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ABSTRACT

BACKGROUND: Despite its significant application, DDT and its metabolites pose a potential threat to the environment. Therefore, data on
environmental and health concerns must thus be investigated.

OBJECTIVE: The objective of this study was to assess the environmental and human health risks posed by DDT and its metabolites in Ethi-
opian surface waters.

METHODS: The total amount of DDT and its metabolites consumed as a sum (£DDT) is calculated by considering their equivalent toxicity.
To calculate the human risk from drinking contaminated water, the maximum concentrations in all of Ethiopia’s surface waterways were
pooled. The average concentration values were added to calculate the human risk from consuming fish contaminated with DDT. Similarly,
>DDT residues in water can be used to predict the potential environmental risk.

RESULTS: A higher level of ZDDT in surface water was detected in Gilgel Gibe | hydroelectric dam reservoir and its tributaries with an aver-
age concentration of 640ng/l. There is no health risk associated with drinking these surface waters because the concentrations of ZDDT
were below the WHO’s recommended level. In fish samples, B. intermedius accumulated a higher level of ZDDT (21.47 ng/g ww). With the
exception of local infants, XDDT does not pose a non-carcinogenic risk to any age group. However, consuming fish contaminated with ZDDT
poses an unacceptable risk of cancer to all age categories. The risk posed by ZDDT on aquatic species is highly likely. The bioaccumula-
tion factor (BAF) value indicates that fish tissue does not absorb 2DDT directly from the water.

CONCLUSION: The prevalence of ZDDT would link to both historical pollution and their current application in vector control. Ecosystems
are frequently exposed to chemical mixes later in life; thus, rather than focusing on the ideal case of exposure to a single toxin, future stud-
ies can examine the mixture toxicity of numerous organic contaminants.
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Introduction

Pesticides, including Organic Chlorine Pesticides (OCP), are
one class of persistent organic pollutants (POPs) due to their
toxic, lipophilic, and persistent characteristics that can pollute
both terrestrial and aquatic habitats.! It is well recognized that
OCPs used in one region can seep, leech, and drift into aquatic
ecosystems.? Studies show that OCPs are growing in develop-
ing nations while decreasing in developed ones due to their
ongoing usage in public health and agriculture.> One of the
most widely used OCPs in the world is dichlorodiphenyl-
trichloroethane (DDT). DDT can be accidentally introduced
into aquatic environments while being widely used to safeguard
agricultural crops and control malaria vectors.* Studies revealed
that 2000000 tons of DDT were produced worldwide. For
instance, from the 1940s through the 1960s, DDT was widely
employed in the health and agricultural sectors to control pests
and mosquitoes, respectively.’ Therefore, the use of DDT or its

reintroduction to control malaria in several African countries is
alarming both domestically and internationally.

DDT and Its Metabolites

DDT and its primary metabolites, such as dichlorodiphenyldi-
chloroethylene (DDE), dichlorodiphenyltrichloroethane-op
(DDT-op), and dichlorodiphenyltrichloroethane-p,p’ (DDT-
p,p’), continue to be a major environmental danger due to their
high toxicity, environmental persistence, high bioaccumulation,
and low biodegradation rate.1¢ Through the food chain, DDT
and its metabolites can build up in an organism’s adipose tissue,
causing a biological magnification effect that is highly hazard-
ous to top predators and has detrimental consequences on the
ecology as a whole.” Reportedly, DDT and its byproducts cause
carcinogenic and non-carcinogenic potential health effects, like
newborn health complications, developmental neurotoxicity,
cancer, and affect the reproductive and brain systems.®’
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Likewise, potential exposure to DDT and its metabolites can
highly disturb the reproduction, growth, and development of
aquatic organisms as well as cause a reduction in the immune
system of these organisms.1°

The aquatic environment is threatened by DDT and its
metabolites, which are released into the water through input
routes such as wastewater discharge, sedimentation diffusion,
air migration, and non-point source runoff.!! Previous works
have demonstrated that DDT and its metabolites are detected
in Ethiopian surface water biotic and abiotic environmental
segments mainly in fish, sediment, and water samples.’>"14 For
instance, previous studies show that the maximum concentra-
tion of DDT and its metabolites in water (640 ng/1) was found
in Gilgel Gibe I hydroelectric dam reservoir and its tributar-
ies.’ Similarly, a maximum concentration of DDT and its
metabolites was found in B. intermedius (409.6 ng/g ww) from
Lake Hawassa, which shows a risk for consumers.'® However,
only a very few studies have determined the risks posed by
DDT and its metabolites on the environment and on human
health.Furthermore, DDT and its metabolites’Bioaccumulation
Factor (BAF), as ZDD'T; have not determined yet. Therefore,
the objective of this study is to assess the environmental and
human health risks posed by DDT and its metabolites in
Ethiopian surface waters. To the best of the authors knowledge,
this is the first review focused on the environmental and health
implications of DDT and its metabolites as well as their BAF
in Ethiopian aquatic ecosystems. Later, the results will estab-
lish a baseline for the degree of risks that DDT and its metabo-
lites pose to human health and the environment in surface
water ecosystems and will aid in the efficient monitoring of
environmental quality. Lately, it will also help with predicting
how surface water pollution from DDT and its metabolites will
change in the future.

Methods and Materials
Searching strategy and study protocol

The main goal of this search, which was carried out using data-
bases mainly Google Scholar, PubMed, and SCOPUS between
September 19, 2023, and February 28, 2024, was to look for
peer-reviewed articles that discussed DDT and its metabolites
in surface waters in Ethiopia. In this investigation, 92 articles
published during the previous 11years (from 2011 to 2022)
that discussed DDT and its metabolites’ contaminations of
Ethiopia’s surface water were examined. Totally, fifteen (15)
publications in were found using the Cochrane approach
(Figure 1). The following searching terms were used in the

” «

search tools: “organochlorine pesticides (OCP),” “chlorinated
hydrocarbons,” “chlorinated pesticides,” “persistent organic
pollutants,” “DDT in aquatic environment,” “DDT in water,”
“DDT in fish species,” “effects of DDT,” and “pesticide moni-
toring.” The research time for peer-reviewed papers was left
open-ended to enable the incorporation of a suitable amount

of material.

Exclusion criteria

Papers not published in peer-reviewed journals, including mas-
ter and PhD thesis were excluded during the screening of the
collected data. In addition, the published literatures may have
been excluded from consideration because they had no connec-
tion to the keywords; all of the literatures that were used were
only available in English; some were unavailable due to closed
access; and still others were not included in these electronic
databases. These factors may have limited all of the searches
that were done during the review.

Instrumental analysis of DDT and its metabolites

In the study, to comprehend the available data, peer-reviewed
publications were used. Most of the studies were conducted
during the dry season. The objective of gathering the literature
on DDT and its metabolites in fish muscle and water was iden-
tified. Observing the collected data, in every experiment, DDT
and its metabolites were instrumentally analyzed using Gas
Chromatography (GC)/Gas Chromatography-Mass
Spectrophotometry (GC-MS) (Table S1). The levels of DDT
and its metabolites in fish and water samples were only ana-
lyzed at the same time by Ga,!® while other researchers exam-
ined the concentrations in fish or in water.

Human exposure and health risk evaluation

An evaluation of the human health risk for adults, children,
and infants was conducted in order to comprehend the threat.
When fish and water contaminated with DDT and its metab-
olites are consumed, the total amount of DDT and its metab-
olites consumed (as a sum; ZDDT) is calculated by
considering their equivalent toxicity in Ethiopian surface
waters. To calculate the human health risk from drinking
water contaminated with XDDT, the maximum concentra-
tions in all of Ethiopia’s surface waterways were pooled, and
the average concentration values were added to calculate the
human risk from consuming fish contaminated with XDD'T.
After that, the maximum concentration was added to provide
a worst-case scenario for estimating the risk that eating fish
contaminated with ZDDT poses to humans. According to
Melake et al'” and Zelalem et al,'? SDDT concentration in
fish tissue and in water less than the Limit of Quantification

(LOQ) was calculated using LOQ/2.

Water consumption

Acute and chronic exposure from drinking surface water and risk
characterization. To determine the Exposure Toxicity Ratio
(ETR), first, the amount of water consumed through drinking
within a single day (the Daily-Intake-Acute (DIA)) is calcu-
lated using equation (1). Then, the Daily Acceptable Intake
Acute (DAIA), the permissible dose consumed over the course
of a day, is calculated from Acute Reference Dose (ARD)
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Figure 1. A PRISMA flow diagram for the framework for literature search as adapted from Melake et al.'”

values using equation (2). The total amount of surface water
utilized for drinking in Ethiopia, Large Portion (LP) intake, is
61/day. According to Deneer et al,? this was chosen to be
greater than the 21/day that is often predicted for adults in
order to account for increased fluid intake at extreme tempera-
tures (over 25°C). Risks associated with drinking water were
assessed using the concentration of XDDT in the area. Risks to
human health are considered unacceptable; hence, the highest
level of concentration is applied.?!

DIA = LP,, *PEC,, (1)
DAIA = 1000* AR, D*BW 2)

Where: DIA is the intake by drinking water from surface water
in pg/day, LP is a large portion of drinking water (61/day),
PEC,, is the maximum concentration of ZDDT detected in
the surface water (pg/l), DAIA is the acceptable intake by
drinking surface water (pg/l/day), 1000 is a conversion factor
for mg to pug, ARD is the acute reference dose (mg/kg/day),
and BW is the average adult body weight (60kg). The

Exposure-Toxicity Ratio (ETR), by comparing DIA to DAIA,
was determined using equation (3).

ETR = DIA/DAIA 3)

The long-term (chronic) risks associated with consuming a
volume of contaminated water are assessed by comparing the
amount consumed through drinking during 1day (the Daily.
Intake-Chronic (DIC)), calculated using equation (4), to the
permissible dose consumed daily for the purpose of living (the
Daily-Acceptable-Intake-Chronic (DAIC)) computed accord-
ing to equation (5). Ethiopians are only allowed to consume 21
(21/day) of water each day, which is the amount often recom-
mended for adults.?0

DIC,_, = Daily Drinking Water consumption* PEC_, (4)

DAIC = 1000*P* ADI*BW 5)

In this case: DIC,,, is the intake by drinking water from surface
water in pg/day, PEC_ is the maximum concentration detected
in the surface water (pg/1), 1000 is the conversion factor for mg
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to pg, P is the fraction of ADI to drinking water (0.1), ADI is
the acceptable daily intake (mg/kg/day), and BW is an average
Ethiopian adult body weight (60kg).

The computation of carcinogenic and non-carcinogenic
risks is of interest to authors as well. The carcinogenic and non-
carcinogenic risk of ZDDT in a water sample was determined
using the USEPA’s recommended techniques.?? Various routes
of exposure to ZDDT may present varying dangers to the
human body. Therefore, drinking water or direct ingestion
(equation (6)) and coming into contact with the skin (equation
(7)) are the main ways that people are exposed to ZDDT-
contaminated water. Later, total water intake was computed as
a sum using equation (8).2324

Water.

intake

Water _CXkXSAXEFXFEXED\/m (7)
skin-contact — 500x BW x AT X f T

Water, . = Water,

ingestion

= (C'IR*EF*ED)/(BW*AT) (6)

+ Waterskin contact (8)

Where: Water,

ingestion

is the human body intake of XDDT via
ingestion (drinking), Water g, conmee 18 human body intake of
2DDT via skin contact, Water intake is the human body total
intake of XDDT, C is the detected concentration of XDDT in
water samples (ng/1), IR is human mean daily water intake (2V/
day); EF is the frequency of exposure (365 days/year); ED is
exposure duration (70years), BW is an average Ethiopian adult
body weight (60kg), AT is average exposure time (non-carci-
nogenic=ED X 365 days;
human skin penetration time or coefficient of dermal permea-
bility (0.001 cm/h), SA is the human body surface area for con-
tact or exposed skin area (16,600cm?), FE is human body
bathing frequency (0.3/day), /is human intestinal tract adsorp-
tion od absorption ratio (1), 7°is the delay time (1 hour), TE is
human skin or dermal contact time (0.4 hours), SF is slope fac-
tor of cancer of DDT, and RD is the reference dose of
DDT.?5% Then, using equations (9) and (10), the non-carcino-
genic hazard quotient (NCHQ) and carcinogenic hazard quo-
tient (CHQ) values are calculated as follows.2”

carcinogenic=25550days); £ is

NCHQ_ = Water,

intake

/R:D ©)

CHQ_ = Water._,_* SF (10)

intake

Fish consumption. Two approaches to evaluating the fre-
quency and quantity of fish eaten by the extreme consumer
categories were carried out based on this review. These tech-
niques differentiate between cancer risks that are short-term
and long-term.

Non- carcinogenic risk assessment and risk characterization. Fish
contamination concentrations and projected fish consumption
rates were used to determine the risk of consuming

contaminated fish. The estimation of the total dietary intake
for DDT contamination was done in relation to the exposure
assessment, taking into account the dietary intake data within
each food group. The United States Environmental Protection
Agency (USEPA%)?® risk assessment standards and the inte-
grated risk assessment information system served as the foun-
dation for the human health risk assessment. This meant that
using these assumptions, the life-time exposure dose (LED),
estimated daily intakes, Hazard quotient (HQ), and carcino-
genic risk assessment were calculated. There was also an
assumption that the body weights of infants, children, and
adults would be 10, 30, and 60kg, respectively, and that the ref-
erence dose (RD) of DDT would be 0.5 pug/kg/day,?® as well as
Ethiopians’ average national fish consumption (0.027 kg/day).?
Authors such as Yohannes et al,'* however, have determined
that the daily consumption of fish in the water area is 0.15kg.
Using reference doses, Equations 11 and 12 also calculated the
estimated daily intake (EDI) and Maximum Edible Amounts
(MEA), the greatest allowable daily intake of ZDDT per per-
son per day that has no detrimental health impacts from eating
fish and does not pose a risk to human health. Using Equations
13 and 14, the hazard quotient (HQ) for acute and chronic esti-
mation for each age class was also calculated.16:30-33

EDI = (RC,, g, *FCR)/BW (11)
MEA = (R;D*BW)/RC, 4, (12)
HQacute = EDI/RfD (13)

Where: EDI is the estimated daily intake or estimated dose in
ug/kg/day, MEA is the maximum edible amount with risk in
ng/kg/day, RC, 4 is residue concentrations or measured con-
centration of 2DDT (ng/g ww) and FCR is fish consumption
rate (kg/day), BW is an average Ethiopian adult body weight
(60kg) for different age groups and RD is the reference dose
in pg/kg/day.

Some authors did, however, raise the possibility that DDT
will have long-term, chronic health effects. Because of this,
while calculating the HQ_in an evaluation, the value of ADI
should be considered instead of the acute reference dose

(ARD).3
HQ ... = EDI/ADI (14)

ADI for DDT and its metabolites is 0.01 mg/kg bw/day,
according to data from the publicly available literature.’

Carcinogenic risk assessment and risk characterization. The
USEPA’s guidelines®® were used to establish cancer risk esti-
mates and hazard ratios (HR). The lifetime exposure concen-
tration is represented by the cancer benchmark concentration
(CBC) for carcinogenic effects (equation (15)), which is set at
1 in a million (10-%), as the acceptable lifetime cancer risk.
Carcinogenic risks below 10-¢ are acceptable; the area of
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concern is set between 10-* and 107¢, and a risk level greater
than 10-* is deemed unacceptable. The HR for cancer risks
was obtained by computing the CBC using the following
equation3®37:

CBC = 10°/CSF (15)

The cancer slope factor (CSF) for DDTs is 0.34 mg/kg/day,
and the CBC for carcinogenic effects is based on data from the
USEPA. Based on a lifetime exposure at which the risk of
developing cancer is 1 in a million, the CBC for carcinogenic
effects is calculated using a value of 10-6. Equation (16) was

used to calculate the Hazard quotient (HQ) for cancer risks by
comparing the EDI and CBC.37-%

HQ_ = EDI/CBC (16)

Some authors, as Kasza et al,3> however, determine the cancer
risks using equation (17) for determining the intake rate (I) or
chronic daily intake (DCI in mg/kg/day).

CDI = (C*IR*EF*ED)/ (BW*AT)  (17)

Where: C is the detected concentration XDDT in fish muscle
(ng/g ww), IR is the human mean contact rate or daily fish
consumption (kg/day); EF is the frequency of exposure (the
number of days that the food that was contaminated was con-
sumed in a given year, 365 days/year), ED is exposure duration
(over a persons lifespan, or roughly 70years), BW is an average
Ethiopian adult body weight (60kg), and AT is average expo-
sure time (throughout the course of a lifetime, or roughly 70ye
ars=ED X 365 days=25550days). Later, the stated risk for
particular consumer groups is characterized by the product of
the slope factor of the evaluated chemical pollutant and chronic

daily consumption (CDI).

Environmental risk assessment (ERA): Effect

assessment

Exposure and risk assessment in aquatic species. By calculating the
exposure toxicity ratio (ETR) or risk quotient (RQ), which is
the ratio of the measured environmental concentration (MEC)
or predicted environmental concentration (PEC) to the pre-
dicted no-effect concentration (PNEC), pesticide residues in
water (Table S2) can be used to predict the potential ecotoxico-
logical risk. According to Amiard-Triquet et al,** and Papadakis
et al,*! the quantifiable pesticide concentrations measured dur-
ing a study are represented by the MEC or PEC in this instance.
The most sensitive biotic level includes fish, algae, aquatic
invertebrates (mostly Daphnia), and occasionally aquatic plants
(macrophytes). To determine the PNEC values, the no-observed
effect concentration (NOEC) for these sensitive species is
divided by the appropriate assessment factor (AF). There may
be 1 or more species’ LCsy/LEs values available for the assess-
ment of acute risk. Likewise, 1 or more NOEC values may be

available for the assessment of chronic risk. In this instance, the
lowest value of the LCy, or NOEC is chosen for risk assessment
in order to preserve the aquatic species, even if there are other
values available for acute and chronic risk evaluation (Table S4).
The Exposure-Toxicity Ratio (ETR) method is used to evaluate
the risk. Acute risk assessments are done for fish, macrophytes,
algae, and aquatic invertebrates (Daphnia). The maximum PEC
(PEC,,,,) is used as the appropriate exposure concentration in
surface water to evaluate acute risk. Since a brief exposure to the
active ingredient may have long-term consequences, the maxi-
mum PEC also forms the basis for the assessment of chronic
risk. Furthermore, for pragmatic reasons, the exposure estimates
do not compute chronic exposure concentrations. This simple
method yields conservative risk estimations in situations where
a brief exposure has no long-term consequences.

Fish. The literature was searched in order to determine the
LCs, which is typically for 96 hours, in order to assess acute
risk. Equation (18) is used to calculate the ETR for fish and

acute risk assessment.20,27,42

ETR = PEC,, / (LCyof fish/SF) (18)

There is a NOEC value or values for 21 days for fish available
for the assessment of chronic risk. The ETR is computed in the

manner described below (equation (19)) in order to assess fish
chronic risk*20,27:42,43;

ETR = PEC,, / (NOEC for fish/10) (19)

Invertebrates. 'The invertebrate LCs/LE;, values, 1 or more
values for 48 to 72 hours, are available for the acute risk assess-

ment. Equation (20)2%2742-4 js used to calculate the ETR for
the assessment of invertebrate acute risk:

ETR = PEC__ / (Lcsoor EC,jof invertebrates/lOO) (20)

One or more invertebrate NOEC values are also available for
the assessment of chronic risk. Equation (21) is used to calcu-

late the ETR for the assessment of invertebrate chronic
Fisk2027,42,43.

ETR = PEC__/ (NOEC of invertebrates /10) (21)

Algae. ECyvalue derived from growth rate is the accurate tox-
icity value. Due to their brief life cycles, algae are considered
poisonous when their growth is inhibited instead of immobi-
lizing them like invertebrates or having a deadly effect like
fish.?® The ETR is computed as follows (equation (22)) to
determine the risk associated with algae20,27:42-44;

ETR = PEC_, / (ECjjof algae/10) (22)

Macrophytes. Like algae, macrophytes have an accurate tox-
icity rating based on their growth rate, which is expressed as
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Figure 2. The spatial distribution of SDDT (in water) from all Ethiopian surface water ecosystems.

ECs,. The authors propose that, of the several aquatic plant
species for which ECs, values are known, the lowest value
should be used for risk assessment.2 However, the same end-
point was applied to algae due to a lack of such data and the
assumption of similar sensitivity. Afterward, to evaluate the
risk associated with aquatic plants, ETR is computed using
equation (23).2027:42

ETR = PEC_, / (EC,of aquatic plants/10)  (23)

Bioaccumulation factor (BAF)

The bioaccumulation factor (BAF) is used to quantify the
amount of DDT and its metabolites that are transferred
from water to biota as a result of absorption along all possible
exposure paths. The BAF of DDT and its metabolites was
calculated using a pooled estimation because studies on
DDT and its metabolites in fish tissue and water were not
one-to-one correspondence. The BAF is expressed as a ratio
of the concentration of XDDT in biota and 2DDT concen-
tration in the water of Ethiopian surface waters (ambient
media). To calculate BAF, the following formula (equation
(24)) was utilized.!”

BAF = RC,, /RC (24)

Where: RCy, is the residual concentration of DDT and its
metabolites (ZDDT) in all fish species (ng/g ww) and RC,, is
the residual concentration of DDT and its metabolites

(EDDT) in water (ng/1).

Results and Discussion

Spatial distribution of DDT and its metabolites in
surface waters

Most of the research works have been carried out in the
Ethiopian Rift Valley Region’s surface waters (Figure 2). This
may have been the writers’ goal because the Ethiopian Rift
Valley Lakes Region (ERVLR) is a densely inhabited area with
a wide range of agricultural activities. In the majority of
Ethiopian Rift Valley Lakes, intensive agricultural practices
and deforestation in the catchments have been highlighted as
important environmental challenges, according to reports by
Deribe et all64:46, It was found in earlier studies!3:16:18,30,45,46
that the most common OCP in the samples was DDT (as
2DDT). Ethiopia signed the Stockholm Convention in May
2002 and ratified it in January 2003; nonetheless, the govern-
ment decided to continue using DDT because of the large
number of malaria deaths and illnesses in the nation.13-3 Thus,
the use of XDDTs in vector control now is related to their his-
torical contamination as well as their current prevalence.
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Figure 3. The average concentration and standard deviation (sd) of ZDDT in fish species from all investigated surface waters of Ethiopia.

Figure S1 also shows the spatial distribution of ZDDT in
all Ethiopian surface waters fish species. The lowest, maximum,
and mean concentrations of 2DDT were examined in this
investigation. This study’s investigation of fish species from all
surface waterways revealed that 7" zi//ii had the lowest concen-
tration of XDDT, while B. intermedius had the highest concen-
tration, followed by C. gariepinus (Figure 3). This was predicted
based on earlier research that discovered both species to have
larger concentrations.* Larger amounts of DDT and its
metabolites (ZDDT) are generally found in carnivorous and
omnivorous animals when their trophic level rises.13:16:18:30:45,46

Human exposure and health risk assessment: Water
consumption

Humans may be exposed to pesticide residues via food, water, or
the air. Dependent on the individual’s daily consumption and
type of exposure is reliability. Therefore, assessing the dangers
that people pose from drinking water tainted with pesticides is
essential.*’ The Gilgel Gibe I hydroelectric dam reservoir and its
tributaries have the highest concentration of ZDDT (640ng/1),
whereas Lake Ziway, Ethiopia, has the lowest value (Table S2).
In this investigation, the concentration of ZDDT ranges from
non-detected level (ND) to 700ng/1 with a pooled average con-
centration of 190.93 ng/1. This was higher than earlier individual
studies conducted in Ethiopia,»1318484 but lower than a finding
by Dejene et al.’ A tolerable limit of DDT and its metabolites
in drinking water is 1ug/l as determined by FAO/WHO.>
Consequently, all X DDT concentrations found were below this
recommended level, meaning there was no human health risk
associated with drinking these surface waters.

Acute and chronic exposure from drinking surface water. The
study’s conclusions show that the ETR for both the acute

and chronic conditions was less than 1 (Table 1). As a result,
according to Deneer et al,?? if the ETR is less than 1, the risk
is acceptable; if it is larger than 1, the risk is unacceptable.
This was predicted by earlier research, which discovered a
decreased theoretical risk associated with drinking water
contaminated with DDT. As a result, not all age groups are
at risk when it comes to drinking water containing 2DD'T.
Water is utilized for household and sanitary functions; thus
further research is required to examine the risks of indirect
routes of exposure. This could have a more detrimental effect
on the community than what has been predicted by earlier
and ongoing studies. The population of Ethiopia was also
subjected to deterministic chronic exposure to surface water,
as determined by the estimated daily intake (EDI). Accord-
ing to Abera et al,* the highest pesticide residual content in
water (pg/l) was multiplied by the water intake rate (L/kg/
day) to calculate the EDI, which still shows that risks are
extremely unlikely. Research indicates that a carcinogenic
HQ_value larger than 10-¢ indicates a significant carcino-
genic risk and 10-* is the highest amount of acceptable risk.
A non-carcinogenic HQ_value > 1 indicates a strong non-
carcinogenic effect.’! As a result, there is very little chance
that drinking water contaminated with X DDT would cause
cancer or other diseases.

Human exposure and health risk assessment: Fish
consumption

Eating fish contaminated with organic pollutants may be bad
for human health.’® POPs mostly enter the body through
food.”? The majority of human food is fish muscle.® As a
result, eating fish is the main focus.3%* Table S3 provides an
overview of data on all fish species data from all Ethiopian sur-
face waters.
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Table 1. Human health risk assessment from consumption of XDDT-contaminated water and fish.

SDDT concentrations in all surface waters Mean concentration 190.93ng/I
Maximum concentration 231.70ng/I

Acute risk from drinking surface water DIA 1390.22ng/I
DAIA 30000ng/I
ETR 0.05

Chronic risk from drinking surface water DIC 463.41ng/l
DAIC 60000ng/I
ETR 0.01

Mean concentration 13.48ng/g ww

>DDT concentrations in all fish species

Maximum concentration

71.18ng/g ww

LOCAL LEVEL NATIONAL LEVEL RISK TYPE RISK BY AGE GROUP RISK AT
EDI MEA EDI MEA LOCAL LEVEL NATIONAL LEVEL
0.20 2.70 0.04 2.70 Non- HQ acute-infants 0.40 0.07
carcinogenic
0.07 0.90 0.01 0.90 HQ acute-children 0.13 0.02
0.03 0.45 0.01 0.45 HQ acute-adults 0.07 0.01
0.20 2.70 0.04 2.70 HQ chronic-infants 0.02 0.004
0.07 0.90 0.01 0.90 HQ chronic-children 0.007 0.001
0.03 0.45 0.01 0.45 HQ chronic-adults 0.003 0.001
1.07 0.107 0.19 14.24 Worst case HQ acute-infants 2.14 0.38
scenario
0.36 475 0.06 475 HQ acute-children 0.71 0.13
0.18 2.37 0.03 2.37 HQ acute-adults 0.36 0.06
1.07 0.107 0.19 14.24 HQ chronic-infants 0.11 0.019
0.36 475 0.06 475 HQ chronic-children 0.04 0.006
0.18 2.37 0.03 2.37 HQ chronic-adults 0.018 0.003

Non-carcinogenic  risk  assessment —and risk  characteriza- computed in accordance with USEPA guidelines.?® The

tion. Despite Ethiopians’ traditional preference for beef, eating
habits are shifting in areas and among populations where fish
is consistently and abundantly available for consumption.3032
According to FAO,? certain communities may have annual
fish consumption per person of more than 10kg. Analysis of
individual studies shows that there is an acute risk (HQ=1.68)
for infants at the local level posed by the consumption of B.
intermedius.*® However, in the present study (Table 1), con-
suming 2DDT-contaminated fish, hence both HQ, . and
HQ_,onic are less than 1, does not pose a risk presently. Simi-
larly, EDI was lower than MEA. According to Melake et al,
this no risk posed by 2DDT for all age groups. However,
worst-case scenario infants’ acute risks (HQ=2.14) at the local
level are unacceptable.

Carcinogenic risk assessment and risk characterization. Subse-
quently, hazard ratios (HR) and estimates of cancer risk were

study’s findings indicate, using all author’s methods of esti-
mation, carcinogenic risk values are greater than cancer
benchmark values. Dougherty et al* state that a hazard ratio
of more than 1 indicates a possible harm to human health.
Likewise, Guo et al?’ state values greater than 10-¢ are risky
for consumer groups. This was predicted given that a previous
study3? similarly discovered intolerable carcinogenic hazards
associated with eating fish contaminated with ZDDT. As a
result of ZDDT fish consumption, the risk of cancer in all
surface waters for all age groups (at the local and national
levels) is not acceptable.

Environmental risk assessment

The use of pesticides has also resulted in major environmental
problems since runoff from rainfall has the ability to carry
active chemicals and associated residues (eg, DDT and its
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Table 2. Environmental risk assessment of aquatic organisms (fish, Daphnia, algae and macrophyte).

DAPHNIA_CHRONIC

ALGAE_ACUTE  MACROPHYTE-ACUTE

VARIABLES FISH-ACUTE  FISH-CHRONIC  DAPHNIA-ACUTE
PEC (ng/l) 231.70 231.70 231.70

PNEC (ng/l) 10 40 10

HQ 2317 5.79 2317

metabolites) into natural ecosystems like rivers and lakes *¢ and
may have an impact on non-target species.’” Comparisons
between predicted no-effect concentrations (PNEC) and
anticipated environmental concentrations (PEC) provide the
basis for an environmental risk assessment of chemical sub-
stances, such as pesticides. The PNEC, which is often obtained
from laboratory impact studies, is a threshold below which
adverse effects are not expected. To compute the lowest deter-
mined effect concentration, the no observable effect concentra-
tion (NOEC) is multiplied by an assessment factor. An
environmental effect assessment of the aquatic compartment
needs to have at least 3 levels of the trophic hierarchy repre-
sented in its dataset: primary producers (algae); primary con-
sumers (invertebrates, such as Daphnia); and higher level
consumers and predators (fish). Several uncertainties should be
taken into account when deriving a PNEC from these tests,
including variations between and between species, extrapola-
tions of short- to long-term toxicity, variances within and
across laboratories, and extrapolations from the laboratory to
the field. If the only available data are from acute testing, the
lowest effect value of the tests is found using an assessment
factor of 1000 for fish, invertebrates, and algae at all 3 trophic
levels. If information is available from long-term research cov-
ering 1, 2, or 3 trophic levels, this assessment factor may be
further reduced to 100, 50, or 10 trophic levels.®*° The assess-
ment factor must therefore account for the uncertainty in the
extrapolation to the real ecosystems.®

Protection objectives for the aquatic ecosystem were estab-
lished for aquatic animals (fish, algae, invertebrates, and macro-
phytes) that live in surface water and humans who use surface
water as a source of drinking water without first purifying
it.2161 The local population is impacted by the country’s surface
water resources in both direct and indirect ways.* In environ-
mental risk assessment, expected environmental concentrations
(PNEC:s) will be compared to actual or forecast environmental
concentrations (PECs) to determine whether or not a sub-
stance’s risk is acceptable. RQ levels below 1 denote an accept-
able risk, while RQ_values above 1 during risk appraisal or
characterization (Table 2) suggest a potentially dangerous risk.

Risk assessment and risk characterization for fish

Acute and chronic risk assessment for fish. Ethiopia will be sub-
ject to the uncertainty factors also referred to as safety factors
applied by the European Union. An exceedance factor that has

231.70 231.70 231.70
40 100 100
5.79 2.32 2.32

been stated is required for the risk classification. Fish require a
little bit more protection than other animal species because
they are categorized as vertebrates. For the acute risk classifica-
tion, a factor of 10 is thought to be appropriate. The study’s
conclusions demonstrate that the acute and chronic risks were
both higher than 1 (Table 2). This was similar to findings by
Abera et al* in Lake Tana, where metabolites of DDT (DDE)
pose a high risk to fish. ETR or RQ value <0.1 is insignificant
risk; ETR or HQ from 0.1 to 1 is moderate risk?”6%; ETR or
HQ_above 1 suggests a potentially harmful risk#2762; and
sometimes ETR or RQ_levels below 1 indicate a manageable
risk.* Other authors also classify 1 <ETR <10 as a possible
risk, ETR <1 as low risk, and ETR>10 as high risk.? The
intervals for risk categories were as follows: 0 to 1 represented
low risk for fish; 1 to 10 represented medium risk for fish; and
>10 represented high risk for fish.2! Therefore, acute and
chronic HQ_or ETR values, except in Central Rift Valley
Regions, in the Ethiopian surface waters show that risk to fish
is highly likely.

Acute and chronic risk assessment for invertebrate

(Daphnia)

Given that invertebrates recover quickly, a factor of 100 is
thought to be suitable for characterizing the acute and long-
term risks associated with EDDT exposure in Daphnia. Acute
ETR>1 is revealed by this study’s risk evaluation (Table 2).
This was predicted based on findings from a prior study that
showed DDE was dangerous for Daphnia in Lake Tana.*
AccordingtoDeneeretal 2 ETR < 1islowrisk,1 < ETR <100
is a potential risk, and ETR>100 is a high risk. Similarly,
ETR values 0 to 1 represented a low risk for Daphnia; 1 to 100
represented a medium risk for Daphnia; and ETR > 100 repre-
sented a high risk for Daphnia?* Therefore, in studied surface
waters, there is a potential risk posed by XDDT on Daphnia.

Risk assessment for algae

Acute and chronic variables are handled similarly when assess-
ing algae risk. The final stage of an algae’s life cycle, known as
growth inhibition, is defined by its short duration. As a result,
a factor of 100 is regarded as appropriate for characterizing a
possible risk. According to the study’s estimation, the ETR for
acute risk in all surface waters is more than 1 (Table 2), which
is comparable to the findings of Abera et al* in Lake Tana.
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Some authors classify risks for primary producers (algae) as
risky if ETR > 100; likely risky if 1 <ETR < 100; and low risk
if ETR <1.20 While others are set as ETR 0 to 1 low risk for
algae; 1 to 100 medium risk for algae; and >100 shows high
risk for algae.?! Overall, this study shows ZDDT has a likely
risk to algae.

Macrophytes risk assessment

There is no distinction between acute and chronic risk assess-
ments for aquatic plants. Aquatic plants are assigned a lower
value for the exceedance factor than algae since they have a
longer life cycle and do not multiply rapidly. A factor of 10 is
considered appropriate for characterizing a possible risk.
According to this study’s estimation, the acute risks ETR is
more than 1 (Table 2). Below is a presentation of the risk clas-
sification: risky if ETR > 10; high risk if ETR>1; and possi-
ble risk if 1<ETR<10.2063 Therefore, the risk posed by
2DDT on macrophytes is highly likely.

Bioaccumulation factor (BAF)

DDT and its metabolites are still a major environmental
problem worldwide due to their persistence and potential to
bioaccumulate.® The bioaccumulation factor (BAF) is mostly
used to quantify the amount of DDT and its metabolites
(ZDDT) that are absorbed across all possible exposure path-
ways and subsequently accumulate in biota from water. The
bioaccumulation factor of all sampled fish species in the
Ethiopian surface waters, which includes Barbus intermedius,
Clarias gariepinus, Oreochromis niloticus, Cyprinus carpio,
Carassius auratus, Carassius carassius, Tilapia zillii, and
Ciprinus carpio, was determined. Accordingly, based on a
pooled estimate, the BAF value was less than 1 (BAF=0.07).
According to Melake et al,'” this indicates that fish tissue
does not absorb XDDT directly from the water.

Conclusions and Future Prospects

The investigation’s findings proved that Ethiopian aquatic
ecosystems still contain DDT and its metabolites, an illegal
organochlorine pesticide. Due to the high costs of research
and the lack of analytical capability in most African countries,
including Ethiopia, it is sometimes impracticable to monitor
POPs, especially DDT and its metabolites. Therefore, it is
imperative to investigate the environmental distribution and
potential hazards provided by POPs in African countries,
particularly in Ethiopia. This study focuses on the bioaccu-
mulation factor of DDT and its metabolites as well as the risk
that these substances pose. DDT and its metabolites (XDDT)
are found in higher amounts in carnivorous and omnivorous
species as trophic levels increase. Risks from ZDDT-
contaminated water ingestion continue to be extremely rare.
There is an acceptable non-carcinogenic risk associated with
2DDT for any age group except for infants consuming maxi-
mum 2DDT concentrations at the local level, while the

carcinogenic risks are highly likely. It is very likely that aquatic
species are at risk from 2DD'T. Fish tissue does not directly
absorb 2DDT from the water, according to the bioaccumula-
tion factor (BAF) value. Both past contamination and their
ongoing use in vector control are possibly associated with the
prevalence of ZDDT. However, in the future, more investiga-
tion is required to get more accurate data about the residual
concentration of DDT and its metabolites in the abiotic
(water and sediment) and biotic (fish, algae, aquatic plants,
macroinvertebrates, and so forth) segments. For this, long-
term studies on DDT levels or the effectiveness of mitigation
efforts are mandatory. To improve risk assessment, local and
standardized endpoint values, dose descriptors, and assess-
ment criteria should be created as well. Subsequent research
can also concentrate on the mixture toxicity of numerous
organic contaminants rather than the ideal case of exposure
to a single toxin. This is because ecosystems are frequently
exposed to chemical mixtures.

Acknowledgements
None.

Author Contributions

Idea generation: BAM; Methods of development: BAM,
TSA, and SME. Analysis of data: BAM, TSA, and SME.
Figure and table preparation: BAM. Composing: BAM.
After reading the final draft and giving their approval, each
author signed off on the review’s publishing.

ORCID iD
Bealemlay Abebe Melake
1661-6961

https://orcid.org/0000-0003-

Data Availability Statement
All data used to support the findings of this study are included
within the article, therefore, no associated data.

Supplemental Material
Supplemental material for this article is available online.

REFERENCES

1. Wang X, Zhang Z, Zhang R, et al. Occurrence, source, and ecological risk
assessment of organochlorine pesticides and polychlorinated biphenyls in the
water—sediment system of Hangzhou Bay and East China Sea. Mar Pollut Bull.
2022;179:113735.

2. Maurya PK, Malik DS, Sharma A. Impacts of pesticide application on aquatic
environments and fish diversity. In: Kumar V, Kumar R, Singh J, eds. Contam-
inants in Agriculture and Environment: Health Risks and Remediation. Volume
1. Haridwar, India: Agro Environ Media; 2019:111-128. https://doi.org/10.
26832/AESA-2019-CAE-0162-09

3. Thompson LA, Darwish WS, Tkenaka Y, et al. Organochlorine pesticide con-
tamination of foods in Africa: Incidence and public health significance. J Ver Med
Sci. 2017;79:751-764.

4. Abera B, Van Echelpoel W, De Cock A, et al. Environmental and human health
risks of pesticide presence in the Lake Tana Basin (Ethiopia). Sustainability.
2022;14:14008.

5. Debela SA, Wu J, Chen X, et al. Stock status, urban public perception, and
health risk assessment of obsolete pesticide in Northern Ethiopia. Environ Sci
Pollut Res. 2020;27:25837-25847.


https://orcid.org/0000-0003-1661-6961
https://orcid.org/0000-0003-1661-6961
https://doi.org/10.26832/AESA-2019-CAE-0162-09
https://doi.org/10.26832/AESA-2019-CAE-0162-09

Melake et al

11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Ma P, Li H, You J. Full-life cycle toxicity assessment of sediment-bound DDT
and its degradation products on Chironomus dilutus. Environ Toxicol Chem.
2019;38:2698-2707.

Han D, Currell MJ. Persistent organic pollutants in China’s surface water sys-
tems. Sci Total Environ. 2017;580:602-625.

Li L, Zhang Y, Wang ], et al. History traces of HCHs and ddts by groundwater
dating and their behaviours and ecological risk in northeast China. Chemosphere.
2020;257:127212.

Anand M, Taneja A. Organochlorine pesticides residue in placenta and their
influence on anthropometric measures of infants. Environ Res. 2020;182:109106.
Landos M, Smith ML, Immig J. Aquatic pollutants in oceans and fisheries |
IPEN. IPEN; Sweden. Accessed 11 December 2024. https://coilink.org/20.
500.12592/64fb3q

Huang H, Liu H, Xiong S, et al. Rapid transport of organochlorine pesticides
(OCPs) in multimedia environment from karst area. Sci Tvotal Environ.
2021;775:145698.

Dirbaba NB, Li S, Wu H, Yan X, Wang J. Organochlorine pesticides, polybro-
minated diphenyl ethers and polychlorinated biphenyls in surficial sediments of
the Awash River basin, Ethiopia. PLoS One. 2018;13:¢0205026.

Kassegne AB, Okonkwo JO, Berhanu T, et al. Ecological risk assessment of
organochlorine pesticides and polychlorinated biphenyls in water and surface
sediment samples from Akaki River catchment, central Ethiopia. Emerg Contam.
2020;6:396-404.

Yohannes YB, Ikenaka Y, Nakayama SM, et al. Organochlorine pesticides and
heavy metals in fish from Lake awassa, Ethiopia: insights from stable isotope
analysis. Chemosphere. 2013;91:857-863.

Dejene M, Kedir K, Mekonen S, Gure A. Determination of selected pesticide
residues from gilgel gibe (I) hydroelectric dam reservoir and its tributaries,
Jimma Zone, Ethiopia. Inz ] New Chem. 2020;7:14-22.

Deribe E, Rosseland BO, Borgstrem R, et al. Organochlorine pesticides and
polychlorinated biphenyls in fish from Lake Awassa in the Ethiopian Rift Valley:
human health risks. Bu/l Environ Contam Toxicol. 2014;93:238-244.

Melake BA, Endalew SM, Alamirew TS, Temesegen LM. Bioaccumulation and
biota-sediment accumulation factor of metals and metalloids in Edible Fish: a
systematic review in Ethiopian surface waters. Environ Health Insights.
2023;17:11786302231159349-11786302231159415.

Teklit GA. Residues analysis of organochlorine pesticides in fish, sediment and
water samples from Tekeze Dam, Tigray, Ethiopia. J Environ Anal Toxicol.
2016;06:342.

Zelalem W, Antench W, Mingist M, et al. Pesticide concentration in three
selected fish species and human health risk in the Lake Tana sub-basin, Ethiopia
Environ Monit Assess. 2023;195:988.

Deneer JW, Adriaanse P, De Boer P, et al. 2014. Handbook of a Scientific Evalua-
tion System for the Registration of (Chemical) Pesticides in Ethiopia; 1566-7197.
Alterra Wageningen UR (University & Research Centre); 2014:188. https://ede-
pot.wur.nl/314182

Teklu BM, Adriaanse PI, Ter Horst MM, Deneer JW, Van den Brink PJ. Surface
water risk assessment of pesticides in Ethiopia. Sci Total Environ. 2015;
508:566-574.

Wang D, Wang Y, Singh VP, et al. Ecological and health risk assessment of pahs,
OCPs, and pcbs in Taihu Lake basin. Eco/ Indic. 2018;92:171-180.

Bai Y, Ruan X, van der Hoek JP. Residues of organochlorine pesticides (OCPs)
in aquatic environment and risk assessment along Shaying River, China. Environ
Geochem Health. 2018;40:2525-2538.

Gong X, Li Q, Zhang L, et al. The occurrence of organochlorine pesticides
(OCPs) in riverine sediments of hilly region of southern China: implications for
sources and transport processes. J Geochem Explor. 2020;216:106580.

Zhang S, Zhao W, Yang C, et al. Assessment of currently used organochlorine
pesticides in surface water and sediments in Xiangjiang River, a drinking water
source in China: occurrence and distribution characteristics under flood events.
Environ Pollut. 2022;304:119133.

Duan Z, Liu F, Shen X, et al. Residual characteristics and health risk assessment
of organochlorine pesticides in Baiyangdian water environment. Saf. Environ.
Eng. 2021;28:9450-9459.

Guo J, Chen W, Wu M, et al. Distribution, sources, and risk assessment of
organochlorine pesticides in water from Beiluo River, Loess Plateau, China.
Towics. 2023;11(6):496.

USEPA. Integrated Risk Information System. USEPA, Office of Health and Envi-
ronmental Assessment; 1996. https://www.epa.gov/iris

FAO (Food and Agriculture Organization). Fishery and aquaculture country
profiles Ethiopia. 2011. Accessed September 2013. http://www.fao.org/fishery/
countrysector/FI-CP_ET/en

Yohannes YB, Ikenaka Y, Nakayama SMM, Ishizuka M. Organochlorine pesti-
cides in bird species and their prey (fish) from the Ethiopian Rift Valley region,
Ethiopia. Environ Pollut. 2014;192:121-128.

Doménech E, Martorell S. Assessment of safety margins of exposure to non-
genotoxic chemical substances in food. Food Control. 2017;79:1-9.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Melake BA, Bervoets L, Nkuba B, Groffen T. Distribution of perfluoroalkyl
substances (PFASs) in water, sediment, and fish tissue, and the potential human
health risks due to fish consumption in Lake Hawassa, Ethiopia. Environ Res.
2022;204:112033.

Wodajo H. Detection of organochlorine pesticide residues in Lake ziway and
health risk assessment. Adv Environ Stud. 2020;4:345-349.

Hamid A, Yaqub G, Ahmed SR, Aziz N. Assessment of human health risk asso-
ciated with the presence of pesticides in chicken eggs. Food Sci Technol.
2017;37:378-382.

Kasza G, Izs6 T, Csenki EZ, et al. Assessment of dietary exposure and risk of
DDT concerning freshwater fish aquaculture. App/ Sci. 2020;10:9083.

U.S. Environmental Protection Agency. Guidelines for Carcinogen Risk
Assessment. Washington, DC: U.S. EPA; 2005. Report No.: EPA/630/P-
03/001F. Accessed 1 December 2024. https://www.epa.gov/sites/default/files/
2013-09/documents/cancer_guidelines_final_3-25-05.pdf

Thompson LA, Tkenaka Y, Yohannes YB, et al. Human health risk from con-
sumption of marine fish contaminated with DDT and its metabolites in Maputo
Bay, Mozambique. Bull Environ Contam Toxicol. 2018;100:672-676.

Solomon K, Giesy ], Jones P. Probabilistic risk assessment of agrochemicals in
the environment. Crop Prot. 2000;19:649-655.

Jiang QT, Lee TKM, Chen K, et al. Human health risk assessment of organo-
chlorines associated with fish consumption in a coastal city in China. Environ
Pollut. 2005;136:155-165.

Amiard-Triquet C, Amiard JC, Mouneyrac C. dquatic Ecotoxicology: Advancing
Tools for Dealing With Emerging Risks. Academic Press; 2022. https://search-
works.stanford.edu/view/11368531 (2015. Sustainability, 14, 14008 13 of 13).
Papadakis EN, Tsaboula A, Kotopoulou A, et al. Pesticides in the surface waters
of Lake Vistonis Basin, Greece: occurrence and environmental risk assessment.
Sci Total Environ. 2015;536:793-802.

Sun H, Chen Q, Qu C, et al. Occurrence of OCPs & pcbs and their effects on
multitrophic biological communities in riparian groundwater of the Beiluo
River, China. Ecotoxicol Environ Saf. 2023;253:114713.

Teklu BM, Adriaanse PI, Van den Brink PJ. Monitoring and risk assessment of
pesticides in irrigation systems in Debra Zeit, Ethiopia. Chemosphere.
2016;161:280-291.

Teklu BM, Hailu A, Wiegant DA, Scholten BS, Van den Brink PJ. Impacts of
nutrients and pesticides from small- and large-scale agriculture on the water
quality of Lake Ziway, Ethiopia. Environ Sci Pollut Res. 2018;25:13207-13216.
Deribe E, Rosseland BO, Borgstrem R, et al. Bioaccumulation of persistent organic
pollutants (POPs) in fish species from Lake Koka, Ethiopia: the influence of lipid
content and trophic position. Sci Total Environ. 2011;410-411:136-145.

Deribe E, Rosseland BO, Borgstrem R, et al. Biomagnification of DDT and its
metabolites in four fish species of a tropical lake. Ecotoxicol Environ Saf.
2013;95:10-18.

Dahshan H, Megahed AM, Abd-Elall AM, et al. Monitoring of pesticides water
pollution-the Egyptian River Nile. ] Environ Health Sci Eng. 2016;14:15.

Jansen H, Harmsen ]J. 2011. Pesticide monitoring in the Central Rift Valley
2009-2010. Report 2083. Alterra,Wageningen. http://library.wur.nl/Web-
Query/clc/1966024.

Loha KM, Lamoree M, de Boer J. Pesticide residue levels in vegetables and
surface waters at the Central Rift Valley (CRV) of Ethiopia. Environ Monit
Assess. 2020;192:1-4.

FAO/WHO. 2006. DDT and Its Derivatives in Drinking-water. Joint FAO/
WHO Meeting DDT and Its Derivatives in Drinking-water (WHO/PCS/01.3).
World Health Organization; 2006. https://cdn.who.int/media/docs/default-
source/wash-documents/wash-chemicals/ddt.pdf?sfvrsn=1d7f988e_4

Lu EH, Huang SZ, Yu TH, Chiang SY, Wu KY. Systematic probabilistic risk
assessment of pesticide residues in tea leaves. Chemosphere. 2020;247:125692.
Moser GA, McLachlan MS. Modeling digestive tract absorption and desorption
of lipophilic organic contaminants in humans. Environ Sci Technol. 2002;36:
3318-3325.

D’Hollander W, de Voogt P, de Coen W, Bervoets L. Perfluorinated substances
in human food and other sources of human exposure. Rev Environ Contam Toxi-
col. 2010;208:179-215.

Turyk ME, Bhavsar SP, Bowerman W, et al. Risks and benefits of consumption
of Great Lakes fish. Environ Health Perspect. 2012;120:11-18.

Dougherty CP, Henricks Holtz S, Reinert JC, et al. Dietary exposures to food
contaminants across the United States. Environ Res. 2000;84:170-185.

WHO (World Health Organization). The WHO Recommended Classification of
Pesticides by Hazard and Guidelines to Classification 2019. World Health Orga-
nization; 2020. Accessed July 2024. https://iris.who.int/bitstream/handle/
10665/332193/9789240005662-eng.pdf?sequence=1

Tang FHM, Lenzen M, McBratney A, Maggi F. Risk of pesticide pollution at
the global scale. Naz Geosci. 2021;14:206-210. 2021.

May M, Drost W, Germer S, Juffernholz T, Hahn S. Evaluation of acute-to-
chronic ratios of fish and Daphnia to predict acceptable no-effect levels. Environ
Sci Eur. 2016;28:16.


https://coilink.org/20.500.12592/64fb3q
https://coilink.org/20.500.12592/64fb3q
https://edepot.wur.nl/314182
https://edepot.wur.nl/314182
https://www.epa.gov/iris
http://www.fao.org/fishery/countrysector/FI-CP_ET/en
http://www.fao.org/fishery/countrysector/FI-CP_ET/en
https://www.epa.gov/sites/default/files/2013-09/documents/cancer_guidelines_final_3-25-05.pdf
https://www.epa.gov/sites/default/files/2013-09/documents/cancer_guidelines_final_3-25-05.pdf
https://searchworks.stanford.edu/view/11368531
https://searchworks.stanford.edu/view/11368531
http://library.wur.nl/WebQuery/clc/1966024
http://library.wur.nl/WebQuery/clc/1966024
https://cdn.who.int/media/docs/default-source/wash-documents/wash-chemicals/ddt.pdf?sfvrsn=1d7f988e_4
https://cdn.who.int/media/docs/default-source/wash-documents/wash-chemicals/ddt.pdf?sfvrsn=1d7f988e_4
https://iris.who.int/bitstream/handle/10665/332193/9789240005662-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/332193/9789240005662-eng.pdf?sequence=1

12

Environmental Health Insights

59.

60.

61.

Lewis KA, Tzilivakis J, Warner DJ, Green A. An international database for pesti-
cide risk assessments and management. Hum Ecol Risk Assess. 2016;22:1050-1064.
Nendza M, Ahlers J. Aquatic toxicity integrated testing and assessment strate-
gies (ITS) for difficult substances: case study with thiochemicals. Environ Sci
FEur. 2022;34:17.

Teklu BM, Yakan SD, Van den Brink PJ, Van Den V. The use of a simple model
for the regulatory environmental risk assessment of pesticides in Ethiopia. Che-
mosphere. 2023;316:137794.

62.

63.

Nie M, Yan C, Dong W, et al. Occurrence, distribution and risk assessment of
estrogens in surface water, suspended particulate matter, and sediments of the
Yangtze Estuary. Chemosphere. 2015;127:109-116.

Wipfler EL, Adriaanse PI, ter Horst MMS, et al. PRIMET_ Registration_
Ethiopia_1.1, technical description and manual. In: A Decision Support System
for Assessing Pesticide Risk in the Tropics to Man, Environment and Trade, for
Pesticide Registration in Ethiopia. Altera report 2573, Wageningen, The Neth-
erlands. 2014. https://edepot.wur.nl/340089


https://edepot.wur.nl/340089

