoni [13]. pH was measured using pH meter and summer season. The carbonate alkalinity varied from and
temperature was measured using  simple, mercury filled 24.4 ppm at station R  in summer season and 3.5 ppm at
Celsius  thermometer.  Nitrate, phosphate and sulphate station R  in rainy season. Bicarbonate alkalinity varied
test kits were purchased from Hi-media Laboratories Pvt. from 81 ppm at station R  in rainy season to 762 ppm at
Ltd., Mumbai, India. station R  in summer season. Total hardness, Ca hardness

Data was subjected to Analysis of variance.

RESULTS
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Table 1: Mean values of physical and chemical parameters of winter, summer and rainy seasons in River Rapti at Gorakhpur

Stations
---------------------------------------------------------------------------------------------
Winter Summer Rainy
---------------------------------- ------------------------------ -----------------------------

Parameters R R R R R R R R R Between stations Between Seasons1 2 3 1 2 3 1 2 3

Temp (°C) 20.0 20.0 19.9 33.5 33.8 33.2 27.5 27.7 26.5 *(p<0.05) **(p<0.01)

pH 8.0 7.0 8.2 8.5 7.4 8.2 8.2 7.2 7.5 *(p<0.01)

Elec. Cond.
(µmhos/cm) 201 264 224 220 404 309 198 245 203 *(p<0.05) *(p<0.05)

TDS (ppm) 110 207 164 122 260 182 119 146 102 *(p<0.05) *(p<0.05)

DO  (ppm) 10.2 3.6 8.2 7.6 2.4 6.9 8.8 3.6 8.0 **(<0.01) *(p<0.01)2

Free CO (ppm) 2.0 6.0 2.0 8.0 20.0 6.0 4.0 18.0 5.4 *(p<0.01) *(p<0.05)2

Cl (ppm) 20 270 48 35 285 46 12 109 20.2 *(p<0.01)2

CO  (ppm) 14.4 4.0 8.4 24.4 8.0 14.0 6.8 3.5 4.0 *(p<0.01) *(p<0.01)3

HCO  (ppm) 208 660 301 372 762 608 92 115 81 *(p<0.05) *(p<0.01)3

Tot Hard. (ppm) 188 424 220 200 492 268 122 492 198 **(p<0.01)

Ca Hard. (ppm) 49.7 95.6 69.6 65.4 216 68.6 54.5 65.8 44.6

Mg Hard.(ppm) 21.88 62.28 24.0 24.16 54.38 39.64 11.9 91.1 25.76 *(p<0.01)

NO  (ppm) 0.019 0.072 0.038 0.038 1.80 0.19 0.049 0.48 0.0713

PO (ppm) 0.02 0.38 0.016 0.06 1.60 0.40 0.04 1.54 0.6 *(p<0.01)4

SO (ppm) 14.8 18.5 14.5 11.6 18.4 12.6 11.9 10.4 12.9 *(p<0.01)4

BOD (ppm) 3.2 69.4 2.2 6.8 109.4 5.9 4.0 70.4 5.0 **(p<0.01)

COD (ppm) 22.0 51.0 39.8 23.2 46.5 32.5 19.2 49.6 30.8 *(p<0.01)

**(p<0.01) indicates highly significant differences 
*(p<0.01) and *(p<0.05) indicates significant differences 

Table 2: Mean values of zooplanktons (unit/liter) in winter, summer and rainy seasons in River Rapti at Gorakhpur.

Stations
---------------------------------------------------------------------------------------
Winter Summer Rainy
-------------------------------- --------------------------------- -----------------------------------

Genra R R R R R R R R R Between Stations Between Seasons1 2 3 1 2 3 1 2 3

Protozoa Arcella sp. - - - - - - 150.0 66.6 75 *(p<0.01)
Difflugia sp. - - - - - - 133.3 58.3 75.0 *(p<0.01)
Vorticella sp. 183.3 58.3 100.0 175.0 75.0 91.6 250.0 91.6 150.0 **(p<0.01) *(p<0.01)
Euglena sp. 125.0 66.6 100.0 133.3 50.0 66.6 - - - *(p<0.05) *(p<0.01)
Paramecium - - - 166.6 58.3 91.6 175 66.6 100 *(p<0.05) *(p<0.01)
Gloucoma - - - 83.3 - 75.0 - - - *(p<0.05)

Total 308.3 124.9 200.0 558.2 183.3 324.8 708.3 283.1 400

Rotifera Monostyla sp. 141.6 - 191.6 100.0 - 150.0 166.6 66.6 100 *(p<0.01)
Keratella sp. - - - 158.3 - 125.0 - - - *(p<0.05)
Trichocerca similes 100.0 50.0 91.6 108.3 50.0 83.3 - - - *(p<0.05) **(p<0.01)
Polyarthra - - - 83.3 50.0 75.0 75 50 66.6 *(p<0.05) **(p<0.01)

Total 241.6 50 283.2 449.9 100.0 433.3 241.6 116.6 166.6

Cladocera Alona sp. 133.3 50.0 150.0 141.6 58.3 100.0 158.3 58.3 83.3 **(p<0.01) *(p<0.01)
Daphnia sp. 100.0 58.3 166.6 158.3 66.6 116.6 - - -
Moina sp. 108.3 50.0 108.3 100.0 58.3 83.3 100 50 75 **(p<0.01)

Total 341.6 158.3 424.9 399.9 183.2 199.9 258.3 108.3 158.3

Copepoda Cyclops 141.6 83.3 75.0 166.6 100.0 100.0 - - - *(p<0.05) **(p<0.01)
Nauplius larva 108.3 - 91.6 125.0 - 100.0 - - - *(p<0.05) *(p<0.05)
Nothoica - - - 66.6 83.3 100.0 - - - **(p<0.01)
Branchionus 125.0 50.0 83.3 141.6 58.3 91.6 125 - 75 **(p<0.01) *(p<0.05)
Total 374.9 133.3 249.9 499.8 241.6 391.6 125 - 75

Ostracoda Cypris sp. - - - 100.0 - 75.0 - - - **(p<0.01)

Total - - - 100.0 - 75.0 - - - *(p<0.05)

**(p<0.01) indicates highly significant differences
*(p<0.01) and *(p<0.05) indicates significant differences
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and Mg Hardness varied from 492 ppm at station R  in Copepoda: This group  was  represented  by 4 genra that2

summer and rainy season and 122 ppm at station R  in is  Cyclops sp., Nauplius  larva  and  Brachionus sp.1

rainy season,  216  ppm  at station R  in summer season The maximum number of species of Copapoda 499.82

and 44.6 ppm at station R  in rainy season and 91.1 ppm at organisms/L in  summer  season was recorded at station3

station R  to 11.9 ppm at station R  in rainy season R . The minimum number of species 75 organisms/L in2 1

respectively. Nitrate was ranged between 0.038 at station rainy season was recorded at station R . In rainy season
R  to 1.80 ppm at station R  in summer season. Nitrate is copepod was absent at station R1 2

one of the most important indicators of pollution of water.
Phosphate was found to be 1.60 ppm at station R  in Ostracoda: Only one genus that is Cypris sp. was2

summer season and 0.016 ppm at station R  in winter recorded in this group. Maximum number of species of3

season. Sulphate concentration ranged between 18.4 ppm Copapoda 100 organisms/L in summer season was
at station R  in summer season to 10.4 ppm at station R  in recorded at station R At station R2 group Ostracoda was2 2

rainy season. The BOD of river water varied from 109.4 absent and group Ostracoda was present only in summer
ppm at station R  in summer season and 2.2 ppm at station season.2

R in winter season. Chemical Oxygen Demand (COD)3

values ranged between 49.6 ppm at station R  in rainy DISCUSSION2

season to  19.2  ppm  at station R   in  rainy  season.1

Mean values of zooplankton (units/liter) of River Rapti at In present investigation an increase in electrical
three sampling stations (R , R  and R ) in winter and conductivity, TDS, free CO  bicarbonate alkalinity, total,1 2 3

summer seasons are presented in table 2. 18 species of Ca and Mg hardness, chloride, nitrate, phosphate,
zooplankton were observed belonging to 5 families sulphate, BOD and COD while a decrease in pH, DO and
Protozoa (6), Rotifera (4), Cladocera (3) Copepoda (4) and carbonate alkalinity was observed at sewage mixing point.
Ostracoda (1). However, these parameters gradually changed at the

Protozoa: In present study Protozoa was observed as a Highest value, 404 µmhos/cm, was recorded at station R
in summer season. This might be due to the addition of

Arcella sp., Difflugia sp., Vorticella sp., Euglena sp., sewage into it. An increase in electrical conductivity
Paramecium sp. and Glaucoma sp. The maximum number indicates pollution in water  bodies [20, 21]. An increase
of species of Protozoa 708.3 organisms/L in rainy season in TDS at station where sewage meets river water
was recorded at station R while the minimum number of indicates an increase in pollution. Water with high1

species 124.9 organisms/L in winter season was recorded dissolved solid is of inferior quality and may induce
at station R where sewage mixed into the river. adverse response in the body of the consumer [22, 23].2

Rotifera: This group was represented by 4 genra body. Low level of oxygen on addition of sewage waste
Monostyla sp., Keratella sp., Trichocerca similies and from  human  settlements  is  reported by Iqbal et al. [24]
Polyarthra sp. In the present study maximum number of in  Dal  Lake.  At  station R  saturation level of dissolved
species of Rotifera 449.9 organisms/L in summer season O  was very low (2.4 ppm) in summer and (3.6 ppm) in
was recorded at station R . Minimum number  of species winter and rainy season. It may be due to high rate of1

50 organisms/L in winter season was recorded at station oxygen consumption by oxidizable matter coming along
R  where sewage mixed into the river. with sewage. Free CO present in large amount at station2

Cladocera: This  group  was  represented by 3 genra consumption of oxygen and release of CO  by the
Alona sp., Daphnia sp. and Moina sp. throughout the respiratory activity of the living organisms. Maximum
year. Maximum number of species of Cladocera 339.9 values of free CO (20 ppm) recorded at station R  during
organisms/L in summer season was recorded at station R . summer might be due to acceleration in the rate of1

Minimum number of species 108.3 organisms/L in rainy decomposition of organic matter by microbes, decrease of
season was recorded at station R  where sewage mixed photosynthetic activity and high rate of respiration by2

into the river. benthic   biota   and   microorganisms   [13,  22, 25  &  26].

1

3

2.

1.

2,

station away from sewage mixing point (downstream).
2

dominant group. This group was represented by 6 genra

Low level of DO again indicates polluted nature of water

2

2

2

R  can be attributed to high BOD load that comes with2
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Maximum values of bicarbonate alkalinity recorded at REFERENCES
station R  and R  were probably due to the input of2 3

domestic sewage. Shah [27] noticed higher concentration 1. Effect of sewage pollution on surface water bodies,
of bicarbonate alkalinity  in  the  domestic  sewage during c p c b e n v i s . n i c . i n / n e w s l e t t e r / s e w a g e
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total hardness were recorded at station R . In the present 2. Shivaraju, H.P., 2011. Impact Assessment of sewage2

study higher values of Ca, Mg and total hardness discharge on underground water qualities around
observed at all the three sampling stations (Table 1) may municipal sewage treatment plant (Mysore City,
be due to input of domestic sewage which contains India). International Journal of Research in Chemistry
organic matters. Higher content of Ca hardness during and Environment, 1(2): 28-35.
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R  due to continuous influx of contaminated domestic 4. Tucker, J.W., 1992. Feeding intensively cultured2

sewage. Similar results are reported by Sinha [26] in the marine  fish larvae  p.129-146.  In Allan  G.  I.  and
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domestic  sewage  containing  decayed  organic  matter Australia.
[27 & 29]. Higher values (69.4 ppm in winter and 109.4 ppm 5. Yakubu,   A.F.,   F.D.   Sikoki,  J.F.N.  Abowei  and
in summer) were recorded at station R , owing to high S.A. Hart, 2000. A comparative study of2

amount of organic matter in domestic sewage phytoplankton communities of some rivers creeks
(Paramshivam and Sreenivasan [30], Somashekar [31] and borrow pits in the Niger Delta Area. Journal of
Sinha [26] and Chandrashekar et al. [32]. Maximum values Applied Science, Environment and Management,
of COD were recorded  at  station R  indicating presence 4(2): 41-46.2

of organic wastes in sewage. 6. Pawar, B.A., 2010. An Assessment of zooplanktons
The population of zooplankton was low at station R population of Kelewadi Lake, with a reference to2

where sewage mixed into river. This lowering of Pisciculture Ahmednagar District, Maharashtra.
zooplankton population at station R  might be due to Bioresourses of Rural Livelihood, 3: 257-261.2

change in the physicochemical parameters of the water 7. Marine Biology Organization (MBO), 2007.
due to the presence of organic and inorganic matter of Zooplankton. Retrieved Sept. 29, 2006, from
sewage as evidenced by many workers [22, 33, 34 and 35]. http://www.marine.bio.com/oceans/zooplankton.asp-
Limnological studies of water quality are based on the 62k.
principle that every type of aquatic ecosystem is 8. Ali,  M.,  A.  Salam,  A. Azeem,  M.  Shafique and
associated  with  one  specific  community of organisms, B.A. Khan, 2000. Studies on the effect of seasonal
the living communities that develop in aquatic variation  on  physical  and chemical characteristics
ecosystems depend on specific physicochemical of mixed water from River Ravi and Chenab at union
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[39-44]. Zooplankton represents a sensitive indicator of O. Jeyachitra, 2007. An assessment of plankton
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