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Abstract

This study was motivated by the reported accumulation of Organochlorine
Pesticides (OCPs) residues in the various environmental matrices within
Uganda, resulting from their use in agriculture and health sectors. This raised
a concern of the likelihood of the accumulation of the OCPs residues in the
honey produced within the country which would affect its purity as well as
quality and consequently its competition on the world market. Sixty repre-
sentative honey samples were collected from selected local beekeepers from
four sampling stations in Muko sub-county, Kabale, and extracted for OCPs
using a solid-phase procedure followed by a florisil column packed clean-up
method and Gas Chromatography-Electron Capture Detector (GC-ECD)
analysis. Confirmation of the selected samples was done using an Agilent
(6890N, USA) gas chromatograph combined with a mass spectrometer. Re-
coveries of spiked samples ranged from 71% to 96%, except for pp-DDE
(54%), with relative standard deviations from 2% to 14% in terms of repeata-
bility, and from 4% to 17% in terms of reproducibility. Limits of quantifica-
tion were from 0.003 to 0.1 mgkg™'. Endosulfan sulfate was the most fre-
quently detected in 38% of the samples, followed by HexaChloroBenzene
(Lindane) in 21% of the samples. Residues of DDT and their metabolites were
detected in 17% of the samples. Mean concentrations of the pesticide residues
detected range from ND (not detected) to 1.53 pg/Kg. The acceptable Maxi-
mum residual limits (MLRs) are 200 - 300 pg-kg™' fresh weight for dieldrin,
500 pg-kg™' for DDT and break down products, and 50 ug-kg™' wet weight for
Lindane (WHO/FAO 2011). Results indicate that the levels of OCP residues
detected in honey from the country’s South Western District of Kabale were
within the acceptable limits, and hence this honey was safe for human con-
sumption.
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1. Introduction

Organochlorine pesticides (OCPs) are persistent organic pollutants (POPs) cha-
racterized by high toxicity, persistence, high chemical stability, poor water solu-
bility, low vapour pressures [1] accumulation [2]. OCPs were used from 1940s in
large quantities in agriculture and pest control, but were banned in many coun-
tries in 1970s because of their persistence in the environment [3]. Despite re-
strictions and bans on their use in 1970s, some of these chemicals are still being
used in Uganda for crop production and vector control [4] because their resi-
dues have been found in various environmental matrices within the country. For
instance, OCPs were detected in fish and water samples from Lake Victoria,
Uganda [5]. DDT and its metabolites were detected in fish from Lake Edward,
Uganda [5], OCPs in soils from south-western Uganda [6], OCPs in fresh and
pasteurized cow’s milk from Kampala markets [7], OCPs in sediments from the
Uganda side of Lake Victoria [8], OCPs in skin, flesh and whole carrots (Daucus
carota) from markets around Lake Victoria basin, Uganda [4]. Representatives
of these pollutants are: DDT and its major metabolites (Figure 1), isomers of
DDT, DDD and DDE (Figure 2) etc.

A recent inventory on pesticide use within Uganda [5] has shown a 6% re-
sponse use of dieldrin among the commonly used pesticides in the country, sug-
gesting that the pesticide was still being used by farmers to control various pests.

Slow degradation of pesticides in the environment and extensive or inappro-
priate use by farmers can lead to environmental contamination of water, soil, air,
several types of crops and indirectly, humans [9] [10]. Organochlorine pesticides
can enter the environment after pesticide applications, disposal of contaminated
wastes into landfills, incinerator emissions or runoff, or releases from manufac-

turing plants that produce these chemicals [11]. OCPs are harmful to
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Figure 1. DDT and its major metabolites.
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Figure 2. Isomers of DDT, DDD and DDE.

both humans and the environment [12] and do not have target organism. Ad-
verse health effects including reproductive failures, tumour induction, endocrine
disruption and cancers can occur once living organisms are exposed to OCPs
[13]. For infants whose enzymatic and metabolic systems are not fully active,
these chemicals pose a serious risk to their health [14].

Several epidemiological studies suggest that maternal employment to preg-
nant mothers in agriculture may be a risk factor for birth defects [15] [16] [17].

A multiresidue method able to detect and quantify pesticides in a relatively
short period, comprising minimum extraction and clean-up steps is crucial for
an efficient monitoring program [18]. Pesticides in honey are usually extracted
by treating the sample with an organic solvent [19] [20], or in a solid phase, by
the passage through octadecylsilane cartridges [19] [21] after dilution of the ho-
ney sample with water.

Kabale district has been particularly chosen as the study region because it has
the greatest number of activities involving the use of pesticides such as Irish po-
tatoes cultivation, growth of vegetables such as cabbages and tomatoes, as well as
grain crops such as sorghum [22]. Concerns over increased pollution as a result
of the above activities have led to efforts being made to address the root causes.
No study, however, has been carried out to assess the pesticide residue input to
the study area’s current state of pollution. Since honey bio-accumulate pesticide
residues especially organochlorine, analysis of honey samples can be used to in-
dicate presence of OCP residues.

The present paper reports and assesses the levels of OC pesticide residues in
honey from Kabale district, south-western Uganda. The results of this research
study will be used to assess the levels of Organochlorine pesticide residues that
could accumulate in the environment exposed to OCPs after pesticide applica-
tion. The findings made are expected to create public awareness through sensi-
tization of all stakeholders about the dangers of POPs of both primary and sec-

ondary origin to communities and environment.
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2. Materials and Methods
2.1. Study Area

The area of study was Rubanda County, located in Kabale district (01°15'00"
South, 29°59'24" East) [23] in the south-western region of Uganda and is 420 km
from Uganda’s capital city, Kampala (Figure 3). Kabale district was chosen be-
cause it has a diversity of economic activities such as Irish potato growing, vege-
tables and fruit cultivation as well as bee keeping by the local communities. All
the above mentioned activities are boosted by pesticide application, especially

the Organochlorine pesticides.

2.2. Sample Collection and Preservation

A total of 60 representative honey samples were collected from selected local
beekeepers in Muko sub-county. The samples were obtained from the four sam-
pling stations of Kaara, Ikamiro, Nyarurambi and Kalengere parishes, all neigh-
boring icyuya forest in Kabale district. The samples were left in their original
containers and transported to the pesticide laboratory, Chemistry department at
Makerere University. They were labeled using permanent markers and then kept

in refrigerator maintained at 10°C before and during extraction.

2.3. Extraction of Honey Samples for OCP Residues

Honey samples were screened prior to extraction, to remove wax, combs, nectar
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Figure 3. Schematic map of Uganda showing location of study area.
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and other materials. They were extracted for the OCP residues using the sol-
id-liquid dispersion method [24].

The honey sample (5 g) was dissolved in 10 ml of de-ionized water and ex-
tracted with 3 x 10 ml of n-hexane by magnetic stirring for 15 minutes.

The emulsion formed was broken centrifuging at 4000 rpm for 10 minutes.
The organic was filtered by anhydrous sodium sulphate and then concentrated

to 1 ml. The extract was then cleaned up by florisil technique.

2.4. Clean up of Honey Samples by Florisil

The clean-up of the honey extracts by florisil followed procedures as described
by [25]. A glass column (4 mm id x 15 cm) on a retort stand was rinsed with 10
ml of hexane to remove any impurities, and then plugged with glass wool pre-
viously rinsed with n-hexane. The column was then packed with florisil (2.0 g)
followed by anhydrous sodium sulphate (1.0 g). The pesticides residues were
eluted with 25 ml of 15% of diethyl ether in n-hexane. The eluate was concen-
trated using rotary evaporator at 40°C and 335 mmHg, and the final residue col-
lected was concentrated to dryness under a stream of nitrogen, after which it was

transferred quantitatively for the GC-ECD analysis.

2.5. Gas Chromatographic Analysis

OCP residues were analysed using a Varian (CP-3800, Palo Alto, CA, USA) gas
chromatograph equipped with a ®Ni Electron Capture Detector (ECD) and
SPB-1 0.53 mm i.d. X 60 m non-polar capillary column. The GC temperature
programme was: 90°C for 1 min, raised to 180°C at a rate of 30°C/min, raised to
260°C at a rate of 4°C/min, and then kept at 260°C for 10 minutes for non-polar
column. The temperatures of the injector port (model 1079, USA) and ECD
were 230°C and 300°C respectively. The injector volume was 1 pl, and the carrier
gas was hydrogen (99.999% purity) with electronic flow control at 1.2 ml/min.
and nitrogen as the make-up gas at a flow rate of 30 ml/min. A Turbochrom
(Perkin-Elmer Corporation, 1989-1995, USA) 4.0 chromatography workstation
was used for chromatographic data processing.

The confirmation method used was done using An Agilent 6890 N GC-MS
version was used with an HP-5MS fused silica capillary column 30 m x 0.25 pm
x 0.25 mm i.d. The spectrometer used had a selective detector (Agilent 5975 in-
ert XL Duadrupole). The initial temperature was 90°C and it was held for 1
minute and then increased at a rate of 30°C per minute to 180°C. The tempera-
ture was further increased at a rate of 4°C per minute to 280°C and held for 15
minutes. The injector temperature was 250°C and the detector was maintained
at 200°C.

Helium was used as the carrier gas at 1.0 ml-min™' flow rate. The GC-MS was
operated in a splitless mode with a purge-oft of 1 minute and the injection vo-
lume was 1 pml. The Mass Spectrometer solvent delay time was 3.57 minutes

and scanned mass range was 50 - 550 m/z. Data acquisition and processing was
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achieved using GC-MSD Chemstation Software (G1701dad.02.0spl, JAS CWA,
USA).

2.6. Quality Control Procedures

Recovery tests were done to determine the analytical extraction and clean-up ef-
ficiencies of the methods used to extract OCP residues from honey samples. Dis-
tilled water samples that were pre-analysed and found to have no detectable re-
sidues of the targeted compounds were used as blanks. Recovery tests were done
for 0,p“DDE, gamma Lindane, p,p"DDT, and p,p-DDE. Each 10 ml of distilled
water was spiked with 0.2 pg/ml of each of the following pesticide standards: o,
p-DDE, gamma Lindane, p,p"DDT and p,p-DDE. Each was subsequently ex-
tracted and analysed in the same way as the rest of the honey samples. The
cleaned extracts were reconstituted in n-hexane (1 ml) for GC analysis, and the
percentage recoveries were calculated. Four sets of experiments for each pesti-
cide were performed. Detection limits, the lowest concentration of the analyte
that can be detected above the noise from blank chromatograms, were estimated
by considering the lower level of detection (LLD) defined as the concentration
that produces a signal sufficiently large that 99% of the trials with that amount
will produce detectable signals. LLDs for individual components were deter-

mined according to [26], and are presented in Table 1.

2.7. Lower Level of Detection (LLD)

The LLD for -HCH, Dieldrin, Endosulfan sulfate, HCH-gamma, o,p"DDE,
p,p-DDD, p,p"DDE, 0,p"DDT and p,p-DDT were 0.007, 0.007, 0.0063, 0.003,
0.099, 0.043, 0.059, 0.003 and 0.046 ug-kg™" respectively, as shown in Table 2 be-

low.

2.8. Identification of OCP Residues

Identification of OCP residues was done by comparing their retention times
with those of standards (Table 3). Relative retention times (RRT) were calcu-
lated for all significant peaks which appeared in the sample chromatograms.
Samples were run in between mixture of standards containing probable com-
pounds, and their chromatograms compared to those of the standards. The
Representative Chromatogram for OCP residues is shown in Figure 4.

The relative retention times were calculated as the ratio of the retention time

Table 1. Average percentage recoveries of OCPs (n = 4).

Pesticide Amount (average) recovered (ug) Mean percentage recovery Standard deviation

o,p-DDE 0.184 96.20 0.0013
y-Lindane 0.142 71.10 0.0017
pp-DDT 0.149 74.30 0.0022
p-p “DDE 0.108 54.20 0.0010
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Table 2. Lower levels of detection (LLD) (n = 4).

LLD = 3.29 x standard

oCP Mean (pg/kg) x 10~ Standard deviation deviation (ug/kg)
F-HCH 1.23 0.002 0.007
Dieldrin 1.85 0.002 0.007
Endosulfan sulfate 1.23 0.019 0.063
y-HCH 1.28 0.001 0.003
o,p “DDE 1.05 0.030 0.099
p,p -DDD 1.96 0.013 0.043
p.p -DDE 1.32 0.018 0.059
o,p-DDT 1.21 0.001 0.003
p.p -DDT 1.86 0.014 0.046
Table 3. Retention times used to identify OCP residues.
Non-polar column SPB-1 60 m x 0.53 Semi-polar column CP-Sil
Pesticide mm i.d. CB30m x 0.25 mm i.d.
RT,4 (min) RT ymple (min) RT,4 (min) RT gymple (min)
Endosulfan sulfate 16.49 16.47 16.46 16.45
a-Endosulfan 13.08 13.09 10.92 10.91
p.p-DDE 13.98 13.96 13.10 13.09
p.p-DDD 18.18 18.19 15.26 15.27
pp-DDT 19.75 19.72 19.69 19.68
o,p"DDT 18.49 18.47 18.45 18.44
Dieldrin 13.94 13.96 12.24 12.22
a-HCH 7.42 7.09 6.55 6.66
F-HCH 7.79 7.75 9.18 9.16
y-HCH 7.48 7.45 7.05 7.09
RT,, = Retention time of the standard, RT,,,,. = Retention time of the sample.
E &
E Sample 1 @
8003
6003
4003
2003
o e
L L L L L L L L L L B B
5 10 15 20 25 30

Figure 4. Representative chromatogram for OCP residues.
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of a compound to that of parathion methyl. Confirmation on the GC-MS ma-
jorly involved the use retention times of the OCP residues detected from the
honey sample extracts as compared to retention times of the standards used.

This represented by Figure 5.

3. Results and Discussion
3.1. Results

This study documented the first known analysis of Organochlorine pesticide re-
sidues in Honey from Kabale district in particular and Uganda in general. The or-
ganochlorine pesticide residues detected were dieldrin (1.22 pg-kg™), p,p'-DDT
(0.23 pgkg™), p,p-DDE (0.74 pg-kg™), p,p-DDD (0.82 pgkg™), endosulfan
sulphate (0.67 pgkg™), alpha endosulfan (0.90 pg-kg™), Heptachlor epoxide
(0.16 pgkg™), beta lindane (1.04 pg-kg™) and y-HCH (1.53 pg-kg™) with fre-
quencies of detection ranging from 01% and 38% (Table 4).

3.2. Discussion of Results

In this study, the average recovery for p,p’-DDE (54.20%) was found to be lower
than for the rest of organochlorine pesticide residues. This may be attributed to
its high volatility and lipophilic properties. The concentration of DDT was lower
than for its metabolites; DDD and DDE, implying that, there was no recent ap-
plication of DDT within the study area. A recent inventory on pesticide use
within Uganda [5] has shown a 6% response use of dieldrin among the com-
monly used pesticides in the country, suggesting that the pesticide was still being

used by farmers to control various pests.
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Figure 5. Representative GC-MS spectrum of endosulfan matched against its library spectrum.
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Alpha endosulfan had a higher concentration than that of its metabolite; en-
dosulfan sulphate, implying that there was a recent use of endosulfan within the
study area. Results of analysis of honey samples from the district indicated that
honey bio-accumulate certain levels of OCPs. The levels of DDT and its metabo-
lites ranged between 0.11 - 0.74 pg/Kg.

Among the metabolites, p,p-DDE recorded the highest frequency of detection
(17%), followed by p,p-DDD (8%) and p,p-DDT (3%) and lastly o,p DDT (2%).
Other OCPs were in most cases not detected, with o,p-DDE, a-HCH and Hep-
tachlor being not detected (ND) at all, with a frequency of 0%. The frequency of
detection for each of the OCP residue is shown in Figure 6.

Table 4. Average concentrations of OCP residues in all honey samples collected from
four parishes.

Mean concentration

Component (ug/Kg) Standard deviation = Frequency of detection

Endosulfan sulfate 0.67 0.013 38
a-Endosulfan 0.90 0.018 09
p.p-DDE 0.74 0.001 17
p.p-DDD 0.82 0.022 08
p.p-DDT 0.23 0.013 03
o,p-DDT 0.11 0.006 02
o,p'-DDE ND - 00
Dieldrin 1.22 0.013 06
a-HCH ND - 00
F-HCH 1.04 0.015 21
y-HCH 1.53 0.017 02
Heptachlor ND - 00

40
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Figure 6. Frequency of detection of OCP residues.
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4. Conclusion and Recommendations

4.1. Conclusion

The results from this study reveal that the levels of the 12 OC pesticide resi-
dues/metabolites detected from the study area were in the range ND - 1.53
pg/Kg. Endosulphan sulphate was the most frequently detected OC residue
(38%), followed by HCB in 21% of the samples, then residues of DDT and its
metabolites in 17% of the samples. The other OCs identified included dieldrin,
DDT isomers (p,p-DDT o,p-DDT) and its metabolites (p,p-DDE, p,p-DDD,
0,p-DDD) and lindane isomers (a-HCH, and p-HCH). The results obtained
from the present study do not raise much concern regarding the potential health
effects of OCPs on residents of Kabale District, who use honey and other bee
products. This is because, although residues of the OCPs were detected in some
of the honey samples studied, their levels were lower than the WHO/FAO
Maximum Residual Limits (MRL). Results indicate that the levels of OCP resi-
dues detected in honey from the country’s South Western District of Kabale
were within the acceptable limits, and hence this honey was safe for human

consumption.

4.2. Recommendations

Although OCPs have made positive contribution to agriculture and health sec-
tors to control pests and diseases in tropical countries like Uganda, they have
been found affecting non-target organisms including Man. This is due to their
bio-accumulation tendencies and ubiquitous nature, making their use unsuitable
and a great threat to the environment and its biodiversity. There is therefore
need for periodic monitoring of such persistent pesticides in order to obtain in-
formation on the quality of honey from Kabale district and Uganda in general,
even if there seems to be no biological threat from their use.

The government of Uganda and other appropriate agencies should educate
farmers on good agricultural practices (GAP) that involve use of pesticides, Such
as integrated pest management (IPM); this can significantly reduce pesticide use
without reducing yields.

It is also recommended that, a study should be done on honey combs to assess
their ability to accumulate pesticide residues in comparison to the levels of the
OCP residues reported in this study.
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