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Abstract 

Natural and anthropogenic pollution make freshwater lakes uninhabitable for biodiversity and pose a serious threat to humans. 

Regular monitoring is necessary to detect early signs of pollution for treatment. The present study aims to identify possible 

waste intrusion sources and evaluate pollutant levels in water, sediment and flora of 3 lakes located in NUST university, 

Islamabad. Samples were collected from 6 points (Lake 1 inlet (L1I), Lake 1 outlet (L1O), Lake 2 inlet (L2I), Lake 2 outlet 

(L2O), Lake 3 inlet (L3I) and Lake 3 outlet (L3O)). The average concentrations of physicochemical parameters (total kjeldahl 

nitrogen (TKN) (26.5-97.6 mg/L), electrical conductivity (EC) (570-1686 μS/cm), turbidity (24.6-90.2 NTU) and phosphate-

phosphorus (PO4-P) (0.47-0.75 mg/L)) exceeded the WHO limits. Dissolved oxygen (DO) (1.9-3.2mg/L) levels indicated near 

hypoxic conditions toxic for lake biota. Average chlorophyll (Chl-a, b and c) concentrations (0.00007-0.0006 mg/L) showed 

oligotrophic lake conditions while leaf chlorophyll content index (CCI) (3.7-165.3) varied in lake flora with highest average 

concentration in Stellaria graminea. Dominant algae (Nitzschia sp., Navicula gregaria sp., and Euglena sp.) were identified 

under compound microscope. Heavy metal analysis (Lead (Pb), Cadmium (Cd), Chromium (Cr), Zinc (Zn)) of water, sediment 

and plant samples through atomic absorption spectrophotometer (AAS) showed high Zn concentrations (5.302 mg/kg) as 

compared to other metals. Seasonal parameters provided a baseline for long term meteorological analysis. Nature Based 

Solutions (NBS) like phytoremediation were identified to mitigate pollution. Principal component analysis (PCA) and 

Environmental Systems Research Institute (ESRI) ArcGIS Pro software were used for data analysis and visualization. 

 
Keywords: NUST Lakes, Physicochemical Parameters, Heavy Metals, Eutrophication, Atomic Absorption Spectrophotometer, 
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Introduction 

Freshwater lakes are an important water resource for human 

consumption and they constitute about 0.3% of the total 

(2.5%) water on earth surface [1]. Pakistan is a developing 

country and it has shown its commitment towards preserving 

the freshwater resources under Sustainable Development 

Goal-6 (SDG-6) i.e., clean water and sanitation for all [2]. In 

2017, only 20% of Pakistan’s population had access to clean 

water while 80% of the population was deprived of it. People 

were relying on water contaminated by pathogens, pesticides 

and fertilizers [3]. Lake conditions deteriorate due to natural 

and human activities such as run off, weathering of rocks, 

construction, transport, agriculture and dumping of waste 

[4,5]. In order to determine the lake water quality 

physicochemical parameters, heavy metal concentration and 

eutrophication levels were measured [6].  

Heavy metals are insoluble substances that accumulate in 

water, sediments and plants. These toxic substances should be 

continuously monitored and efficient cost-effective methods 

need to be identified in order to eliminate them [7]. Heavy 

metals can be essential or non-essential. Zinc (Zn) is an 

essential heavy metal because it is necessary for the growth 

of plants [8]. The non-essential heavy metals are cadmium 

(Cd) and lead (Pb) [9]. They are toxic because of their harmful 

characteristics [10]. There are mixed reviews on chromium 

(Cr). According to some studies, trivalent Cr ion, is an 

essential element but according to some new studies, it is non-

essential [11]. Zn and Pb are major pollutants in water and Zn 

may also significantly impact the sediments.  

 

Heavy metals can also cause deformities in aquatic organisms 

like fish and negatively impact their reproductive cycle. 

Moreover, metal accumulation in plants causes alteration in 

their cellular mechanisms, affect regulatory proteins and plant 

defense mechanisms. However, some plant species are 

hyperaccumulators, they can accumulate toxic metals and 

detoxify the environment. As a result, the environment 

becomes favorable for native flora and fauna [12,13]. The 

sources of heavy metals may vary. Pesticides and fertilizers 

contain Cd, Zn and Pb [14,15] whereas Cr is released from 

weathering of rocks and anthropogenic activities [16]. 

Eutrophication is another problem which occurs due to 

excessive increase in nutrients such as nitrogen (N) and 

phosphorus (P) in aquatic ecosystems. Eutrophication has 

become an issue due to increase in anthropogenic activities. 

One of the main indicators of eutrophication is chlorophyll 

pigment. Chlorophyll-a (chl-a) is found in all photosynthetic 

organisms, including plants, algae, and cyanobacteria [17]. 

Chlorophyll in plants is the ratio of absorbance and 

reflectance at different wavelengths and it may be represented 

as Chlorophyll Content Index (CCI). Regular measurements 

of chlorophyll content in leaves can help in the determination 

of plant health [18]. Chlorophyll-b (chl-b) is present in green 

algae and higher plants while chlorophyll-c (chl-c) is 

commonly found in brown algae, diatoms, and 

dinoflagellates. Chlorophyll-a (chl-a) concentration measures 

the density and biomass of algae in lake ecosystems [19]. It 

depends on the condition of algal cells, water flow, heavy 

metal concentration, lake depth, and meteorological 

http://dx.doi.org/10.24949/njes.v18i2.893 
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parameters such as light, windspeed, temperature and rainfall 

[17,20].  

If certain algae become too dominant appropriate steps need 

to be taken to restore balance in aquatic ecosystems such as 

use of biological methods that reduce the nutrient input into 

the lakes [21]. However, if chlorophyll concentrations in 

lakes are low to a point that it becomes difficult to support 

biodiversity and maintain a healthy lake ecosystem, then the 

lake trophic status is oligotrophic. Oligotrophication is a 

comparatively new concept and opposite of eutrophication 

[22]. Lakes may also be categorized as mesotrophic and 

hypereutrophic. Mesotrophic lakes are healthy lakes with 

productivity between oligotrophic (low) and hypereutrophic 

(extremely high) lakes. Macrophytes compete with lake algae. 

Higher growth of lake vegetation can absorb nutrients and 

reduce their availability to algae whereas, in algae dominated 

turbid water, macrophytes cannot thrive due to imbalance in 

distribution of nutrients in lakes [24] Shallow lakes must be 

regularly monitored to prevent their transition to oligotrophic 

or hypereutrophic lakes [24,25]. 

The current study aims to highlight heavy metal pollution in 

3 lakes at NUST university, Islamabad through Principal 

Component Analysis (PCA). PCA bi-plot simplifies multi-

source pollution data by representing it in simple components 

[26]. The study also presents data on lake water quality 

parameters by using Environmental Systems Research 

Institute (ESRI) ArcGIS Pro software [27]. Limited research 

has been conducted on NUST lakes. The only published work 

is a case study [28], highlighting the potential of NUST lake 

for the generation of renewable energy and deployment of 

FPVs (Floating Photovoltaic Systems). The lack of detailed 

study on water, sediments and plants leaves a significant gap 

in understanding the factors affecting NUST lakes, which is 

essential for implementing effective lake management 

strategies.  

The current study addresses this gap by analyzing 

physiochemical parameters of water, concentration of four 

heavy metals in the water (mg/L), sediments (mg/kg) and 

flora (mg/kg), chlorophyll (chl-a, b, and c) concentrations in 

water to measure eutrophication levels, leaf chlorophyll 

content (chlorophyll content index (CCI)) in lake flora, 

dominant algae on the basis of their morphology, effect of 

seasonal parameters on lake ecosystem and providing cost 

effective Nature Based Solutions (NBS) that could guide the 

authorities to restore oligotrophic lakes. 

Materials and Methods 

Study area 

The National University of Sciences and Technology (NUST) 

is located in H-12, Islamabad (capital of Pakistan). Islamabad 

is situated at the northern edge of Potohar plateau [29]. The 

study area focuses on the NUST lakes constructed in 2011 to 

maintain the water table by damming natural streams passing 

through the university campus. Lake 1 (L1), Lake 2 (L2), and 

Lake 3 (L3) have an area of 1.5 acres, 2.2 acres, and 2.25 acres 

respectively. Lake (L3) has the largest volume of 0.74 GL, 

while lake (L1) and lake (L2) have volumes of 0.17 GL and 

0.16 GL respectively. NUST lakes are a habitat of different 

species such as plants, fish and ducks etc. Figure 1 represents 

important structures of NUST. The water from L1 and L2 

enters L3. Daily activities at the university result in a release 

of approximately 200,000 US gallons of wastewater per day 

(Project Management Office (PMO), NUST).  

Figure 1. Map showing study area-NUST lakes, Islamabad 

Sample Collection and Analysis 

Sample Collection 

Global Positioning System (GPS) helped in the accurate 

positioning of water, sediments and plants at the inlets and 

outlets of 3 lakes for sample collection Figure 1. Sampling of 

the 3 NUST lakes was performed from (September 2021 - 

December 2021). Pre-cleaned autoclaved glass bottles were 

used for the collection of water samples. Plant leaves and 

shoots were trimmed by stainless steel cutter and kept in paper 

bags. Surface sediments from lakes (0-15 cm depth) were 

collected through shovels. The sediment samples were 

transported to the laboratory in plastic bags for analysis 

[30,31,32]. Table 1 shows sampling points of the 3 NUST 

lakes. 
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Table 1. Sampling Points of the 3 NUST Lakes 

Sampling 

Points 
Location 

L1-I 
Opposite to NUST Institute of Civil 

Engineering (NICE) cricket ground 

L1-O Left side of bridge behind Attar hostel 

L2-I Right side of bridge behind Attar hostel 

L2-O Opposite to saddle club, close to cafeteria 

L3-I 
Opposite to NUST sports complex, near 

residential apartments 

L3-O 
Opposite to NUST sports complex near 

residential apartments 

 

Sample Analysis 

Physicochemical Parameters  

The analysis of physicochemical parameters was carried out 

in environmental microbiology laboratory at the Institute of 

Environmental Sciences and Engineering (IESE). HACH 156 

pH meter was used to carry out the analysis of pH and 

temperature respectively. Electrical conductivity (EC) and 

dissolved oxygen (DO) were measured by conductivity meter 

and DO meter (HACH 156) respectively. Nitrate-nitrogen 

(NO3-N), nitrite-nitrogen (NO2-N), phosphate-phosphorus 

(PO4-P) were analysed using UV-spectrophotometer 

(colorimetric method). Total kjeldahl nitrogen (TKN) was 

determined through kjeldahl assembly, chemical oxygen 

demand (COD) through HACH reactor digestion method, 

turbidity was measured using turbidity meter (HACH 

2100N), whereas total suspended solids (TSS) and total 

dissolved solids (TDS) were measured by gravimetric method 

(HACH) [33,34,35,36,37,38].  

Heavy Metals 

Atomic Absorption Spectrophotometer (AAS) was used for 

heavy metal (Cd, Cr, Zn and Pb) analysis of water, sediments 

and plant samples. The analysis was carried out in 

Environmental toxicology and Wastewater laboratories, at the 

Institute of Environmental Sciences and Engineering, NUST. 

Absorption spectroscopy is an efficient method for the 

qualitative and quantitative analysis of elements [39]. Water 

samples were collected through grab sampling method and 

filtered through 0.45µm pore size filter paper. Afterwards, 

analytical grade nitric acid (HNO3) (one part) was added in 

each sample. The prepared samples were then stored in pre-

cleaned glass bottles within refrigerator [40,41]. The sediment 

samples were dried at 105˚C to remove all the moisture 

content and were finely powdered using a mortar and pestle. 

About 0.5 g of dried sediment was digested by adding 12 mL 

aqua regia (3:1 HCl/HNO3). After 2 hours of digestion at 

80˚C, samples were allowed to cool and they were filtered 

through Whatman 41 filter papers and diluted up to 50 mL 

[39]. In case of plants, 1g of powdered leaves and 15 mL of 

concentrated HNO3 were added. The plant samples were 

heated at 90˚C for 45 minutes and then the samples were 

allowed to boil for 8 hours at 150˚C until 1ml of volume was 

left. The solution was then filtered with <0.45µm pore size 

filter paper and diluted till 25ml [42]. Table 2 represents flora 

at lakes identified with the help of horticulture department at 

the university. 

Table 2. Flora at NUST Lakes and Sampling Locations 

Species (Botanical 

Name) 

Common 

Names 

Sampling 

Locations 

Bombax ceiba Simbal 
L1 (I), L1(O), 

L3 (I) 

Sapindus mukorossi Ritha L1 (I) 

Bischofia javanica Bishop tree L1 (O), L2 (I) 

Sapium sebiferum 
Chinese tallow 

tree 
L3 (I), L1(O) 

Stellaria graminea 
Common 

starwort 
L1 (O), L2 (I) 

Tecoma stans Tecoma tree L2 (I) 

Salix babylonica 
Weeping 

willow 
L2 (I) 

Albizia lebbeck Sirin L2 (O) 

Eucalyptus 

camaldulensis 
Sufaida L3 (I) 

Casia Fistula Amaltas L3(O) 

Chlorophyll (a,b and c) 

Chlorophyll pigments absorb light at different wavelengths. 

Chlorophyll (chl a, b and c) concentrations in NUST lakes 

were determined by solvent extraction method (90% 

acetone) to dissolve chlorophyll, through centrifugation 

(5000 rpm for 10 minutes) and with the help of UV 

spectrophotometer at different wavelengths (664, 647 & 

630nm) Equations (1, 2, 3 and 4) helped in calculating 

chlorophyll concentrations [43].  

Chl a = 11.85 × A664 - 1.54 × A647 - 0.08 × A630          (1) 

Chl b = 21.03 × A647- 5.43 × A664 - 2.66 × A630           (2) 

Chl c = 24.52 × A630 - 1.67 × A664 - 3.56 × A647          (3) 

A=Absorbance                                                                    (4) 

Leaf Chlorophyll Content-Chlorophyll Content Index 

(CCI) 

Chlorophyll content index (CCI) of vegetation within and 

around NUST lakes was measured by a chlorophyll meter 

(ccm-200 plus). Chlorophyll meters help in the determination 

of plant health by measuring the light passing through plant 

leaves and light reflected by leaves [44] 

Dominant Algae 

The fragments of algae were collected from lakes, and the 

dominant algae were identified on the basis of their structure 

and shape by using a compound microscope, Leica 

Microsystem (Germany, Model 1349522X) at 100 

magnifications with oil immersion [45]. 

Seasonal Parameters 

Global horizontal index (GHI), wind speed, rainfall and 

temperature data for the sampling period were obtained from 

U.S.-Pakistan Center for Advanced Studies in Energy 

(USPCAS-E), NUST. Seasonal parameters were monitored 

by Internet of Things (IoT)-based weather stations. These 

stations have sensors for real time monitoring of parameters. 
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Pyranometers, rain gauges, thermometers and anemometers 

measured GHI, rainfall, temperature and wind speed 

respectively [46,47]. 

Results and Discussion 

Physicochemical Parameters 

Walk through survey helped in identifying possible internal 

waste intrusion sources for the 3 NUST lakes such as, hostels, 

residential apartments, cafeterias, sports complex, 

workshops, and the saddle club. Waste intrusion could also 

have occurred from nearby sectors such as G-13 and H-13, 

where sediments, dust and other contaminants maybe 

transported through stormwater runoff. Seasonal variation 

caused a decrease in water temperature of lakes from 34.7 °C 

in September to 13.4 °C in December. This decline in 

temperature can affect the metabolic rates of lake biodiversity 

and availability of nutrients in lakes [48]. The lake pH (7.4 to 

7.8) indicated slightly alkaline conditions. The EC values 

(570 to 1686 µS/cm > WHO permissible limits) indicated 

greater concentration of dissolved ionic substances in the 

water. High TDS (420–905 mg/L) and TSS (25–67.5 mg/L) 

levels showed the presence of dissolved and particulate matter 

in the lakes. The TDS and TSS resulted in increased turbidity 

levels (24.6–90.2 NTU>WHO permissible limits) which may 

have slowed down photosynthesis due to lower penetration of 

light in aquatic ecosystems [49]. High COD (187.4–502 

mg/L) indicated the presence of significant organic matter 

undergoing decomposition, which can create stress for 

aquatic organisms and disrupt microbial activity. The DO 

ranged from 1.9 to 3.2 mg/L. The <3 mg L⁻¹ DO levels in 

water negatively affect aquatic organisms like fish and create 

near hypoxic conditions [50]. Nutrients showed varying 

concentrations with relatively low NO₂-N (0.01-0.8 mg/L) 

and NO₃-N (0.1-0.35 mg/L) possibly because heavy metals 

inhibited microbial processes responsible for nutrient cycling. 

The TKN (26.5 to 97.6 mg/L) and PO₄-P (0.47 to 0.75 mg/L) 

concentrations were greater than the WHO permissible limits. 

Elevated TKN and PO₄-P concentrations can lead to nutrient 

enrichment and result in growth of algae [51,52].  

The observed physicochemical conditions may be a result of 

different anthropogenic activities occurring within and close 

to the university. Detergents, organic matter, and dissolved 

salts in wastewater from residential apartments and hostels 

can contribute to increased TDS, EC, PO₄, and COD 

concentrations in lakes. Food preparation and waste disposal 

from cafeterias introduce organic residues and suspended 

particles into the lake water, thereby increasing turbidity and 

TSS. Moreover, application of fertilizers in university 

grounds and sports complex add nitrogen compounds such as 

TKN, NO₃-N, and NO₂-N into the lakes through surface 

runoff. Animal feed and waste at saddle club release organic 

wastes further contributing to the nutrient enrichment. 

Sediments, pollutants, and particulate matter can be 

transported through stormwater runoff from nearby sectors 

(G-13 and H-13) resulting in increased turbidity and 

suspended solids in lakes [53]. Figures 2 and 3 represent the 

lake sampling locations and the average concentration of 

parameters at each location, where larger points represent 

locations which have greater concentrations and Table 3 

represents concentrations of physicochemical parameters and 

their comparison with national and international standards 

[54,55]. 

Heavy Metal Analysis 

The internal sources of Cd, Cr, Pb and Zn in the university 

are 1) detergents, packaging and food waste produced by 

cafes, hostels and residential apartments, 2) use of pesticides 

and fertilizers, 3) horse manure at saddle club, 4) welding 

and metal working at workshop, 5) swimming pool 

discharge from sports complex, 6) seasonal patterns and 

weathering of rocks also affect the mobilization of metals 

and they accumulate in different concentrations in surface 

sediment, water and plants [56]. Table 4 presents lake 

sampling points and their possible heavy metal intrusion 

sources based on their location in NUST University.  

Principal Component Analysis (PCA) 

The principal directions of variation in Figure 4(a,b) are 

represented by F1 and F2. F1 captures the most significant 

variation related to the sources of heavy metals. The water, 

plants and sediments located near to the heavy metals indicate 

close association with them while those located far away, 

show distinct characteristics from other samples. 1) Water and 

sediments: Based on Figure 4a bi-plot, Zinc in water (Zn (W)) 

and lead in sediment (Pb (S)) indicate higher contributions to 

the observed variance because they have long vectors. Cd is 

located at a distance indicating a different source. L3I, L3O 

and L2I are far from other points which means they have 

distinct characteristics in terms of metal accumulation.  

2) Lake flora: In PCA bi-plot Figure 4b, Zinc and chromium 

in plants (Zn (P), Cr (P)), are located in opposite directions 

indicating different sources. B. javancia (L2I), and B. ceiba 

(L1O) are aligned near Cr, E. camaldulensis (L3I) and T. 

stans (L2I) are present near Zn, B. javancia (L1O) aligns with 

Pb and Cd, indicating their presence in polluted 

environments.  
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Figure 2.  Average profile of (a) pH, (b) EC, (c) TDS, (d) TSS, (e) Turbidity, (f) Nitrates at NUST lakes sampling sites 
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Figure 3. Average profile (a) Nitrite (b) Phosphates (c) TKN (d) DO (e) COD at NUST lakes sampling sites 
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Table 3. Sampling locations of the NUST lakes and their physicochemical parameters 

* WHO= World Health Organization, Pak-EPA= Pakistan Environmental Protection Agency (Standards) [54,55]
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Table 4. Lake Sampling Points and their Possible Heavy Metal Intrusion Sources 

Internal Sources 
Possible Metals 

Released 
Pollution References 

Residential apartments Zn, Pb Cd 
Detergents, household waste, plumbing corrosion, batteries, 

discharge of domestic wastewater. 

[57,58,59,60,61] 

Hostels Zn, Pb, Cd Detergents, plumbing corrosion, discharge of domestic wastewater. 

Cafeterias Zn, Pb 
Food waste, galvanized equipment in kitchen, plumbing corrosion, 

use of cleaning agents. 

University workshop Cr, Zn, Pb 
Processing of metals, use of batteries, paints, lubricants, repairing of 

machinery and equipment. 

Sports complex Zn, Pb, Cd, Cr 

Swimming pool pipes and plumbing corrosion, pool chemicals, 

corrosion of metal structures and gym equipment, pollution from 

parking area and vehicular emissions near complex, polluted soil 

Saddle club Zn, Pb Animal manure, animal feed, contamination of soil. 

Vehicular emissions Zn, Pb, Cd Traffic emissions, tire wear, road dust 

External sources 

(G-13, H-13) 
Zn, Pb, Cd, Cr 

Anthropogenic activities such as, industrial and construction 

activities, runoff from roads, stormwater drainage. 
[57,59] 

  

Figure 4. Principal component analysis (PCA) (a) heavy metals in water and surface sediment of NUST lakes (b) heavy metals in 

flora of NUST lakes 
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Spectrophotometer analysis shows that in lake water and 

sediment, 1) average Zn concentration was highest in L3O 

sediment (4.021 mg/kg) and L2I water samples (3.974 mg/L), 

2) significant Cr concentration was detected in L3I sediment 

(0.043 mg/kg), and L2I water (0.096 mg/L), 3) detectable Cd 

levels (0.185mg/kg) were found in L3O water while in other 

water and sediment samples, Cd was below the detection 

limit. 4) Pb was below detection limit in both sediment and 

water. In lake plants, 1) B.ceiba at L1I accumulated highest 

Pb concentration (0.202 mg/kg), 2) S.sebiferum at L1O had 

highest Cd concentration (0.047 mg/kg), 3) B.javanica at L1O 

had significant Cr levels (0.013 mg/kg) and 4) highest Zn 

concentrations (5.302 mg/kg) were detected in S.sebiferum at 

L1O. The highest metal concentrations at different lake points 

indicate that the Zn, Pb, Cd and Cr concentrations are likely 

to exceed the permissible limits of WHO in some of the 

investigated samples. However, PCA bi-plot presents overall 

trends and correlation patterns instead of individual readings. 

In order to determine the spatial variation, long term 

monitoring of metal intrusion sources and measurement of 

their concentrations is required [62,63,64,65]. Table 5 

presents the metals that can be accumulated by plants at the 

inlets and outlets of NUST lakes. 

Table 5. Metal accumulation by flora at NUST lakes 

Chlorophyll Concentration (Chl a, b, c) 

The average chlorophyll concentration ranged from 0.00007-

0.0006 mg/L Figure 5. NUST lakes are oligotrophic due to 

lower chlorophyll content i.e., < 0.001 mg/L [80]. Detergents, 

food residues and human waste released from hostels, 

cafeteria and residential apartments contain nitrates and 

phosphates that can enter the lakes through runoff during 

rainfall. Application of fertilizers on university green areas 

and stormwater runoff from G-13 and H-13 may also 

transport sediments carrying nutrients and organic matter into 

the university lakes. Chemical analyses revealed elevated 

levels of TKN and phosphates, typically associated with 

eutrophic conditions, however, the lake exhibited 

characteristics of an oligotrophic system containing low chl-

a concentrations. This disturbed state maybe due to ecological 

disturbance in the lake ecosystem. One possible reason is 

heavy metal toxicity. Elevated concentrations of metals such 

as Zn affect phytoplankton growth, photosynthetic activity 

and algal biomass despite nutrient availability. Additionally, 

extensive aquatic vegetation may act as a nutrient sink by 

absorbing nutrients from the water column and sediments. 

Consequently, nutrient enrichment in the lake may not 

translate into increased algal biomass, resulting in the 

observed low chl-a levels [52,81,82,83]. 

Leaf Chlorophyll Content-Chlorophyll Content Index 

(CCI) 

The average values of leaf chlorophyll ranged from 3.7-165.3. 

The highest leaf chlorophyll values were detected in Stellaria 

graminea at L2I. Nitrate-N (NO3-N) concentrations and 

seasonal parameters could have affected the plant's 

photosynthetic process and chlorophyll content [18]. Figure 6 

represents the map of plant species with significant 

chlorophyll content index (CCI) and their respective locations 

at NUST lakes. 

Dominant Algae 

Three dominant algal species (Nitzschia sp., Navicula 

gregaria sp., and Euglena sp.) were identified (Figure 7) on 

the basis of their morphology under the compound 

microscope and compared with relevant literature [84]. 

Seasonal Parameters 

Maximum GHI (211 W/m2) was observed in september and 

maximum ambient temperature was (27˚C), while wind speed 

remained constant with insignificant variation throughout the 

sampling period (1.3 to 0.9 m/s). September had maximum 

rainfall (21.4 mm) whereas, December had minimum rainfall 

(4.5 mm). In shallow lakes, short term seasonal changes give 

information about temporary variability in lake parameters 

such as algal biomass and nutrients whereas monitoring 

long-term seasonal variations capture a bigger picture and 

give reliable results. The short term seasonal variability in 

university lakes provides a baseline for future studies (Figure 

8) [85].  

 

Plant species Metal best 

accumulated 

References 

Bombax ceiba Cr, Pb [66,67] 

Sapindus 

mukorossi 

Cd, Cr, Zn, Pb [68,69] 

Bischofia 

javanica 

Cd, Zn [70] 

Sapium sebiferum Cd, Zn, Pb [71] 

Stellaria 

graminea 

Cd, Cr, Zn, Pb [72] 

Tecoma stans Cd, Zn, Pb [73] 

Salix babylonica Cd, Cr, Zn, Pb [74,75] 

Albizia lebbeck Cd, Cr, Zn, Pb [76] 

Eucalyptus 

camaldulensis 

Cd, Cr, Zn, Pb [77,78] 

Casia Fistula Cd, Cr, Zn, Pb [79] 
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Figure 5. Map showing average (a) Chlorophyll-a (b) Chlorophyll-b (c) Chlorophyll-c concentration at NUST lakes sampling 

points. 

 

Figure 6. Plant species with significant chlorophyll content index (CCI) values found at different sampling locations of the NUST 

lakes. 
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Figure 7. Microscopic images of dominant algae at NUST lakes (a) Nitzschia sp. (b) Navicula gregaria sp. (c) Euglena sp. 

 

 

 

 

 

 

 

 

 

Figure 8. Seasonal data obtained from USPCAS-E, NUST 
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Discussion 

The results showed a significant impact of pollution on NUST 

lakes, most likely due to human activities within and outside 

the residential university. Nature Based Solutions (NBS) were 

identified as the most efficient and cost-effective methods to 

mitigate the impacts of natural and anthropogenic pollution. 

The heavy metal analysis of lake plants and relevant literature 

showed their potential for phytoremediation. Further studies 

need to be conducted to determine their effectiveness in 

mitigating pollution. Phytoremediation can be a sustainable 

solution for lake management if surface aquatic plants and 

woody trees are managed carefully using different mechanical 

methods. The surface vegetation in shallow lakes can be 

removed by using large-scale mechanical harvesting, 

specialized boats or machinery which can physically cut and 

extract the plants from surface. This helps in managing 

vegetation overgrowth and assessing the ecological effects 

such as their effects on water quality parameters and nutrient 

levels. Periodic harvesting of metal containing biomass of 

woody trees along lakes must be done to prevent the re-release 

of contaminants into water or soil during natural decay. Trees 

can be cut or forested on a defined rotation. This rotation helps 

in removal of stems, leaves and branches containing 

accumulated metals. Safe processing of biomass must be 

ensured after harvesting which can be achieved through 

composting in controlled conditions with leachate 

stabilization, thermochemical treatments like pyrolysis, 

gasification, hydrothermal carbonization, and safe disposal in 

landfill sites to control the mobilization of metals. The 

conversion of biomass into hydrochar through hydrothermal 

carbonization stabilizes heavy metals and produces biofuel 

which mitigates pollution and ensures safe usage of toxic 

biomass. These post-harvest management strategies should be 

explored and applied according to the feasibility to protect the 

environment from recirculation of metals [86,87,88,89]. 

Campus vegetation health status should also be regularly 

monitored by measuring leaf chlorophyll content. Local flora 

management is necessary for even nutrient distribution in the 

environment. The trophic status of NUST lakes should be 

mesotrophic instead of oligotrophic or hypereutrophic. Buffer 

zones could be created in future to minimize nutrient runoff 

to prevent oligotrophic status of NUST lakes from changing 

to hypereutrophic [23,24]. Dominant algae can be 

characterized through polymerase chain reaction (PCR). 

Regular sampling for prolonged seasons is required to detect 

any non-native or toxin inducing algae in lakes and to identify 

how native algae can be controlled to prevent algal boom [90]. 

Furthermore, lake fish should be tested for any accumulation 

of heavy metals. Toxic fish should be removed through nets 

(biomanipulation) to cleanse the lake water [23,12]. 

Research [27] was conducted on techno economic perspective 

of Floating Solar Photovoltaic Systems (FPVs) deployment 

over NUST lake. The study focused more on the economic 

perspective rather than highlighting environmental issues 

associated with the lakes. Application of any technology with 

insufficient information about the study area may lead to 

additional costs for repair due to environmental factors 

affecting its efficiency. This study highlights the urgent need  

 

of Nature Based Solutions (NBS) to improve water quality in 

urban lakes and provides a baseline data for future ecological 

assessments. It serves as a guideline for the authorities to help 

them prevent waste intrusion into the lakes from internal 

sources (hostels, cafeteria, workshop, saddle club, sports 

complex and residential apartments), treat the water pollution 

from external sources (G-13 and H-13 sectors of Islamabad), 

ensure that contaminated lake water is not being consumed by 

the university residents, staff and visitors, raise awareness, 

ensure strict implementation of mitigation measures to make 

NUST lakes healthy again and make necessary changes in the 

policies. The study duration was limited to one season; 

therefore, the effect of meteorological parameters could not 

be studied in detail. Future work could explore seasonal 

changes and their effects on physicochemical parameters, 

nutrients and heavy metal concentrations more 

comprehensively. Results might vary if full annual cycle is 

monitored including the summer and monsoon season. 

Statistical Analysis 

To perform a statistical analysis, XLSTAT for Principal 

Component Analysis (PCA-Biplot) was used. Arc-GIS Pro 

3.3.0 was used to visualize the physicochemical parameters. 

In addition to this, a bar graph for seasonal baseline was 

created using (Microsoft Excel) MS-Excel. 

Conclusions 

Monitoring pollutant levels in NUST lakes aligns with SDG6 

developed by UN in 2015 i.e., clean water and sanitation for 

all. Results of the parameters showed that pH, TDS, NO3-N 

and NO2-N concentrations were within the WHO permissible 

limits while TKN, EC, turbidity and PO4-P, exceeded the 

limits. The DO concentrations indicated toxic conditions for 

aquatic organisms like fish. Zinc (Zn) had highest 

concentration in water, sediment and plants as compared to 

other metals. The dominant algae in lake water were 

determined on the basis of morphology. Identification and 

characterization of dominant algal species through PCR may 

be conducted in future for long term eutrophication analysis. 

In addition to this, average CCI was highest in Stellaria 

graminea. Potential hyperaccumulators could be selected for 

the mitigation of heavy metal pollution. The seasonal 

parameters showed insignificant impact on water quality 

parameters due to the oligotrophic status of lakes. Impact of 

weather and seasonal patterns needs to be monitored regularly 

for timely and efficient monitoring of pollution status. These 

steps will help in carrying out different sports activities and 

fulfill the recreational purpose of NUST lakes in future. 

NUST lakes were a habitat of diverse flora and fauna. Ducks 

and fish species were observed initially in walk through 

surveys. Contaminated lake water will not only affect the 

biodiversity but also deteriorate health of students, faculty, 

staff and visitors. Therefore, its restoration must be ensured 

by applying Nature Based Solutions (NBS) methods. The 

current research will have pragmatic applications in areas 

including amelioration of water quality, enhancement of 

public health status, and implementation of policy measures 

indispensable to meet the said goals.
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