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Abstract

Diaion® HP-20 resin passive samplers deployed in water and sediment samples collected from Lake Ziway were analyzed
for 30 organochlorine, organophosphorus, carboxamide, and pyrethroid pesticide residues. The samples were collected
from purposely selected sampling stations in five sites on Lake Ziway. Levels of selected pesticides were determined
by GC-MS/MS in all samples. p,p’'DDE and boscalid residues were the only detected pesticides in sediment samples.
Similarly, only metalaxyl and boscalid residues were recovered from HP-20 resins. The concentration of p,p’DDE and
boscalid in sediment ranged from 0.66-7.23 and 0.1-15.26 ng g~' dry weight respectively. The presence of p,p'DDE but
no other metabolites of DDT in all sediment samples indicated that DDT residues in Ziway Lake were aged and probably
originated from the weathered agricultural soils of the surrounding region. The highest level of boscalid was recorded at
Site 2 (near the floriculture enterprises) both in sediment and in HP-20 resins with a mean concentration of 11.8 ngg~' dw
and 39.6 ng g disk respectively. However, the concertation of metalaxyl was the highest in the HP-20 resins deployed
at Site1 and Site 4 (near the intensive small-scale vegetable farm) with a mean concentration of 54.7 ng g‘1 disk and
54.3 ng g~ disk respectively. Generally, most sampling sites of p,p'DDE were found to have a moderate ecological risk
based on levels specified in the sediment quality standards. Moreover, the relatively high boscalid and metalaxyl levels
in HP-20 deployed in Lake Ziway would be the result of recent intensive pesticide use by floriculture enterprises and
small-scale vegetable farmers in the region. A spatial variation on the accumulation of detected pesticides among the
sampling sites depends on the anthropogenic activities, around the lake from the point and non-point sources. Although
most of the analyzed pesticides were below the detectable limit, further studies and continued monitoring of currently
used pesticide residues in the Lake are highly recommended.
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1 Introduction are converted to different metabolites by biodegrada-

tion, photodegradation, chemical hydrolysis, and other
Increasing population size and pesticides utilized infarm- ~ forms. These metabolites may have higher toxicity than
ing have amplified the contamination of the aquaticeco-  the parent compounds [1]. Although the use of pesticides
system. Pesticides can reach the water bodies from the in Africa is remarkably low in comparison to the rest of the
farm by direct discharge in water bodies where pesticides ~ world, it had been used for quite 50 years for protecting
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agricultural pests and eradicating disease vectors [2], and
also the most common organochlorine compound used
for pest control has been the organochlorine pesticides
like insecticide p,p'DDT (Dichloro Diphenyl Trichloroeth-
ane) and endosulfan. DDT and endosulfan are banned for
agricultural use under the Stockholm convention of per-
sistent organic chemicals and signed by Ethiopia.

In Ethiopia, DDT is endorsed only for the use of indoor
residual spraying(IRS) for vector control [3]. However, stud-
ies report the illegal use of DDT in small-scale irrigated
farms in Ethiopia [4, 5]. Moreover, in the Rift valley region
of Ethiopia, intensively use of organophosphorus, pyre-
throids, carbamides, and other currently used pesticides
by small-scale and large-scale floriculture enterprises were
common [6, 7]. Moreover, studies conducted along the lit-
toral of Lake Ziway by Megnesite et al. [5] and Mergia et al.
[7] reported that lack of knowledge of small-scale farmers
regarding pesticide use, pouring leftover pesticides in the
field, improper disposal of empty containers directly into
the lake water, and overdose of pesticides application in
the region. These poor pesticide use practices would con-
taminate the nearby lake and may produce adverse effects
on aquatic organisms.

Pesticides enter the aquatic environment from various
sources such as wastewater, rainwater, runoff from agricul-
tural land, erosion, etc. [8]. Most of the pesticide chemicals
are sparingly soluble in water and capable of accumulat-
ing in an organism’s fat tissue or being adsorbed by sus-
pended solid particles. After settling on the bottom, they
will accumulate in the bottom layer organisms and enter
the food chain, eventually entering the human body [9].
Sediment pollution has adverse impacts on ecosystems
and poses potential risks to macroinvertebrates [10, 11].
Lake sediments are frequently polluted with pesticides as
a consequence of such as malaria spray and agricultural
wastes [12].

The dependability of taking spot samples of water is
uncertain, as there is a risk that probably detrimental pol-
lutants can be missed if a sample is taken at the wrong
time over a pollution event. The grab sampling approach
is only able to collect pollutants existing in the column of
water the moment the sample is taken. Passive sampling
is a technique where pollutants are sequestered by an in-
situ device over prolonged periods; typically 1-6 weeks
[13]. Passive sampling is a new methodology used in
monitoring pharmaceutical and personal care products,
metabolites, pesticides, and heavy metals in aquatic eco-
systems due to the fact it can concentrate different sub-
stances present in very low concentrations in water bod-
ies. Passive sampling has been used for more than two
decades; the first work about passive sampling for organic
micropollutants in water was published in 1987.This tech-
nique helps a general understanding of the behavior of
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pesticides in aquatic ecosystems and allows get values of
the time-weighted average (TWA) for different substances
[14, 15]. This sampling technique increases the probability
of catching different pollution events, whether they are
point or diffuse. The technique measures the ‘toxicologi-
cally relevant fraction’ of contaminant mixtures and can
also indirectly lower analytical detection limits [16].

The Diaion® HP-20 resin has been identified as a suit-
able resin for effectively accumulating lipophilic toxins
from seawater [17]. Furthermore, the HP-20 resin has been
used to adsorb a large amount of okadaic acid (OA) and
dinophysistoxin 2 (DTX-2) from seawater in Norway [16].
The HP-20 is a porous polystyrene adsorbent resin that, by
its relatively large pore sizes (260 A), makes it suitable for
the recovery of contaminants that can be eluted with com-
mon organic solvents. In the present study HP-20 passive
sampler used pesticide sampling in the lake water.

Much of the knowledge of the Ethiopian rift valley lakes
has come from studies on organochlorine pesticides in
fish samples from Lake [18-21]. There are few studies in
Ethiopian Lakes on levels of organochlorine in sediment,
only one study reported DDTs in sediment from the lake
Hawassa [20]. Moreover, little is known about the degree
of pollution in these environments by currently used pes-
ticides such as metalaxyl, diazinon, boscalid, etc [6]. Few
studies have addressed the bioaccumulation potential of
currently used pesticides (CUPs) compared with historic
use pesticides (HUPs), likely resulting from a combination
of the low octanol-water partition coefficients (log Kow)
and short environmental persistence of these chemicals
[22]. The toxic effect of CUPs on aquatic organisms is
considered to be relatively low,however, studies on their
adverse health effects in freshwater aquatic organisms are
extremely scarce [23]. These CUPs may be reaching surface
waters in significant amounts that could be an exposure
risk for invertebrates, amphibians, and fish. Therefore the
primary objective of this study was to evaluate the spatial
distribution of OCPs and some currently used pesticides
(CUPs) at Lake Ziway in the sediment and in lake water
(using HP-20 passive sampler).

2 Methods
2.1 Lake Ziway and sampling sites

Lake Ziway (Fig. 1), is situated between 7°51-8°7 N and
38°43-38°56 E with an altitude of 1636 m above sea
level located about 160 km to the south of Addis Ababa,
Ethiopia. The lake covers a surface area of 442 km? with
a catchment area of 7380 km?. It is a shallow freshwater
lake with an average depth of 2.5 m. The depth variations
are partially explained by seasonal rainfall differences
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Fig. 1 Map of Lake Ziway showing sampling sites ( adapted from Girma et al. [25])

[6]. The perennial Meki River and Katar River flow into the
lake, and as an exorheic lake(surface waters ultimately
drain to Lakes), Lake Ziway outflows into Lake Abjatavia
Bulbula River [24]. Besides the thriving fisheries, the lake
is the water supply for the town, irrigation for nearby flo-
riculture farms, and small-scale vegetable farmers near
the lake. Sampling sites were selected based on their

proximity and vulnerability to shoreline human activi-
ties (Table 1).

2.2 Passive sampling disks
The HP-20 resin used in the disks has been tested and

validated for a range of lipophilic biotoxins by others
[17, 27], Studies after Mackenzie et al. [27] focused on

Table 1 Information related to sampling stations of the present study in Lake Ziway

Located around Kobo, mountains around the shore of the lake, the small-scale agricultural activities are

Floriculture farm: Located closer to Large scale flower farm. The site receives wastewater from floriculture

Abosa, located proximate to vast small scale vegetable farms are closer to the shore of the lake, horticul-

Meki-River is a location that receives inflow river from the upper catchment north-west of the lake, along

Station  Geographical position Current activities in the area
Site 1(S1) 07°53'40.2 N
038°45'41.7E minimal
Site 2(52) 07°57'26 N
038°44' 18.4E enterprises [26]
Site 3(S3) 08°01"14.5N
038°44'27.2 E ture activities, runoff from the farms into the Lake
Site 4(S4) 08°03'29.2 N
038°52'03.7 E the river there are intensive irrigated farms
Site 5(S5) 08°03'24.02 N

038°56'29.2 E

Ketar-River is a location that receives inflow river from the upper catchment of north-east of the lake,
along the river there are intensive irrigated farms
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the development of alternative sampler designs with
DIAION® HP-20, the resin identified as the most efficient
for lipophilic toxin tracking. HP-20 devices are conceptu-
ally similar to semipermeable membrane devices (SPMD)
or polar organic chemical integrative samplers (POCIS)
that have already been used for other trace contaminants
in water [28]. According to Roué et al. [28], among all the
resins tested, the Diaion® HP20 appeared the most versa-
tile and is by far the most commonly used adsorbent sub-
strate. The DIAION® HP20 disks were used in field studies
to monitor in situ lipophilic toxin dynamics during mixed
algal blooms at Flgdevigen in Norway [16]. Passive sam-
pling devices are commonly evaluated by the capacity of
the sorbent medium to accumulate the mass of the com-
pounds and the time weight average concentration of
each compound.

In 2018 HP 20 disks were found from norwegian
national veterinary institute (NVI) to investigate the pesti-
cide contents in lake water from Lake Ziway, the rift valley
lake Ethiopia. The samplers were deployed at 0.5 m below
the surface for 20 days from November 3 till 24, 2018. The
sampler holders at site 3 were lost and not considered for
analysis. Passive samplers were constructed from 100 um
nylon mesh (Sefar AG, Heiden, Switzerland) folded in half,
a 75 mm diameter plastic embroidery frame (Permin,
Copenhagen, Denmark), and HP-20 resin (Diaion® HP-20
resin, Mitsubishi Chemical Corporation, Tokyo, Japan). The
discs (8 cm in diameter) contained the absorbent resin
(3.0 g HP-20) between two layers of plankton net (95 um
in mesh diameter) and clamped tightly in the embroi-
dery frame to form a thin layer of resin between the lay-
ers of mesh. A cord was attached to the outer ring of the

Fig.2 Fully assembled pas-
sive sampling disk E, and its
parts: A 100 um nylon mesh;
B Diaion® HP-20 resin; C inner
and D outer rings of a 75 mm
diameter embroidery ring
with F a No. 2 fishing swivel
attached (adapted from [16])
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embroidery frame to provide a point of attachment during
deployment (Fig. 2). The resin was activated by soaking
the packed disk in methanol for 15 min and washing it in
deionized water, as described in [16]. The activated pas-
sive sampling disks were placed in air-tight plastic bags
and stored cold (at 4 “C) before deployment in the Lake.
Totally 30 discs were prepared. One blank HP-20 resin was
exposed to open air during the deployment and retrieval
of the HP-20 resin and was transported and analyzed as
the deployed Diaion® HP-20 resin. Procedural blank con-
sisted of HP-20 resin taken through the entire processing
and analysis sequence. The disks were rinsed with dis-
tilled water and kept in the already marked plastic bags
or stored at 4 °C until further preparation.

2.3 Extraction of pesticides from disks

The extraction was done in the laboratory of the nor-
wegian national veterinary institute (NVI), Norway. The
embroidery ring containing contaminated resins were
removed from the mesh and inserted into empty solid-
phase extraction (SPE) glass cartridges placed on a mani-
fold was opened, and the used resin was quantitatively
transferred to a 25 ml varian bond-elute reservoir fitted
with a 20 um nylon frit (Varian, Palo Alto, CA) and washed
free of salts with 30-50 ml deionized water. Excess water
was drawn from the column by application of a vacuum.
A 10 ml acetonitrile was used to elute slowly the resin at
ca 0.5-1 drop/s flow rate and the resin was stirred gently
then left to stand for 15 min. When the first elute finished,
the process was repeated with another 10 ml acetoni-
trile. Finally, an additional 3 were pushed through to flush
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the column and the combined eluate. The extracts were
transferred into 25 ml volumetric flasks and an additional
2 ml was used for rinsing and to complete up to the mark.
Extract aliquots were taken from the volumetric flask,
inserted into GC vials, and injected into a GC-MS MS sys-
tem (Fig. 3).

2.4 Sediment sample collection

A total of 15 surface sediment (top 5 cm layer) samples
were collected from the five sites of Lake Ziway in Decem-
ber 2018. Three subsamples were collected in triplicate by
using Ekman grab sampler from each sampling site. The
subsamples were composited in a bucket, homogenized,
and cleaned for stones, pebbles, and any debris. A sedi-
ment sample aliquot (500 g) was wrapped with aluminum
foil and stored in polyethylene air-tight bags and trans-
ported to the laboratory under refrigerated condition,
using a cooled ice-box. The samples were kept on ice in
the field and later at below —18 °C in the laboratory.

2.5 Sediment extraction

The extraction of pesticides from sediment samples was
carried out following a modified QUEChERS procedure
[29]. First,10 g of was sample was weighed into a 50 ml
centrifuge tube and spiked with 50 ng/g decachlorobi-
phenyl (PCB no.209). Then, the samples were allowed to
stand for 30 min at room temperature and then saturated
with 10 ml of water. After 20 min, samples were extracted
with 10 ml acetonitrile: acetic acid (99:1 v/v). A tube hold-
ing pre-weighed amounts of 4 g magnesium sulfate
(MgS0,), 1 g sodium chloride, 0.5 g sodium citrate dibasic
sesquihydrate, and 1 g sodium citrate tribasic dihydrate
(CH;COONa, H,0), supplied from SUPELCO, Bellefonte,

4 N 4 N
The resin was
activated by soaking
the packed disk in
methanol for 15
minutes and washing it
in deionized water

[The disc contained 309
of HP-20 between two
layers of plankton net
and clamped tightly in
the embroidery frame

| selected sites and

\ J \ J

PA, USA, a salt mixture was added and the tube then
was shaken for 10 min using an "end over end" device
(shaker) and then vortexed to ensure complete disper-
sion. The mixture was used to help the partitioning of the
organic and aqueous phases. After centrifugation (5 min
at 3000 rpm) the aliquots of the resulting supernatant was
decanted into a new tube containing 900 mg magnesium
sulfate and 150 mg primary secondary amine (PSA) which
is used to clean organic extract and shaken for 1 min, cen-
trifuged at 3000 rpm for 5 min and 6 mL of the acetonitrile
layer was transferred into 50 mL tube. The aliquot of the
extract was carefully evaporated to avoid losses of volatile
compounds using a nitrogen blow-down concentrator to
dryness under vacuum at a temperature —40 °C and recon-
stituted in acetonitrile (1 ml) for final analysis. Each sample
solution was transferred to GC vials for pesticide analysis.

2.6 Pesticides and analysis methods

The pesticides were analyzed at the laboratory of the Nor-
wegian Institute of Bioeconomy Research (NIBIO), Depart-
ment of Pesticides and natural products chemistry, Nor-
way. Individual standards of 22 OCPs (including lindane
(y-HCH, a-HCH, B-HCH, heptachlor, heptachlor epoxide cis,
heptachlor epoxide trans, methoxychlor, Ooychlordane,
dieldrin, Hexachlorobenzene (HCB), cis-chlordane, trans-
chlordane, a-endosulfan, B-endosulfan, endosulfan sul-
fate, o,p’-DDE, p,p’-DDE, o,p'-DDD, p,p’-DDD, o,p’-DDT, and
p.p’-DDT) and 7 CUPs (including chlorpyrifos, diazinon,
deltamethrin, fenarimol, tetradifon, metalaxyl, and bos-
calid were obtained from the laboratory of the Norwegian
Institute of Bioeconomy Research (NIBIO), Department of
Pesticides and natural products chemistry, Norway. Read-
ing was performed in a gas chromatograph coupled to a
mass spectrometer (GC-MS/MS).

The Disks were
disassembled carefully
and the embroidery ring

lcontaining contaminated
resins were removed
from the mesh

The discs were
deployed for 20
days in lake water at]
——
retrieved

"

Extract aliquots were taken
from the volumetric flask,
inserted into GC vials, and |[<—
injected into a GC-MS /MS

system

The resins were
eluted using 23mL
of acetonitrile
solvent

Carefully ransferred
into empty solid
phase extraction

tubes

J

»

Fig. 3 Passive sampler deployment, extraction of pesticide from HP-20 resin, and analysis procedure
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2.7 Quality assurance and quality control

Blanks and spiked samples were analyzed with each
batch, with recoveries for all OCPs ranging between 72
and 120%. The extraction efficiency of the internal stand-
ard (Decachlorobiphenyl (PCB no.209).) was 93.3+11.8%
(n=3). Reproducibility was typically 15% for spiked recov-
ery studies, with detection limits ranging between 0.42
and 3.1 ng g' dry weight (dw). For the passive sampler,
field blanks were also included, consisting of samplers
that were not deployed but were exposed to air during
deployment and recovery of exposed samplers. A rigorous
quality assurance program was employed to ensure the
quality of the data generated from this study, including
the addition of a surrogate standard to account for the
recovery in each sample, the addition of isotope-labeled
internal standard before injection into GC to compensate
for injection variability in each sample, field and proce-
dural blanks to assess contamination, and matrix spikes to
quantify method detection limits (MDLs). The recoveries
between 70 and 130% were accepted for the concentra-
tion correction.

2.8 Data analysis

Initially, a descriptive analysis of the data was applied to
each collection point. Analysis of variance (ANOVA) using
Tukey's test at 5% significance was applied in the analy-
sis of spatial distribution. The data were classified by col-
lection points (S1-S5) in the spatial distribution. All tests
were considered significant when P <0.05. Descriptive
data analyses were performed using IBM SPSS version 20.
In the assessment of possible environmental risks caused
by p,p'DDE contamination to organisms in sediments, the
concentrations identified in the samples were compared
to the guidelines of Long et al. [30], Macdonald et al. [31],
and CCME [32]. To assess the ecotoxicological significance
of DDTs present in sediments from Lake Ziway, concen-
trations were compared with Canadian interim sediment
quality guidelines (ISQGs), and probable effect levels
(PELs) for DDE in freshwater sediments were developed

according to the procedures described in CCME [32] and
Smith et al. [33]. The effect range low value (ERL) and effect
range median value (ERM) guidelines, as well as the thresh-
old effect level (TEL) and probable effect level (PEL) guide-
lines, were applied to evaluate the possible ecological risk
of p,p’'DDE in sediments from the Lake Ziway.

3 Results
3.1 Passive sampler device

Among pesticides analyzed boscalid and metalaxyl were
recovered from the Diaion® HP-20 rein deployed in the
lake. Concentrations of all of the selected organochlo-
rine pesticides such as y-HCH, a-HCH, 3-HCH, heptachlor,
heptachlor epoxide cis, heptachlor epoxide trans, meth-
oxychlor, oxychlordane, dieldrin, HCB, cis-chlordane,
trans-chlordane, a-endosulfan, B-endosulfan, endosul-
fan sulfate, o,p’-DDE, o,p’-DDD, p,p’-DDE, p,p'-DDD, o,p’-
DDT, and p,p’-DDT were below the detection limit in all
HP-20 resin deployed at all study sites. The distribution of
boscalid and metalaxyl along the Lake Ziway is shown in
Table 2. Both pesticides were quantified in 100% of the
samples analyzed. As accurate sampling rates for Diaion®
HP-20 resin were not available, levels are presented as ng
g~ disk.

The concentration of boscalid in HP-20 disk deployed
at Site 2, Site 1, Site 4, and Site 5 ranged from 18-68 ng g™’
disk, 16-30 ng g~' disk, 2-22 ng g™" disk,and 6-16 ng g™’
disk respectively. Unlike boscalid, the higher concentration
of metalaxyl was measured in HP-20 resin deployed at the
site1 with a mean of 54.7 ng g' (ranged 44-70ng g™"),
followed by Site 4 (54.3 ng g"), Site 5 (53.3 ng g™'), and
Site 2 (31.3 ng g").The mean concentrations of boscalid
were significantly higher in the HP-20 resin deployed at
Site 2 (39.7 ng g™ disk) than in Site1 (21.3 ng g~' disk,
P-value=0.039), Site 4 (14.3 ng g~' disk, P-value =0.003)
and Site 5 (11.7 ng g*1 disk, P-value=0.001). In contrast,
the mean concentrations of metalaxyl were signifi-
cantly lower in the HP-20 deployed at Site 2 (31.3ng g™")

Table2 Comparison of

the mean concentration of
boscalid and metalaxyl in
passive sampler deployed in

Pesticides N (Total)
Mean (SD)

Site 1 (n=6)

Range in ng/g disk

Lake Ziway in ng/g disk among

s Boscalid 24 21.3(5.3)
*
the sampling sites 16-30
Metalaxyl 24 54.7(9.9)

44-70

Site 2 (n=6) Site 4 (n=6) Site 5 (n=6)

Mean (SD) Mean (SD) Mean (SD)
Rangein ng/g disk Range in ng/g disk Range in ng/g disk
39.7(19.4)° 14.3(6.9)% 11.7(3.9)%

18-68 2-22 6-16

31.3(7.6)° 54.3(15.7) 53.3(15.1)?

20-40 30.6-74 38-70

Means of boscalid and metalaxyl that do not have the same letter are significantly different (p <0.05)

among Sites in lake Ziway

*Passive sampler at Site 3 was lost
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compared to Site 1 (54.7 ng g‘1 disk, P-value=0.007), Site
4(54.3 ng g~ disk, P-value=0.008), Site 5 (53.3 ng g~ disk,
P-value=0.011)(Table 2).

3.2 Residue in sediment samples

Pesticides analyzed in sediment samples are described in
Table 3. Similar to the Passive sampler except for p,p’-DDE,
and boscalid, all other selected pesticides were below the
detectable limit in the surface sediments of Lake Ziway.
p.p’ DDE presence was identified at all collection points
and in 100% of the samples. The concentrations of p,p'-
DDE in sediment samples ranged from 0.6 to 7.27 ng g~
dw. Concentrations of p,p’'DDE varied among the loca-
tion of collection sites. The highest p,p’-DDE concentra-
tion was obtained in sediment samples from Site5 (at
the entry of Katar River) where concentration ranged
from 6.58-7.27 ng g~' (average of 6.9+0.32 ng/g dry
weight), while the lowest concentration was found in
samples from Site 4 ( ranged from 0.67-1.15 ng g~' dw
with a mean of 0.82+0.28 ng/g dw) (Table 3). The concen-
tration of p,p'DDE in sediment at Site 5 was statistically
showed a significant difference from all other sampling
sites (P <0.001). Similarly, Site 4 was also significantly lower
than all other sites. However, no significant differences in
mean concentrations between Site 1, Site 2, and Site 3
were observed (Table 3).

The boscalid was detected in all sediment samples and
ranged from 0.1 ngg~' dwto 15.26 ng g~ dry weight. The
highest concentration of boscalid was measured at site 2
(near the floriculture enterprise) with a mean concentra-
tion of 11.8 ng/g dw. The order of the concentration of bos-
calid at different sites of the Lake Ziway surface sediment
was: site 2> site 3 > Site 5> Site 1> Site 4 with the mean
concentration of 11.78, 2.14,0.75,0.68,and 0.2 ng g~' dw
respectively. The concentration of boscalid in sediment in
Site 2 was statistically showed a significant difference from
all other sampling sites (P<0.001) (Table 3).

3.3 Comparison of pesticide residues in passive
sampler and sediment of Lake Ziway

The majority of the analyzed pesticides did not detect in
both sediment samples and HP-20 resin passive sampler
deployed in Lake Ziway. A DDT metabolite p,p’'DDE was
quantified only in sediment samples whereas boscalid
was detected in both sediment and HP-20 passive sam-
pler deployed in all study sites. However, metalaxyl was
measured only in a passive sampler (Table 4). Chlorpy-
rifos, diazinon, fenarimol, and deltamethrin were below
detectable limit both in sediment and passive sampler
even though they have higher octanol/water partition
coefficient (log Kow) value compared to boscalid but all
have a lower half-life in sediment (Table 4).

Table 3 Comparison of the mean concentration of boscalid and p,p” DDE in the sediment of Lake Ziway at different sampling sites

Pesticides N (Total) Site 1 (n=6) Site 2 (n=3) Site 3 (n=3) Site 4 (n=3) Site 5 (n=6)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Range in ng/g dw Range in ng/g dw Range in ng/g dw Range in ng/g dw Range in ng/g dw

Boscalid 15 0.68(0.22)% 11.78(3.23)° 2.14(0.90)2 0.2(0.1)? 0.75(0.61)%
0.55-0.94 8.87-15.26 1.22-3.02 0.1-0.3 0.1-1.32

p,p” DDE 15 2.65(0.54)% 2.79(0.49)% 2.39(0.75)2 0.8(0.28)° 6.92(0.32)°
1.26-3.27 3.38-3.34 1.75-3.02 0.66-1.15 6.58-7.23

Means of boscalid and p,p” DDE that do not have the same letter are significantly different (P <0.05) among Sites in lake Ziway sediment

Table 4 Comparison of

s . . . Pesticide Passive sampler(mean Sediment (mean LogKow Half-life (day)

pesticide remdueﬁ In passive concentration concentration in -

s;?mpler and sedln.went‘oflake ng g-1 Disk) ng g~ dw) Water Sediment

Ziway at all sampling sites and

Kow and degradation half-life ppDDE <DL 0.82-6.92 6.51° 1-6° Several years @
Boscalid 11.7-39.7 0.20-11.78 2.96° 5° 545P
Metalaxyl 31.3-54.7 <DL 1.75° 56° 32°
Chlorpyrifos 4.7° 52 36.5°
Diazinon <DL <DL 3.69° 43P 10.4°
Deltamethrin <DL <DL 46 17° 65°
Fenarimol <DL <DL 3.69° 4P -
3USEPA [34]
bEU pesticide database [35]
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4 Discussion

4.1 The concentration of pesticides in the passive
samplers

The HP-20 resin used in the disks has been tested and
validated for a range of lipophilic biotoxins by others [17,
27], and no attempts were made to perform validation in
this study. HP-20 resin uptake kinetics data are required
to accurately estimate ambient water concentrations of
pesticides. Therefore we couldn't calculate the time weight
average concentration of pesticides in water. Accordingly,
we present the concentration of pesticides in the ng g™’
disk. Only two pesticides out of 30 target pesticides were
recovered from the HP-20 resins deployed in Lake Ziway
from all study sites. At all study sites, metalaxyl and bos-
calid were detected in 100% of the samples.

Unlike sediment sample p,p’DDE and other organo-
chlorine pesticide residues were not found in the sampler,
which is obvious as these compounds have poor water
solubility so that adsorbed in the sediment organic mat-
ter and showing that the p,p’DDE measured in sediment
samples could be from historical use deposition in the
area. Contrasting to this study by Deribe [36] reported
high concentration DDTs (199.6 ng/SPMD) in Lake Ziway
from SPMD passive sampler deployed from September to
October 2009. The explanation for the high concentration
of DDTs in the SPMD passive sampler in their study might
be the illegal use of DDT for agriculture by small-scale
farmers in the study area by the time [4]. Metalaxyl is the
dominant pesticide recovered from HP-20 resin deployed
in our study at all study sites with concentrations ranging
from 20 to 74 ng g~' disk. Previous studies by Jansen and
Harmsen [37] reported that metalaxyl in water samples
collected from effluent discharge drain of the floriculture
enterprise located near the Lake Ziway ranged from 0.18
t0 0.51 pgL™" and water sample at the inflow of Meki river
ranged from 0.09 to 0.11 ugL™". Similarly, a recent study by
Loha et al. [38] reported that a high level of profenofos and
metalaxyl in water sampling effluents from the floriculture
enterprises(located near Lake Ziway) were ranged from
880 pgL™'-1700 ugL™" and up to 210 pgl™' respectively.
These results clearly show the Lake is contaminated with
the waste directly released from the floriculture enterprise,
however, in all other sampling locations, residues were less
pronounced because these enterprises usually spray other
groups of pesticides such as ethirimol and fenarimol [37]
for flower and rose productions. Moreover, Loha et al. [38]
reported considerable levels of metalaxyl in tomato sam-
ples collected from small-scale farmers located around
the littoral zone of Lake Ziway. The authors reported that
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among tomato samples analyzed, 15% and 10% of them
had metalaxyl residues exceeding MRL (200 ng g™").

A survey study conducted along Lake Ziway showed
that intensive use of metalaxyl was reported by small-scale
farmers [7], which might be a reason for the presence of
metalaxyl in such a high concentration. A possible expla-
nation for the occurrence of this fungicide that accumu-
lated on the HP-20 passive sampler could be the spray
drift during aerial application of pesticides on vegetables,
which is a common practice in the study area. The concen-
tration of metalaxyl in HP-20 resin deployed at sampling
site 2 (near floriculture enterprise) was significantly lower
than the other sampling sites, where intensive vegetable
farming activities by small scale farmers (S1 S4 and S5,
sampling sites), this was probably that improper use and
over the use of pesticides (including metalaxyl) by small
scale farmers in the area [4, 5, 7.

However, metalaxyl was not detected in the sediment
samples, this might be due to the rapid degradation of
metalaxyl in the environmental matrices. log Kow of
metalaxyl is 1.65, therefore if released into water, meta-
laxyl is not expected to adsorb to suspended solids and
sediment based upon the range Koc values. Malhat [39]
reported Half-life value (t1/2) for degradation of metalaxyl
on tomato fruits was calculated to be 1.81 days which was
at the recommended dosage. However, the persistence
of metalaxyl has been studied earlier by Hanumantharaju
et al. [40] on tomato fruits. They reported a half-life of
5.23-6.95 days, which was higher as compared to those
obtained by Malahat and Mahmoud [39]. The half-life of
metalaxyl in water is 56 days [35]. This shows that metal-
axyl is more stable in the water column than in the sedi-
ment phase.

In the present study, the concentration of boscalid
extracted from HP-20 resin was ranged from 2-68 ng g™
disk. There were significant differences in site to site in
pesticide occurrence or concentration. There was a signifi-
cant highest concentration was detected at site 2 (near the
floriculture enterprise) compared to other sites (Table 2).
The study revealed certain trends about the contaminant
profiles in the study area. A spatial variation on the accu-
mulation of boscalid and metalaxyl among the study sites
within the lakes depends on the anthropogenic activities
around the Lake.

Jansen and Harmsen [37] reported the effluent water
discharging to Lake Ziway contained 20 pesticides with
a concentration of 0.1 pgL™" or higher. According to the
authors, the concentration of boscalid in the effluent water
from floriculture enterprise was ranged from 0.1 to 2.6
ugL™". This shows that the main source of boscalid could
be the floriculture enterprise near the lake. Additionally,
surface runoff from contaminated small-scale farm soils
into Lake Ziway water is also a potential input pathway
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of boscalid. The rainy season in the study area coincides
with the pesticide application period, which favors an
increase in surface runoff [41]. Studies also reported a
high concentration of boscalid in water. For example, a
study conducted in the largest watersheds along Califor-
nia’s Central Coast of Pajaro, Salinas, and Santa Maria Rivers
[42] revealed that among the highest and most frequently
detected pesticides in water from all the watersheds was
boscalid with a maximum concentration of 36,030 ng L™".

4.2 Residual of pesticides in sediment samples

Like passive sampler,among 30 monitored pesticides, only
two pesticides (boscalid and p,p’-DDE) were detected in
sediment samples collected in December 2018 from lake
Ziway (Table 1). Boscalid and p,p’-DDE were detected in
100% of the samples from the Lake Ziway surface sedi-
ment. All other metabolites including the parent DDT were
below the detectable limitin all samples analyzed. p,p’'DDE
presence was identified at all collection points and it
accounted for 100% of the total DDT concentration in the
sediment. Maximum concentrations ranged from 1.15 to
7.23 ng g~' sediment dry weight (p,p'DDE). The highest
level of p,p'DDE was recorded at site 5 (7.23 ng g~' dw).
This site is located at the site where the River Kater feeds
the lake. Along the Katar river, there are intensively irri-
gating farming activities [4]. The results showed that such
DDTs are from historical rather than newer applications,
as a result, a large amount of DDT has been degraded to
metabolites like DDE, which is difficult to degrade further
[43]. Moreover, Abu-Hilal et al. [44] revealed that p,p’'DDE
is more stable than DDT and decomposes more slowly by
micro-organisms, heat, and ultraviolet rays.

Recent data of DDT contamination in the sediment
of the Ethiopian lakes are quite scanty. This is the first
study to report the concentrations of organochlorine
pesticides in the sediment of LakeZiway's surface sedi-
ment. Though, a recent study by Merga et al. [6] moni-
tored endosulfan (ranged from <0.63-2.9 ng/g dw) in
the surface sediment of Lake Ziway. In the present study,
however, endosulfan was below the detection limit. In
our study, the concentration of p,p’'DDE in the sediment
(0.66-7.27 ng g~ ' dw) was higher than detected in the
sediment on the coast of Alicante, Spain (0.01-0.35ng g™")
and sediment concentration of pp DDE in Volta Lake,
Ghana(ranged not detected to 1.39 ng g~' dw) [45]. How-
ever, lower than in the sediment of Ethiopian Rift valley
Lake, Lake Hawassa(1.15-18.1 ng g‘1 dw) [20]. Similarly,
lower than in sediment of River, KwaZulu-Natal, South
Africa(20.61-38.72 ng g‘1 dw) [46], in sediment of Honghu
Lake, China(1.3-22.23 ng g*1 dw) [47], p,p'DDE sediment
concentration in Tanzania Rift valley Lake, Lake Natron
ranged from 4.6-15.9 ng g~' dw [48]. In the Tanzanian

side of Lake Victoria, the concentrations of 2DDTs ranged
between the detection limit and 12 ng g‘1 dw [49], 3.75
to 14.40 ng g~' dw [50], and 0.03 to 9.67 ng g~' dw [51]
in sediments of Lake Bosomtwi (Ghana) and Lake Victoria
(Uganda), respectively.

Results obtained revealed differences in pollutant pro-
files between the study sites investigated. p,p’-DDE con-
centrations showed a clear difference between sites, with
concentrations at S5 significantly higher than concentra-
tions at all other sites (P <0.005). p,p’-DDE concentration
at site 4 is also significantly different from Site 1, Site 2, and
Site3. Spatial variations in p,p’-DDE concentrations can be
attributed to previously used IRS and illegal agricultural
use of DDT which reflect the persistent nature of p,p’-DDE
within respective catchment areas. Site 2 are considered
low-risk malaria areas, while outbreaks of malaria have
historically been more common around Mike River (Site
4) and Katar River (Site5) [5].

Boscalid, a carboxamide fungicide registered in Ethiopia
is a systemic fungicide used on a wide variety of food crops
and ornamental plants [4]. It is stable to hydrolysis and also
photolysis in soil and water. In aquatic systems, boscalid is
not significantly transformed under aerobic or anaerobic
conditions but is relatively rapidly transferred from the
water phase to the sediment phase through sorption to
sediment (dissipation half-life of < 2 weeks [52]. Moreover
from the European database (https://sitem.herts.ac.uk/
aeru/ppdb/en/Reports/86.htm, degradation half-life is
estimated to be 545 days in the water-sediment phases,
while metalaxyl is 32 days which was not detected in all
sediment samples. In the present study regarded to cur-
rently used pesticides, boscalid was the most frequently
detected pesticide in all study sites. To our knowledge, this
is the first study that has reported boscalid detections in
the sediment of Ethiopian lakes. The frequent application
of fungicides by small scale vegetable farmers around lake
Ziway (typically 15-20 applications per season [5, 7]) is
reflected by the consistent presence of boscalid creating a
relatively constant source of these chemicals to Lake Ziway
that receive drainage or irrigation return flow from treated
vegetable farmlands along the littoral of Lake Ziway. Few
studies have addressed the bioaccumulation potential of
currently used pesticides (CUPs) compared with historic
use pesticides (HUPs), likely resulting from a combination
of the low octanol-water partition coefficients (log Kow)
and short environmental persistence of these chemicals.

The higher concentration of boscalid in sediment was
measured at site 2 ranged from 8.87-15.26 ngg~' dw and
was significantly different from all other study sites. These
differences are likely due to differences in the types and
application intensity of pesticides used in the areas closer
to the sampling sites. The highest incidence of contamina-
tion (boscalid) at S2 occurred possibly due to the location
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near the flower farm discharge into the lake. Malefia [26]
reported this point at the lake is subject to a greater accu-
mulation of sediments/pesticides from the floriculture
enterprise due to the wastewater flowing directly into the
lake. The detection of the boscalid residues in sediment
samples implied recent application since they are envi-
ronmentally unstable. These findings are consistent with
those observed in a study conducted in tomato fields in
Owiro Estate, Tanzania where the detection of chlorpyrifos
was related to the recent use [53]. This indicates that the
sediment of the lake is probably contaminated with other
pesticides released from the surrounding agricultural and
floricultural activities. At Site 3 the second-highest con-
centration of boscalid was recorded, this is probably the
small-scale farmers near the lake who used the boscalid
that is illegality bought from a floriculture campy situated
near Lake Ziway. A survey study conducted in the rift val-
ley region by Negatu et al. [4] reported the use of boscalid
by small-scale vegetable farmers around the study area.

In the present study, the other targeted currently used
pesticides such as chlorpyrifos, diazinon, deltamethrin,
dupirimate, and tetradifon were below the detectable limit
both in sediment and passive sampler even though they
have higher octanol/water partition coefficient (log Kow)
than boscalid and metalaxyl (Table 4). However, other
factors also influence pesticide accumulation such as the
half-life, application moment, and the time that elapses
before the next major storm event [54]. For example, the
half-life of boscalid in sediment (545 days) is much higher
compared to the other currently used pesticides (Table 4).
Ccanccapa et al. [54] also reported that ubiquitous pes-
ticides are those with long half-lives. However, a recent
study conducted by Merga et al. [6], reported currently
used pesticides in Lake Ziway sediment. These pesticides
include diazinon concentrations ranged from >0.36-0.74,
chlorpyrifos ranged from 0.71-0.88 ng g~' dw, dimethoate
ranged from not detected to 0.32 ng g~' dw and
y-cypermethrin ranged from >0.71-1.97 ng/g dw were
frequently detected (degree of frequency >30%)in the
sediment samples. Moreover, a study in Kenya reported
the concentration of diazinon (0.56-1.08 ng g~' dw) and
dimethoate (0.2-0.29 ng g~' -dw) in the Nyando-Sondu-
Miriu River sediment [55], at locations closer to small-
holder farms, the point of effluent from the floriculture
and the point of inflow of the rivers. This is following the
present study that the sediment of the lake is probably
contaminated with pesticides released from the surround-
ing agricultural and floricultural activities. Merga et al. [6]
observed high concentrations and the number of pesti-
cides in the wet season sediment samples is likely a result
of the high load of pesticides adsorbed to sediments via
runoff [56] from the agricultural area in the catchment of
the studied lake.
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4.3 Comparison of pesticide residues in passive
sampler and sediment of Lake Ziway

The passive sampler method allows for the detection of
chemical pesticides directly in the water column and offers
numerous advantages over monitoring using organisms
sampling techniques (such as fish testing) and sediment
sampling [57]. Moreover, passive samplers don't move
and metabolism/excretion of sampled chemicals is not
an issue. Furthermore no need to analyze multiple tissues
to obtain the full picture of exposure to dissolve phase
chemicals [16]. However, the disadvantages include pas-
sive sampler does not assess exposure to particle-sorbed
chemical via e.g., feeding, and do not indicate historical
contamination [58]. In the present study for example p,p’
DDE was not detected in the passive sample but detected
in 100% of sediment samples. The reason could be the DDE
detected was from historical use and adsorbed to organic
particles. Metalaxyl was prominent in the passive sampler.
This pesticide is water-soluble and mobile can be easily
accessed by the passive sampler from the water column.

Although HP-20 Passive sampler is mainly known for
absorbing hydrophobic nonpolar chemicals with a log
Kow of >3 [16] metalaxyl accumulated in the passive
sampler than other quantified pesticides. The reason for
the high accumulation of metalaxyl in the HP-20 Passive
sampler deployed in Lake Ziway than other pesticides
is unclear, needs further study. Probably it could be the
high concentration of metalaxyl due to the intensive and
overuse of the metalaxyl by small-scale frames around the
watershed of Lake Ziway [5, 7]. The other reason may be
metalaxyl has a longer half-life in water (56 days) than bos-
calid and p,p'DDE (Table 4). So that it is easily accessible by
the passive sampler.

Monitoring pesticides in sediment samples is important
because of many contaminants and their largely hydro-
phobic nature; they are known to associate strongly with
natural sediments and dissolved organic matter [59].
Pesticides are adsorbed onto the organic matter incorpo-
rated in sediments and the persistence depends on their
physicochemical properties. Lake sediments are effective
supervising tools to appraise pollution episodes, are sin-
gular in furnishing historical contamination, and reflect the
quality of surface water [60]. In the present study, this is
confirmed that the metabolite of DDT (p,p 'DDE) which is
the most persistent in the environment was the prominent
organochlorine pesticide in the sediment samples of Lake
Ziway. Boscalid was also quantified in the sediment but
metalaxyl was not.
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4.4 Potential ecological risk assessment

No environmental standards have been established for
OCPs in sediments in Ethiopia. The possible ecological
risk of p,p’DDE in sediments from Lake Ziway was sum-
marized in Table 5. The level below the ERL value indicates
that adverse biological effects of aquatic biota would be
rarely observed, and the level above the ERM value rep-
resents that adverse effects would frequently occur. The
TEL and PEL were considered to be reliable when the inci-
dence of adverse biological effects of aquatic biota below
the TEL was 25% or less and above the PEL was 50% or
greater [31, 33]. Accordingly, criteria such as the interim
sediment quality guideline (ISQG) and the probable effect
level (PEL) for p,p’'DDE were compared with their respec-
tive concentrations at different sites of lake Ziway sedi-
ments. Compared to the criteria for p,p'DDE, (ISQG: 1.42,
in ng g*1 dw,), all sediment samples in the present study
exceed the TEL values for p,p’'DDE at all study sites. This
result indicated the medium risk of DDE in the Lake Ziway
sediment. 100% of sediment samples analyzed at S1, S2,
and S5 in this study revealed concentrations exceeded
ER-L values for p,p’DDE whereas most (67%) of the sedi-
ment sample at S3 exceeded ER-L values, indicating that
severe biological effects related to p,p'DDE would occur
occasionally at these sampling locations in the Lake Ziway.
However, none of the samples at S4 exceeded the ER-L
values, indicating that this pp DDE might possess rare
adverse biological effects on local aquatic organisms. The
concentrations of p,p’DDE, at all sites were lower than
their respective ER-M and guidelines(Table 5), indicating
that p,p’DDE do not likely to pose detrimental biological
effects. The high concentrations detected in sediments
from Site 5 have the potential to cause adverse biologi-
cal effects. With regards to boscalid, the sediment quality
guideline was not available.

Early studies revealed that DDT and its metabolites
could affect the ecology of the organism living in the
sediment. The abundance of several groups of benthic
invertebrates, including chironomids, gastropods, and
amphipods, was reduced in Midland Bay, Lake Huron, at

concentrations of DDE ranging from 2.39 to 2.63 ng g™,
which are above the freshwater ISQG of 1.42 ng g~' dw
[60, 61]. Similarly, benthic species richness was low in sedi-
ments from Toronto Harbour, Ontario, with 11.5 ug-kg1 of
DDE, which is above the freshwater PEL of 6.75 ug-kg™".
However, sediments containing DDE concentrations
of 0.625 ng g~', below the freshwater ISQG, exhibited a
high degree of species richness [61, 62]. Organochlorine
pesticides(OCPs) such as DDT, have been linked to several
toxicological effects in various bird species, including,
great white pelicans, hamerkop, African sacred ibis, and
marabou stork in Ethiopia [63], and white stork nestlings
in Spain [64]. In South Africa, elevated levels of DDE (up
to 300 ng g~' wet weight) have been linked to eggshell
thinning in African darter populations.

5 Conclusion

This study has confirmed the presence of pesticides in
Lake Ziway from local agricultural activities and floriculture
enterprises located near the lake. Except for p,p’DDE all
selected organochlorine were below the detectable limit
in the sediments of Lake Ziway. The dominance of sedi-
ment metabolites p,p’'DDE depicted that DDT contamina-
tion was mainly from the historical usage and significant
degradation has occurred. In comparison to published
guidelines, p,p'DDE levels were at moderate levels, which
may cause adverse biological effects to aquatic animals.
Only boscalid and metalaxyl were quantified in passive
sampler HP-20 resin deployed in the Lake. Moreover, the
absence of organochlorine pesticides in HP-20 resin, indi-
cates a decreasing trend of the use of legacy pesticides by
farmers around the study area. Moreover, The high detec-
tion frequency of fungicides(boscalid and metalaxyl) in
this study is representative of Lake Ziway is influenced by
small-scale agriculture and floriculture industries in the
area.The study showed certain trends in the contaminant
profiles in the study area. A spatial variation on the accu-
mulation of p,p’'DDE in sediment, boscalid, and metalaxyl
both in sediment and HP-20 resin among the sampling

Table 5 Comparison between

. . Study sites p,p’DDE (ng/g) ELR Above ERL (%) ERM Above TEL AboveTEL (%) PEL Above
p,p’ DDE levels in Lake Ziway ERM PEL (%)
at different sites and sediment (%)
concentrations as guideline
values (ng g—1dw) Site1 2.26-327 2100 15 0 142 100 675 0
Site2 2.38-3.34 2 100 15 0 142 100 675 0
Site 3 1.57-3.02 2 67 15 0 1.24 100 6.73 0
Site 4 0.66-1.15 2 0 15 0 142 100 6.73 0
Site 5 6.58-7.23 2 100 15 0 1.42 100 6.75 67

ELR Effect range low, ERM Effect range median, TEL Threshold effect level, PEL Probable effect level,
Severe effect level, Percentage of samples above the corresponding levels.
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sites within the lake depends on the anthropogenic activi-
ties around the Lake Ziway.
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