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Sediments are socioeconomic, geomorphologic, and an important environmental
resource. The purpose of this study was to determine the pesticide residues in the
sediments of River Ravi. For analysis 12 sediment samples were collected along
with River Ravi, reaching from Ravi Siphon to BS (Balloki Suleiman) link. River
Ravi is enlisted as one of the most polluted rivers of Pakistan followed by extreme
flow variations, i.e. 10 — 10,000 m’/s. The concentration of pesticide residues in
samples was detected by the High-pressure liquid chromatography (HPLC)
technique. Noticeable concentrations of pesticides were detected in the majority of
the samples which depicted high toxicity levels of pesticides in the sediments of
River Ravi. High amounts of pesticides were observed in the right and left banks of
Saggian (S4) ie. 11.37 mg/kg and Khudpur (S6, S7) ie. 12.116 mg/kg. A
significant amount of Imidacloprid and Bifenthrin was detected in the majority of
the sediment samples, i.e. 22.78 mg/kg and 15.82 mg/kg. Furthermore the detected
concentration of pesticides in the right and left bank of Balloki head works (S10,
S11) and Ravi Bridge (S3) was relatively less as compared to other sampling sites.
All these sampling points receive irrigational runoff from nearby agricultural lands
and urban wastewater, resulting in the accumulation of pesticides in the sediments.
The following trend of pesticide contamination was observed in the sediment
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samples of River Ravi, Bifenthrin > Imidacloprid > Dimethomorph > Glyphosate.

INTRODUCTION

Sediments are socioeconomic, geomorpho-
logic, and an important environmental resource.
They play an important role in our ecosystems and
are stated as a tool of nature (Silva et al., 2020).
Pollution in sediments is caused by several points
and non-point sources. Accumulation of resistant
pollutants in the sediments imposes a serious threat
and

water causes

other

to the quality of river

contamination through desorption and
processes that make the contaminants mobile
(Chahinian et al., 2012) Polluted sediments make
rivers their sink of contamination. Accumulation of
pesticides in sediments of a river is a major
environmental concern because of their persistent
nature and adverse effects on aquatic flora, fauna,
and humans (Net et al., 2014). Pesticides by
definition are agents that are primarily used in
agriculture to kill harmful organisms in the field and

to protect crops from various diseases. Since human

development, environmental pollution caused by the
use of a wide range of different compounds has
increased to a large extent. In modern agriculture,
the use of pesticides has become an important part
of the system. Despite its usage complications, the
use of pesticides is not under control, hence its
becoming a major environmental contaminant
(Radiovic et al., 2015, Eqani et al., 2011). Pakistan
is consuming pesticides for the last 50 years in
agricultural fields in large quantities to mainly
control agricultural pests, insects, termites, etc.
Pesticides are still being frequently used for
different activities because of their low prices and
high efficiency. The use of DDT was banned years
ago because of its effects but
unfortunately, it is still being used in many

detrimental

developing countries, including Pakistan (Eqani et
al., 2011). In developing and developed countries
variety of insecticides, fungicides, herbicides, and
bactericides are being used. The usage pattern of

123


https://ojs.literacyinstitute.org/index.php/ijias
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1587190067&1&&2020

Indonesian Journal of Innovation and Applied Sciences (IJIAS), 2 (2), 123-131

pesticides specifically depends upon locality, and
climate user needs. The use of organochlorine
insecticides is still observed in developing countries
but according to some studies, the use of these
insecticides is being replaced by organophosphate,
carbamate, and pyrethroid insecticides (Edwards,
2013). The estimated usage of pesticides during the
years (2017 — 2020) at the global level is
approximately 2.7 kg/ha. The use of pesticides in a
non-regulated manner has led to serious
environmental and health issues. Immunity among
pests is increasing due to over usage of pesticides.
The Lethal nature of pesticides is difficult to reduce
because they are more soluble in water, polar in
thermal

and have stability.

considered least

higher
which are

nature,
Organochlorines,
biodegradable, are used much in Pakistan; however,
they are banned in several countries (Popp et al.,
2013).

Lately, a study in Lahore was conducted to
study the organochlorine pesticides from the
sediments of River Chenab and this river is also
linked with River Ravi. The results detected that
HCH pesticide was most abundantly found i.e. 63%
and DDD as 56%. High frequencies of DDT
metabolites were found in winters followed by DDT
isomers being more prevalent in the summer season
(Eqani et al., 2011).

Despite some early research, still have limited
understanding of the presence, distribution, and
methods of detection, removal, and impacts of these

Table 1. Sampling codes along with their locations

different
pesticides. A comprehensive understanding of these
contaminants is the need of the hour so that

persistent compounds i.e. types of

appropriate policies can be regulated; hence this
study aims to determine the pesticide residues in the
surface sediments of River Ravi.

METHODS
Lahore is the largest city of the five major

cities of Pakistan. Lahore a metropolitan city is
situated at 31.5204 degrees north, and 74.3587
degrees east (Akhtar et al., 2014). The River Ravi
enters Pakistan near Jassar and meets with the river
Chenab and it has been serving Lahore for a very
long time. River Ravi is enlisted as one of the most
polluted rivers of Pakistan followed by extreme
flow variations, i.e. 10 — 10,000 m*/s. 12 sediment
samples were collected along with River Ravi,
reaching from Ravi Siphon to Balloki headworks at
the selected reachable location.

Primary data was collected through field visits
to the selected sites. 12 sediment samples were
collected along with River Ravi, reaching from Ravi
Siphon to Balloki headworks at the selected
reachable location. All the samples were collected
in plastic bags with proper labeling. The samples
collected from the selected areas were a laboratory
for the of  physicochemical
parameters, and pesticide residues. The analysis of
pesticides was done by HPLC Technique.

determination

Sample Name Sample Identity Sampling Site
Sediment Sample S1 Ravi Siphon Right Bank
Sediment Sample S2 Ravi Siphon Left Bank
Sediment Sample S3 Ravi Bridge
Sediment Sample S4 Saggian Right Bank
Sediment Sample S5 Saggian Left Bank
Sediment Sample S6 Khudpur Right Bank
Sediment Sample S7 Khudpur Left Bank
Sediment Sample S8 Mallah da Dera Right Bank
Sediment Sample S9 Mallah da Dera Left Bank
Sediment Sample S10 Ravi Balloki Headworks Right Bank
Sediment Sample S11 Ravi Balloki Headworks Left Bank
Sediment Sample S12 BS link

Source: Sample coding (primary data)

The physiochemical properties of sediments
samples were determined by wusing standard

methods. Sediment pH and electrical conductivity
(EC) were measured using the portable combined
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meter (Eutech Instrument Pc 510). For precise
results, the process was repeated thrice with
sediment sample quantities as (5g, 10g, and 15g).
After the collection of samples, the sediment
samples sun-dried and impurities
removed from them for further analysis. 5 grams of

were were
each dried sample will be weighed separately in a
beaker to prepare a solution by adding 5g of NacCl,
20ml of dichloromethane (DCM), 20ml of ethyl
acetate, and 150ml of distilled water. After that in
each solution, a magnet was placed and was stirred
for at least 20 minutes with the help of a magnet
stirrer then the solution was allowed to stand for 5
minutes and was filtered. 20ml of ethyl acetate and
dichloromethane (DCM) was added again into the
sample solution and then was allowed to separate by
using a separating funnel. After some time two
distinct layers were formed one of organic content
and the other of aqueous content. The organic layer
was separated and placed in a rotary evaporator.
The rotary evaporator was pre-heated for at least 20
minutes before placing the rotary flask containing
the sample. After that rotator and vacuum were set
up. When the evaporation of the sample was
completed then a vacuum was released and 10ml of
methanol was added to the sample. It was shaken
well and stored in the vial for further analysis on
High Pressure Liquid Chromatography (HPLC).
Standard solutions were prepared by adding 20ml of
methanol into 10 grams of pesticide to be detected
and stirred for 20 minutes. After stirring, the
solution was filtered. The filtrate was placed in the
vial and was allowed to run through High Pressure
Liquid Chromatography.

RESULTS AND DISCUSSION

The importance of sediment quality has been
enough emphasized in this article. Physiochemical
analysis and the use of pesticides and fertilizers are
important factors in determining the quality of
sediments. pH of sediments represents the acidity
and alkalinity of the soil. The levels of pH range
from 0 to 14. The measured pH of all the collected
sediment samples ranged from 7.25 to 8.59. Results
of pH are shown in Table 2 of all the collected
sediment samples, observed pH ranged from
moderate to high, not all the pH values were within
the permissible limits. pH controls

microbial activities within the sediments and they

various

also determine the persistence of the settled
contaminants.

Table 2. pH and electrical conductivity of sediment

samples
EC
Serial No. Sample pH
(US/cm)

1. S1 8.11 54.7
2. S2 7.51 304.6
3. S3 7.25 255
4. S4 7.38 922
5. S5 7.39 34
6. S6 7.52 90
7. S7 7.32 1103
8. S8 7.35 98.6
9. S9 7.48 81
10. S10 7.43 80
11. S11 8.59 45
12 S12 7.42 31

Source: Analyzed results of sediment samples (pH
and electrical conductivity)

Electrical conductivity is the measure of the
amount of electric current a substance can carry;
conductivity is an intrinsic property of a material. In
terms of sediments, according to the given
guidelines, a good electrical conductivity level lies

between 200LLS/cm and 1200LLS/cm. However, if

the measured EC is below 200LS/cm it states that
the soil doesn’t have enough nutrients and the area
is not fertile because of little microbial activity, and

above 1200S/cm can indicate that too many
nutrients are present in the sediments, which might
affect the overall growth activities. Table 2
explicates the measured EC values of all collected
sediment samples and the values ranged from

31uS/em to 1103puS/cm of 12 different samples,
showing noticeable variation (Singare et al., 2011).
Quantitative Analysis

Quantitative analysis was done to determine
the concentration of pesticides in sediment samples
of River Ravi. Quantification of pesticide residues
is important to evaluate human health risks. For
quantitative analysis response factor was calculated
using the following formula.
Calculation of response factor:
Response factor = Peak Area / Standard Amount
Whereas,
Peak Area = Peak area of standard
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Standard Amount = Amount of standard used in
solvent

Pesticides are agrochemical and they are
widely used in agricultural fields for pest control
and to protect plants and crops from various
diseases. Many international organizations have set
maximum residual limits for intake of a broad range
of pesticides which in case of exceeding limits
could pose serious health risks (Nicolopoulou et al.,
2016). 12 sediment samples were collected along

with River Ravi, reaching from Ravi Siphon to
Balloki Headworks. They were analyzed in the
laboratory and pesticide residues were detected in
the majority of the sediment samples. Table 3
shows the concentration of pesticides in the
sediment samples. According to the analyzed
results, noticeable concentrations of pesticide
residues were detected in the majority of the

sediment samples.

Table 3: Concentration of pesticides in sediment samples

Amount of Amount of Amount of Amount of
Sample Name/Code Imidacloprid in Bifenthrin in Dimethomorph in Glyphosate in
samples samples samples samples
(ppm) (ppm) (ppm) (ppm)
Sediment Sample/S1 X 8.33 2.41 X
Sediment Sample/S2 X X X
Sediment Sample X 2.78 X X
/S3
Sediment Sample 11.37 X X
/S4
Sediment Sample X X X
/S5
Sediment Sample X 9.93 X X
/S6
Sediment Sample X 0.866 1.32
/ST
Sediment Sample X X X
/S8
Sediment Sample X X X
/S9
Sediment Sample / X 1.74 X X
S10
Sediment Sample / 1.92 4.87 X
S11
Sediment Sample / 2.53 X 0.882
S12

Source: Analyzed results of sediment samples (pesticide residues)

12 sediment samples were collected along with
River Ravi, reaching from Ravi Siphon to Balloki
Headworks. They were analyzed in the laboratory
and pesticide residues were detected in the majority
of the sediment samples. Table 3 shows the

concentration of pesticides in the sediment samples.
According to the analyzed results, noticeable
concentrations of pesticide residues were detected
in the majority of the sediment samples.
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Graphical Representation of Pesticides Results
Following are the graphs showing the concentration of pesticides in sediment samples of River Ravi.

Figur 1. The concentration of Bifenthrin in mg/kg in sediment samples
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Residues of bifenthrin were found in 3 9.93 mg/kg and right bank of Ravi Balloki
sediment samples, i.e. Ravi Siphon (S1) had 8.33 headworks had 1.74 mgkg of pesticide
mg/kg, Ravi Bridge (S3) had 2.78 mg/kg and the respectively.
right bank of Khudpur (S6) sediment sample had

Figure 2. The concentration of Imidacloprid in mg/kg in sediment samples
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Imidacloprid concentrations were found in 3  Balloki Headworks had 1.92 mg/kg, and the BS link
sediment samples i.e. Right bank of the Saggian (S12) sediment sample had 2.53 mg/kg of the
(S4) sample had 11.37 mg/kg, the left bank of Ravi  pesticide.
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Figure 3. Concentration of Dimethomorph in mg/kg in Sediment Samples
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Dimethomorph concentration was detected in
3 sediment samples i.e. Ravi Siphon (S1) had 2.41
mg/kg, the Left bank of Khudpur (S7) sample had

0.866 mg/kg, and the left bank of Ravi Balloki
Headworks had 4.87 mg/kg of the pesticide
respectively.

Figure 4. The concentration of Glyphosate in mg/kg in sediment samples
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Glyphosate was detected in only 2 sediment
samples i.e. left bank of Khudpur (S7) had 1.32
mg/kg and BS link (S12) had 0.882 mg/kg of the
pesticide respectively. Imidacloprid is defined as a
neonicotinoid insecticide and it is highly persistent
in soil and sediments. It was detected in 3 different
sediment samples i.e. 11.37 mg/kg in the right bank
of Saggian (S4), 1.92 mg/kg was detected in the left
bank of Ravi Balloki Headworks (S11) and 2.53
mg/kg in BS link (S12) sediment sample.
Imidacloprid can leach into groundwater due to its

mobility and solubility in water. It is used to control
the population of pests, termites, and other sucking
insects (Sardo, Soares, 2010). Dimethomorph is
used as a fungicidal spray and is considered a toxic
compound. The detected
dimethomorph was 2.41 mg/kg in Ravi Siphon (S1),
0.866 mg/kg in the left bank of Khudpur (S7), and
4.887mg/kg concentration was observed in the left
bank of Ravi Balloki Headworks (S11) sediment
sample respectively. Dimethomorph does not
hydrolyze and slowly photo degrades in water and

concentration  of
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on surface sediments. It can easily enter into
groundwater and surface water sources through the
leaching process which can play role in widespread
effects on humans and other terrestrial and aquatic
species.

Bifenthrin is an insecticide and it is used in
activities. A noticeable
pesticide was
observed in the collected sediment samples, Ravi
Siphon (S1) had 8.33 mg/kg, 2.78 mg/kg was
observed in Ravi Bridge (S3), the right bank of
Khudpur (S6) had 9.93 mg/kg and right bank of
Ravi Balloki Headworks (S10) had 1.74 mg/kg of
the pesticide. Bifenthrin works by attacking the

many  agricultural

concentration of this specific

nervous system of the insects which results in the
stunted production of ATPase enzyme hence
causing the death of insects. Furthermore few
studies reported that long-term exposure to this
pesticide may cause nausea, sore throat, and
irritation in the lungs among humans. Bifenthrin
also has a high affinity for sediments and can be up
taken by plants for a longer time (Ensiminger et al.,
2013, Putt et al., 2005). Bifenthrin is hydrophobic
and insoluble in water and can persist in sediments
for about 8 to 17 months (Rogers et al., 2016).
Glyphosate was only found in 2 sediment samples
with concentrations of 1.32 mg/kg and 0.882 mg/kg
in the left bank of Khudpur (S7) and BS (Balloki
Suleiman) link (S12). Glyphosate is used to kill
broadleaf plants and grasses. It may bind to the soil
very strongly and can persist in sediments for up to
6 months depending on the climatic conditions
(Peruzzo et al., 2008, Silva et al., 2020).

Pollution in the River Ravi, stretching from
Ravi Siphon to BS link is mainly due to agricultural
and urban activities in the nearby areas. Also, the
River Ravi flows through densely populated and
industrial cities. The river tributaries carry a huge
burden of wvarious industrial and municipal
effluents. Degh and the Hudiara drain contribute a
significant amount of untreated wastewater from
textile mills, leather processing units, tanneries, etc
(Syed et al., 2014). The River receives wastewater
from various industries without any prior treatment
(removal/breakdown of pollutants), hence causing
pollution stress in the tributaries and sediments of
River Ravi. Noticeable pesticide contamination
was observed in the sediment samples due to the
uncontrolled use of pesticides in nearby agricultural
lands, irrigational run-offs, urban wastewater, and

effluents. A
pesticides were found on the right and left bank of
Khudpur, until this site, the River receives
municipal and industrial wastewater from the city,
of Lahore. Right and left banks (S6, S7) of Khudpur
are located near Hudiara drain outfall point and it

industrial significant amount of

receives wastewater from 6 major wastewater
outfalls of Lahore city eventually all the pollutants
are released into River Ravi. Similarly, noticeable
concentrations of pesticides were observed in the
sediment samples of Ravi siphon, Ravi Bridge,
Saggian (S4), and Ravi Balloki headworks (S10,
S11) all these sampling points receive irrigational
runoff from nearby agricultural lands and urban
wastewater, resulting in the accumulation of
pesticides in the sediments. The following trend of
pesticide contamination was observed
sediment samples of River Ravi, Bifenthrin >
Imidacloprid > Dimethomorph > Glyphosate.

In 2012 Akhtar et al reported severe
contamination in the sediments of river Ravi
stretching from Shahdhara to Balloki Headworks.
Sampling sites near Hudiara drain were found to be
severely contaminated by pesticides (DDT, DDE,

in the

Endosulfan, and Carbofuran). Furthermore, the
study concluded significant concentration of
pesticides was observed due to high pollution
stresses on river tributaries caused by agricultural
runoff, industrial effluents, and seepage lagoons
around these reservoir bodies. Negative effects on
fish species were also discussed in this research as a
varying amount of industrial effluents, pesticides
tend to accumulate in fish, resulting in detrimental
diseases (Akhtar et al.,, 2012). The presence of
persistent pollutants in the sediments of River Ravi
greatly affects the microbial activity and potentially
affects the quality of river water too, making the
aquatic environment unfit for the species by altering
the pH and other physiochemical characteristics of
water. Hence it is important to regularly monitor the
quality of sediments. In the case of pesticides,
Integrated Pest Management (IPM) is the best
practice to control the use of all kinds of pesticides
(Akhtar et al., 2012).

CONCLUSION
The study revealed the condition of the

sediments of River Ravi. Pesticide contamination
was observed in the majority of the collected
samples. Noticeable concentrations of pesticides
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were detected which depicted high toxicity level of
pesticides in the sediments of River Ravi stretching
from Ravi Siphon to BS (Balloki Suleiman) link. A
significant amount of pesticides were found in the
right and left bank of Khudpur, The detected
concentration of dimethomorph was 0.866 mg/kg
and 0.882 mg/kg of glyphosate pesticide in the left
bank of Khudpur (S7), the right bank of Khudpur
(S6) had 9.93 mg/kg of the Bifenthrin pesticide. The
right and left banks (S6, S7) of Khudpur are located
near Hudiara drain outfall point and it receives the
wastewater from 6 major wastewater outfalls of
Lahore city eventually all the pollutants are released
into  River  Ravi. Similarly,  noticeable
concentrations of pesticides were observed in the
sediment samples of Ravi siphon, i.e. 2.41 mg/kg of
dimethomorph, and 8.33 mg/kg of bifenthrin.
Saggian (S4) had 11.37 mg/kg of Imidacloprid.
Furthermore, the detected concentration of
pesticides in the right and the left bank of Balloki
head works and Ravi Bridge was relatively less as
compared to other sampling sites. All these
sampling points receive irrigational runoff from
nearby agricultural lands and urban wastewater,
resulting in the accumulation of pesticides in the
sediments. The following trend of pesticide
contamination was observed in the sediment
samples of River Ravi, Bifenthrin > Imidacloprid >
Dimethomorph > Glyphosate.
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