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Abstract: In Pakistan, there is an increasing apprehension regarding the pollution of drinking water resources due to the 

excess use of pesticides. Rawal Lake is biggest artificial water reservoir in Pakistan that provides approximately 22 million 

gallons/day to Rawalpindi and Islamabad, capital territory of Pakistan. Qualitative and quantitative measurement and source of 

origin of DDT, DDE, DCP, TCP, Cypermethrin and Endrin in the sediments and surface water samples of Rawal Lake, 

Islamabad, was carried out. The samples were pre-concentrated using SPE and SPME and analyzed by using HPLC and GC-

MS. Simultaneous measurement of stable isotope (δ
15

N and δ
18

O) of nitrate in lake water were applied to identify the sources 

of organic pollutants in lake water systems. The overall results showed that sediments of Rawal Lake were more contaminated 

than the surface water and contamination level has crossed the toxic threshold level. Isotopic data revealed that nitrates in lake 

water were originated from agricultural and manure sources. Data advocated that the agricultural and poultry farmhouse 

activities in surrounding areas of lake significantly contributed towards induction of organic pollutants in lake. 

Keywords: Surface Water, Sediments, Organic pollutants, δ
15

N and δ
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1. Introduction 

Rawal Lake covers a surface area of 8.8 km
2
, 31m deep 

lying at the foothills of Margallah range across River Korang. 

Rawal lake is of significant importance as it provides about 22 

million gallons/day to Islamabad, capital territory of Pakistan. 

Total storage capacity of lakes is around 47,500 acre feet with 

maximum flood level of 1752 feet. The lake catchment area is 

about 268 km
2
 characterized into three zones namely Korang, 

Shahdara and Noorpur. The sources of water include snow 

melt, the natural springs of Muree hills and the runoff from 

four major and forty three small streams. Three villages 

namely, Malpur, Bani Gala and Noorpur Shahan are located in 

the vicinity of Rawal Lake. For the residents of Islamabad and 

Rawalpindi, Rawal Lake is the sole source of drinking water 

and presence of organic pollutants in the lake may leads 

towards significant health impacts and environmental damages. 

The water quality of the reservoir is deteriorated by human 

settlement involved in the agricultural activities, deforestation, 

recreational activities and poultry [1, 2]. In addition, 

agricultural activities near the catchment area of Rawal Lake, 

causes the wash away of toxic organic pollutants (pesticides 

and herbicides) by excess irrigation water into the reservoir. In 

addition, there is disorganized human settlement in the 

catchment area contributing as major source of lake 

contamination [3]. In 2004, the sudden death of the fishes in 

Rawal Lake increased; triggering authorities to take initiatives 

in order to analyze the water [4]. Agriculture is the basic 

source of income in villages where the cropping practice is 

done on small scale such as terrace cultivation. Even though, 

the agricultural activities are not carried out on larger scale in 

this area but to gain more productivity per unit area the use of 

pesticides, herbicides and fertilizers is gaining more attention. 

These pollutants enter the lake by drainage of excess 

irrigational water as well as runoff by streams hence, 

contributing towards the damage to the quality of wate. 

Furthermore there are around 170 poultry farms with 360 

sheds near the catchment area where basic arrangements to 

manage the poultry waste are insufficient to cope with the 

inflow of pollutants into the Lake [5].  

Organic pollutants, after being introduced into the lake 

water body distribute itself to the different phases of water 

i.e., suspending particle, aquatic biota, and sediments. 

Normally organic pollutants are generally `hydrophobic’ and 

`lipophilic’ in nature which makes them adhere strongly to 

the suspended solids in water and soil, preferably to the 

organic matter, evading from the aqueous phase [6]. They 
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have high octanol/water partition coefficient (Kow) and being 

persistent in nature, move into the water bodies through 

runoff or atmospheric deposition where they are removed 

from the water column and get adsorbed onto the particulate 

matter, and hoard in sediments [7, 8]. These contaminants 

settle at the bottom and remain in equilibrium state with the 

water phase which, however, can be disturbed by natural and 

human activities and may again suspend into the water, 

henceforth, causes the transfer of organic pollutants too far 

off place via repeated sedimentation-suspending process [9, 

10]. The origin of organic pollutants, being induced in lake, 

is very important to know for remedial techniques. The 

isotope tracer techniques have been useful for an assessment 

on the anthropogenic nitrogen pollution in lakes. The ratio of 

δ
15

N and δ
18

O NO3 can tell us the source of pollution in the 

lake system. In temperate climates, nitrate is a relatively 

mobile form of nitrogen in soil systems because of its 

solubility and non-absorbability, and it is the major form of 

dissolved nitrogen in streams and rivers, except in heavily 

reduced aquatic systems. Therefore, nitrate tracing is a useful 

approach to understand nutrient dynamics and transport in 

aquatic systems in temperate climate. However, there is no 

remarkable difference in the δ
15

N of nitrate between 

precipitation and fertilizer [11]. Using the characteristic of 

δ
18

O, the nitrate supplied by precipitation can be 

distinguished from the nitrate produced by microbial activity 

in soils or added to soil as fertilizer, whereas this separation 

cannot be made using δ
15

N only. The δ
15

N of some nitrogen 

compounds reflects their source, isotopic fractionation 

resulting from physical and chemical reactions, and 

biological reactions and functions such as uptake, 

nitrification, denitrification, and assimilation.  

The objective of present studies was to evaluate the 

contamination of three POPs groups viz., organochlorine 

(Endrin, DDT, DDE), chlorinated phenols (TCP, DCP) and 

pyrethroid (cypermethrin) in sediment and surface water of 

Rawal lake system and source of induction. The ratio of δ
15

N 

and δ
18

O were measured in Rawal Lake to determine the 

source of pollutants. 

2. Materials and Methods 

2.1. Sampling 

Preliminary surveys were conducted for site selection 

based on recharge points from different dimensions carrying 

multiple pollutants like urban, municipal, sewage and 

agricultural waste from different areas. A total of 17 

sampling points for water and sediments samples (same co-

ordinates for both samples) were selected from upstream and 

downstream flow locations of the Rawal Lake during the 

month of November 2016. The map of an area is developed 

using ArcGIS (version 10.1) showing sampling points 

(Figure 1) and summarized in table 1.  

 

Figure 1. Sampling locations in Rawal Lake Islamabad. 

Sediment samples were collected with corer and stored in polyethylene bag while water samples were collected in 1 liter pre 

washed poly-propylene bottles and were stored at 4°C. Analytical grade chemicals and reagents were used. Reference pesticide 

standards were purchased from Dr. Ehrenstorfer Gmbh. 

Table 1. Sampling Sites of Rawal Lake. 

Sample Code 
Sampling Locations 

Sources of Pollution Types of Waste 
Latitude Longitude 

R-1 33.69464 73.11761 Boat basin 
Boating activity 

R-2 33.69683 73.1155 Near boat basin 

R-3 33.70136 73.11558 Near Dhokri Nala 
Sewage waste, 

Agricultural waste 
R-4 33.70349 73.10433 

Dhokri Nala 
R-5 33.70489 73.11497 
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Sample Code 
Sampling Locations 

Sources of Pollution Types of Waste 
Latitude Longitude 

R-6 33.73967 73.11975 

Bari Imam complex Solid waste, sewage, Agricultural waste R-7 33.71002 73.12136 

R-8 33.71062 73.12376 

R-9 33.70964 73.12742 Naval Sailing Club Solid waste, sewage, petrol 

R-10 33.70954 73.13025 Lake view Park 
Solid waste sewage waste, boating, tourist activities 

R-11 33.70782 73.13548 Lake view park 

R-12 33.71614 73.13961 Korang river tributary waste from residential colonies, poultry farms 

R-13 33.70372 73.13722 Lakhwal and Bani Gala Agricultural waste, solid waste poultry farms 

R-14 33°42'48.09 73° 8'37.49" North Bani gala & Jillani Model village Agricultural waste, solid waste poultry farms 

R-15 33°42'41.91 73° 8'46.65 North Bani gala & Jillani Model village Agricultural waste, solid waste poultry farms 

R-16 33°42'3.24 73° 8'30.50 Lakhwal Sewage and Agricultural waste 

R-17 3°41'52.64 73° 8'31.97 Lakhwal Sewage and Agricultural waste 

 

2.2. Sample Preparation and Extraction 

Surface water samples were filtered through Whattman 

filter paper No. 41 to remove the suspended solids. The fine 

particles were filtered through 0.45µm filter papers by using 

the vacuum filtration assembly. Interstitial water of sediment 

sample was removed by centrifugation process. The wet 

sediment samples were centrifuged and supernatant water 

was removed by membrane syringe. Sediment sample was 

dried in oven at 60°C for 2-3 days and grinded to 

homogenize and achieve small particle size in order to have 

larger surface area.  

Organic pollutants from sediments were extracted by using 

suitable solvents. 20gm dried sediment sample was mixed 

with 10 ml of each solvent i.e., acetone, hexane, 

dichloromethane and diethyl ether. Mixture was shaken in a 

tube and placed on agitator for 45 minutes then it was 

allowed to settle down for 30 minutes. The organic solvent 

layer containing the targeted compound was then collected in 

a separate vial with the help of the syringe. Combined 

organic layers were washed, dried on MgSO4 and then were 

concentrated by evaporation. The extract was evaporated on 

rotatory evaporator under optimized condition of temperature 

and rotation by applying vacuum. The nitrogen stream was 

ensured to avoid any possible chemical deterioration of 

compounds. The dried compounds were dissolved in hexane 

with final volume of 2 mL. The organic compounds from 

surface water sample were removed by using the solid phase 

extraction techniques under vacuum by following Tanabe 

method [7].  

3. Analysis and Measurement 

Basic physiochemical parameters pH, TDS and EC were 

measured at the time of sampling. Organic compounds were 

analyzed using a gas chromatograph (HP 5890; Hawlett 

Packard series II) equipped with DB-5m column (30m x 

0.25m x 1µm) and a quardrupole mass spectrometer (JEOL). 

Ionization was performed under 70eV electron impact 

conditions (300µA, 400V) where the initial temperature of 

the column was 35°C, raised at 15°C/min to 150°C and then 

at 3°C/min to 280°C. The ammonium distillation method was 

used to measure the nitrogen isotopes of nitrate in water 

sample [12]. This method involves the reduction of nitrate to 

ammonium, which is distilled and concentrated as an 

ammonium sulphate salt and then combusted to produce 

nitrogen gas for isotope measurement using isotope ratio 

mass spectrometer (IRMS). The isotopic ratios 
18

O/
16

O (δ18
O) 

of the water samples were measured on Varian MAT GD-

150 mass spectrometers. For determining the oxygen isotopic 

composition of water samples, CO2 equilibration method was 

used [13]. This method involves equilibration of CO2 with 

sample water and subsequent mass spectrometric 

determination of "R" - the ratio of 
12

C
16

O
18

O/
12

C
16

O2 

obtained by suitable corrections from the masses 46 and 44 in 

CO2, which have isotopically equilibrated with water sample. 

This is compared with Rstd - the isotopic ratio in CO2 equilib-

rated with internal laboratory standard at identical 

temperature. Measurement uncertainty of δ
18

O is ±0.1‰. 

����‰ ��	�
�� = ��������
����

− ����
����

� (1000 � ‰) 

4. Results and Discussion 

4.1. Physico-chemical Parameters 

The pH values of sediments were 6.4-7.9, whereas for 

surface water samples it was 8.2-8.5. Surface water pH 

suggested a possible input of waste water from poultry and 

cattle feedlots, fertilizers from the agricultural lands and the 

marble crushing in the Margalla Hills. EC for sediment 

samples ranged from 166 to 174µS/cm. High value of EC for 

sediments was found at site 4 and 10 where sewage and solid 

waste from Dhokri Nala and Lake View Park enters the lake. 

EC for sediments was higher at site where Bari Imam stream 

falls into the lake as compared to the site where Korang 

River tributary falls into the lake, contradicted to other 

studies. Whereas the EC values for the surface water was 

found maximum at site 1 and 13, where the input from boat 

basin at the foot of spillway and Lakhwal causes increase in 

EC values.  

TDS values for the sediment samples remained 365 to 376 

mg/l as shown in table 2. Highest TDS value in sediment was 

found at site 6 and 10. At site 6 high disturbances at Lake 

View Park where input in form of drinks foods and other 

related stuff from people visiting the lake causes the increase 

in TDS. For water samples TDS value ranged from 772 to 

781 mg/l which is beyond the WHO recommended limit (500 

mg/l), as stated by others [1]. Maximum TDS value in 

surface water was found at site 1 and 13 where discharge 

from agricultural lands falls in the lake. Higher concentration 

of TDS in water samples at recharge points were might be 

due to higher turbulence in sediment of lake.  
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Table 2. Physiochemical parameters. 

Sediments/Surface Water Samples 

Sample code pH TDS (mg/l) EC (µS/cm) 

RP 1 6.9 375 170 

RP 2 7.96 365 171 

RP 3 7.4 367 169 

RP 4 7.45 375 167 

RP 5 7.4 373 174 

RP 6 7.8 376 172 

RP 7 7.29 371 170 

RP 8 7.1 371 170 

RP 9 7.25 372 168 

RP 10 6.84 376 166 

Surface Water Samples 

R1 8.35 781 349 

R2 8.3 777 344 

R3 8.28 775 339 

R4 8.25 774 347 

R5 8.2 778 354 

Sediments/Surface Water Samples 

Sample code pH TDS (mg/l) EC (µS/cm) 

R6 8.37 776 344 

R7 8.32 774 345 

R8 8.42 773 338 

R9 8.35 775 345 

R10 8.43 772 339 

R11 8.41 779 349 

R12 8.29 780 352 

R13 8.3 781 348 

4.2. Distribution and Occurrence of Organic 

Pollutants 

4.2.1. Concentration of Organic Pollutants in 

Surface Water 

Concentration of organic pollutants in surface water is 

shown in Figure 2 whereas mean concentration and range 

values of these compounds are shown in table 3.  

Table 3. Organic Pollutant Concentration in Water Samples Of Rawal Lake (n=17). 

Class Compounds 
Concentration  

Mean Minimum Maximum 

Organochlorine Insecticides 

Endrin (ppb) 0.53 0 1.5 

DDT (ppm) 0.73 0.01 1.9 

DDE (ppm) 0.28 0.01 1.2 

Chlorinated Phenols 
2,4,6 TCP (ppm) 0.04 0.001 0.12 

2,4, DCP (ppm) 0.28 0.01 0.9 

Pyrethroid Cypermethrin (ppb) 0.50 0 1.9 

 

Maximum concentration of cypermethrin in surface water 

was found at points R-12, R-15, R-16 and R-17. R-12 is a 

point where streams from agricultural and farms houses from 

Bani Gala and Bara Kohe areas fall into the lake. Points R-15, 

16 and 17 are the sites where drains from the agricultural of 

Lakhwal areas recharge the lakes. High concentration of DDT 

was found in R-7 to R-15. It is the part of lake where streams 

passing through agricultural and residential areas fall into the 

lake. Higher concentration of DCP and TCP were found at R-

14 and 15, where runoff from agricultural areas discharged 

into lake. Endrin was found higher at points where runoff from 

agricultural areas discharged into lake. Higher concentration of 

organic pollutants at points R-14, 15 and 16. Higher 

concentrations of pollutants at these points as compare to the 

rest of lake suggested that water current relaxed in these areas 

allowing the pollutants to settle at these points.  

 

Figure 2. Concentration of organic pollutants in surface water samples. 

In general distribution of organic pollutant in surface water sample was found higher at points next to the lake recharge 
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points in clockwise direction. It suggested that the water current in the lake is in clock wise direction that drifts the pollutants 

from discharge points to the adjacent areas. Concentrations of pollution in Rawal Lake found in present study are compared 

with the other water bodies around the world as shown in table 4.  

Table 4. Worldwide POPs assessment in surface water. 

Study area 
POPs (mg/l) 

Reference 
Endrin DDT DDE 2,4,6 TCP 2,4 DCP Cypermethrin 

Rawal lake 0.00053 0.73 0.28 0.04 0.28 0.0005 Present study, 2014 

Dailo River, China ---- 0.646 --- ---- ---- ----- Li et al., 2009 

El-Rahawy, Egypt 0.00064 ---- ---- ---- ----- ----- Bouraie. Et al., 2011 

Selenga River, Russia ---- ----- ---- 0.16 ------ ----- Batoev et al., 2005 

Tyemnik River, Russia ---- ----- ---- 0.28 0.58  Batoev et al., 2005 

Mehkong delta ---- ----- ---- ---- ----- 0.00335 Pham, 2013 

Isipingo river, South Africa ---- ---- ---- 0.0016 ---- ---- Roger et al., 2002 

Nowshera, KPK, Pakistan  0.07 ---- ---- -------- ---- Jan et al. 2013 

 0.0006 0.001  0.005 ---- 0.0001 WHO, 2004, WHO, 2005 

 0.0002 0.02 0.02 0.0014 0.077 ---- USEPA 

4.2.2. Concentration of Organic Pollutants in Sediments 

The residual concentration and range values are given in table 5. 

Table 5. Organic pollutant concentration in sediment samples of Rawal Lake. 

Class Compounds 
Concentration 

Mean Minimum Maximum 

Organochlorine Insecticides 

Endrin (ppb) 1.03 0.0012 0.0052 

DDT (ppm) 2.29 1.2 7 

DDE (ppm) 1.03 0.6 6.5 

Chlorinated Phenols 
2,4,6 TCP (ppm) 0.57 0.01 1.2 

2,4, DCP (ppm) 2.26 1.2 5.8 

Pyrethroid Cypermethrin (ppb) 0.50 0.1 4 

 
In sediments, the organic pollutants were present in higher 

concentration than in surface water. Higher concentration of 

DDT and DDE were found at R-1 to R-12. The OPs at site 1, 

2 and 3 are linked with the Dhokri Nala from where the 

pollutants spread out at into the lake with water flow. Sites 3, 

4 and 5 are associated with the large input of waste from Bari 

Imam, agricultural runoff, waste from diplomatic enclave and 

farm houses. Here, the inflow of water doesn’t cause much of 

the turbulence and allows the settling of the organic pollutant 

into the lake sediments. High concentration of DDT was 

found in R-7 to R-15. DDE, a metabolic of DDT, did not 

show high concentration in this area. It might be due to flux 

of DDE from sediment to water or due to higher mixing of 

sediments. At site 6, 7 and 8 highest concentrations of the 

pollutants were subjected to recreational activities carried out 

at Naval sailing club and Lake View Park where the 

anthropogenic activities and boating increases the pollution 

levels in the sediments. At site 9 the concentration of organic 

pollutants was high, but less as compared to the sites of Bari 

Imam Complex tributary because here the inflow of water 

into the lake occurs from Korang tributary that contain high 

pollutant contents but at the same time the flow rate is higher 

that cause disturbances in the inner water pressure providing 

less contact time to the organic pollutants to settle down in 

sediments. At site 10 least concentration of OPs was found in 

the sediments. Here no major tributary enters the Rawal Lake 

plus at this point the depth of the lake is less that allows the 

movement of the organic pollutants towards the other side of 

the lake along with the water currents.  

Chlorinated phenols were present in higher concentration 

at site 4, 5, 6 and 9. Sites linked with Bari Imam Complex (3, 

4 and 5) showed maximum concentration of phenolic 

compounds. At these sites the waste from agricultural areas 

of Nurpur Shahan adds to the chlorinated phenols in the lake. 

At site 6 where the petrochemicals from the boating activities 

from naval sailing club cause an increase in the concentration 

of chlorinated phenols. Least concentration was found at site 

1 and 2 associated with Dhokri Nala where less inflow of 

water occurs and the pollutants moves away from these sites 

towards the other through water currents.  

At site 1 and 2 very low concnetration of cypermthrin was 

found in sediments. At site 4 and 5 the input from the Bari 

Imam tributry loaded with the waste from agricultural and 

residential waste from Nurpur Shahan causes the increase 

concentation of cypermethrin at these sites. Highest 

conenctration was found at site 9 where the water from 

korang tributary carrying the waste from residential areas and 

industries from Muree enter the lake. In general high 

concentrations of pollutants were found at east and east 

southern part of lake (R-14, 15 and 6). It is part of lake where 

the water currents relax due to sudden expansion of area. 

This phenomenon provided time for maximum settling of 

sediment and suspended particles. At extreme south of the 

lake, next to discharge point of lake, concentrations of 

organic pollutants were low. Concentrations of studied 

pollutants have shown in Figure 3. 
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Figure 3. Concentration (mg/l) of organic pollutants in sediment samples. 

Random distribution of pollutants in sediments suggests a higher mixing of sediment in the lake. Concentrations of organic 

pollutants in sediment are compared with other studies in table 6. 

Table 6. Worldwide POPs Assessment in Sediments. 

Study area 
POPs (mg/l) 

Reference 
Endrin DDT DDE 2,4,6 TCP 2,4 DCP Cypermethrin 

Rawal lake 0.0004 0.73 0.27 0.13 0.24 0.0004 Present study, 2014 

Jukskei River, South Africa 0.002 --- ---- --- --- --- Sibali et al., 2009 

Lake Manyas, Turkey 0.000 0.0001  ---- ---- ---- Erkmen et al., 2010 

Tamiraparani River 0.0038   ---- ---- ---- Kumarasamy, 2012 

St. Maurice River, Canada --- ---- ---- ---- ---- ---- Yin et al., 2003 

Creeks Of King County ---- ---- ---- ---- ---- 0.0028 Anderson, 2011 

 ---- ---- ---- ---- ---- 0.0089 Kuivila et al., 2012 

River Chenab, Pakistan  0.000     Eqani et al., 2011 

 

4.2.3. Distribution of Organic Pollutant in 

Water and Sediments 

Distribution of organic compounds in water and sediment was 

determined in order to understand the transport behavior of these 

compounds between aqueous and solid phase in Rawal Lake. 

High concentration of DDE in sediment samples as compare 

to water refer to its hydrophobic nature and aerobic degradation 

of DDE in Rawal Lake. Higher concentration of DDT in both 

water and sediments as compared to DDE suggested a recent 

input of DDT into the lake. DDT and it’s metabolites in 

sediments, tends to bond to large-molecule organic matters and 

remained sorbed onto the solids, thus transported to the water 

body through runoff of particulate matter. Different studies 

suggested that surface sediments of Rawal Lake have high clay 

contents [15]. High concentration of DDT and DDE in 

sediments was ascribed to high contents of clay.  

A comparative low concentration of Endrin found in 

sediment and water sample recommend the least input of this 

insecticide into the lake. Low concentration of Endrin in 

sediment was might be due to its structural hindrance that 

made it difficult to bind with the sediments. Furthermore its 

high molecular weight enhances its hydrophobicity. Whereas, 

the solubility in water might be due to the hydrogen bonding 

with water as result of competition of molecules of water [16].  

Higher concentrations of 2, 4, 6 TCP in sediment samples 

ascribed to chloro groups on phenol ring that increases the 

sorption on sediments rather than in water phase [17, 18]. In 

addition 2,4,6 TCP contains three chlorine molecules which 

results in the increase of octanol/water partition coefficient (K) 

that in turn increases the affinity for organic content of the 

sediments. However, the lone pair on hydroxyl group and three 

chlorine atom creates a strong hydrogen bonding making it 

soluble in water. Less concentration of TCP in surface water 

than sediments suggests high hydrophobicity making the 

compound to strongly associate with organic colloids.  

Equal distribution of 2,4 DCP in sediments and water 

sample was attributed to its pKa value which affects the 

reactivity and transport between water and sediment phase. It 

exists as anion in environment that causes low sorption of 2,4 

DCP on the clayey sediments than other chlorophenols and it 

might lead reason of its availability in water phase.  

Low concentration of cypermethrin in water refers to the 

rapid sorption of this organic pollutant on the sediments 

being highly hydrophobic. [19]. Secondly, it refers to the 

ability of cypermethrin to hydrolyze at pH of 7 and this rate 

increases at pH 9. It has higher partition coefficient thus 

binds to the soil organic contents strongly [20, 21]. Direct 

relationship has been found between the increasing organic 

content of the sediment and the concentration of 

cypermethrin. The detection of small values in surface water 

may be due the dissolved organic content as suggested by 
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Manud et al [16]. In general, high hydrophobicity of organic 

pollutants caused high concentration in sediments than in 

water phase [22, 23]. High contents of organic carbon (TOC) 

in sediments of Rawal Lake enhanced its sorption capacity 

for organic pollutants, resulting unavailability of organic 

pollutants in water phase [24]. 

5. Source of Contamination in Rawal 

Lake 

The source of pollution in the lake was assessed by using 

the stable isotope tools. Ratio of δ
18

O and δ
15

N were applied 

to determine the source of pollutants as shown in Figure 4.  

 

Figure 4. Schematic diagrams of typical ranges of δ15N and δ18O values of nitrate from various sources [11]. 

Using characteristic of δ
18

O and δ
15

N, the nitrate supplied by precipitation can be distinguished from the nitrate produced by 

microbial activity in soils or added to soil as fertilizer. Nitrification of ammonium and/or organic-N in fertilizer, precipitation, 

and organic waste can produce a large range of d values. The values of δ
18

O and δ
15

N were plotted and source of origin of 

pollutants were determined as shown in Figure 5. 

 

Figure 5. Plot of δ18O and δ15N values to assess the origin of pollutants. 



 American Journal of Earth and Environmental Sciences 2018; 1(2): 86-94 93 
 

The ratios of δ
18

O and δ
15

N of nitrates in water samples were placed in the assigned plot values of Kendall and source of 

organic pollutants induced in Rawal Lake were assessed. The sources of pollutants assessed at sample points based on isotopic 

data are given as: 

Sampling points Origin of pollutants 

R-3, R-5, R-6, R-12, R-16, R-17 Manure and septic 

R-8, R-9, R-10, R-14, R-15 NO3
-
 fertilizers 

R-1, R-2, R-11, R-13 NH4
+
 in fertilizer and precipitates 

R-4, R-7 Mixed 

6. Conclusion 

Concentration of organic pollutants in surface water and sediments collected from potential polluted sites of Rawal Lake 

were found to be following order. 

Surface water = DDT> Endrin> Cypermethrin >DDE = DCP P>TCP 

Sediments = DDT >DCP >DDE = Endrin> TCP > Cypermethrin 

Concentration of studied organic pollutants in lake water is 

attributed to the point sources. The areas where the 

agricultural runoff discharged in lake have high 

concentration of pollutants in general. The areas present next 

to recharge points have shown high concentration of organic 

pollutants as compared to points where runoff and streams 

carrying organic pollutants fall into lake. It suggested a 

significant of sediment drift in clockwise direction along with 

the water currents. The random concentration of organic 

pollutants in sediments advocated a higher mixing of 

sediments in lake system. The stable isotopic ratio suggests 

that nitrates present in sediment of lake have the origin of 

fertilizer and manure used for agricultural purposes. As the 

nitrates induced in system are from agricultural activities and 

manure, it means that organic pollutants in lake are mainly 

coming from agricultural areas and farm houses situated in 

east, east west and north east vicinities of lake. The mixed 

origin of nitrates suggested a significant mixing of sediment 

in lake system.  

Relatively higher concentration of organic pollutants in 

Rawal Lake as compared to the lake systems in other part of 

the world is attributed to the absence of proper rules and 

regulation and lack of knowledge among the farmers for 

proper management of agricultural and farmhouse activities.  
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