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Abstract

Pesticides are the parent compounds, their metabolites, and associated impurities of agricultural and
health chemical inputs. If they are found concentration level higher than the standard limits, they have
potential negative impacts on ecosystem in general and in fish and humans in particular. This study
investigates organochlorine pesticides (OCPs) residue occurrences in fish muscle and assesses their
public health potential risks, in North West Ethiopia. The concentration of OCPs residue under GC-ECD
detected in 37.84% fish muscle samples. The mean amount detected were Endosalfan |, 341.50 + 32.19
Mg/kg; Endosalfan Il, 36.01 + 2.3ug/kg; Endosalfan sulfate, 5.43 + 4.06 ug/kg; 4,4, DDE, 64.01 + 9.08ug
/kg; 4, 4,DDD, 5.65 + 3.12ug /kg; and 4,4, DDT, 1.58 + 0.30ug/kg. The mean concentration of Endosalfan
| tested fish muscle sample was higher than that of permissible limit of different international standards.
However, due to low per capital consumption rate of fish origin food in Ethiopia, health risk index (HRI)
ranges from 0.002-0.1275 which shows there is no public health risk. This study highlights the
possibilities of chemical residues occurrence in fish food products and hence pesticide use regulations
and monitoring concentration level should be implemented regularly to avoid human and environmental
health risks.

Introduction

Pesticides are chemicals that can contaminant the aquatic and terrestrial environment. It is known that
pesticides applied in an area reaches into aquatic environment through; drift, leaching and drainage
(Srivastava et al., 2010). Pesticides mainly organochlorine pesticides (OCPs) are poorly hydrolyzed and
slowly biodegrades in the environment. This chemical nature of OCPs contributes for their wide
distributions in the environment thus are considered to be significant chemical food contaminants. These
OCPs ultimately biomagnifies in various trophic levels and eventually high burden in fish and
consequently threaten the health of human (Donaldson et al., 2010, Srivastava et al., 2010, Khodadadi et
al,, 2012).

The risks associated with consumption of animal origin food should be taken in to account in the
agricultural sector by reasonable and achievable good practices in the agricultural industry. The
maximum levels of OCPs residues in foodstuffs of animal origin should be set at the strictest possible
level due to the lipophilic nature of these chemicals (USEPA, 2009, Fair et al., 2018). According to the
WHO/FAO (2009), humans, animals and fishes are considered as at risk when they consume the OCPs
residue level higher than maximum residue limits and acceptable daily intake.

The exposure to OCPs compounds is especially dangerous during prenatal development and infancy; as
it causes irreversible changes in the central nervous system. Studies revealed that OCPs have strong
potential to cross placental barriers even in minute concentration and cause serious neonatal damage
(Jayara et al., 2016, Thompson et al., 2017). The Long term adverse health effects such as increased
likelihood of reproductive disorder, respiratory failures, kidney and liver dysfunctions, nervous and birth
defects, endocrine disruption, immune system dysfunction and are carcinogenic (Yazgan and Tanik,
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2010, Okoffo et al,2016). Besides, it causes cardiovascular diseases, disrupts heme biosynthesis and
vitamin D metabolism and disrupts mineral metabolism (Jayara et al., 2016).

The problem of OCPs stems out not only from their toxic properties rather at low levels of exposure to
these chemicals. Their effects can be observed only at the physiological or biochemical level. Acute
effect of OCPs is intoxication of fish, human and other animals by direct contact or through the food
chain (Jayara et al.,, 2016, Thompson et al., 2017). Numerous studies on both human and animals
provide strong evidence of the toxic potential of OCPs (Ravindran et al., 2016). According to the study
conducted by Yazgan and Tanik (2010), the acute toxicity effect of OCPs causes environmental risks that
may cause for ecological damages including the flora and fauna of the entire eco-system.

Different studies indicated that level of OCPs in developing countries show an increasing level as it is still
in use for agriculture and public health purposes but declining in developed countries environment
(Sadasivaiah et al., 2007, WHO, 2010, Thompson et al., 2017). Ethiopia has a relatively well-developed
pesticides legislation on registration and control of pesticides intended to address its environmental and
health effects (Negatu et. al, 2016). In addition, Ethiopia is signatory to the Stockholm Convention and
agreed to support research on persistent organic pollutants. But there are gaps between policy and
practical enforcement of prohibiting import and application of banned OCPs including DDT and
Endosulfan (Negatu et al,, 2016). However, limited data is available about the occurrence and level of
pesticides in aquatic environment specifically in fish tissue. In Ethiopia, studies in rift valley water bodies
have revealed the contamination of the environment (sediment and fish) by pesticides (Deribe et al., 2014,
Yohannes et al., 2014). Ethiopian environmental health issues especially OCPs requests further efforts of
scholars for incessant investigation to draw a clear map about the situation (Thompson et al., 2017).

The first version of this study indicates that there is still an increasing trend of OCPs application for
improving agricultural production in the catchments of Lake Tana (Birhan and Marshet, 2020).
Accordingly, high concentrations of OCPs can be found in the environment and fish muscle of our study
area. In Ethiopia the studies conducted to assess the contamination of OCPs in the environment is
scarce; none has been conducted in Lake Tana. Dried fish produced is being exported to neighboring
countries especially to Republic of Sudan and to Eritrea recently. Hence the research result will help to
amend fish product export policy and associated environmental safety considerations regionally and
locally. Therefore, the aim of this study was to assess OCPs accumulation in the muscle of fish and
estimate its potential human health risks in fishes of Lake Tana, Northwest Ethiopia.

Methodology
Study Area

The study was conducted in Lake Tana, the headwater of the Blue Nile River. It is located in the province
of North West Ethiopia. It is located approximately 580 km north west of the city of Addis Ababa. The

Lake is one of the largest Lake (3600 km?) and fishing sites in Ethiopia (Stave et al., 2017).
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Geographically Lake Tana is found at latitude 12°1'35.75"N longitude 37°18'12.54"E. Mean annual
temperatures range from 13°C to 22°C. The annual average rainfall of Lake Tana is 1248 mm per year
(Stave et al., 2017).

The lake has three main commercially important fish groups such as: large Labeobarbus spp., African
catfish (Clariasgariepinus) and Nile tilapia (Oreochromisniloticus). They are consumed by larger part of
the community and traded widely in the region and even in to neighboring country Sudan in dry form.
There are 55 fishery enterprises and a total of 21,084 beneficiaries directly dependent on the fishing
activities (Shewit et al., 2018, Mengistu et al., 2017). The samples were taken from representative five
landing sites of Lake Tana (Gorgora, Enfranze, Kidsthana, Agede-kergna, and Bahir Dar).

Study Design and Sampling Method

The cross-sectional study design was carried out from January 2018 to December 2020. Three
commercially important fish species of the Lake including large Labeobarbus spp., African catfish
(Clarias gariepinus) and Nile tilapia (Oreochromis niloticus) were sampled for this study. A total of 37 fish
were sampled with an average size of 4464q for O. niloticus, 675g of C. garipinus and 378g of
Labeobarbus spp. five fishes were sampled from four of the sampling sites and seven fish were taken
from the Bahir Dar gulf side of the Lake. Muscle tissue was taken from the dorso lateral sides of each
sampled fish. The samples were wrapped in aluminum foil, packed in clean polyethylene bags, labeled
and sealed, and then transported in a thermo-insulated container with ice packs. The Gas
chromatography was used for the pesticide residue analysis. The GC-ECD processing and analysis was
conducted in laboratories of JIJE analytical and testing service laboratory, Nifas silk, Lafto Sub-city, Addis
Ababa Ethiopia. All glassware and containers were washed with detergent, rinsed with purified water and
acetone and kept in an oven at 180°C for 2h for processing (Anastassiades et al., 2003).

Laboratory Procedures

Sample Extraction and Clean Ups

The extractions were carried out according to the quick, easy, cheap, effective, rugged, and safe
(QUEChERS) method described by Anastassiades et al. (2003), with some necessary modifications.
Lyophilized dry fish muscle sample was chopped on a chopping board with a sharp knife and ground
using mini-chopper, then 10 g of chopped sample was transferred to a 50 mL Teflon centrifuge tube.
Then 10 mL of acetonitrile was added to the centrifuge tube and agitated well for proper mixing, followed
by addition of 7.5 g of anhydrous MgS0O, and 1 g of NaCl, and the centrifuge tube was vigorously shaken
for 1 min. Later it was centrifuged at 5000 rpm for 5 min. After centrifugation, 2 mL of the supernatant
was transferred to an Eppendorf tube containing 100 mg of primary secondary amine (PSA), 150 mg of
MgSO0,, and 100 mg of charcoal for cleanup, followed by vigorous shaking for 2 min. Again, the prepared
sample extract was centrifuged at 10,000 rpm for 5 min. afterward; the sample extract was filtered
through a 0.45 p m filter using a syringe and transferred to auto-sampler vials for further GC analysis.

GC Analysis
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The OCPs residues were analyzed by a Shimadzu GC-2010 with an electron capture detector (ECD), an
auto-injector (AOC 20i; Shimadzu, Kyoto, Kyoto Prefecture, Japan), and GC solution software. The
capillary column used in ECD was Rtx-CL, 30.0 m length /0.25mm in diameter 0.32 pm film thickness.
The GC was run under the following conditions: injector temperature: 250 °C; detector temperature 330
0C; oven temperature: 260 °C starting from 0 to 180 °C for 0.3 min and continued at 5 °C /min to 220 ° C,
held for 12 min, and continued at 5 °C /min to 260 °C; injected sample volume: 1-2 p L; mode of
injection: split; carrier gas: N, with a 77.8 kPa flow rate; runtime: 28 min. Standard peaks were detected by
inserting a high concentration of the standard (1 ppm), and the retention time for OCPs was estimated.

The GC system was calibrated using an external standard technique. Individual standard stock solution
(100 mg/ L) was prepared by weighing appropriate amounts of active ingredients in a brown bottle with a
Teflon-lined screw cap and dissolving the weighed standard in HPLC-grade methanol. To prepare primary
dilution standards, stock standard solution was used. An appropriate volume of each individual stock
solution was transferred to a volumetric flask and the solutions were mixed to acquire stock standard
solution.

Public Health Risk Calculation

Comparison of observed concentrations of pollutants in the environment with established maximum
permissible levels (MPL) is the basic approach used to assess the potential risk posed to ecosystems and
human health by toxic effects of pollutants. Irrespective of the eating habits and consumption rate, Food
and Agricultural Organization (FAO) and World Health Organization (WHO) recommend the acceptable
daily intake (ADI) to assess human exposure to target contaminants. An individual’s exposure to OCPs
residues from the fish used for the study was achieved by calculating the estimated daily intake (EDI) in
Hg/kg body weight/day of OCPs by the equation:

EDI =

where C, represent the concentration of OCPs residues in fish (ug/kg) on d weight basis, D average daily
intake of fish estimated at 0.41g/person/day for adults and B average body weight considered to be 55kg
for adults. To ascertain the potential public health risk of this estimated exposures, exposure values were
compared to two benchmark concentrations for cancer and non-cancer health effects. These benchmarks
were founded on standard toxicological references. A benchmark concentration represents the daily
concentration of a contaminant below which there is a high probability of no adverse health effect (Liu et
al., 2010 and Dougherty et al., 2000). Health risk assessment of consumers from the intake of OCPs
contaminated fish was characterized by using health risk index (HRI). According to WHO/FAOQ, (2009), the
estimated HRIs were obtained by dividing the EDI by their corresponding values of acceptable daily
intakes (ADI) as shown by the equation;

EDI

HRI =——
ADI
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The food concerned is acceptable when the HRI is less than Tand is risk to the consumer if it is greater
than one indicating that there is high probability of adverse health effect (Akoto et al., 2016).
Data Analysis

The data were entered in to an excel sheet and cleaned by EPI-InfoV.3.5.3; and exported by state transfer
to be cleaned, edited and analyzed by using SPSS version 20. Data cleaning was performed to check for
accuracy and consistencies and missed values.

Results And Discusion
Occurrence of pesticide Residues in fish Meat

Overall, Gas chromatography laboratory analysis of the 37 fish muscle samples 37.84% was positive for
OCPs. This analysis study indicated that six pesticide residues including Endosalfan I; Endosalfan II,
Endosalfan sulfate, 4, 4, DDE, 4, 4, DDD, and 4, 4, DDT residues were detected (Table 1). This study
finding was different from Gustav Gbeddy et a/, (2012) who founds in 100% tested samples which is
higher than the present study. Another higher frequency of occurrences of OCPs detected by Bedigama
and Gabadage, (2018) in Srilanka was 80%.

The detection levels were from not detected for Dimethotes (detection limit=0.001 pg/ kg), to 4041.73
ug/kg dry weight for Endosalfan | recorded in the present study (Table 1).

Organochlorine pesticides (OCPs-l;acti):eLted in Lake Tana Fishes (n = 37)
No OCPs Range (ug/’kg)  Over all Mean = SD (ug /kg)
1 Endosalfan | 0.001-4041.73 341.50+32.19
2 Endosalfan I ND - 628.27 36.01+2.3
3 Endosalfan sulfate ND-146.69 5.43+4.06
4 4,4,DDE ND -227.11 64.01 £9.08
5 4,4,DDD ND-55.59 5.65+3.12
6 4,4,DDT ND to 42.76 1.58+0.3

Endosalfan and its metabolites concentrations in fish muscle were recorded up to mean of 341.50 +
32.19 pg/kg. A study conducted in Uganda by Bagumire et al., (2008) showed lower level (< 2ug/kg) of
endosalfans in fish muscle; Polder et al., (2014) documented in fish muscle of lakes of Tanzania, that
endosulfan level was from ND - to 405ug/kg. Study done by Deribe, et al., (2014) in fish muscle of lake
Hawassa, Ethiopia noted Endosalfan, ND — 42.5ug/kg which is lower than the present result. In Gana, a
study conducted by Kuranchie-Mensah et al., (2013) endosulfan reported a concentration of 0.01-7.52
ug/kg. Another study in Bénin by Yehouenou et al., (2014) noted endosulfan of 9-215 pg/kg
concentration.
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In our finding the mean concentration of 4, 4, DDT and its metabolites was recorded 1.58 to 64.01pg/kg
(Table 1). Similar with our finding the study done by Deribe et al., (2014) in fish muscle of lake Hawassa,
Ethiopia detects mean concentration range of 19-56 ug/kg of 4, 4, DDT. Another comparable study was
done by Yohannes et al., (2014) in edible fish species from a Rift Valley lake-Lake Ziway in Ethiopia, the
concentration of 4, 4; DDT was 0.77-61.9 pug/kg. Different studies done by different scholars globally
including Gustav Gbeddy et al,, (2012) in Ghana was found the mean DDTs residue concentration in fish
muscles ranges from 10 -1700.35 pg/kg; another study done by Adu-Kumi et al (2010) in lakes of Ghana
reported up to 440.90 ug / kg and Polder et al., (2014) in Tanzania was recorded 7.2-319 pug/kg indicates
the concentration levels of 4, 4, DDT was higher than our finding. A study done in Srilanka with an
average of 735 ug/kg; 4, 4, DDT was detected which were higher than the present finding (Bedigama and
Gabadage, 2018). Lower than our findings were detected in study done by Kasozi et al (2006), that DDTs
in fish samples from Lake Victoria, Uganda was 0.80—0.86ug/kg. Another lower concentration of dry
weight DDTs in fish muscle was reported in studies conducted in Africa; in Egypt by Yahia and
Elsharkawy, (2014) noted 0.70-0.90 pg/kg; in Bénin by Yehouenou et al., (2014) stated 3.88-11.3 pg/kg
and in Kenya study by Omwenga et al., (2016) quantified 2.098 pg/kg.

This high occurrence in our study area might be due to the long-term use of organochlorine pesticides to
improve agricultural productivity in the catchments of the Lake. The high lipophilicity, bioaccumulation
nature, long half-life and potential of long range leaching nature of the chemicals results in accumulation
of persistence toxic substances in soil, water and air (USEPA, 2009, Agrawal et al., 2010, Ravindran et al.,
2016). The tropical conducive pests’ multiplication environment of the water shed of Lake Tana might
lead to the use of OCPs frequently and indiscriminately by the farmers (Kannan et al,, 1995, Birhan and
Marshet, 2020). In addition, lack of proper implementation of legislation, improper market regulations,
poor knowledge and skill of safety use of OCPs and ignorance shown by the farmers, agricultural workers
in the Lake Tana catchment may prone to experience high levels of agricultural chemicals, including
OCPs (Mengistie et al., 2016, Beyene et al., 2016, Birhan and Marshet, 2020).

In our finding the detected level of 4, 4, DDT was relatively lower than its metabolites (4, 4, DDE and 4, 4,
DDD) and also similarly the Endosalfan sulfate concentration in fish muscle was lower than its
metabolites (Endosalfan | and Endosalfan Il) (Table 1). This the lower concentration of the parent
compounds might indicate that currently limited use of those persistence OCPs around Lake Tana
catchments. The detected concentration may be due to previous historic event with long half-life (2-
15Years) (Augustijn-Beckers et al., 1994). However non negligible concentration of parent compound of
this persistence pollutants were detected that indicates still in use of these OCPs in the water shed of
Lake Tana.

This study highlights that more pesticide was detected from African catfish (Clarias gariepinus) species
than other main commercially important fish groups (Labeobarbus spp. and O. niloticus) Fig. 1.

Similar to our finding study conducted by Nicklisch et al., (2017) high variation in pesticide levels have
been observed when examining different fish species. Spatial wise, occurrence was frequent at Gorgora,
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Enferanze and Bahir Dar sampling sites of the study Lake. This variability distribution of OCPs in our
study area might be due to the environment as well as the biological factors like amounts of lipid in their
body and difference in ecological characteristics of the fish species (Borga et al., 2004). Different studies
indicated that factors that influence OCPs pollutant levels in fish muscle such as fish length, fish species,
its trophic level, habitat type, feeding habitat, and fish movement patterns and residence time in
contaminated areas (Borga et al., 2004, USEPA, 2009, Cardona, 2015, Bonito et al., 2016).

Public Health Risk

Humans represent one of the top receptors for aquatic contaminants and consumption of fish with high
levels of contaminants may pose public health concerns. The consumption of contaminated fish may
lead to serious public health treat if the concentration level is higher than maximum residue level (MRL)
and acceptable daily intake (ADI) standards of FAO/WHO, (2009); U.S. FDA, (2009) and EU, (2013). The
amount of OCPs residue concentration found in some fish meat samples of our study was higher than
the recommended MRL of different standards. However, except Endosalfan | the overall mean value of
concentration detected in our study was lower than MRL standards of FAO/WHO, (2009), U.S, FDA,
(2009), EU, (2013)(Fig. 2).

These higher concentrations of endosalfan | in fish muscle originated from Lake Tan North West Ethiopia,
indicating that it is alarming to the people who consume fish food.

Another method that health risk assessment of consumers from the intake of OCPs contaminated fish
was done by calculating health risk index (HRI). In our finding the mean concentration detected was
higher than the acceptable daily intake of WHO/FAO recommended. The acceptable daily intake of
Endosalfan [; Endosalfan Il, 4, 4, DDE, 4, 4, DDD recommended by WHO/FAQ, (2009) is 20, 20, 5, 5 ug/kg
respectively. Due to low per capital consumption rate of fish in Ethiopia, the present finding of a HRI
ranges from 0.002 to 0.1275 indicating the present level has no public health risk (Table 2).

ADls, EDIs of OCPs residues and their HRI assoc-li:tbelél3 \iith the consumption of fish from the Lake Tana
Pesticides Range (ug/kg) Mean + SD ADI  EDI HRI Health Risk
Endosalfan | 0.001-4041.73 341.50+32.19 20 2.55 0.1275 No
Endosalfan II ND - 628.27 36.01+23 20 0.27 0.0135 No
Endosalfan sulfate =~ ND-146.69 5.43+4.06 20 0.04 01275 No

4,4,DDE ND -227.11 64.019.08 50 048 0.096 No

4,4,DDD ND-55.59 5.65+3.12 5.0 0.04 0.008 No
4,4,DDT ND to 42.76 1.58 £+ 0.301 5.0 0.01 0.002 No

Where ADI: acceptable daily intake, EDI: estimated daily intake; HRI health risk index; SD: Standard
deviation; ND: not detected
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But these values may pose potential public health risk if the HRI is calculated considering local per capita
consumption. This minimum exposure with no public health risk (HRI<1) was recorded indifferent studies;
for instance in Ghana by Gbeddy et al., (2012) and Akoto et al., (2016). Differently to our finding; study
done by Yohannes et al. (2014) from a Rift Valley Lake-Lake in Ziway, Ethiopia, indicated a potential
cancer risk from consumption of the fish from the calculated hazard ratio. Another study in Srilanka by
Bedigama and Gabadage, (2018) found HRI values more than 1.

As Limitation of this study; it is necessary to conduct further studies that assess the detection of OCPs
residues in human serum to examine burden of these OCPs and integrating biomarkers of exposure and
health risk effects, and modeling exposure routes via fish consumption.

Conclusion And Recommendations

The present research finding showed that high concentration of Endosalfan | residues concentrations in
fish muscle were detected in fish samples which is higher than the standard limit level. However, as a
result of low consumption rate of fish meat in the meantime, will have little or no significant adverse
public health effects on consumers. So, applying more conservative threshold limit (WHO/FAO standard)
implementation is necessary action by considering health risks of local consumers, other sources of
exposure and vulnerable populations (children and pregnant women). The study highlights the presence
of non-negligible level of OCPs in muscle of fish that indicates there is still in use of these pesticides in
the catchments of Lake Tana, Northwest Ethiopia. Hence, to protect adverse effects on flora and fauna of
the entire eco-system and public health hazards following one health intervention is recommended.
Collaborative work on awareness creation about possible occurrence of OPCs residues should also be
made among environmental health, agricultural and public health offices. In addition, further study of
OCPs residue in other agricultural food items and its effects on ecology of aquatic environment is
recommended.

Declarations

Abbreviations
"Not applicable"
Ethics approval and consent to participate

The study was granted an exemption from requiring ethics approval from the College of Agriculture and
Environmental Science, Research ethics and Review Board.

Consent for publication
Not applicable

Availability of data and materials

Page 9/15



The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Competing interests
The authors declare that they have no competing interests.
Funding

This work was supported by the Ethiopian Institute of Agricultural Research, National Fishery and Aquatic
life research center [17.2/0409/2018] and Bahir Dar University [1/3040/1.2.9].

Authors’ Contributions

Birhan Agmas and Marshet Adugna developed the research idea. Both of them contributed to collecting
the materials and drafted the manuscript. All coordinated and supervised the study. BA and MA write the
manuscript. All authors agreed with the results and conclusions and approved the final manuscript.

Acknowledgements

We wish to extend our sincere appreciation to Ethiopian Institute of Agricultural Research, National
Fishery and Aquatic Life research center and College of Agriculture and Environmental Science; Bahir Dar
University for their financial and other equipment supports.

References

1. Adu-Kumi, S., Kawano, M., Shiki, Y., Yeboah, P. O., Carboo, D., Pwamang, J., Morita, M. & Suzuki, N.
(2010). Organochlorine pesticides (OCPs), dioxin-like polychlorinated biphenyls (dI-PCBs),
polychlorinated dibenzo-p-dioxins and polychlorinated dibenzo furans (PCDD/Fs) in edible fish from
Lake Volta, Lake Bosumtwi and Weija Lake in Ghana. Chemosphere 81: 675—-684.

2. Agrawal, A, Pandey, R.S. & Sharma, B. (2010). Water pollution with special reference to pesticide
contamination in India. J Water Res Prot. 2(5):432-448.

3. Akoto, 0., Azuure, A.A. & Adotey, K.D. (2016). Pesticide residues in water, sediment andfish from Tono
Reservoir and their health risk implications. Springer plus; 5(1):1-11.

4. Anastassiades, M., Lehotay, S.J., Stajnbaher, D., Schenck, F.J. (2003). Fast and Easy Multiresidue
Method Employing Acetonitrile Extraction/Partitioning and “Dispersive Solid-Phase Extraction” for
the Determination of Pesticide Residues in Produce. J. AOAC Int. 2003, 86, 412—-431.

5. Augustijn-Beckers, PW., Hornsby, A.G., Wauchope, R.D. (1994). Additional Properties Reviews of
Environmental Contamination and Toxicology, SCS/ARS/CES Pesticide Properties Database for
Environmental Decision making Il 137.

6. Bagumire, A., Rumbeiha, W. K,, Todd, E. C. D., Muyanja, C. &Nasinyama, G. W.(2008). Analysis of
environmental chemical residues in products of emerging aquaculture industry in Uganda as case

Page 10/15



10.

11.

12.

13.

14.

15.

16.

17.

18.

study for Sub-Saharan Africa. Food Addit. Contam. Part B Surveill. 1: 153-160.

.Bedigama, K. J.&Gabadage, D. J., (2018). Organochlorine Pesticide Residues in Freshwater

Fish Species from Sri Lanka: A Human Health Risk Assessment. American Journal of Chemistry and
Applications.Vol. 5, No. 3; 73-78.

. Beyene, N, Hans, K., Yalemtshay, M. & Roel, V. (2016). Use of Chemical Pesticides in Ethiopia: A

Cross-Sectional Comparative Study on Knowledge, Attitude and Practice of Farmers and Farm
Workers in Three Farming Systems. Published by Oxford University Press. Ann. Occup. Hyg.,, Vol. 60,
No. 5, 551-566.

. Birhan Agmas & Marsht Adugna (2020). Attitudes and practices of farmers with regard to pesticide

use in NorthWest Ethiopia, Cogent Environmental Science, 6:1, 1791462.

Bonito, L.T., Hamdoun, A., Sandin, S.A.,(2016). Evaluation of the global impacts of mitigation on
persistent, bioaccumulative and toxic pollutants in marine fish. Peer J. 4, e1573.

Borga, K., Fisk, A.T., Hoekstra, PF., Muir, D.C., (2004). Biological and chemical factors of importance in
the bioaccumulation and trophic transfer of persistent organochlorine contaminants in arctic marine
food webs. Environ. Toxicol. Chem. 23, 2367—-2385.

Cardona, L. (2015). Food and feeding of Mugilidae. In: Crosetti, D., Blaber, S. (Eds.), Biology, Ecology
and Culture of Grey Mullet (Mugilidae). CRC Press, London.

Deribe, E., Rosseland, B. 0., Borgstrgm, R., Salbu, B., Gebremariam, Z., Dadebo, E., Skipperud, L. &
Eklo, O. M. (2014). Organochlorine pesticides and polychlorinated biphenyls in fish from Lake
Awassa in the Ethiopian Rift Valley: human health risks. Bull. Environ. Contam. Toxicol. 93: 238-
244,

Deribe, E., Rosseland, B. 0., Borgstream, R., Salbu, B., Gebremariam, Z., Dadebo, E., Skipperud, L. &
Eklo, 0. M. (2014). Organochlorine pesticides and polychlorinated biphenyls in fish from Lake
Awassa in the Ethiopian Rift Valley: human health risks. Bull. Environ. Contam. Toxicol. 93: 238—
244,

Deti, H., Hymete, A, Bekhit, A. A, Mohamed, A. M. |. and Bekhit, A.D. 2014. Persistent
organochlorine pesticides residues in cow and goat milks collected from different regions of
Ethiopia. Chemosphere 106: 70—-74.

Donaldson, S.G., Van Oostdam, J., Tikhonov, C., Feeley, M., Armstrong, B. & Ayotte, P,
(2010). Environmental contaminants and human health in the Canadian Arctic. Sci. Total Environ.
408, 5165-5234.

Dougherty, PC., Holtz, S.H., Reinert, J.C., Panyacosit, L., Axelrad, D.A. & Woodruff, T.J.
(2010). Dietary exposure to food contaminants across the United States. Environmental Research
Section 84: 170-185.

Eshete, D., Vijverberg, J., Nagekerke, L.A. & Sibbing, F.A. (2004). Temporal and spatial distribution of
micro crustaceanzooplankton in relation to turbidity and other environmental factors in
largetropical lake (Lake Tana, Ethiopia). Hydrobiology. 513:39-49.

Page 11/15



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

European Union, 2013. Directive 2013/39/EU of the European Parliament and of theCouncil
of 12 August 2013 Amending Directives 2000/60/EC and 2008/105/EC asRegards Priority
Substances in the Field of Water Policy. (http://eur-lex.europa.eu) (Accessed 03/03/2020).

Fair, PA., Natasha, D.W., Wolfa, B., Stephen, A. A,, Kurunthachalam, K., Rajendiran, K., John, E.V.
(2018). Persistent organic pollutants in fish from Charleston Harbor and tributaries, South Carolina,
United States: A risk assessment. Environmental Research. 167; 598-613.

Getahun, A, Dejen, E., Anteneh, W. (2008). Fishery studies of Rib River, Lake Tana Basin, Ethiopia. A
report submitted to World Bank. Vol. 2, E1573
Gustav Gbeddy,Philip, Y., Derick, C., Louis, D., Samuel, A., Vincent, N., Samuel, F, Israel, D., Tetteh, G. &
Courage, E.(2012).0rganochlorine pesticide residues in African catfish muscle, Nile tilapia
Muscle and gills from the middle Volta basin, Kpando Torkor, Ghana and their potential health
risks to humans. Elixir Agriculture49 (2012) 9724-9730.
Habteselassie, R. (2012). Fishes of Ethiopia: annotated checklist with pictorial identification guide.
EFASA, Addis Ababa 250p.
Jayara, R.J., Megha, P, Sreede, V P, (2016). Organochlorine pesticides, their toxic effects on living
organisms and their fate in the environment. Interdisciplinary Toxicology. 9(3—4): 90-100.
Kasozi, G.N., Kiremire, B. T., Bugenyi, F. B., Kirsch, N. H. & Nkedi-Kizza, P. (2006). Organochlorine
residues in fish and water samples from lake victoria, Uganda. J. Environ. Qual. 35: 584-589.
Khodadadi, M., Samadi, M.T., Rahmani, A.R., Maleki, R., Allahresan, A. & Shahidi, R. (2012).
Determination of Organophosphorous and Carbamate Pesticides Residue in Drinking Water
Resources of Hamadan. Iranian Journal of Health & Environmental, in Persian. 2012; 2(4) 250-257.
Kuranchie-Mensah, H., Yeboah, P. O., Nyarko, E. & Golow, A. A. (2013). Studies on organochlorine
pesticide residue in fishes from the Densu river basin, Ghana. Bull. Environ. Contam. Toxicol. 90:
421-426.
Lamb, H.F, Bates, C.R., Coombes, PV, Marschall, M.H., Umer, S.J.& Eshete, D. (2007). Late
Pleistocene desiccations of Lake Tana, source of the Blue Nile. Quaternary Research. 26: 287-299.
Letta, B. D. and Attah, L. E. 2013. Residue levels of organochlorine pesticides in cattle meat and
organs slaughtered in selected towns in West Shoa ZoneEthiopia.J. Environ. Sci. Health B
48:23-32.
Liu, Z., Zhang, H, Tao, M,, Yang, S, Wang, L., Ma D. & He, Z. (2010). OCPs in consumer
fish and mollusks of Liaoning Province, China: distribution and human exposure
implications. Arch. Environ.Contam.Toxicol. 59: 444-453.
Mekonen, S., Ambelu, A. and Spanoghe, P. 2014. Pesticide residue evaluation in major staple
food items of Ethiopia using the QUEChERS method: a case study from the Jimma Zone. Environ.
Toxicol. Chem. 33: 1294-1302.
Mengistie, B.T., Mol, A.P. & Oosterveer, P. (2016). Private environmental governance in the
Ethiopian pesticide supply chain: importation, distribution and use. NJAS -Wageningen J. Life Sci.
2016; 76, 65-73.

Page 12/15



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Mengistu, A. A, Aragaw, C., Mengist, M., & Goshu, G. (2017). The fish and the fisheries of Lake Tana.
In Social and ecological system dynamics. Springer, Cham. (pp. 157-177).

Nicklisch, S.C., Bonito, L.T., Sandin, S. &Hamdoun, A. (2017). Geographic differences in persistent
organic pollutant levels of yellow fin tuna (PMID: 28686554). Environ. Health Perspect. 125, 067014.

Okoffo, E.D., Fosu-Mensah, B.Y.,, Gordon, C. (2016). Persistent organochlorine pesticide
residues in cocoa beans from Ghana, a concern for public health. International Journal
of Food Contamination. 3(5):1-11.

Omwenga,l. Laetitia, K., Joseph, N., James, M.,& Patrick, I. (2016). Organochlorine pesticide residues
in farmed fish in Machakos and Kiambu counties, Kenya. Cogent Environmental Science 2: 1153215.

Polder, A., Miiller, M. B., Lyche, J. L., Mdegela, R. H., Nonga, H. E., Mabiki, F. P, Mbise, T. J., Skaare, J.
U., Sandvik, M., Skjerve, E. & Lie, E. (2014). Levels and patterns of persistent organic
pollutants (POPs) in tilapia (Oreochromis sp.) from four different lakes in Tanzania: geographical
differences and implications for human health. Sci. Total Environ. 488-489: 252-260.

Ravindran, J., Pankajshan, M., Puthur, S. (2016). Organochlorine pesticides, their toxic effects on
living organisms and their fate in the environment. Review article. Inter discip Toxicol. 2016; Vol.
9(3-4):90-100. doi: 10.1515/intox-2016-0012

Sadasivaiah, S., Tozan, Y., Breman, (2007). Dichlorodiphenyltrichloroethane (DDT) for indoor
residual spraying in Africa: how can it be used for malaria control. Am. J. Trop. Med. Hyg. ; 77 (6),
249-263.

Shewit, G., Abebe, G. Wassie, A. Bruneel, S. & Goethals P. A Drivers-Pressure-State-Impact-Responses
Framework to Support the Sustainability of Fish and Fisheries in Lake Tana, Ethiopia. Sustainability
2018, 10, 2957; doi:10.3390/su10082957.

Srivastava, A, Mishra, K., Shrivastava, D. S., Sri-Vastay, S.K,, Srivastay, A. A. (2010). Acute toxicity
and behavioral responses Hetropneustes fossilis to an organophosphate insecticides
dimethoate. Int. J. Pharm. Biol. Sci.; 1(4): 359 363.

Stave, K., Yemer, G. G., Aynalem, S., (2017). Social and Ecological System Dynamics, characteristics
trends, and integration in Lake Tana basin, Ethiopia. Springer International Publishing Switzerland
2017, 9-23. D0OI 10.1007/978-3-319-45755-0_2

Therdteppitak, A. & Yammang, K. (2002). Determination of organochlorine pesticides in commercial
fish by gas chromatography with electron capture detector and confirmation by gas
chromatography—mass spectrometry. Sci Asia 29(2003):127-134.

Thompson, L.A. Darwish, W.S., lkenaka, Y., Nakayama, M.S., Mizukawa., H. & Mayumi, I,
(2017). Organochlorine pesticide contamination of foods in Africa: incidence and public
health significance. J. Vet. Med. Sci. 79(4): 751-764.

U.S. Environmental Protection Agency (USEPA), (2009). The National Study of Chemical
Residues in Lake Fish Tissue. EPA-823-R-09-006. U.S. Environmental Protection Agency, Office of
Water, Washington, DC.

Page 13/15



46.U.S. Food & Drug Administration (2009). Revised April 2009. Unavoidable contaminantsin food
for human consumption and food-packaging material. In Code of Federal Regulations, 21 CFR 109.
U.S. Government Printing Office, Washington, DC.

47. WHO, (2010). Implementation of Indoor Residual Spraying of Insecticides for Malaria Control in the
WHO African Region Report. 20-22.

48. WHO/FAO, (2009). Alimentarius Commission, Pesticide residues in food: Maximum Residue Limits,
Extraneous Maximum Residue Limits.

49. Yahia, D. & Elsharkawy, E. E. (2014). Multi pesticide and PCB residues in Nile tilapia and catfish in
Assiut city, Egypt. Sci. Total Environ. 466-467: 306—314.

50. Yazgan, M.S.& Tanik, A. A. (2010). New approach for calculating the relative risk level of pesticides.
Environ. Int. J.; 31: 687-692.

51. Yehouenou, A., Pazou, E., Aléodjrodo, P. E., Azehoun, J. P, van Straalen, N. M., van Hattum, B., Swart,
K. &van Gestel, C. A. (2014). Pesticide residues in sediments and aquatic species in Lake Nokoué and
Cotonou Lagoon in the Republic of Bénin. Environ. Monit. Assess. 186: 77—-86.

52. Yohannes, Y. B., Ikenaka, Y., Saengtienchai, A., Watanabe, K. P, Nakayama, S. M. & Ishizuka, M.
(2014). Concentrations and human health risk assessment of organochlorine pesticides in edible fish
species from a Rift Valley lake-Lake Ziway, Ethiopia. Ecotoxicol. Environ. Saf. 106: 95-101.

Figures

Occurrences
of OCPs in (%)

m African catfish (Clarias
gariepinus)

m Labeobarbus spp.

u Nile tilapia (Oreochromis
niloticus)

Figure 1

Comparing of OCPs detected with fish groups
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Comparing of OCPs detected with MRL of different standards
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