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Abstract
The extensive use of pesticides considered as a global threat to the ecological integrity of aquatic ecosystems. Most developing
countries including Ethiopia are burdened with these toxic and persistent pesticides due to their wider used for agricultural pest and
malaria control. The present study was aimed to investigate the concentration of Organochlorine pesticides water, sediment and �sh
samples in Lakes Tana and Hayqe. Eight samples of each water and sediment and �ve �sh samples were collected. A laboratory
based cross sectional study was conducted from Dec 2020 to March 2021 in Lakes Tana and Hayqe. A more sensitive method for
the determination of 18 Organochlorine pesticides in water, sediments, and �sh samples were adopted using QuEChERS and the
analyses were done using GC-MS. Water samples were processed using a liquid–liquid extraction technique and gas
chromatograph equipped with mass spectroscopy (GC-MS). Dispersive-solid-phase extraction (d-SPE) was used for �sh and
sediment samples followed by cleanup and gas chromatograph Mass Spectroscopy. In the method validation, Percent of recovery
ranged from 88.4-107.6%. From the result lindane (1.11 µg/L) was recorded the lowest concentration of OCPs in water samples and
total endosulfan was the highest (14.97µg/L). In sediment samples, deltamethrin (11.21 µg/kg) was the lowest and endrin (70.42
µg/kg) was the highest OCPs. From �sh samples, lindane (12.63 µg/kg) was the lowest and total endosulfan (68.78 µg/kg) was the
highest concentration. The ANOVA test and t-test also depicted that the levels of most pesticides were signi�cantly varied with
different sampling sites and between Lakes.

Introduction
Organochlorine pesticides (OCPs) are the most commonly used pesticides around the world and have a wide range of applications
as agricultural and disease controlling chemicals [1]. OCPs routinely used throughout the world, due to increase crop yield and to kill
insect pests [2]. Most OCPs extensively used in developed and developing countries [3]. Excessive use of pesticides may lead to the
destruction of aquatic biodiversity [4]. The environmental pollution with pesticides is one of the most serious problems facing the
world due to their potential toxicity, high persistence, slow degradation and bioaccumulation [5]. The unauthorized dumping of
pesticide products and their containers are the main causes of the aquatic environment pollution [6]. Due to their hydrophobic
characteristics, pesticides are going from surface water column to sediment and settle at the bottom [7]. Therefore, soil is the main
route for pesticides to contaminate surface water as such away, runoff, direct application, spray drift, aerial spraying or erosion [8].
Most pesticides are considered as a global threat for the ecological integrity of aquatic ecosystems because of OCPs are persistent
organic pollutant (POPs) and can be accumulate by food chain in the aquatic environment [9, 10].

The residues of OCPs have still been detected in sediments, water, aquatic species, livestock and poultry products in the world [11].
The agricultural production and pesticide uses increased due to world population alarmingly increase [12]. According to the United
States Environmental Protection Agency (USEPA) report, 2012, world pesticide usage were > 2.7 million tons of active ingredients,
mostly in agriculture to prevent crop losses [13]. The pesticides used in Africa from 1990 to 2016 were estimated 69,355.36 tons
active ingredient, accounting for 2.1% world total pesticide usage [14]. in this cause Africa is burdened with an estimated amount of
50,000 tonnes of obsolete pesticides [15].According to FAO 2019 report, the agricultural use of pesticides in Ethiopia in 2017 were
4,128 tonnes active ingredient, and this pesticide consumption was 20 times higher than the consumption in 1993 [16]. According to
the obsolete pesticide inventory report of FAO 2011, Ethiopia burdened with obsolete pesticide (over 1500 tone) mostly OCPs such
as chlordane, DDT, dieldrin and lindane [15]. Most dangerous pesticides residue are found in these dumpsites and it will leak into the
surrounding environment [17]. In Ethiopian there is agricultural practice and horticulture companies around the river and Lakes
where farmers and companies utilize pesticide intensively. Small-scale farmers in the region extensively used to protect pests
without applying any precaution and poor knowledge about the eco-toxicological properties of pesticides and inappropriate
handling of agrochemicals [18], and empty pesticide containers thrown at farms or reused at home for other purposes [19]. This
improper application of pesticides supported the studies conducted in Lake Awassa (2013), in Lake Ziway (2014), and Lake Koka
OCP residues were detected [14, 15, 20]. OCPs use in Ethiopia for agricultural and health purposes, and as a consequence they can
be found in aquatic, and terrestrial ecosystems even cow's milk [14, 16, 20].

Lake Tana has signi�cant socio-economic importance for Sudan and Egypt downstream. More than 80% of the Nile water comes
from Ethiopian highlands [21]. The Lake Tana and the adjacent wetlands provide directly and indirectly a livelihood for more than
500,000 people. In Lake Tana �sheries there are ten districts that have a potential for �shing and more than 5400 �shers have been
engaged in �shing in a seasonal and full time basis at this time [22]. However the widespread expansion of water hyacinth
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suppresses the algae growth and development which is the main source of food for �shes by preventing enough sunlight and
oxygen penetration. It also reduced the potential of �sh production of Lake Tana from 13,000 tons to 1,000 tons per year currently
[23]. There is still an increasing trend in pesticide use for improving agricultural production around Lake Tana, where it is a densely
populated area with various agricultural activities; with three cropping times per year. Consequently, high concentrations of
pesticides can be found in the environment and �sh foods in Lake Tana [19].

Lake Hayq is a highland Lake in Ethiopia and it was stocked with Tilapia �sh [24]. However increases in the biomass of plankton,
the major symptom of eutrophication may result reduced water clarity and oxygen levels, test and odour problems, and losses of
�sheries. This is because accelerated eutrophication of the Lake. Increased impute of nutrients is the major cause of eutrophication
[24]. Due to reduced levels of precipitation and watershed destruction, the volume of the Lake is decreasing. Small and large scale
agricultural investors are engaged in irrigation based investments that consume large quantity of water. In addition to these they are
using more intensive agricultural inputs specially pesticides, which may pollute the water body having long term effect on the
aquatic biota. In addition to the above factors, pollution from infrastructures like road construction and urbanization are
contributing factors in the case of Lake Hayq [25].

Materials And Methods

3.1 Description of the study area
Lake Tana is located in Amhara National Region State which is 491 km away from the capital city Addis Ababa. It is the largest
freshwater body in Ethiopia, located at an altitude of 1786 meter above sea level. The Lake has an average depth of 9m and
maximum depth of 14m with surface area of 3,150 km2 [26] (Fig. 1). Although about 40 feeder rivers enter the lake, the major four
in�ow rivers are Gilgel Abay, Rib, Gumara and Megech which contribute 93% of the total in�ow, and the only out�ow is the Blue Nile
(Abay) River [27]. The water level depends on the out�ows of Blue Nile River, Tana-Belles hydropower dam, and irrigation scheme
decreased the volume of the Lake, and in�ows of rivers and main-rainy season increase the volumes of the Lake [28]. The mean
annual rainfall of the area is 1355.74mm and the volumes of the Lake �uctuate up to 1m within rainfall season [29]. The catchment
area receives most of the agricultural and urban runoff and domestic waste e�uents drained from the city of Bahir Dar. The Lake is
also recognized as a biosphere reserve by UNESCO[28], [30] (Fig. 1).

The area around the Lake has been cultivated for centuries. Recent studies have shown that the increasing trend in cultivated land
use on the Lake watershed which has great effects on current point and non-point sources of sediment and nutrient input [30], [31].
Due to agricultural activities, there was high external loading of sediment and nutrients from the catchment in to the lake [27]. The
Lake is important for �sheries, local transport, hydroelectric power generation, ecological restoration, and dry season irrigation
supply and tourism attractions. Also the basin’s biodiversity is striking with the presence of many endemic plant species, endemic
birds, endemic �shes and large areas of wetlands [28], [30], [32]. Tilapia �sh was the most available and used for food by the local
communities [25], and it was sampled in Take Tana.

Lake Hayq is located in Northern Ethiopia, it serving as the major freshwater reservoir and it is utilized for the surrounding human
consumption and aquatic lives. This lake is a typical example of highland Lakes of Ethiopia at an altitude of 2,030 m. The Lake lies
between latitude of 110 15‘N and a longitude of 390 57’E [33], [34]. The Lake has a closed drainage system and the total watershed
area is about 77 km2 of which 22.8 km2 is occupied by Lake Hayqe. The average depth of Lake Hayq is 37 m, and the maximum
depth is 81 m [35] (Fig. 1). The only stream that entering the Lake is the Anchercah River, which �ows into its southeast corner, but
now permanently dry due to upper irrigation scheme and it is known, there is no drainage out of it. The area is characterized by a
sub-humid tropical climate with an average annual rainfall of 1211.4 mm and a mean annual temperature of around 25.9 oC [34].
The �sh diversity known in Lake Hayq consists of only 4 species, Tilapia, Cat�sh, Dubie, and Garra. However, only three species are
used for food by the local communities (Tilapia, Cat�sh and Carp) [25].

3.4. Sample collection and preparation
Different representative sampling sites were selected based on access, safety, potential sources of pollutions, waste disposal sites,
tributaries and geographical proximity. Those sampling sites were taken from the two selected Lakes found in ANRS. These
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sampling sites were seven for water and sediment and three for Fish in Lake Tana, whereas, one for water and sediment samples
and two for �sh sample in Lake Hayqe. Sampling was carried out within the period of January 2021 to May 2021.

3.4.1. Water sampling
From each eight sampling sites one liters of water samples were collected and stored in a 1L pre-cleaned amber glass bottle and
transported to laboratory using ice-box, and preserved in a 4oc refrigerator for further pesticide analysis. The stored samples were
transported to Addis Ababa, Ethiopia for the qualitative identi�cation and quantitative determination of pesticides by GC- MS.

3.4.2. Sediment sampling
Eight representative sediment samples were collected from different sampling sites of a 500g weight sediment samples were
collected from the study areas using an Ekman grab sampler, and transferred into polythene bags and transported to laboratory. The
sediment samples that packed in plastic bags were dried in the air for 5 day in cleaned laboratory room. The air dried sediment
samples were grinded with ceramic coated mortar and pestle, and passed through 2 mm sieve with in ethanol washed aluminum
foil and then the analyses were done using GC- MS.

3.4.3. Fish sampling
Tilapia �sh (Oreochromisniloticus) in Lake Tana, and Dubie (Cyprinuscarpio) and Tilapia �sh in Lake Hayqe were selected because
of they are most abundant species in the Lakes. Four Tilapia and one Dubie �sh samples were collected randomly with the help of
local �shermen using plastic nets. The samples were immediately dissected in the �eld using plastic knife and only the muscle
parts of the �sh was transferred to plastic bags and kept in an ice box at 4oC and then transported to the laboratory. The �sh
samples were dried in air for 6 days in cleaned laboratory room and collected with plastic bag. The air dried �sh samples were
grinded by electronic grinder and then, the analyses were done using GC- MS.

3.5. Extraction and clean-up procedures for pesticide analysis
QuEChERS (Quick, Easy, Cheap, Effective, Rugged, and Safe) method with liquid-liquid extraction (LLE) for water samples and
Dispersive-solid-phase extraction (d-SPE) extraction for sediment and �sh samples were employed [36].

3.5.1 Extraction and clean-up of pesticides from water sample
A liquid-liquid extraction procedure was adopted for the extraction of pesticides in water samples as described by Association of
O�cial Analytical Collaboration (AOAC) 2007 and Olisah et al., (2021)with slight modi�cation [37]. 300 mL of water samples were
measured into each eight a separating funnel and 40 g of NaCl was added to each and it was shacked vigorously until the salt
dissolved. At this point, the sample was spiked with 50 µL of 500 µg mL− 1 mixed surrogate standards. The clear mixture was
extracted used 300 mL of ethyl acetate with periodic shacked and vented. The separating funnel was allowed to stand undisturbed
for 15 min to allow the formation of two distinct phases. The organic phase was collected into a pre-cleaned round bottom �ask,
and the same extraction process was performed on the sample two times used 60 mL of fresh ethyl acetate. All three portions were
combined and evaporated to dryness with a rotary evaporator at 40◦C. The content was re-solubilized with 1 mL of toluene, kept in a
2 mL sealed amber coloured vial, and refrigerated before GC-MS analysis.

3.5.2. Extraction and clean-up of pesticides from sediment samples
A Dispersive-solid-phase extraction (d-SPE) and clean up procedure was adopted for the extraction of pesticides in sediment
samples as described by Association of O�cial Analytical Collaboration (AOAC) 2007 and Olisah et al., (2021) with slight
modi�cation [37]. An aliquot (10 g) of sub-sample was weighed, quantitatively transferred into a 50 mL centrifuge tube, and spiked
with 50 µL of 500 µg mL− 1 mixed surrogate standard. Then 10 mL of acetonitrile was added, sealed, and shaken thoroughly with a
VWR incubating mechanical shaker for 10 min. About 7.5 g of anhydrous MgSO4 and 1 g of NaCl were added afterwards, shaken

vigorously for 5 min, and it was centrifuged at 5000 rpm for 5 min at 10◦C. Approximately 1mL of extract was transferred into an
Eppendorf tube containing 150 mg anhydrous MgSO4, 50 mg of primary secondary amines (PSA), and 50 mg of graphitized carbon
black (GBC).The mixture was shacked vigorously for 3 min and centrifuged at 10,000rpm for 5 min. The supernatant was carefully
transferred into a 2 mL amber coloured vial for GC-MS analysis.



Page 5/21

3.5.3. Extraction and clean-up of pesticides from Fish sample
The �sh samples extraction and clean-up were done based on the QuEChERS and Dispersive-solid-phase (d-SPE) extraction method
and for pesticides adopted by AOAC 2007 and Rahman et al., (2021) [38]. In a 50 mL centrifuge tube, an aliquot of 10 g
homogenized sample and 10 mL of acetonitrile was mixed. The mixture was vortexed for one minute followed by added 4 g of
magnesium sulphate (MgSO4) and 1 g of sodium chloride (NaCl). The sample was centrifuged at 5000 rpm for 5 min and the
supernatant was removed for clean-up. During clean-up, 2 mL supernatant was transferred into another tube that contained 50 mg
of primary and secondary amine (PSA), 50 mg of graphite carbon black (GCB) and 150 mg of magnesium sulphate. After proper
agitation and centrifugation at 10,000 rpm for 5 min, the aliquots of the extracted was evaporated through nitrogen system and
reconstituted with 1 mL toluene for GC-MS analysis.

3.7. Method performance and validation

3.7.1. Precision
The precision of the method was evaluated by means of the repeatability and intermediate precision of the results obtained from
the Lakes. The relative standard deviation (RSD) of the three replicate results was used to express precision. The sample's relative
standard deviation (RSD) was calculated as follows:

%RSD =
standarddeviation(SD)

Meanvalue x100…………………………(10)

Relative standard deviation is the parameter of choice for expressing precision in analytical sciences. The precision determined at
each concentration level should not excessed 15% of the relative standard deviation (RSD) [39], [40]. Linearity was assessed by
constructing individual analytical curves for each analyte. The determination coe�cient (r2) and linearity range were calculated for
each analyte determined by GC-MS [36], [41].

3.7.2. Recovery
Recovery is the measured amount of pesticide in the spiked Quality Control (QC) sample expressed as percentage of the amount
spiked; ideally 100 percent. In order to improve the reliability of the method for the determinations of the samples for pesticides of
interest, spiking method was adopted. In spiking a known amount of analyte was added (spiked) in to the test matrix and how much
we have recovered the amount that we added were determined. It was determined by replicate analysis of samples.

%Recovery =
conc. inspikedsample − conc. inunspikedsample

Amountaddconc. x100………………(11)

Recovery results in this work are summarized in Table 1. All the values of this study was within the acceptable ranges of percentage
recoveries from 80–120% [42].
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Table 1
Recovery of pesticides for water, sediment and �sh samples

Pesticides Fish samples (µg/kg) Sediment samples (µg/kg) Water sample (µg/L)

Spiked
conc.

Un
spiked
conc.

add
conc.

%R Spiked
conc.

Un
spiked
conc.

add
conc.

%R Spiked
conc.

Un
spiked
conc.

add
conc.

%R

Lindane 75.01 8.5 72 92.4 75.01 11.33 72 88.4 71.01 1.3 70 99.6

α-
Endosulfan

76.4 11.5 72 90.1 73.4 13.5 65 92.2 75.4 10.5 72 90.1

β-
Endosulfan

128.42 25.5 116 88.7 102.42 17.36 96 88.6 113.42 4.31 110 99.2

4.4-DDE 69.56 9.5 66 91.0 63.56 12.67 56 90.9 67.56 1.35 66 100.3

4,4-DDD 71.3 10 65 94.3 75.3 15.36 65 92.2 71.3 1.34 65 107.6

4,4-DDT 64.31 9.5 60 91.4 64.31 13.07 55 93.2 57.31 1.46 55 101.5

Dieldrin 58.96 11 50 95.9 98.96 70.42 32 89.2 46.56 1.28 45 100.6

Endrin 45.79 7.5 38 100.8 49.79 14.97 38 91.6 39.79 1.39 38 101.1

Deltamethrin 28.5 7.5 20 105.0 29.67 11.21 20 92.3 20.12 0 20 100.6

Table 1

All analytical procedures were subjected to a rigorous quality control process and analyses were performed in triplicate. A spiked
sample and a procedural blank were analyzed with each batch of water, sediment, and �sh samples. Mean values of pesticides were
detected in blanks was subtracted from the analyte concentration in sample extracted. All reagents used in this study were
chromatography graded. All glassware were soaked by diluted chromic acid for 24 hr, and then washed by tap water with soap, in
the last rinsed by distilled water and subsequently rinsed with acetone before use. During sample injection, the GC syringe was
programmed to wash two times before and after sample injection with ethyl acetate and toluene to avoid cross contamination.

3.7.3. Statistical Analysis
Descriptive statistics and one way ANOVA were computed using STATA version 14 software. Mean and range were used to describe
the levels of OCPs in water, sediment, and �sh in Lake Tana and Lake Hayqe. The signi�cance level was set at p < 0.05.

Results And Discussion

4.1.2. Accuracy and Precision
All the percent of recovery values were within the acceptable range of 80%-120% for pesticide analysis (Table 1). The % RSD values
were ranged from 0.03–8.66% for water, sediment and �sh samples, which was under the required control limits ≤ 15%. These
con�rm that the method was good precision and accuracy. The correlation coe�cients of all the calibration curves were ≥ 0.9986 or
ranged (0.9986–0.9998) (Annex Table 2) and this showed that there was linear relationship between concentration and intensity.
The instrumental detection limits (IDL) were 1.0 µg/L, 10 µg/kg and 10 µg/kg for water, sediment and �sh samples, respectively.
LOQ of GC-MS was < 10µ/kg.
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Table 2
Organochlorine pesticides (OCPs) Results in Water sample (µg/L)

  Lake Tana Lake

Hayqe

WHO

2017

EPA

OCP's B/dar Gumara Ribe Megech Gorgora Sekelet Deke Mean  

α-BHC ND ND ND ND ND ND ND - ND - -

β-BHC ND ND ND ND ND ND ND - ND - -

δ-BHC ND ND ND ND ND ND ND - ND - -

Lindane 1.11 1.13 1.15 1.12 1.11 1.08 1.06 1.11 1.11 2 0.2

α-Endosulfan 10.11 10.25 12.61 11.55 10.01 10.00 10.10 10.66 8.21 20 -

β-Endosulfan 5.11 4.12 6.7 5.8 3.13 3.14 2.15 4.31 3.12 20 -

ΣEndosulfan 15.22 14.37 19.31 17.35 13.14 13.14 12.25 14.97 11.33 20 -

4,4-DDT 1.12 1.56 1.66 1.48 1.40 1.11 1.08 1.35 1.45 1 -

4.4-DDE 1.14 1.48 1.65 1.55 1.15 1.20 1.21 1.34 1.35 1 -

4,4-DDD 1.16 1.68 1.70 1.69 1.45 1.12 1.45 1.46 1.53 1 -

ΣDDTs 3.42 4.72 5.01 4.72 4.00 3.43 3.74 4.15 4.33 1 -

β-Heptachlorepoxide ND ND ND ND ND ND ND - ND - -

Endrin 1.16 1.35 1.82 1.29 1.18 1.11 1.12 1.28 1.09 0.6 2

Endrin aldehyde ND ND ND ND ND ND ND - ND - -

Endrin ketone ND ND ND ND ND ND ND - ND - -

Aldrin ND ND ND ND ND ND ND -   - -

Dieldrin 1.12 1.53 2.45 1.16 1.25 1.11 1.12 1.39 1.61 0.03 -

Deltamethrin ND ND ND ND ND ND ND - ND - -

Dichlorobenzonitrile ND ND ND ND ND ND ND - ND - -

Hexachlorobenzene ND ND ND ND ND ND ND - ND - -

P-value was ≤ 0.001or (P < 0.05) most detected OCPs among all sampling sites, and between Lake Tana and Lake Hayqe except
lindane (P = 0.96205), DDE (0.01963), and DDD (0.01342).

4.2. Concentrations of Organochlorine pesticides (OCPs) in water samples
From the result, the concentrations of OCPs ranged from ND to 12.61µgL− 1. The highest concentration of OCPs was detected α-
Endosulfan (12.61µg L− 1) at Rib river sampling site in Lake Tana (Table 2). There was signi�cant difference in the concentration of
all detected pesticides for water samples among all sampling sites (P < 0.05) and between Lake Tana and Lake Hayqe except
Lindane (p > 0.05) not signi�cant.

The DDT and its metabolites of 4, 4 -isomers (4, 4-DDE, and 4, 4-DDD) were the predominant groups next to endosulfan, and they
were detected in most sampling sites. The concentrations of 4, 4-DDT in Lake Tana ranged from 1.08 to 1.66 µg/L. The lowest and
highest concentrations were recorded at sampling sites Deke (1.08 µg/L) and Ribe (1.66 µg/L), respectively. The concentrations of 4,
4-DDE in Lake Tana ranged from 1.14 to 1.65 µg/L (Table 2). The lowest and highest concentrations were recorded at sampling
sites Bahir Dar and Ribe, respectively. The concentrations of 4, 4-DDD in Lake Tana ranged from 1.12 to 1.70 µg/L. The lowest and
highest concentrations were recorded at sampling sites Sekelet and Ribe, respectively. The mean concentration of DDT, DDE, and
DDD were 1.35µg/L, 1.34µg/L, and 1.46µg/L for water samples in Lake Tana, and1.45 µg/L, 1.35µg/L, and 1.53µg/L for water
samples in Lake Hayqe, respectively (Table 2). While the mean concentrations of DDTs found in water samples that collected from
Lake Hayqe were higher than that obtained in Lake Tana. Therefore, there were statistically signi�cant difference in the
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concentration of DDTs and their metabolites between Lake Tana and Lake Hayqe (P < 0.05). This might be due to the anthropogenic
impact around the Lake Hayqe.

The concentrations of DDTs ranged from 3.42–5.01µg L− 1 in Lake Tana and 4.33 µg L− 1in Lake Hayqe. The higher total DDTs
concentration (5.01µg L− 1) and the Lower (3.42µg L− 1) was found in Ribe and Bahir Dar sampling site of Lake Tana, respectively.
The composition distinction of DDT and its metabolites are useful for identifying the source of DDTs. When (DDE + DDD)/ DDTs is
more than 0.5 was suggests historical accumulation of DDTs, which may have gone through a long-term weathering [17]. The
concentrations of total DDTs next to endosulfan were higher than other OCPs. The possible reasons for the presence of high level of
DDTs in the Amhara Regional State Lakes may be its current use in vector control, illegal usage and contamination from obsolete
pesticides [20]. And also it might be due to attributed to the run-off and deposition of DDT, which is used for agricultural and public
health purposes (malaria control) in Ethiopia. DDT was used illegally for public health purposes until recently. The presence of DDTs
in most of the water samples collected from Lake Tana and Lake Hayqe could be attributed to increased surface runoff carrying
pesticide residues from various sources. Ethiopia is one of the many African countries burdened with the problem of obsolete
pesticides and DDTs is still used for agricultural and public health programs [17]. In this present study the total levels of DDTs were
found in water samples collected from Lake Tana and Lake Hayqe was higher than the study conducted in Akaki River catchment,
central Ethiopia (nd-0.092µg/L) [17], in Tekeze Dam, Ethiopia (0.071ppb) [43], in Lake Bosomtwi, Ghana (0.073µg/L) [44], in Nile
river, Sudan (nd-0.8) [45], in Densu river basin, Ghana (0.01–0.04 µg/L) [7], in Lake Victoria Basin, Kenya (0.29–0.36 µg/L) [46].

The α and β-Endosulfan were detected pesticides in most water samples that collected from Lake Tana and Lake Hayqe. The
concentrations of α-Endosulfan in Lake Tana ranged from 10.00 to 12.61µg L− 1. The lowest and highest concentrations were
recorded at sampling sites Sekelet and Ribe, respectively. The mean concentrations of α-Endosulfan were 8.21µg/L in Lake Hayqe.
The concentrations of β-Endosulfan in Lake Tana ranged from 2.15 to 6.7 µg L− 1. The lowest and highest concentrations were
recorded at sampling sites Deke and Ribe, respectively. The mean concentrations of β-Endosulfan were 3.12 µg/L in Lake Hayqe
(Table 2).

The concentrations of ΣEndosulfan were ranged from 12.25µg L− 1 to 19.31µg L− 1 in Lake Tana and 11.33µg L− 1 in Lake Hayqe
water samples. The lowest and highest total endosulfan concentrations were recorded at sampling sites of Deke and Rib of Lake
Tana, respectively (Table 2). This might be due to the land which is found in around Ribe river were suitable for farming and the
farmers located to Rib river extensively used endosulfan pesticide to protect pests. The total concentration of endosulfan that found
in water samples collected from Lake Tana was higher than the concentration that found in water samples collected from Lake
Hayqe. Therefore, there was statistically signi�cant difference in the concentration α and β- isomers of endosulfan between Lake
Tana and Lake Hayqe for water samples (P < 0.05). This �nding was also supported by the study conducted in Northwest Ethiopia,
According to the authors report, endosulfan is widely used by subsistence farmers producing vegetables, onions, fruits and
sugarcane around the Lake Tana. Most farmers around the Lake Tana area used synthetic pesticides to control pests on vegetables,
onion, tomato and �eld crops under irrigation and rain-fed conditions and this pesticide residues inter to the Lake Tana by run-off,
and leaching [19]. The total endosulfan concentrations of the present study that found in water samples collected from Lake Tana
and Lake Hayqe was much higher than all of the other investigated OCPs (Table 2). This might be due to endosulfan was used
recently for agricultural purpose in Northwest Ethiopia. The concentration of total endosulfan was much higher than the study
conducted in Lake Ziway, Ethiopia (0.76–1.11µg/L) [16], in Tekeze Dam, Ethiopia (0.046 ppb) [43], in Owan River, Edo State, Nigeria
(0.3µg/L) [10],in Lake Bosomtwi, Ghana (0.064µg/L) [44], in Head Ballokion the River Ravi, Pakistan (nd-0.42µg/L) [47], in Lake
Victoria Basin, Kenya (0.06–0.33µg/L) [46].

Lindane was detected pesticide in most water samples that collected from both Lake Tana and Lake Hayqe. The concentrations of
lindane in Lake Tana was ranged from 1.06 to1.15µg L− 1.The lowest and highest concentrations were recorded at sampling sites
Deke and Rib, respectively. The mean concentrations of lindane was 1.11µg/L in Lake Hayqe (Table 2). In the present study the
mean concentration of lindane have the same magnitude in both study areas of water samples were collected from Lake Tana and
Lake Hayqe. Therefore, there were no statistically signi�cant difference (p = 0.96205) of lindane residue between Lake Tana and
Lake Hayqe. This might be due to the application of lindane for agricultural and health purpose could be the same trends. The mean
concentrations of lindane was much higher than the study conducted in Akaki River catchment, central Ethiopia (nd-0.015µg/L) [17],
in Tekeze Dam, Ethiopia (0.058µg/L) [43], in Owan River, Edo State, Nigeria (0.22µg/L) [10], in Lake Bosomtwi, Ghana (0.071µg/L)
[44], in Lake Victoria Basin, Kenya (0.03 µg/L) [46].
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Endrin was detected pesticide in most water samples that were collected from ANRS Lakes of Lake Tana and Lake Hayqe. The
concentrations of endrin were ranged from 1.11 to1.82 µg L− 1 for water samples that taken from in Lake Tana. The lowest and
highest concentrations were recorded at sampling sites Sekelet and Rib, respectively. The mean concentrations of endrin was 1.09
µg/L in Lake Hayqe (Table 2). The maximum concentration (1.82 µg L− 1) of endrin was found in Rib sampling sites of Lake Tana
and the minimum concentration (1.09 µg L− 1) was recorded in Lake Hayqe. The mean level of endrin was 1.28 µg L− 1 and 1.09 µg
L− 1 for water sample that collected from Lake Tana and Lake Hayqe, respectively. Based on the present study the overall level of
endrin found in water samples collected from Lake Tana was higher than that found for water samples collected from Lake Hayqe.
This might be due to the different application of endrin for agricultural and health purposes and the anthropogenic effects within
the studied lakes. In this current study the level of endrin that found in water samples collected from Lake Tana and Lake Hayqe
was higher than the study conducted in Owan River, Edo State, Nigeria (0.06 µg/L) [10], in Densu river basin, Ghana (0.01–0.015
µg/L) [7], and in Lake Victoria Basin, Kenya (0.04–0.09 µg/L) [46].

Dieldrin was the metabolite of aldrin, was detected pesticide in most water samples collected from Lake Tana and Lake Hayqe.
However aldrin was not detected in the water samples that were taken from Lake Tana and Lake Hayqe. The concentrations of
dieldrin were ranged from 1.11 to2.45 µg L− 1in Lake Tana. The mean concentrations of dieldrin were 1.61 µg/L in Lake Hayqe
(Table 2). The highest concentration (2.45 µg L− 1) and the lowest concentration (1.11 µg L− 1) of dieldrin was recorded in water
samples that collected from Ribe and Sekelet sampling sites in Lake Tana. This might be due to more or less the agricultural
wastages simply interred to Ribe River and the farming trend around Ribe river were intensive than around Sekelet sampling sites in
Lake Tana. The mean concentration of dieldrin was 1.39 µg L− 1 and 1.61 µg L− 1 for water samples were collected from Lake Tana
and Lake Hayqe, respectively. This �nding indicates the level of dieldrin that found in water samples taken from Lake Hayqe was
higher than that found in water samples collected from Lake Tana. The concentration difference in two Lakes might be due to the
anthropogenic activities that could be intensively usages of dieldrin with smallholder farmers around Lake Hayqe. In the present
study the levels of dieldrin was higher than the study conducted in Akaki River catchment, central Ethiopia (nd-0.005 µg/L) [17], in
Owan River, Edo State, Nigeria (0.14 µg/L) [10], in Densu river basin, Ghana (nd-0.015µg/L) [7], and in Lake Victoria Basin, Kenya
(0.14–0.31 µg/L) [46].The possible reason for this discrepancy might be due to smallholders and commercial farmers have been
practicing intensive agricultural activities and urbanization around Lake Tana and Lake Hayqe.

Table 2

4.4. Concentrations of Organochlorine Pesticides (OCPs) in sediment
From the result the detection of most OCPs in sediment samples was not surprising because OCPs have been identi�ed to be
among the major pollutants introduced into the aquatic environment in Ethiopia and are discharged into the aquatic environment
from both industrial and agricultural activities [30]. The concentrations of analyzed OCPs were ranged from ND to 125.65 µg kg− 1.
The highest (125.65 µg kg− 1) concentrations of OCPs was endrin, detected at Bahir Dar sampling site, Lake Tana (Table 3). There
was signi�cant difference in the concentration of all detected pesticides for sediment samples among all sampling sites (P < 0.05)
and Between Lake Tana and Lake Hayqe except Chloropyrifos (p > 0.05) not signi�cant.
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Table 3
Organochlorine pesticides in Sediment sample (µg/kg)

  Lake Tana Lake WHO EPA

OCP's B/dar Gumara Ribe Megech Gorgora Sekelet Deke Mean Hayek 2017  

α –BHC ND ND ND ND ND ND ND - ND - -

β-BHC ND ND ND ND ND ND ND - ND - -

δ-BHC ND ND ND ND ND ND ND - ND - -

Lindane 10.12 11.85 12.66 11.64 11.78 11.09 10.18 11.33 10.96 2 0.2

α-Endosulfan 14.77 15.64 16.52 12.36 11.48 11.22 11.44 13.35 11.26 20 -

β-Endosulfan 18.55 19.61 21.15 21.06 16.74 11.87 12.55 17.36 14.52 20 -

ΣEndosulfan 33.32 35.25 37.67 33.42 28.22 23.09 23.99 30.71 25.78 20 -

4.4-DDT 13.5 14.3 13.8 12.4 12.2 11.4 11.12 12.67 11.9 1 -

4,4-DDE 14.2 18.4 17.6 18.7 15.6 11.93 11.11 15.36 20.0 1 -

4,4-DDD 13.01 13.67 13.85 14.18 12.65 12.86 11.25 13.07 13.27 1 -

ΣDDTs 40.71 46.37 45.25 45.28 40.45 36.19 33.48 41.11 45.17 1 -

DDT/Σ(DDE + DDD) 0.496 0.446 0.439 0.377 0.432 0.460 0.497 0.450 0.358 - -

β-
Heptachlorepoxide

ND ND ND ND ND ND ND - ND - -

Endrin 125.65 56.8 68.9 86.3 60.5 54.6 40.2 70.42 21.41 0.6 2

Endrin aldehyde ND ND ND ND ND ND ND - ND - -

Endrin ketone ND ND ND ND ND ND ND - ND - -

Aldrin ND ND ND ND ND ND ND - ND - -

Dieldrin 16.61 15.64 14.54 16.83 16.09 13.17 11.91 14.97 18.07 0.03 -

Deltamethrin 10.57 13.45 11.55 11.28 11.05 10.46 10.11 11.21 11.54 - -

Dichlorobenzonitrile ND ND ND ND ND ND ND - ND - -

Hexachlorobenzene ND ND ND ND ND ND ND - ND - -

P-value was ≤ 0.001or (P < 0.05) for all detected OCPs among all sampling sites, and between Lake Tana and Lake Hayqe

Endrin was found in most sediment samples collected from Lake Tana and Lake Hayqe. The concentrations of endrin in Lake Tana
ranged from 40.2 to 125.65 µg/kg. The lowest and highest concentrations were recorded at sampling sites Deke and Bahir dar,
respectively. The mean concentration of endrin in Lake Tana was 70.42 µg/kg. The mean concentrations of endrin was 21.41µg/kg
in Lake Hayqe (Table 3). Endrin was the predominant OCPs investigated in sediment samples that collected from Lake Tana and
Lake Hayqe. The level of endrin found in sediment samples collected from Lake Tana was much higher than that found in sediment
samples taken from Lake Hayqe. In this �nding the level of endrin was much higher than the study conducted in the Mae Klong river,
Central Thailand (0.00001–0.00005 µg/kg) [48], and in Lake Victoria Basin, Kenya (7.96–10.99 µg/kg) [46].

DDT and its metabolites were detected in most sediment samples were collected from Lake Tana and Lake Hayqe. The
concentrations of 4, 4-DDTs were ranged from 11.11 to 18.7 µg/kg, and11.9 to 20.0 µg/kg in Lakes Tana and Hayqe, respectively.
The4, 4-isomers of DDT and its metabolites (4, 4-DDE, and 4, 4-DDD) were the predominant groups next to endrin. 4, 4-DDT was
detected in most sediment samples in Lake Tana and Lake Hayqe. The concentrations of 4, 4-DDTin Lake Tana were ranged from
11.12 to 14.3µg/kg. The lowest and highest concentrations were recorded at sampling sites Deke and Gumara, respectively
(Table 3).The mean concentrations of 4, 4-DDT in Lake Tana was 11.9 µg kg− 1, and 4, 4-DDT was 11.9 µg kg− 1 in Lake Hayqe
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(Table 4). DDE was detected in most sediment samples collected from Lake Tana and Lake Hayqe. The concentrations of 4, 4-DDE
in Lake Tana were ranged from 11.11 to 18.7 µg/kg. The lowest and highest concentrations were recorded at sampling sites of Deke
and Megech, respectively. The mean concentrations of 4, 4-DDE in Lake Tana was 15.36 µg kg− 1.The mean concentrations of 4, 4-
DDEin Lake Hayqe was 20.0 µg kg− 1. 4, 4-DDD was detected in most sediment samples in Lake Tana and Lake Hayqe. The
concentrations of 4, 4-DDD in Lake Tana were ranged from 11.25 to 14.18 µg/kg. The lowest and highest concentrations were
recorded at sampling sites of Deke and Megech, respectively. The lowest and highest concentrations were recorded at sampling
sites of Deke and Megech, respectively. The mean concentrations of 4, 4-DDD were 13.07 µg kg− 1, and 13.27 µg kg− 1 in Lake Tana
and Lake Hayqe, respectively (Table 3).

Table 4
Organochlorine pesticides (OCPs) in Fish Samples (µg/kg)

    Conc. in Fish L.   Mean Fish in Lake Hayqe Mean WHO EPA

    Tilapia Tilapia Tilapia Lake Tilapia Dubie Lake    

OCP's Fogera B/dar Gorgora Tana Hayqe Hayqe Hayqe 2017  

α-BHC ND ND ND - ND ND - - -

β-BHC ND ND ND - ND ND - - -

δ-BHC ND ND ND - ND ND - - -

Lindane 16.15 11.20 10.54 12.63 18.26 10.67 14.47 2 0.2

α-Endosulfan 20.5 19.6 28.9 23.00 13.2 12.85 13.03 20 -

β-Endosulfan 45.6 40.6 51.15 45.78 14.59 12.5 13.55 20 -

ΣEndosulfan 66.1 60.2 80.05 68.78 27.79 25.35 26.57 20 -

4.4-DDT 17.5 18.5 19.8 18.60 21.12 19.11 20.12 1 -

4,4-DDE 18.7 14.2 19.2 17.37 18.8 13.6 16.2 1 -

4,4-DDD 18.1 19.2 19.1 18.8 21.25 19.23 20.24 1 -

ΣDDTs 54.3 51.9 58.1 54.77 61.17 51.94 56.56 1 -

DDT/Σ(DDE + DDD) 0.476 0.554 0.517 0.516 0.527 0.582 0.555 - -

β-Heptachlorepoxide ND ND ND - ND ND - - -

Endrin 22.12 21.8 21.38 21.77 20.1 21.9 21.0 0.6 2

Endrin aldehyde ND ND ND - ND ND - - -

Endrin ketone ND ND ND - ND ND - - -

Aldrin ND ND ND - ND ND - - -

Dieldrin 11.15 11.60 15.31 12.69 14.20 11.73 12.97 0.03 -

Deltamethrin ND ND ND - ND ND - - -

Dichlorobenzonitrile ND ND ND - ND ND - - -

Hexachlorobenzene ND ND ND - ND ND - - -

P-value was ≤ 0.001or (P < 0.05) for most detected OCPs among all sampling sites, and between Lake Tana and Lake Hayqe
except α-Endosulfan (P = 0.0259), Endrin (0.0032), and Dieldrin (0.0248).

List of �gures

The ΣDDTs concentrations were ranged from 33.48 to 46.37 µg kg− 1in Lake Tana (Table 4). The mean concentrations of total DDTs
in Lake Tana was 41.11µg kg− 1.The mean concentrations of total DDTs in Lake Hayqe was 45.17µg kg− 1. The highest (46.37 µg
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kg− 1) and lowest (33.48 µg kg− 1) total concentrations of DDTs were found in sediment samples were sampled from Gumara and
Deke sampling sites of Lake Tana, respectively (Table 3). The levels of 4, 4-DDTs varied depending on sampling sites indicating
variable sources in different locations. The mean concentration of 4, 4-DDE found in the sediment samples that collected from Lake
Tana and Lake Hayqe was higher than both 4, 4-DDT and 4, 4-DDD. This might be due to the metabolic resistant and stability of 4, 4-
DDE that could leads to be accumulated in sediment matrix. The possible reasons for the presence of high level of 4, 4-DDTs and its
metabolites may be attributed to the run-off and atmospheric deposition of DDT which is used for agricultural and malaria control
activities in Ethiopia [49]. The ratio of 4,4-DDT with the sum of their metabolites (4, 4-DDE and 4, 4-DDD) was less than one
indicates DDTs were not recently discharged to the aquatic environment; it may be accumulated for several years with sediment
matrix [50] (Table 3). The concentrations of DDTs next to endrine were higher than those of other OCPs. The possible reasons for
the presence of high level of DDTs in the Amhara Regional State Lakes may be its current use in vector control, illegal usage and
contamination from obsolete pesticides [20]. In the present study, the level of total DDTs found in sediment samples collected from
ANRS Lakes were much lower than the study conducted in Akaki River catchment, central Ethiopia (1.91- 1076.73 µg/kg) [17]. This
could be due to the common application of pesticides for urban agricultural practices near to Akaki River. While the �nding was
higher than the study conducted in Tekeze Dam, Ethiopia (14.82ppb) [43], in the Mae Klong river, Central Thailand (0.00006–
0.0027µg/kg) [48], in Lake Bosomtwi, Ghana (12.752 ng/g) [44], and in Lake Victoria Basin, Kenya (24.42–36.38 µg/kg) [46].

Endosulfan pesticide is a broad spectrum contact insecticide and acaricide used by many farmers. In this investigation α and β
isomers of Endosulfan were detected OCP for composited sediment samples were collected from Lake Tana and Lake Hayqe. The
concentrations of α-Endosulfan in Lake Tana were ranged from 11.32 to 16.52 µg/kg. The lowest and highest concentrations were
recorded at sampling sites Sekelet and Rib, respectively. The mean concentration of α-Endosulfan in Lake Tana was 13.35 µg/kg.
Whereas the mean concentrations of α-Endosulfan was 11.26 µg/kg in Lake Hayqe (Table 4). The concentrations of β-Endosulfan in
Lake Tana were ranged from 12.55to 21.15 µg/kg. The lowest and highest concentrations were recorded at sampling sites Deke and
Rib, respectively, while the mean concentrations of β-endosulfan in Lake Tana were 17.31µg/kg. The mean concentrations of β-
Endosulfan were 14.52µg/kg in Lake Hayqe (Table 3). Therefore both the highest and lowest concentration of α and β-Endosulfan
were found at Rib and Sekelet sampling sites of Lake Tana, respectively. The result showed that the level of β-Endosulfan was much
higher than the level of α-Endosulfan, those found in sediment samples collected from ANRS Lakes of Lake Tana and Lake Hayqe
(Table 3). This might be due toβ isomers of Endosulfan could be persistent and slower degradation in matrix of sediment relative to
isomer of α-Endosulfan [51].

The ΣEndosulfan concentrations in Lake Tana were ringed from 23.19 to 37.67 µg/kg. The lowest and highest concentrations were
recorded at sampling sites Sekelet and Ribe, respectively. The mean concentration of total Endosulfanin Lake Tana was 30.71
µg/kg, whereas the mean concentrations of total endosulfan were 25.78 µg/kg in Lake Hayqe (Table 3). The levels of total
endosulfan found in sediment samples collected from Lake Tana was higher than that found Lake Hayqe. This might be due to the
farmers they farmed around Lake Tana and Ribe River has been used endosulfan pesticide extensively to control pests on
vegetables and �eld crops under irrigation and rain-fed conditions. The excessive application of endosulfan 35% EC by farmers they
located around Lake Tana used for pest control in agricultural purpose was supported by the study conducted in Northwest Ethiopia,
Lake Tana [19]. The �ndings of Birhan Agmas et al., (2020), tells the attitudes and practices of farmers were developed they found
in Northwest Ethiopia with regarding to endosulfan pesticide usages for agricultural purpose. In the present study the level of total
endosulfan that detected for sediment samples collected from Lake Tana and Lake Hayqe was much higher than the study
conducted in Lake Ziway, Ethiopia (2.1–2.69µg/kg) [16], in Tekeze Dam, Ethiopia (10.622 ppb) [43], in the Mae Klong river, Central
Thailand (0.00004-0.00016 µg/kg) [48], in Lake Tashk, Iran (15.263 ppb) [52], in Lake Bosomtwi, Ghana (9.685 ng/g) [44], in Head
Balloki on the River Ravi, Pakistan (3.74–23.06 µg/kg) [47], and in Lake Victoria Basin, Kenya (5.96–13.47µg/kg) [46]. While this
�nding was much lower than the study conducted in Akaki River catchment, central Ethiopia (nd-127.78 µg/kg) [17].

Lindane was detected in most sediment samples collected from Lake Tana and Lake Hayqe. The concentration of lindane in Lake
Tana was ranged from 10.12 to 12.66 µg/kg. The lowest and highest concentrations were recorded at sampling sites Bahir dar and
Rib, respectively. The mean concentration of lindane in Lake Tana was 11.33 µg/kg. Whereas the mean concentrations of lindane
was 10.96 µg/kg in Lake Hayqe (Table 3). The levels of lindane found in sediment samples collected from Lake Tana was higher
than that found in sediment samples collected from Lake Hayqe. The present study was higher than the study conducted in Tekeze
Dam, Ethiopia (6.920 ppb) [43],in the Mae Klong river, Central Thailand (0.00002-0.00018 µg/kg) [48],in Lake Tashk, Iran (8.475 ppb)
[52], in Lake Bosomtwi, Ghana (6.755 ng/g) [44], in Lake Victoria Basin, Kenya (3.37–23.12 µg/kg) [46]. The �nding was much lower
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than the study conducted in Akaki River catchment, central Ethiopia (nd-1161.20 µg/kg) [17], this might be due to large numbers of
untreated or partially treated industrial wastes, domestic and agricultural wastes were released into nearby water bodies of Addis
Ababa, and this polluted water interred to Akaki river.

Dieldrin was detected in most sediment samples collected from Lake Tana and Lake Hayqe. The concentrations of dieldrin in Lake
Tana were ranged from 11.91 to 16.83 µg/kg. The lowest and highest concentrations were recorded at sampling sites Deke and
Megech, respectively. The mean concentration of dieldrin in Lake Tana was 14.97 µg/kg, whereas the mean concentration of
dieldrin was 18.07 µg/kg in Lake Hayqe (Table 3). The levels of dieldrin found in sediment samples collected from Lake Tana was
lower than that found in sediment samples sampled from Lake Hayqe. The present �nding was much higher than the study
conducted in the Mae Klong river, Central Thailand (0.00001–0.00007 µg/kg) [48], and in Lake Bosomtwi, Ghana (0.072ng/g) [44].
While it was lower than the study conducted in Lake Victoria Basin, Kenya (11.94–69.55 µg/kg, this might be due to the extensive
uses of pesticide for agricultural and health purposes around lake basin and establishments of different chemical industries in the
country [46]. And also it was lower than the study conducted in Akaki River catchment, central Ethiopia (nd-78.56 µg/kg) [17], this
might be due to around the Akaki river different industries were established, and the agricultural and domestic wastes may be
simplify released to the environment.

Deltamethrin was found in most composited sediment samples collected from Lake Tana and Lake Hayqe. The concentrations of
deltamethrin in Lake Tana were ranged from 10.11 to 13.45 µg/kg. The lowest and highest concentrations were recorded at
sampling sites Deke and Gumara, respectively. The mean concentration of deltamethrin in Lake Tana was 11.21 µg/kg. Whereas the
mean concentrations of deltamethrin was 11.54 µg/kg in Lake Hayqe (Table 4).The level of deltamethrin found in sediment
samples collected from Lake Tana was lower than that found in sediment samples taken from Lake Hayqe. The �nding was much
higher than the study conducted in Lake Ziway, Ethiopia (0.54 µg/kg) [16], and in Head Balloki on the River Ravi, Pakistan (nd-0.37
µg/kg) [47]. This might be due to illegal applications of pesticides practiced by farmers for agricultural and household purposes in
Amhara National Regional States (ANRS) than other parts of Ethiopia and world.

Table 3

4.6. Concentrations of Organochlorine Pesticides (OCPs) in �sh
The concentrations of investigated OCPs ranged from ND to 51.5 µg kg− 1. The highest concentration of OCPs was β-Endosulfan
(51.5µg kg− 1), detected in Tilapia Fish collected from Gorgora sites of Lake Tana (Table 4). There was signi�cant difference in the
concentration of all detected pesticides for Fish samples among all sampling sites (P < 0.05) and Between Lake Tana and Lake
Hayqe.

The isomers of DDTs investigated in the �sh tissue samples were 4, 4-DDT, 4, 4 -DDE, and 4, 4 -DDD. The DDT and its metabolites of
4, 4 -isomers (4, 4-DDE, and 4, 4-DDD) were the predominant groups next to endosulfan, and they were detected in most �sh
samples. The level of 4, 4-DDT in Lake Tana was ranged from 17.5 to 19.8 µg/kg. The lowest and highest concentrations were
recorded at sampling sites of Fogera and Gorgora, respectively. The mean concentration of 4, 4-DDT in Lake Tana was 18.60 µg kg− 

1. The level of 4, 4-DDT in Lake Hayqe was 21.12 µg/kg and 19.11 µg/kg for Tilapia and Dubie �sh, respectively. The lowest and
highest concentrations in Lake Hayqe were recorded in Dubie and Tilapia �sh samples, respectively. The mean concentrations of 4,
4-DDT was 20.12 µg kg− 1 in Lake Hayqe (Table 4). The level of 4, 4-DDE in Lake Tana was ranged from 14.2 to 19.2 µg/kg. The
lowest and highest concentrations were recorded at sampling sites of Bahir dar and Gorgora, respectively. The mean concentrations
of 4, 4-DDE in Lake Tana was 17.37 µg kg− 1.The level of 4, 4-DDE in Lake Hayqe were 18.8 µg/kg and 13.6 µg/kg for Tilapia and
Dubie �sh, respectively. The lowest and highest concentrations in Lake Hayqe were recorded at Dubie and Tilapia �sh samples,
respectively. The mean concentration of 4, 4-DDE was 16.2 µg kg− 1 in Lake Hayqe (Table 4). The level of 4, 4-DDD in Lake Tana was
ranged from 18.1 to 19.2 µg/kg. The lowest and highest concentrations were recorded at sampling sites of Fogera and Bahir dar,
respectively. The mean concentration of 4, 4-DDD in Lake Tana was 18.8 µg kg− 1.The concentrations of 4, 4-DDDin Lake Hayqe
were 21.25 µg/kg and 19.23 µg/kg for Tilapia and Dubie �sh, respectively. The lowest and highest concentrations in Lake Hayqe
were recorded in Dubie and Tilapia �sh samples, respectively. The mean concentration of 4, 4-DDD was 20.24 µg kg− 1 in Lake
Hayqe (Table 4).
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The ΣDDTs concentration in Lake Tana �sh samples were ranged from 51.9 to 58.1µg kg− 1. The lowest and highest concentrations
of total 4, 4-DDTs were recorded at sampling sites of Bahir dar and Gorgora, respectively. The mean concentration of total DDTs in
Lake Tana was 54.77µg kg− 1. The concentrations of total 4, 4-DDTs in Lake Hayqe were 61.17 µg/kg and 51.94 µg/kg for Tilapia
and Dubie �sh, respectively. The lowest and highest concentrations of total DDTs were found in Dubie and Tilapia �sh samples,
respectively. The mean concentration of total 4, 4-DDTs was 56.56µg kg− 1 (Table 4). The levels of 4, 4-DDD found in the �sh
samples of Lake Tana and Lake Hayqe was higher than both 4, 4-DDT and 4, 4-DDE. This might be due to the metabolic resistant
and stability of 4, 4-DDD that could leads to be accumulated in �sh tissue. The possible reasons for the presence of high levels of
DDTs and its metabolites may be attributed to the run-off and atmospheric deposition of DDTs which is used for agricultural and
malaria control activities in Ethiopia [49]. The total concentrations of 4, 4 -DDE and 4, 4-DDD was higher than that of the parent 4, 4-
DDT. Whereas the ratio of DDT/(DDE + DDD) was less than one (< 1) in most �sh samples (Table 6). The low concentration of 4, 4-
DDT compare to total concentration of its metabolites is an indication that there might not be fresh input of the parent DDT in the
study area[50]. This also suggests that the DDT concentrations in the �sh samples collected from Lake Tana and Lake Hayqe might
be due to historical use of DDT for various activities. The possible reasons for the presence of high level of DDTs in the Fish
samples of ANRS Lakes might be due to the intensive utilization of DDT for vector control, agricultural activities, and illegal usage
contaminations of Lakes from obsolete pesticides [20].

The lower concentration (51.9 µg/kg) and higher concentration (61.17 µg/kg) of total 4, 4-DDTs were recorded in Lake Tana and
Lake Hayqe �sh samples, respectively (Table 4). The concentrations of total DDTs obtained in this current study were higher than
the study conducted in Lake Awassa, Ethiopia (1.80-21.34 ng/g) [49], Tekeze Dam, Ethiopia (8.89 ng/g) [43], in Rift Valley Lake-Lake
Ziway, Ethiopia (2.33-9.0 ng/g) [20], in Lake Koka, Ethiopia (4.53–15.15 ng/g) [15], in Africa �sh of Volta basin, Kpando Torkor,
Ghana (0.15–10.06 ng/g) [50], in Lake Nyasa, Tanzania (10.6–18.9 ng/g) [53], and in Calicut region, Kerala, India (12.31ng/g) [54],
this might be due to DDT was still used for malaria control in some parts of Ethiopia [51]. While there was much lower than the
study conducted in iSimangaliso Wetland Park, South Africa (645–2399 ng/g)[51],in Lake Burullus, Egypt (100.6-284.3 ng/g) [1],
and in Lake Tanganyika, Tanzania (207–319 ng/g) [53]. This could be due to the long history of DDTs in agriculture and disease-
vector control programs in South Africa and other world countries.

The isomers of α-and β-endosulfan were detected in most �sh samples of Lake Tana and Lake Hayqe. The detected α and β-
endosulfan concentrations in Lake Tana were ranged from 19.6 to 51.15 µg/kg. Whereas in Lake Hayqe Dubie and Tilapia �sh
samples were ranged from 12.5 to 14.59 µg/kg. The concentrations of α-Endosulfan in Lake Tana �sh samples were ranged from
19.6 to 28.9 µg/kg. The lowest and highest concentrations were recorded at sampling sites of Bahir dar and Gorgora, respectively.
The mean concentration in Lake Tana �sh samples was 23.0 µg/kg. The concentrations of α-Endosulfan in Lake Hayqe �sh
samples were12.85µg/kgand13.2 µg/kg for Tilapia and Dubie �sh, respectively. The lowest and highest concentrations were
recorded Dubie and Tilapia �sh samples, respectively. The mean concentration was 13.03 µg/kg in Lake Hayqe (Table 6). The
concentration of β-Endosulfan in Lake Tana �sh samples was ranged from 40.6 to 51.15 µg/kg. The lowest and highest
concentrations were recorded at sampling sites of Bahir dar and Gorgora, respectively. The mean concentration in Lake Tana �sh
samples was 45.78 µg/kg, whereas the concentrations in Lake Hayqe �sh samples were14.59 µg/kg and 12.5 µg/kg for Tilapia and
Dubie �sh, respectively. The mean concentration was 13.55 µg/kg in Lake Hayqe (Table 4).

The present study showed that the β-endosulfan was found in higher concentration than there corresponding isomer of α-
endosulfan in all �sh samples. The concentration difference between the two isomers could be accounted for the persistence and
slower degradation of β-endosulfan relative to the isomer of α-endosulfan [51]. In this current research �nding β -isomer endosulfan
was the dominant group in the �sh tissues, it was consistence with the �nding that was reported in middle Volta basin, Kpando
Torkor, Ghana which is β-isomer endosulfan was the dominant pesticide in the �sh samples. This is due to in Ghana endosulfan
had extensively used for agricultural activities and in cotton industry [50], and this is the same as in Ethiopia.

The ΣEndosulfan concentrations in Lake Tana �sh samples were ranged from 60.2 to 80.05 µg/kg. The lowest and highest
concentrations of total endosulfan in Lake Tana were recorded at Bahir dar and Gorgora sampling sites, respectively. The mean
concentration in Lake Tana �sh samples was 68.78 µg/kg. The concentrations of total endosulfan in Lake Hayqe were 25.35 µg/kg
and 27.79 µg/kg for Dubie and Tilapia �sh, respectively. The lowest and highest concentrations of were determined in Dubie and
Tilapia �sh samples, respectively. The mean concentration in Lake Hayqe �sh samples was 26.57 µg/kg (Table 4). The
concentration of endosulfan that found in Tilapia �sh collected from Lake Tana was much higher than the concentration found in
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�sh samples collected from Lake Hayqe. This might be due to the intensive use of endosulfan pesticide for pest control and
agricultural practice by farmers around Lake Tana. This �nding was also supported by the study conducted in Northwest Ethiopia,
which reported that most of the farmers around lake Tana used endosulfan for agricultural activity extensively [19]. Endosulfan is
normally not used in �sh farming as some �sh species are very sensitive to the effect of endosulfan and therefore no international
standard has so far been set for endosulfan residues in �sh [53]. The recent studies showed that the total concentration of
endosulfan was found as the most abundant of all pesticides.

The total concentrations of endosulfan that detected in �sh samples was much higher than all other tested pesticides (Table 4).
This might be due to endosulfan was used recently for agricultural practice in Ethiopia. Endosulfan could be easily absorbed by the
stomach, lungs and through the skin of �sh, meaning that all routes of exposure can pose a potential hazard for �sh as well as
other micro �ora and fauna, and it’s also hazardous and can stay several years in the environment [55]. In the current study the
levels of total endosulfan was higher than the study conducted in lake Koka, Ethiopia (1.2–4.3 ng/g) [15], in Tekeze dam, Ethiopia
(0.82ng/g) [43], in River Ravi, India–Pakistan(6.88–19.15 ng/g) [47], in Africa �sh tissue of middle Volta basin, Kpando Torkor,
Ghana (0.56–1.43 ng/g) [50], and in Lake Bosomtwi, Ghana (0.84–2.32 ng/g) [44]. However, endosulfan had been extensively used
for agricultural activities and cotton industry in Ghana [50]. while it was much lower than the study conducted in iSimangaliso
Wetland Park, South Africa (456.9–1495 ng/ g) [51], and in Owan River, Edo State, Nigeria (250–510 ng/g) [10]. the possible reason
might be due to the surrounding of studied areas were much farmed and farmers used pesticide excessively for Cocoa, plantain and
pepper production [10]. And also this variations could be linked to the difference in the trend of agricultural practices in these study
areas.

Endrine was detected in most �sh samples were collected from the Lake Tana and Lake Hayqe. The concentrations of Endrine in
Lake Tana �sh samples were ranged from 21.38–22.12µg/kg. The lowest and highest concentrations were recorded at sampling
sites of Gorgora and Fogera, respectively. The mean concentration in Lake Tana �sh samples was 21.77 µg/kg. The concentrations
of endrin in Lake Hayqe �sh samples were 20.1 µg/kg and 21.9 µg/kg for Tilapia and Dubie �sh, respectively. The lowest and
highest concentrations were recorded Dubie and Tilapia �sh samples, respectively. The mean concentration was 21.0 µg/kg in Lake
Hayqe (Table 4). The present study showed that the level of endrin in Lake Tana was higher than Lake Hayqe, this might be due to
the extensive agricultural trends of farmers located around Lake Tana by irrigation and rain �eld farming. The current study showed
that the level of endrin was higher than the study conducted in Calicut region, Kerala, India (0.01–1.35 ng/g) [54], in Owan River, Edo
State, Nigeria (0.07–0.45 ng/g) [10], in African Lake Taabo, Cote d'Ivoire (15.89 µg/kg), and Densu, River, Ghana (5.45 µg/kg) [56].
while in this study the concentration of endrin in Lake Tana and Lake Hayqe was much lower than the study conducted in
iSimangaliso Wetland Park, South Africa (195.6-4331.1 ng/g), and in Lake Burullus, Egypt (55.5–78.0 ng/g), this might be due to the
lake drains catchment areas of iSimangaliso Wetland Park, in South Africa all have been affected by anthropogenic activities,
including agricultural and health purpose for malaria control [51], and Lake Burullus was major disposal areas for agricultural
drainage water in Egypt [1].

Lindane was detected in most �sh samples were collected from the Lake Tana and Lake Hayqe. The concentrations of lindane in
Lake Tana �sh samples were ranged from 10.54-16.115 µg/kg. The lowest and highest concentrations were recorded at sampling
sites of Gorgora and Fogera, respectively. The mean concentration in Lake Tana �sh samples was 12.63 µg/kg. The concentrations
of lindane in Lake Hayqe �sh samples were 10.67 µg/kg and 18.26 µg/kg for Dubie and Tilapia �sh, respectively. The lowest and
highest concentrations were recorded Dubie and Tilapia �sh samples, respectively. The mean concentration was 14.47 µg/kg in
Lake Hayqe (Table 4). The current study showed that the mean concentration of Lindane in Lake Hayqe was higher than Lake Tana
(Table 4),this might be due to Lake Hayqe was have been more stagnant water to hold lindane pesticide for long ranges of time and
it might be accumulated �sh muscle without any disturbance. In the present study the concentration of lindane in Lake Tana and
Lake Hayqe was much higher than the study conducted in Tekeze Dam, Ethiopia (0.138 ng/g) [43], in Rift Valley lake- Lake Ziway,
Ethiopia (0.22–0.68 ng/g) [20], and in Lake Bosomtwi, Ghana (0.70–1.36 ng/g) [44], While the present study was much lower than
the study conducted in iSimangaliso Wetland Park, South Africa (71.9–412.0 ng/g) [51], this might be due to the lake drains
catchment areas of South Africa lakes that have all been affected by anthropogenic activities, including agriculture. The drainage
system of South Africa lakes was connected to the ocean via a long sinuous channel [51].

Dieldrin has been identi�ed in �sh samples, and it was detected in most �sh samples that were collected from the Lake Tana and
Lake Hayqe. The concentrations of dieldrin in Lake Tana �sh samples were ranged from 11.15–15.31 µg/kg. The lowest and
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highest concentrations were recorded at sampling sites of Bahir dar and Gorgora, respectively. The mean concentration in Lake
Tana �sh samples was 12.69 µg/kg. The concentrations of dieldrin in Lake Hayqe �sh samples were 11.73 µg/kg and 14.20 µg/kg
for Dubie and Tilapia �sh, respectively. The lowest and highest concentrations were recorded Dubie and Tilapia �sh samples,
respectively. The mean concentration was 12.97 µg/kg in Lake Hayqe. The mean concentration of aldrin metabolite dieldrin that
detected in �sh samples collected from Lake Hayqe was higher than in Lake Tana (Table 4).

Aldrin was not detected in all �sh samples that were collected in Lake Tana and Lake Hayqe. However, dieldrin which is the
metabolites of aldrin that was detected in all �sh samples. This suggests that the dieldrin residues found are not the product of
aldrin decomposition, but rather of dieldrin application and bioaccumulation as an insecticide that of studied lakes and �sh tissues.
Aldrin pesticide used as an anti-termite agent against crops especially eucalyptus in Ethiopia. In the environment, aldrin gets
converted to dieldrin, which is more stable. In the present study, the ratio observed was may not much higher, suggesting high
persistency of chemical in the environment [57]. In the current study the concentration of dieldrin in Lake Tana and Lake Hayqe was
much higher than the study conducted in Calicut region, Kerala, India (0.09–0.31 ng/g) [54], and in Lake Bosomtwi, Ghana (0.30–
0.56 ng/g) [44]. While in this study the concentration of dieldrin was much lower than the study conducted in iSimangaliso Wetland
Park, South Africa (117.3–404.0 ng/g) [51], this might be due to large quantities of OCPs have also been widely used in the region
and/or iSimangaliso Wetland Park of South Africa for agricultural purposes and rapidly growing local communities who live in close
proximity to the wetland park. The use of dieldrin as an insecticide has been banned in South Africa since 1983, however, dieldrin
presence within �sh tissues, therefore, likely re�ects the degradation of aldrin. and also it was much lower than the study conducted
in Lake Burullus, Egypt (ND-56.5 ng/g) [1], this might be due to in Egypt Lake Burullus is one of the major disposal areas for
agricultural drainage water. It was much lower than the study conducted in Owan River, Edo State, Nigeria (80–530 ng/g) [10]. This
might be due to the surrounding area of the river in Nigeria is typically comprised of commercial cocoa farmers, which constantly
make used of agrochemicals to boost their production.

The most ubiquitous OCPs detected in the �sh samples were α-and β-Endosulfan, Endrin, DDTs and its metabolites of (4, 4 - DDD,
and 4, 4 - DDE). In general, the contamination pattern of OCPs for �sh samples based on the mean values were total endosulfan > 
total DDTs > β-Endosulfan > α-Endosulfan > Endrin > 4, 4-DDD > 4, 4-DDT > 4, 4- DDE > Dieldrin > Lindane for �sh samples collected
from Lake Tana. The highest mean concentrations of OCPs recorded in Lake Hayqe was Endrin (21.00 µg/kg) and the lowest was
dieldrin (12.97 µg/kg). The contamination orders of detected OCPs based on the mean values were total DDT > total endosulfan > 
Endrin > 4, 4-DDD > 4, 4-DDT > 4, 4- DDE > Lindane > β-Endosulfan > α-Endosulfan > Dieldrin for �sh samples collected from Lake
Hayqe (Table 4). This result indicated the high degree of exposure to endosulfan and DDTs in Lake Tana. Whereas Endrin, total
endosulfan and total DDTs in Lake Hayqe for aquatic biota (Fish)of the Amhara National Regional State Lakes (ANRSL), Ethiopian.

Table 4

Generally; the levels of Lindane and total Endosulfan found in water samples collected from Lake Tana and Lake Hayqe were below
the permisiable limits of WHO guideline, while the rest were above the permisiable limits of WHO and USEPA guideline. The levels of
Lindane, total Endosulfan, total DDTs, Endrin, and Dieldrin found in sediment and �sh samples collected from Lake Tana and Lake
Hayqe were above the permisiable limits of WHO and USEPA guideline. This might be due to the non-degradable natures of OCPs
within the sediment and �sh matrix. Most pesticides used in Ethiopia are generic because they are cheaper and more familiar as
they have been used for a long time. Although o�cial registration is required, importers do not bother to register pesticides whose
patents have expired; they only submit dossiers to ministry of agriculture (MoA) for patented pesticides. Ethiopia has by no means
an effective pesticide governance system. The country has not been able to commit the relevant state authorities and private
sectors in setting up a well-functioning, legitimate, transparent and accountable system for pesticide distribution and use [58].The
levels of most of the pesticide residues in sediment and �sh were higher than those found in water. This may be due to
Organochlorine pesticides are low soluble in water. Organochlorine pesticide residues in the Lake are likely to originate from
nonpoint sources via runoff, atmospheric deposition, and leaching due to agricultural applications and vector control practices [3],
[59]. In the Lake sediments act as a sink for the persistent contaminants, whose resuspension during the lake’s mixing may increase
pesticide bioavailability and accumulation in the �sh. Pesticide pollution to the lake is therefore, likely to pose a danger to both
aquatic organisms and humans [60].

Conclusion And Recommendation
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This is the �rst study reporting on the levels OCPs in the water, sediment and �sh samples from the Lake Tana and Lake Hayqe,
Ethiopia. In this study the totals of 18 OCPs were investigated. Most of the organochlorine pesticides were highly detected in Fish
and sediment than water. The concentrations of detected individual OCPs in water samples were ranged from 1.06–12.61 µg/L in
Lake Tana; while 1.09–8.21 µg/L in Lake Hayqe. The concentration of detected OCPs residues in sediment samples were also
ranged from 10.11-125.65 µg/kg in Lake Tana; and 10.96–21.41 µg/kg in Lake Hayqe. The concentrations of detected OCPs
residues in �sh samples were also ranged from 10.54–51.5 µg/kg in Lake Tana; and 10.67–21.25 µg/kg in Lake Hayqe. Therefore,
pesticides may be accumulated in Fish and sediment when they are discharged in to water bodies which might be because of their
low solubility in water. Most of the pesticides were exceeded WHO and USEPA residue limits except endosulfan. All the detected
pesticides in the water samples exceeded the MPL of the Ethiopian standard or the EU standard that is 0.1 µg/L. The ANOVA
analysis also found that the concentrations of most pesticides were signi�cantly varied with different sampling sites and between
Lakes.

The study recommends reducing the use of pesticides to the recommended doses, but preferably to lower dosages by promoting
integrated pest management (IPM) practices in Amhara, Ethiopia. We also suggest future studies (e.g. modelling study) to
determine the route of pesticide exposure to the aquatic systems, so that pesticide contamination may be reduced through the
proper implementation of mitigation measures. And also it should be investigated seasonal variations of pesticide distribution for
water, sediment and �sh matrix.
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Figure 1

Sampling sites of Lake Tana (Left side) and Lake Hayq (right side)


