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ABSTRACT 

 
This study deals with the investigation of effluents from industries namely beverage industry and 

carpet industry and its subsequent alteration on physicochemical parameters of Manohara River 

water considering up to 100m downstream from the point of mixing of effluent and river water. 

Twenty-one physicochemical parameters were analyzed from nine different sampling points 

during April, May, August and September of 2004. The study shows that effluents from both the 

industries are responsible to degrade the water quality of Manohara River and the industries are 

not following the legal instruments. Moreover, it also shows that Manohara River is OK up to the 

Sankhu area and it is getting progressively as it flows downstream. 
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Introduction: 

 
Economic development of the country is guided by the growth in industrial sector but Human 

inabilities to dispose wastewater directly from these industries in a ways not changing the natural 

balance of the aquatic environment cause water pollution. Disposal of waste is necessity and 

production cannot be eliminated. In terms of water pollution, industrial effluent are usually liquid, 

varying considerably in composition and generally contain water, organic solvents, suspended 

solids and dissolved chemical compounds. Effluent may vary in quality and strength from 

relatively harmless dirty water to highly toxic metallic and organic sludge (APHA, 1998). 

 
Forty per cent of Nepal’s total industrial units (4,271) in 1992 were related to water pollution. In 

Kathmandu Valley, this accounted for 57% of total industrial units (2,174) (SOE, Nepal, 2001). 

All industrial wastewater in most cases are either directly discharged into local water bodies or 

into public sewers without treatment. The Carpet industries alone consume about 6.1 million 

liters of water per day and generate 5.5 million liters of wastewater daily. Up to fiscal year 

2002/2003, the total number of industries registered was 157,458 out of which only 32933 have 

been renewed. Among manufacturing industries number of Carpet and soft drink manufacturing 

industries registered in 1996 to 2003 were 1223 & 185 respectively (DCSI 2004).   

 
Poudel and Upadhayaya (1995) on their study on water quality of Bagmati and Manohara River 

concluded that Manohara khola was comparatively less polluted than Bagmati. Report of DHM 

(1996) on water quality of Rivers draining Kathmandu valley, the Pokhara valley and the Terai 

region concluded that Rivers like Bagmati, Bishnumati, Dhobikhola, Manohara and Hanumante 

were all highly polluted. HMG/N (then) (1994) categorized sources of water pollution on 

Bagmati River as domestic wastewater, storm water, industrial wastewater and agricultural runoff 
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based on study on water quality of different parts of the River, industrial effluent and domestic 

sewage in Kathmandu valley. Gewali et al., (1994) in his study of industrial effluents showed that 

effluents with very high temperature were discharged directly from Brewery, Carpet Dyeing and 

Tannery industries. Further, Balaju Industrial District effluents were alkaline and rich in organic 

waste and the Cr concentration in Brewery and Tannery wastewater was found to be higher than 

permissible level. Lekhak (1997), Devkota, S. R., (1997)  Sah et al. (2000), and Pariyar (2002) 

performed similar studies.  IUCN (2000) reported that wastewater discharged from industries 

tend towards acidic nature and contain various pollutants such as Phenols, Suspended Solids, 

Chromium, Mercury, Nickel, Lead, Copper and Cadmium.  

The diversity and quantity of wastes produced will continue to increase in future.  

This study was conducted to clarify the effect of industrial effluent on river water along specified 

stretch of the river water downstream from the point of discharge of effluent. The effect of 

effluent on water quality of river was assessed by comparing parameters value of downstream and 

mixing point to the water quality parameters at the point just upstream from the mixing of 

industrial effluent. Furthermore, the industrial effluents were tested for their compliance with the 

existing legal framework and regulatory requirements of GoN. 

Study Site:  

Manohara River, one of the important tributary of Bagmati River, originates at the Nagarkot ridge 

at an elevation of about 2000m in the East of the Kathmandu valley. The river has an approximate 

total length of 24km and drainage area of about 75 km2. Salinadi, Manamati, and Indrayani are 

the major tributaries at head reaches. As river forwards downstream Hanumante, Godavari and 

the Kodku confluence one after another before it culminate into Bagmati River. Manohara at 

Bode and Kodku are Harisiddhi are used as source of drinking water supply. Thus river Manohara 

and its tributaries serve the major district of Kathmandu valley providing an important source of 

water for varied use. Besides Manohara River serves as an important source of sand as mineral 

resource for construction purpose. 

 

Altogether, three sampling sites were selected for the purposes of present study.  Site I is located 

at about 1km south from Sankhu town, just downstream from the confluence of Manohara River 

and Salinadi River. The river at sampling site was characterized by wide and shallow flow; 

riverbed dominantly consists of Gravel and sand. Sewerage discharge into the river was almost 

absent. Site II is located in Sinamangal, which is about 14km downstream along the river from 

site I. The sampling point is scattered north and south of the bridge linking Kathmandu and 

Bhaktapur. At about 50m upstream from the bridge, the beverage industry, through open drain, 

discharges its effluents directly into river water. The river flow was wide and straight and the 

riverbed predominantly consisted of sand. Site III is located at Balkumari, Koteshwor, at about 5 

km downstream along river from site II. The Carpet dyeing industry discharge its effluents 

through open drain at about 30m upstream towards east from the bridge. Study area and sampling 

sites are shown in figure 2 

 

METHODS: 

All the experiments were performed according to methods described in "Standard Method for the 

Examination of Water and Wastewater 1998"[APHA, AWWA, WEF, 20th Ed.] and "Text Book 

of Quantitative Chemical Analysis"1996[Vogel's, 5th Ed.] 

Three sets of samples were collected for four months each during April, May, August and 

September in the year 2004. Out of three sets, the first set consisted samples obtained from single 

point of river Manohara at Sankhu (site I), second set consisted samples taken at Sinamangal 

including effluents from beverage industry (site II) and the third set of samples were taken at 

Balkumari including Carpet dyeing effluents (site III). For each second and third site samples 

were obtained from four points. Out of these four points the first being wastewater from the 
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industry (effluents), second, the sample obtained just after mixing of effluents with river water 

(MP), third was the sample drawn from 100m downstream from point of mixing (D/S) and the 

fourth just upstream from point of mixing (upstream). 

 

Sampling was performed following random manual grab sampling technique. Duplicate grab 

samples were taken for each time of sampling for each site at four points in two seasons for both 

industries except at upper stripe where the point is single. Wide mouth plastic and glass bottle of 

different sizes as of 100ml, 500ml and 1000ml were taken for collecting valid and representative 

samples.   

The parameters like pH, DO, Alkalinity, Temperature were measured on site. The other 

parameters were determined in laboratory of CDoES. For the parameters, which do not need 

immediate analyses, they were preserved and stored in incubator and refrigerator. In order to 

obtain reliable analytical result and lessen the effect caused by sample storage the time interval 

between collection and analysis was intended to make shorter. 

 

RESULTS AND DISCUSSION: 

Detailed picture of Physico-chemical parameters of water of Manohara River are presented in 

figure1. 

 

All samples except samples at site III and effluents samples at site II were observed colorless and 

odorless. The color of effluent from carpet dyeing might possibly be due to spent dye similarly 

color in beverage effluent may be due different coloring material used in preparation of various 

types of soft drinks. The effluents should be free from color and should not possess odor in any 

form (MoPE 2001). 

 

The highest recorded temperature during study period was 760C in effluent of carpet dyeing and 

lowest recorded was 190C at site I in September. Except for effluent (560C in August to 760C in 

April.) and mixing point (420C in April and 50.50C in May) at site III, temperature at all time of 

measurement at each point was found below tolerance limit of 400C (MoPE 2001) for industrial 

effluents discharged into inland surface water. Effluent 

should not raise temperature of water beyond 400C in any section of the stream within 15m 

downstream from the effluent outlet (MoPE 2001). 

 

pH was observed in the range 6.7 in carpet dyeing effluent in September to 12.3 in effluents of 

beverage in April. Except for    effluent (10.7 in September to 12.3 in April) and mixing point 

(9.0 in September to 10.5 in April) at site II the pH was obtained within the range of tolerance (5.5 

to 9.0) for industrial effluents discharged into inland surface water (MoPE 2001). The pH was also 

found within range for drinking (6.5 to 9.2), aquatic life (6.5 to 8.5), Bathing (6.5 to 9.0) and 

agriculture (6.5 to 9.0) as recommended for Bagmati river system (MoPE 1994). 

 

Highest conductivity recorded was 4666 ∫/cm in effluent of beverage industry in April and 

lowest recorded was 22∫/cm at Sankhu in September. The conductivity of effluents of beverage 

industry (2329∫/cm to 4666∫/cm) was found greater than effluents of carpet dyeing industry 

(1132∫/cm to 1808∫/cm). Both these industries were found to raise the conductivity at 

respective mixing point and downstream especially during premonsoon.  
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T.D.S value ranged from 8 mg/L, which occurred in September at site I to 1800 mg/L in effluent 

sample at site II in May. T.D.S was found well within the range (500 mg/L to 3000 mg/L) for 

agriculture (MoPE 1994). T.D.S, except for effluent samples of site II, was found within the 

bathing (1500 mg/L) and drinking (1500 mg/L) standard (MoPE 1994). Except for effluent and 

MP at both site II and site III T.D.S values were well within the standard recommended for 

Bagmati river system (MoPE1994). 

 

T.S ranged from 12mg/L in September at site I to 2200 mg/L in April in effluent at site II. T.S of 

beverage effluents (1600 mg/L in September to 2200 mg/L in April) from site II and dyeing 

effluent (1200 mg/L in September to 2000 mg/L in May) and mixing point (1600 mg/L April to 

1800 mg/L in May) from site III were observed comparatively greater than other sampling sites.  

 

T.S.S values were obtained in the range 4 mg/L at site I in September to 800 mg/L in effluent of 

carpet dyeing in May. T.S.S of all samples except at site I were found exceeding the limit (30 

mg/L to 200 mg/L) of tolerance for industrial effluents discharged into inland surface water 

(MoPE 2001). In similar manner, except at site I T.S.S at all the points of measurement at each 

time were found exceeding the recommended requirement for aquatic life (25 mg/L) and bathing 

(50 mg/L) for Bagmati river system (MoPE 1994). 

 

DO at site I was obtained in the range 6.0 mg/L in May to 7.1 mg/L in September. In site II, DO 

was found in the range 3.2 mg/L in effluent in May to 7.3 mg/L at upstream in May. DO at site III 

ranged from 0 mg/L in effluent to 5.8 mg/L in September at upstream. Except for the effluents, 

DO at all points in most of the time of measurement were obtained in acceptable range as 

recommended for aquatic life (6 mg/L), bathing (3 mg/L) and agriculture (3 mg/L) for Bagmati 

river system (MoPE 1994). Absence in DO content of carpet dyeing effluents was most possibly 

due to hot effluents. Effluents from carpet dyeing significantly lower DO content at mixing point.  

 

Alkalinity was found in the range 41.5 mg/L at site I to 485/686 mg/L in effluent sample at site II 

in April. The effluent sample at site II contains higher alkalinity, which significantly raises the 

alkalinity of river at mixing point and downstream within 100m stretch of river. The effect was 

more significant in premonsoon. Effluent at site III contains low alkalinity (23.5 mg/L to 27 

mg/L) in comparison to effluents at site II (367.5/458 mg/L to 485/686 mg/L).  

 

Chloride concentration was found in the range 5.1 mg/L in September at site I to 179 mg/L in 

effluent at site II in April. Chloride concentration in effluent of site II (144.5 mg/L to 179 mg/) 

was found comparatively higher than rest of the samples. Thus chloride concentration was found 

well within the maximum desirable concentration for drinking (600 mg/L), aquatic life (500 

mg/L), bathing (1000 mg/L) and agriculture (100 mg/L to 1000 mg/L) as recommended for 

Bagmati river system (MoPE 1994).  

 

The lowest recorded NO2
- concentration was 0.1mg/L in August at site I and the highest recorded 

concentration was 13.7 mg/L in effluent of site II in September. NO2¯ of effluent (7.2 to 13.7) at 

site II significantly raises concentration at mixing point (4.2 to 8.2) and downstream (1.7 to 3.4) 

in comparison to upstream (0.2 to 1.7). In site III, NO2¯ concentration ranged from 0 mg/L in 

effluent in September to 4.1mg/L at downstream in April. Thus except at site I and effluent 

samples of site III, NO2¯ concentration exceeded the maximum desirable water quality criteria for 

Bagmati river system (MoPE 1994).  
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The lowest recorded NO3¯concentration was 0.1 mg/L at site I in April and the highest recorded 

concentration was 5.6 mg/L in effluent at site II in April. Except for effluent at site II the NO-

3¯oncentration was obtained in the range 0.1mg/L at site I to 3.3 mg/L at downstream of site III in 

May. NO3¯concentration of all samples was found well within the recommended water quality 

criteria for Bagmati river system (MoPE 1994).  

 

PO4
--- concentration was obtained in the range less than 0.1mg/L at site I to 5mg/L in effluent of 

site II. Except for effluent (1.0 mg/L to 5mg/L) at site II the PO4
--- concentration was found below 

2.5 mg/L. Thus leaving site I, total PO4
--- content at all sampling points was found higher than the 

recommended maximum desirable water quality criteria of the Bagmati river system (MoPE 

1994). The comparatively high PO4
--- concentration in wastewater of Beverage industry may be 

due to use of detergents for washing and cleaning of beverage refilling bottles. 

 

NH3 was obtained in the range less than 0.1mg/L at site I in August to 2.7mg/L at downstream of 

site III in April. NH3 concentration was found far less than the limit (50mg/L) for industrial 

effluent discharged into inland surface water. Except at site I and in site II [in May and 

September] NH3 was found beyond recommended water quality criteria (MoPE 1994). The 

comparatively higher NH3
 at site III might possibly due to high sewage volume coming from the 

feeding tributaries like Hanumante and Kodku.  

 

Ca concentration was obtained in the range 0 mg/L in effluent at site III in September 37.7 mg/L 

at downstream of site III in May. Ca concentration at site I ranged from 0.9 to 2.4 mg/L and in 

site II it ranged from 3.1 to 22.2 mg/L. The lowest observed Mg concentration was 3.1 mg/L in 

August at site I and highest was 209 mg/L in carpet dyeing effluent in May. Mg concentration at 

site I (3.1 mg/L to 5.6 mg/L) was lesser than site II (8.9 mg/L to 67.5 mg/L). Mg concentration at 

site III ranged from 42.6 mg/L to 2.9 mg/L. effluent in April. Hardness at site I ranged from 4.1 

mg/L in August to 9.8 mg/L in April. At site II hardness ranged from11.3 mg/L at upstream in 

September to 81 mg/L in effluent in April. Similarly hardness at site III ranged from 54 mg/L in 

September at upstream to 220 mg/L in effluent in May. 

 

The highest recorded Fe concentration was 8.6 mg/L in effluent at site II in April and lowest 

recorded was 0.1 mg/L in most samples at site I. Fe occurs in comparatively higher concentration 

in effluent samples of site II, which ranged from 6.8 mg/L to 8.6 mg/L. effluent raises the 

concentration of Fe at mixing point (3.4 mg/L to 7.1 mg/L) and downstream (1.1 mg/L to 4.2 

mg/L) in comparison to upstream (0.3 mg/L to 2.9 mg/L). At site III Fe concentration ranged 

from 0.3 mg/L in August at upstream to 2.9 mg/L at downstream in May.  

 

Highest Cr Concentration for 6.1 mg/L was recorded in effluent sample of carpet dyeing in 

August and the lowest recorded concentration was less than 0.1 mg/L at site I. Except in samples 

of April (0.2 mg/L) and effluent (0.4 mg/L) in September rest samples at site II contain Cr 

Concentration less than 0.1 mg/L. Cr concentration of carpet dyeing effluent was found in the 

range 2.7 mg/L to 6.1 mg/L which exceed the limit (0.1 mg/L) of tolerance for industrial effluent 

discharged into inland surface water (MoPE 2001). Higher Cr Concentration of carpet dyeing 

effluent may be due to use of Cr Containing synthetic dyes. Effluent raises the Cr Concentration 

at mixing point and downstream more effectively during premonsoon. Except at site III Cr 

Concentration was found within the desirable water quality criteria for Bagmati river system 

(MoPE 1994) for agriculture (0.1 mg/L).  
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BOD was obtained in the range 1.4 mg/L in September at site I to 470 mg/L in effluent samples 

of carpet dyeing industry. At site II i.e. effluent (172 mg/L to 219 mg/L) and mixing point during 

premonsoon (124 mg/L to 152 mg/L) and in site III i.e. effluent (311 mg/L to 446 mg/L), mixing 

point (119 mg/L to 363 mg/L) and downstream (153 mg/L to 191 mg/L) in premonsoon BOD 

were found beyond the tolerance limit (30 mg/L to 100 mg/L) for industrial effluent discharged 

into inland surface water (MoPE 2001). Except at site I (1.4 mg/L to 2.4 mg/L) BOD of all 

samples were observed beyond the recommended maximum desirable criteria for drinking (4 

mg/L), aquatic life (4 mg/L), bathing (6 mg/L) and agriculture (10 mg/L) for Bagmati river 

system (MoPE 1994). Low BOD at site I indicates absence of organic pollution. In similar 

manner higher BOD value at other sites implies addition of organic pollutants. 

 

Highest COD was found in the effluent of carpet dyeing which ranged from 592 mg/L to 790 

mg/L and lowest COD occurred at site I which ranged from 11.6 mg/L to 154 mg/L. COD values 

of effluents of both the industries were found beyond the tolerance limit (250 mg/L) of industrial 

effluent discharged into inland surface water (MoPE 2001). Both the industries were found to 

raise the COD at mixing point and downstream more effectively in premonsoon 

 

At Sankhu, the measured parameters were well within the standard of drinking water (WHO 

2002). Further more, they were also found within the acceptable limit of water quality 

recommended for Bagmati river system (MoPE 2001).  

The result derived from the present study showed that effluents from industries are not complying 

with existing national standard, which is clearly indicated by the magnitude of parameters like 

temperature, pH, T.S.S, BOD, COD, and Cr being found far beyond the generic standard for 

industrial effluent discharged into inland surface water. The effluents from these industries have 

been observed polluting along respective 100m stretch of river especially during low flow 

months, which is clear from the evidence of abrupt change in measured parameters at mixing 

point and downstream in comparison to upstream of river, however, such effects are highly 

attenuated in monsoon due to high discharge of river. At site I all the parameters were observed 

within drinking water standard (WHO, 2002) and recommended maximum water quality criteria 

for Bagmati river system (MoPE, 1994), however, magnitude of parameters at upstream section 

of both site II and site III are not found complying with these standard. Thus, it can be said that 

besides industrial effluents, River Manohara is getting progressively polluted with other sources, 

which might possibly be municipal sewage or agricultural runoff or both. It was further found that 

100m stretches of Manohara River are not enough distance to completely disperse the observed 

discharge of pollutants in low flow season. 

 

 

Author recommend need of further study, considering more distance separated at decreasing 

interval to find the exact point of complete dispersion of pollutants, since it has been found that 

100m stretches is not sufficient distance to disperse the pollutants in dry season. The dyeing 

industry should detain their effluent for sometime and discharge only when temperature drops 

below 400C, which will also help to settle suspended solid. The dyeing factory should avoid using 

chromium and other heavy metal containing synthetic dyes. 
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