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Abstract

Maize is consumed by over 95% of the Ghanaian populace and the practice of using Atrazine and
Lindane (an Organochlorine) pesticides in its production has raised concerns about potential ad-
verse effects on human health and the environment. A field survey was conducted in this study to
assess farmers’ knowledge of safe handling and use of these chemicals as well as toxicity aware-
ness and symptoms among farmers and traders. Residues of these pesticides in maize samples as
well as the potential health risk associated with exposure to them were also evaluated. Composite
maize samples were collected for nine of ten regions in Ghana and analyzed. Data obtained from
the field survey indicate that a large proportion of farmers are at risk of pesticide poisoning
through occupational exposure. Over 80% of applicators do not apply safety precautions during
pesticide mixing and application; resulting in considerable prevalence of pesticide related ill-
nesses in the study area. Residues of Lindane and atrazine were below detection limits of 0.005
mg/kg and 0.010 mg/kg respectively; except in the Ashanti region where atrazine was 0.05 mg/kg
which was within the EU-MRL of 0.1 mg/kg. However, minute concentrations of other Organochlo-
rines (endrin—0.007 mg/kg; heptachlor—0.023 mg/kg; alpha-endosulfan—0.013 mg/kg) were
found in maize samples from Brong Ahafo, eastern, central and upper west regions. Though endrin
and alpha-endosulfan were below the EU-MRL of 0.01 mg/kg and 0.10 mg/kg respectively, hep-
tachlor was slightly above the EU-MRL of 0.01 mg/kg. The estimated dose for all these pesticides
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however does not pose direct hazard to human health although present in the maize samples since
the values were lower than toxic thresholds and reference doses. However, due to the unsafe ap-
plication practices by applicators, there exists a potential risk for systemic and carcinogenic
health effects by these chemicals in the study area.
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1. Introduction

The importance of maize (Zea mays) in global food production cannot be overemphasized. Its cultivation is done
by both commercial and peasant farmers [1] as it is ranked third most widely cultivated and consumed cereal
falling behind rice and wheat [2]. It is used significantly as a basic element of animal feed; raw material for in-
dustry as well as a significant source of nutrients for man. In Ghana, it is a major staple food crop whose domes-
tic demand is projected to increase at an annual rate of 2.6% [3]. Though produced predominantly by smallhold-
er farmers under rain-fed conditions, production has increased steadily since 1965 [4]-[6]. Increasing population
has also led to an increase in demand for maize and food from maize sources hence the extensive use of pesti-
cides especially atrazine in its cultivation. It is estimated about 95% of the Ghanaian populace consumes food
from maize sources [7] and about 75% of the total maize produced in Ghana is also used as food while the re-
maining find their way into poultry feed and food grain sales industries [8].

Pesticides help improve crop yield, protect crop quality, reliability as well as reduce the cost of production.
However, it has been established that pesticides could become detrimental to health if misused. Some of the
negative effects of pesticides misuse include destruction of soil micro fauna and flora and undesirable residue
accumulation in food crops [9]. The use of these chemicals over the years has led to the contamination of vari-
ous environmental compartments such as soil, ground and surface water, air as well as numerous agricultural
food products [10].

Lindane is an Organochlorine chemical and the only active isomer of hexachlorocyclohexane [11]. It has been
used over the years as both agricultural and pharmaceutical chemical. When released into the environment, it
remains intact for exceptionally long periods, becomes widely distributed throughout the environment; accumu-
lates in tissues of living organisms and toxic to both humans and animals [12]. Lindane has been used over the
years in maize production to control stem borers and also on cocoa and vegetable farms [13]. It belongs to the
class 1B group of insecticides; because it is moderately acutely toxic. The international trade of Lindane is re-
stricted under the prio-informed consent of the Rotterdam convention [14]. Under the Stockholm convention,
the agricultural use as well as production of Lindane was banned due to its toxicity [15]. Moreover it was classi-
fied in 1987 by International Agency for Research on Cancer (IARC) as a group 2B chemical; meaning it is a
possible human carcinogen [16]. The principal areas Lindane affects in humans are the nervous system, liver
and kidneys. A range of symptoms such as convulsions, headache, seizures and dizziness occur when exposed to
large amounts of Lindane [17] [18].

Atrazine is a widely used herbicide as it is the second largest selling pesticide in the world. The worldwide
increase in maize and other cereal production could be attributed to the use of herbicides such as atrazine. Works
that reveal agricultural loses of about 500 percent without herbicide use only highlight the significance of herbi-
cides in modern management of weeds in the production of maize [19]. A paper published in 1999, revealed
positive maize yields upon atrazine application [20]. In a similar work, it was reported that maize gave higher
yields when weed management was done with herbicides as opposed to controlling weeds culturally [21]. It has
also been reported that application of herbicides gave 65% - 90% weed control and 100% - 150% more maize
yield [22].

In Ghana, atrazine is the major herbicide used. In spite of its use in increasing maize yield through weed con-
trol, it has been found to reduce the ability to successfully reproduce [23]. It induces estrogen production while
inhibiting production of testosterone; causing chemical castration [24]. Research has shown that, the level of
pesticides in food in many developing countries including Ghana is escalating [25]. Most of the levels found in
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humans are related to current and past use of these chemicals. Earlier studies in Ghana indicated the presence of
pesticide residues in meat, water, sediment, vegetables, fruits, fish and soil at locations unknown for pesticide
usage [26]-[30]. The high application of pesticides has resulted in food contaminations [31]; ingestion of which
has been linked with health conditions. Contaminated foods are a major source of morbidity, mortality and in-
creased risk of skin cancer, destruction of neurological cellular functions, chronic neurotoxicity, bladder and
lung cancer even at very low concentrations [29] [32]. The high consumption of maize by Ghanaians has thus
warranted the need to assess the levels of atrazine and lindane residues so as to correctly estimate human dietary
exposure and also refine risk assessments.

2. Materials and Methods
2.1. Field Investigation

A field survey was conducted in nine out of ten regions in Ghana (Figure 1) between November 2014 and April
2015. Questionnaires were administered to 111 farmers and traders to assess the knowledge, practice and atti-
tudes regarding safe use of Atrazine and Lindane, toxicity awareness and symptoms among the farmers and
traders. Face-to-face interviews with farmers, farm workers, traders and field observations during farming activ-
ities were also employed in data acquisition. During the survey dry maize samples were purchased from farmers
and traders, wrapped in zip-lock bags and transported to the laboratory for analysis. Maize samples were bought
from Brong Ahafo region (30 samples), eastern region (20 samples), Ashanti region (15 samples), Central re-
gion (14 samples), Northern region (11 samples), Volta Region (15 samples), Upper West Region (8 samples),
Upper East Region (5 samples) and Western Region (2 samples). These regions were selected based on maize
production figures of at least 60,000 metric tonnes per annum [33]. These samples were composited into nine
representative regional samples.

2.2. Sample Extraction

The QUEChERS method was employed in the extraction process where FOSS homogenizer 2096 was used to
homogenize the maize samples to powdery form. 10 g of powdered sample was then weighed using a Mettler
Toledo PG1003-S mass balance into a 50ml centrifuge tube. 10 ml each of cold deionised water and acetonitrile
were added. The mixture was then vortexed for one minute using a Thermolyne maxi mix plus. A mixture of-
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QUEChERS salts was then added {(i.e. 4 g anhydrous MgSO, plus 1 g NaCl, 1 g TSCD (trisodium citrate dehy-
drate), 0.5 g DHS (disodium hydrogen citrate sesquihydrate)}. The mixture was vortexed for a further one
minute and then centrifuged for five minutes at 3000 rpm.

2.3. Sample Clean-Up and Concentration

Dispersive SPE was the method used in purifying the sample extract. 6ml aliquot of the extract was then trans-
ferred into a PP (Polypropylene) centrifugation tube containing 150 mg PSA (primary and secondary amine ex-
change material) and 900 mg MgSQ,. The mixture was vortexed for one minute and centrifuged for five minutes
at 3000 rpm. 4 ml of the supernatant (clean extract) was transferred into a pear-shaped flask. 40 ul of 5% formic
acid in acetonitrile (v/v) was then added to adjust the pH. The filtrate was then concentrated below 40°C on ro-
tary evaporator to dryness. 1ml ethyl acetate plus 20 ul of 1% polyethylene glycol was then used to re-dissolve
dry concentrate. Sample was then transferred into a 2 ml standard opening auto sampler vials for quantification
by GC-ECD and GC-MS.

2.4. Sample Analysis by Gas Chromatograph

All samples were analyzed in a gas chromatograph (Varian CP-3800 GC-ECD with CombiPALAutosampler and
GC-MS). It was fitted with a Varian analytical column with 30 m + 10 m EZ Guard x 0.25 mm id fused silica
capillary coated with VF-5 ms (0.25 micrometer film). Sample vials were interspersed with analytical standards
of interest and placed on the Autosampler. The Atrazine and Organochlorine components in the samples were
identified by comparing their retention times with those of the standards of these chemicals while quantification
was based on comparison with calibration curves. The chromatograph’s conditions were as follows: injector
mode, Splitless; injector temperature 270°C; oven temperature programmed from 70°C, held for 2 minutes to
180°C at a rate of 25°C/minute, then from 180°C to the electron capture detector with temperature set at 300°C.
Nitrogen at a flow rate of 1 ml/min constant flow with a make-up of 29 ml/min was the carrier gas used.

2.5. Quality Control/Quality Assurance

Quality control and quality assurance as prescribed by the CODEX Alimentarius Committee were incorporated
in the analytical scheme. Quality assurance measures applied in the laboratory included rigorous contamination
control procedures, monitoring of blank levels of solvents, equipment and other materials, analysis of procedural
blanks, recovery of spiked standards, monitoring of detector response and linearity. During extraction, blanks
and duplicates were included in the analysis and re-calibration standards run frequently to check the integrity of
the calibration curve. The quality of analytical methods was assessed by pesticide recovery experiments with
sample extracts. Certified reference material 1941b for pesticides residue from NIST, USA and analyzed by
GC-ECD/MS. Blank Samples known to have no detectable levels of the investigated pesticides were used for
recovery test. The results of the study were not corrected for recoveries since all were within the normal accept-
able range of 65% - 120% [34] [35].

2.6. Health Risk Estimation

To assess the risk of pesticide usage to farmers and consumers, the guidelines for potential risk assessment
drawn up by the US EPA were followed [36]. A reference dose (RfD) was used to evaluate the chronic risk
posed by exposure to these pesticides. It is the level at or below which daily aggregate exposure to pesticides
over a lifetime will not cause any significant risk to human health. It thus serves as a point of reference from
which the potential health effects of these pesticides at other doses could be estimated. It is derived from the “no
observable adverse effect levels” (NOAEL) of the chemicals and exposures at or below the RfD are considered
acceptable by the USEPA [37].

In this study, health risk estimates were calculated by integrating the pesticide analysis data from the study
and the consumption rate of food (maize) in Ghana.

The following assumptions were adopted from the US Environmental Protection Agency’s guidelines:

a) Hypothetical body weight of 10 kg for children (0 - 1 yrs), 30 kg for children (1 - 11 yrs) and 70 kg for
adults.

b) Maximum absorption rate of 100% and a bioavailability rate of 100% (USEPA, 1998).
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¢) Maize consumption rate in Ghana is 8.48 kg/day [38].

Consumption of contaminants in maize was calculated based on its concentration in the food and on an esti-
mate of the food consumption rates. Hence for each type of exposure, the lifetime exposure dose (mg/kg/day)
was obtained by multiplying the residual pesticide concentration (mg/kg) in the food of interest by the food
consumption rate in the country (kg/day) and dividing the product by the body weight (kg) [39] [40]. The hazard
indices for children and adults were estimated as ratios between estimated pesticide exposure doses and the ref-
erence doses (RfD).

Pesticide residue data from maize samples (Table 3) were used for the health risk assessment. It is important
to note that the data used represent the maximum concentrations of pesticide residues in the maize samples.
Since a conservative approach is needed in dealing with risk assessment of multiple chemical compounds, it was
more appropriate to consider the maximum levels of specific detected pesticides instead of their mean concen-
trations [40]. A hazard index HI < 1 is considered to have an unlikely adverse health effect, while HI > 1 is said
to have probable adverse health effect on consumers.

{Residue conc. in maize} x{Maize(food)consumption rate}

life exposure dose = -
{Body Weight}

Exposure (Estimated ) dose

H d Ind HIl) =
azard Index (H1) Reference dose (RfD)

3. Results and Discussion
3.1. Field Survey

3.1.1 Demographic Characteristics

76 males representing 68.5% of respondents and 35 females representing 31.5% were interviewed (Table 1).
The respondents in the survey included 77 farmers and 34 traders. Among these respondents, 91.8% have had
some form of education while 8.2% have not had any form of education.

3.1.2. Respondents’ Usage of Lindane, Atrazine and Pesticides in General
All respondents (100%) used pesticides in the maize production process. However, only 18% used Lindane (a
possible reason could be the ban status of Lindane being upheld) while 82% used Atrazine (Figure 2). The per-

Table 1. Demographic characteristics and level of education of respondents.

VARIABLE FREQUENCY PERCENTAGE (%)
AGE
13-19 16 14.4
20-45 35 315
46 - 60 26 234
61-Above 34 30.6
GENDER
Male 76 68.5
Female 35 315

EDUCATIONAL STATUS

Illiterate 31 27.9
Basic 51 45.9
Second Cycle 20 18.0
Tertiary 9 8.2
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Figure 2. Respondents’ usage of lindane, atrazine and pesticides in general.

centage using Atrazine is as a result of Atrazine being a major herbicide used by most farmers interviewed in the
study area.

These chemicals were easily found within the reach of the respondents. Majority got theirs from sales agents
who themselves may not be well vexed in safe handling of these chemicals. Only 8.7% got them from extension
officers while 19.7% got them from licensed agrochemical shops (Figure 3). Respondents also stored these
synthetic chemicals in multipurpose storage structures together with food items and farm implements/tools. This
practice is very unsafe as chemicals may contaminate food items and cause poisoning.

3.1.3. Practices, Toxicity Awareness and Symptoms among Respondents

72.1% of the respondents practice “cocktail”; which is a method of applying pesticides in mixtures. Tank mix-
tures of two or three were observed in this study. There were no specific instructions for farmers either from ex-
tension officers or on the label of these pesticides concerning tank mixtures. These farmers asserted that tank
mixing was favourable because it saved time since they could apply more than one pesticide at a time. Moreover,
they asserted that it also saved them cost and labour (Figure 4). “Cocktailing” is not a safe method of pesticide
application because labelled instructions on pesticide containers do not cover mixtures of two or more pesticides
and also give no information on the compatibility of active and inert ingredients. In a 2002 study for instance, it
was observed that a mixture of fungicides, insecticides and water mineral content influenced the efficacy of in-
dividual pesticides against fungal pathogens and insect mortality respectively. Some tank mixtures were also
found to induce phytotoxicity on tomato [41]. There is however limited information on the reaction and the ef-
fects of tank mixtures observed in my study. In another study, mixtures of insecticides generally resulted in the
simultaneous development of resistant strains [42]. Farmers interviewed did not regard “cocktailing” as a less
effective practice that could have adverse effects on their health and the environment; instead, “cocktailing” was
believed to save time, labour cost as well as give high pest killing frequency. The observation of various tank
mixtures is an indication of the lack of basic knowledge of safe pesticide application by respondents.

Moreover, 74.8% of respondents do not use protective clothing. Protective clothing such as goggles, gloves,
long boots, overalls etc were not used by most of the respondents (Figure 4). Several reasons ranging from per-
sonal discomfort to lack of finances were given though a few wear long-sleeved clothes during the application
process. One reason given by respondents for not wearing them is that the warm weather makes the wearing of
protective gear impractical due to the possibility of heat stress. The results of a similar study in Egypt showed
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Figure 4. Respondents’ practices and toxicity awareness.

that 100% of farmers did not use protective clothing. Reasons given were low level of knowledge about the
safety measures, unavailability of protective devices at governmental agricultural associations and their high
cost at private sector [43]. This finding is also consistent with the results of many other studies conducted in
many parts of the world [42] [44]-[48]. Hot weather was among the causes of low use of protective clothing in a
study conducted in the United States of America [49].

In addition to the above, 52.3% of respondents also eat, drink or smoke during the pesticide application
process (Figure 4). Most of the respondents regardless of their level of education practice this hazardous act.
Similar behavior was reported in other developing countries [50] [51]. Though 47.7% do not practice this ha-
zardous act, there is the need for education to reduce the numbers that practice this act. 91% of respondents do
not have any form of training in pesticide mixing and application while 89.2% do not have access to advice on
safe application practices from relevant authorities. The fact that majority get their chemical supplies from sales
agents who themselves do not have any training in pesticide application may be a contributory factor. In addi-
tion to the above, 90.1% of respondents were unaware of the various diseases associated with exposure to these
chemicals. In a similar study by [13], it was reported that 85% of the respondents do not use protective clothing
during pesticide application while 67% of them eat or drink when mixing or applying pesticides. It was also re-

()
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ported in the same study that 91% of the respondents had not received any training whatsoever on pesticides and
the use of agrochemicals.

This study also revealed 80.2% (Figure 4) of respondents do not read instructions on pesticide containers.
The main reason given was their inability to read and lack of awareness about any use these instructions could
offer them. Farmers saw reading instructions as a time wasting venture. In a similar study in Egypt by Gaber and
Abdel-Latif in 2012, 67% of applicators did not read instructions on containers. A study conducted in Ethiopia
also found most pesticide applicators did not read instructions on pesticides packages due to illiteracy or they are
just reluctant to read them [44].

3.1.4. Symptoms of Pesticide Poisoning Experienced Respondents

Various symptoms were reported by respondents as seen in Figure 5. Headache was the most reported symptom
followed by weakness and dizziness. Only 14% (16) of respondents reported no symptoms. In a similar study in
Tanzania, [42], reported 31% of respondents with dizziness, 31% with headache and 15% with stomachache. [52]
also reported that farmers assume that pesticide poisoning symptoms are normal and as such they get used to
them. In a similar study in Cote d’voire, Ajayi reported that applicators of pesticides tended to accept certain le-
vels of illness as an expected and normal part of the work and thus do not report these symptoms at official
health centers for treatment [53]. The symptoms recorded in my work however are not specific to pesticide ex-
posure and could be due to other causes such as malaria and/or general fatigue.

3.1.5. Attitude and Awareness of Farmers towards Pesticides Hazards

From Table 2, respondents generally were less aware of the potential adverse impacts of pesticide deposition on
the environment. Though 68.5% believe that pesticides application increases maize yield and over 74% believ-
ing that wrong use of pesticides could lead to human death, a significant amount (68.5%) were neutral about the
notion that Pesticides contribute to elimination of beneficial organisms in soil and nature. These respondents are
most likely unaware of the negative effects of these chemicals on biodiversity (bees, birds and soil ecosystem).

3.3%
1.1%

H None
M General body Weakness
m Headache
Dizziness
m Nausea

M Stomach ache

Vomitting
Figure 5. Symptoms among respondents.
Table 2. Attitudes towards adverse impacts of pesticides.
Completely agree Agree Neutral Disagree
Frequency (%)  Frequency (%) Frequency (%)  Frequency (%)
Pesticide use could lead to Ground/Surface water pollution 2 (1.8%) 24 (21.6%) 73 (65.8%) 12 (10.8%)
Use of pesticides causes air Pollution by toxic compounds 30 (27.0%) 67 (60.4%) 14 (12.6%) None
Pesticides contribute to pollution and reduce soil fertility 3(2.7%) 29 (26.1%) 72 (64.9%) 7 (6.3%)
of benfiial organims i il and nture 3T NEO%)  TIESE  5U5%)
Wrong use of pesticides could lead to human death 3 (2.7%) 80 (72.1%) 27 (24.3%) 1 (0.9%)
Applying pesticides to maize increases yield 9 (8.1%) 67 (60.4%) 33 (29.7%) 2 (1.8%)

()
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Moreover, 68.5% were also neutral about the notion that Pesticide use could lead to Ground/Surface water pol-
lution while 64.9% were neutral about the notion that Pesticides contribute to pollution and reduce soil fertility.
However, 67.4% believe that the use of pesticides causes air Pollution by toxic compounds. This probably may
be because they smell these chemicals during application as most do not use protective clothing. Though a study
by Andersch and Anderson in 1991 showed that 31 different pesticides when applied at recommended doses had
no long term influence on soil nitrogen mineralization, absence of national regulations on sustainable use might
lead to detectable concentrations in ground and surface water [54].

3.2. Levels and Distribution of Atrazine and Lindane (Organochlorines) in Maize

The overall mean recoveries from fortified samples were between 80% and 120%. The limit of detection (LOD)
for Atrazine was 0.010 mg/kg while that of Lindane (Organochlorines) was 0.005 mg/kg. For quality control, a
matrix blank was analysed with each extraction set. Recoveries for this study were all within the normal accept-
able range of 65% - 120% [34] [35] [55]. A total of 9 composite samples representing 9 regions were analysed.
Results are presented in Table 3 for Ashanti region (AR), Brong Ahafo region (BAR), Eastern region (ER),
Northern region (NR), Central region (CR), Upper east region (UER), Upper west region (UWR), Volta region
(VR) and Western region (WR). The maximum residue levels (MRLs) of these pesticides in maize for the Eu-
ropean Union is also presented in Table 3.

The highest level of Atrazine (0.05 mg/kg) was recorded in the Ashanti region (AR) while Lindane and the
other OCPs were below the detection limit of 0.005 mg/kg in this region. Atrazine in all the other 8 regional
composite samples were below the limit of detection (0.010 mg/kg). Though Lindane was below detection limit
for all samples, some amount of other organochlorines pesticides were detected in some samples. Endrin was
found in central (0.006 mg/kg) and Brong Ahafo (0.007 mg/kg) regions while heptachlor was found in Brong
Ahafo (0.027 mg/kg), Eastern (0.020 mg/kg), Central (0.021 mg/kg) and Upper West (0.023 mg/kg) regions.
Alpha endosulfan (0.013 mg/kg) was also found in maize samples from the Eastern region. From the data
(Table 3), concentrations of measured Atrazine in majority of the samples were below detection limit. The con-

Table 3. Levels of Lindane, Atrazine and other organochlorines in Maize samples from the study area (mg/kg).

AR BAR ER NR CR UER  UWR v wR Dol

for Maize

Lindane <0005 <0005 <0005 <0.005 <0.005 <0005 <0005 <0.005 <0.005 0.01(Max)
Endrin <0.005 0.005-0007 <0.005 <0.0050.005-0006 <0.005  <0.005 <0005 <0.005 0.01(Max)
Heptachlor <0.005  0.005 - 0.027 0.005 - 0.020 <0.005 0.005 - 0.021 <0.005 0.005-0.023 <0.005 <0.005 0.01 (Max)
p-Endosulfan <0005  <0.005 <0005 <0.005 <0.005 <0.005  <0.005 <0.005 <0.005 0.10 (Max)
Dieldrin <0005 <0005 <0005 <0.005 <0005 <0005 <0005 <0.005 <0.005 0.01(Max)
P"P-DDE <0005 <0005 <0005 <0.005 <0.005 <0005 <0005 <0.005 <0.005 0.05(Max)
P'P-DDT <0005 <0005 <0005 <0.005 <0005 <0005 <0005 <0.005 <0.005 0.05(Max)
P'P-DDD <0005  <0.005 <0005 <0005 <0005 <0.005 <0.005 <0005 <0.005 0.05(Max)
X-Chlordane ~ <0.005  <0.005 <0005 <0.005 <0.005 <0.005  <0.005 <0005 <0.005 0.01(Max)
Methoxychlor <0005 <0005 <0005 <0.005 <0.005 <0005 <0005 <0.005 <0.005 0.01(Max)
Delta-HCH <0005  <0.005 <0005 <0005 <0005 <0.005 <0.005 <0005 <0.005 0.01(Max)
p-HCH <0005 <0005 <0005 <0.005 <0005 <0005 <0005 <0.005 <0.005 0.01(Max)
Endosulfansulfate  <0.005  <0.005  <0.005 <0.005 <0005 <0.005  <0.005 <0.005 <0.005 0.10 (Max)

Alpha-Endosulfan ~ <0.005 <0.005 0.005-0.013 <0.005  <0.005 <0.005 <0.005 <0.005 <0.005 0.10 (Max)
Aldrin <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.01 (Max)
Atrazine 0.010-0.05  <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 0.10 (Max)

()
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centration measured for Ashanti region was also low (0.05 mg/kg). These relatively low levels of Atrazine may
be due to soil characteristics as well as chemical and biological breakdown of Atrazine. Its persistence is also
dependent on soil characteristics such as pH, organic matter content, moisture and texture [56]; the relatively
higher pH of Ashanti soils might be responsible for the measured levels of Atrazine found in maize samples in
this region. Atrazine is a slightly basic herbicide and as such is easily absorbed in slightly acidic soils but per-
sistent in high pH soils [57] [58]. At the relatively lowpH values in the other regions, chemical and biological
breakdown occur faster; degrading Atrazine from the environment [59].

Lindane below detection limit for all samples could be due to the ban status of this pesticide. Lindane use has
been banned in Ghana since 2009 and its popularity and use has dwindled ever since. From

Figure 2 only 18% of respondents use Lindane and other organochlorines. Though Lindane was below detec-
tion limit, endrin (0.007 mg/kg for Brong Ahafo region; 0.006 mg/kg for central region), and heptachlor (0.027
mg/kg for Brong Ahafo; 0.020 mg/kg for Eastern region; 0.021 mg/kg for central region; 0.023 mg/kg for upper
west region) exceed the MRL of 0.01 mg/kg set by the European Union for maize. Alpha-endosulfan (0.013
mg/kg) however is almost same as the EU-MRL for maize. Though the production and use of these chemicals
(endrin, endosulfan and heptachlor) have been discontinued, their persistence in the environment as a result of
their stability may be responsible for their presence in the samples from the Brong Ahafo, Eastern, Central and
upper west regions. Heptachlor for instance was used from 1953 to 1974 as a soil and seed treatment to protect
corn, small grains, and sorghum from pests [60].

3.3. Health Risk Estimates

Table 3 represents atrazine, Lindane and other organochlorines pesticide residue data in maize from the study
area while Table 4 represents the estimated dose values and health hazards associated with these chemical resi-
dues in maize from the study area. Hazard indices were computed for children between the ages of O - 1 years, 1
- 11 years and adults for three organochlorines (endrin, alpha-endosulfan and heptachlor for Brong Ahafo, East-
ern, Central and upper west region) as well as Atrazine (for Ashanti region). Data analysis of health risk esti-
mates indicated that all these chemicals do not pose a direct hazard to human health, although present in maize
samples from the study area. Their potential for systemic toxicity in all age groups is thus low. The hazard
in-dices for these chemicals (Table 4) also indicate an unlikely adverse health effect since the estimated doses
exceeded the recommended reference doses for all the chemicals. These outcomes may be due to the fact that
organochlorines pesticides Lindane, Endrin, Heptachlor, g-Endosulfan, Dieldrin, P’P-DDE, P’P-DDT, P’P-DDD,
A-Chlordane, Methoxychlor, Delta-HCH, p-HCH, Endosulfansulfate, Alpha-Endosulfan and Aldrin have been
banned from use in Ghana. However the little residues may be due to their persistence and stability in the envi-
ronment. Atrazine levels in the Ashanti region may also be due to the fact that Atrazine is a slightly basic herbi-
cide and as such is easily absorbed in slightly acidic soils but persistent in high pH soils [57] [58]. At the rela-
tively low pH values in the other regions, chemical and biological breakdown occur faster; degrading Atrazine

Table 4. Estimated dose values and hazard indices of exposure to Atrazine, Lindane and other organochlorines residues in
the study area.

Chemicals (Region) RfD Estimated Dose (mg/kg/day) Hazard Index (HI)
0-1yr 1-11yr Adult 0-1yr 1-11yr Adult
Endrin (Brong Ahafo region) 020 594x10° 198x10° 848x10*  0.0297 0.0099 0.0042
Endrin (Central region) 0.20 5.09x 107 1.70x 10°° 7.27%x 10 0.0255 0.0085 0.0036
Heptachlor (Brong Ahafo region) 0.10 0.0229 0.0076 0.0033 0.229 0.076 0.033
Heptachlor (eastern region) 0.10 0.0170 0.0057 0.0024 0.17 0.057 0.024
Heptachlor (central region) 0.10 0.0178 0.0059 0.0025 0.178 0.059 0.025
Heptachlor (upper west region) 0.10 0.0195 6.50 x 10°° 2.79%10°° 0.195 0.065 0.0279
Alpha-endosulfan (eastern) 0.05 0.0110 367x107° 157 x 107 0.22 0.0734 0.0314
Atrazine (Ashanti region) 0.10 0.0424 0.0141 0.0061 0.424 0.141 0.061
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from the environment [59]. In the Ashanti region however, the higher pH values may have led to the persistence
of Atrazine in the environment hence its presence in small quantities in maize samples from this region.

Although residue levels of the organochlorines and Atrazine were below the maximum permissible intake of
Codex Committee on pesticides residues [32], as well as EU-MRLs [61], there was no zero risk because pesti-
cides were present in the maize samples though below detection limit in some cases. Since chemicals are gener-
ally persistent, volatile, lipophilic and bio-accumulative both in the environment and at each trophic level of the
food chain, they have the potential to reach high concentrations through bio-magnification in the tissues of pre-
dators including humans, which are high on the food chain [62]. This can lead to adverse environmental and
human health effects.

4. Conclusion

It is clearly seen from the results of the study that farmers and traders in the study area in Ghana do not follow
appropriate safety precautions during pesticide application. Applicators thus experience clinicopathological
conditions including nausea, vomiting, abdominal cramps, itching, stomach-ache, dizziness and headache.
Though Lindane was below detection level in the study area, a detectable level of Atrazine was found in Ashanti
region. Detectable levels of other organochlorines (endrin, heptachlor and alpha-endosulfan) were found in ma-
ize from Brong Ahafo, Eastern, Central and Upper west regions. The estimated dose for all the organochlorines
and Atrazine do not pose a direct hazard to human health although present in the maize samples since their val-
ues were lower than toxic thresholds as well as reference doses. Residue levels of these pesticides are below the
maximum permissible intake, but there was no zero risk because pesticides were present in maize samples
though below detection limit in some regions. Thus due to the unsafe application practices by applicators, there
exists a potential risk for systemic and carcinogenic health effects by these chemicals in the study area.

Acknowledgements

I am extremely grateful to the West Africa Agricultural Productivity Programme (WAAPP) of the Ministry of
Food and Agriculture (MOFA) Ghana, for financing this project. Gratitude to the Ghana Standards Authority for
availing their laboratory for sample analysis.

References
[1] Onwueme, I.C. and Sinha, T.D. (1991) Field Crop Production in Tropical Africa (Principles and Practice). Technical
Centre for Agricultural and Rural Co-Operation CTA, Ede, Wageningen.

[2] ‘Yayock, J.Y., Lombin, G., Owonubi, J.J. and Onazi, O.C. (1988) Crop Science and Production in Warm Climates.
Macmillan Publishers, London, 133-138.

[3] MOFA (2011) Raw Data on Production, Area Cultivated and Yield on Various Crops. MOFA, Accra.
[4] FAO (2008) Statistical Databases. FAOSTAT: Agriculture Data. http://faostat.fao.org

[5] Morris, M.L., Tripp, R. and Dankyi, A.A. (1999) Adoption and Impacts of Improved Maize Production Technology. A
Case Study of the Ghana Grains Development Project, Economics Program Paper 99-01. CIMMYT, Mexico DF.

[6] SARI (1996) Savanna Agricultural Research Institute. Annual Report.
[71 MOFA (2001) Profile of District Agricultural Development in Ejisu-Juaben District. Technical Document. Accra, 1, 8.
[8] Muhammad, A. (1979) Effect of Various Herbicides on the Growth and Yield of Maize Varieties. Weed Absts, 28.

[9] Edwards, C.A. (1986) Agrochemicals as Environmental Pollutants. In: Van Hofsten, B. and Eckstrom, G., Eds., Con-
trol of Pesticide Applications and Residues in Food. A Guide and Directory. Swedish Science Press, Uppsala.

[10] Fianko, J.R., Donkor, A., Lowor, S.T., Yeboah, P.O., Glover, E.T., Adom, T. and Faanu, A. (2011) Health Risk Asso-
ciated with Pesticide Contamination of Fish from the Densu River Basin Ghana. Journal of Environmental Protection,
2, 115-123. http://dx.doi.org/10.4236/jep.2011.22013

[11] O’Neil, M.J. (2001) The Merck Index an Encyclopedia of Chemicals, Drugs, and Biological. 13th Edition, Whitehouse
Station, New Jersey.

[12] Stockholm Convention on Persistent Organic Pollutants (POPs), 2004.

[13] Ntow, W.J., Gijzen, H.J., Kelderman, P. and Drechsel, P. (2006) Farmer Perceptions and Pesticide Use in Vegetable
Production in Ghana. Pest Management Science, 62, 356-365. http://dx.doi.org/10.1002/ps.1178

[14] UNEP/ILO/WHO (1994) International Programme on Chemical Safety. The WHO Recommended Classification of

()



http://faostat.fao.org/
http://dx.doi.org/10.4236/jep.2011.22013
http://dx.doi.org/10.1002/ps.1178

E. D. Miensah et al.

[15]
[16]

[17]

(18]

[19]
[20]

[21]
[22]
[23]
[24]

[25]

[26]
[27]

[28]

[29]
[30]

[31]

[32]
[33]

[34]
[35]

(36]
[37]

(38]
[39]

Pesticides by Hazard and Guidelines to Classification.
Stockholm Convention on Persistent Organic Pollutants (POPs), 20009.
International Agency for Research on Cancer, IARC (1987) Monographs on the Evaluation of Carcinogenic Risks to

Humans Supplement 7 (1987). Overall Evaluations of Carcinogenicity: An Updating of IARC Monographs Volumes 1
to 42.

USFDA (2003) Centers for Drug Evaluation and Research. Lindane Lotion and Lindane Shampoo Questions and An-
Swers.
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm110848.htm

Alvarez-Pedrerol, M., Ribas-Fit6, N., Torrent, M., et al. (2008) Thyroid Disruption at Birth Due to Prenatal Exposure
to Beta-Hexachlorocyclohexane. Environment International, 34, 737-740.

Bridges, D.C. (1994) Impact of Weeds on Human Endeavour. Weed Technology, 8, 392-395.

Miller, T.W. and Libby, C.R. (1999) Response of Three Corn Cultivars to Several Herbicides. Research Progress Re-
port of the Western Society of Weed Science, 155, 88-95.

Becker, B.L. and Staniforth, D.W. (1981) Cost-Benefits Assessment Herbicide Use. Proceedings of the North Central
Weed Control Conference, 36, 68-71.

Jehangeri, G., Sahibzada, Q.A. and Bashir, M. (1984) Effect of Selective Herbicides on Yield of Maize Frontier. Jour-
nal of Agricultural Research, 10, 67-76.

Cox, C. (2001) Herbicide Factsheet, Atrazine: Environmental Contamination and Ecological Effects. Journal of Pesti-
cide Reform, 21.

Hayes, T., Haston, K., Tsui, M., et al. (2002) Feminization of Male Frogs in the Wild. Nature, 419, 895-896.
http://dx.doi.org/10.1038/419895a

Ntow, W.J. (2001) Organochlorine Pesticides in Water, Sediment, Crops, and Human Fluids in a Farming Community
in Ghana. Archives of Environmental Contamination and Toxicology, 40, 557-563.
http://dx.doi.org/10.1007/s002440010210

Aboagye, E. (2002) Pattern of Pesticides Use and Residue Levels in Exportable Pineapple (Ananas cosmosus L. Merr).
Master’s Thesis, University of Ghana, Legon.

Amoah, P., Drechsel, P., Abaidoo, R.C. and Ntow, W.J. (2006) Pesticides and Pathogen Contamination of Vegetables
in Ghana’s Urban Markets. Archives of Environmental Contamination and Toxicology, 50, 1-6.

Adu-Kumi, S., Kawano, M., Shiki, Y., Yeboah, P.O., Carboo, D., Pwamang, J., Morita, M. and Suzuki, N (2010) Or-
ganochlorine Pesticides (OCPs), Dioxin-Like Polychlorinated Biphenyls (di-PCBs), Polychlorinated Dibenzo-p-Dioxins
and Polychlorinated Dibenzo Furans (PCDD/Fs) in Edible Fish from Lake Volta, Lake Bosumtwi and Weija Lake in
Ghana. Chemosphere, 81, 675-684. http://dx.doi.org/10.1016/j.chemosphere.2010.08.018

Mensah, F.O., Yeboah, F.A. and Akman, M. (2004) Survey of the Effect of Aerosol Pesticide Usage on the Health of
Farmers in the Akomadan and Afrancho Farming Community. Journal of the Ghana Science Association, 6, 44-48.

Osafo, A.S. and Frempong, E. (1998) Lindan and Endosulfan Residues in Water and Fish in the Ashanti Region of
Ghana. Journal of the Ghana Science Association, 1, 135-140.

Wilson, P.C., Boman, B. and Foos, J.F. (2007) Norflurazon and Simazine Losses in Surface Runoff from Flatwoods
Citrus Production Areas. Bulletin of Environmental Contamination and Toxicology, 78, 341-344.
http://dx.doi.org/10.1007/s00128-007-9202-y

Sun, F., Wong, S.S. Li, G.C. and Chen, S.N. (2006) A Preliminary Assessment of Consumer’s Exposure to Pesticide
Residues in Fisheries Products. Chemosphere, 62, 674-680.

MOFA, SRID (2014) National Crop Production Estimates 2010-2013. Statistical Research and Information Depart-
ment, Ministry of Food and Agriculture, Ghana.

FAO/WHO (2007) Scientific Update on Carbohydrate in Human Nutrition. European Journal of Clinical Nutrition, 61.

Hill, A. (2000) Quality Control Procedures for Pesticide Residues Guidelines for Residues Monitoring in the European
Union. 2nd Edition, Document No. SANCO/3103/2000, European Commission, Brussels.

USEPA (1998) Guidelines for Ecological Risk Assessment. Report No. EPA/630/R-95/002F, USEPA, Washington
DC.

USEPA (2002) Lamda-Cyahalothrin Pesticide Tolerances, Final Rule. Federal Register (Rules and Regulations), 67,
60902-60915.

FAO (2001) FAO Fisheries and Aquaculture, Ghana. www.fao.org/fisheries/countrysector/F1-cp
USEPA (1989) Exposure Assessment Handbook. USEPA, Office of Health and Environmental Assessment, Washing-

ton DC.



http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm110848.htm
http://dx.doi.org/10.1038/419895a
http://dx.doi.org/10.1007/s002440010210
http://dx.doi.org/10.1016/j.chemosphere.2010.08.018
http://dx.doi.org/10.1007/s00128-007-9202-y
http://www.fao.org/fisheries/countrysector/F1-cp

E. D. Miensah et al.

[40]

[41]

[42]

[43]
[44]
[45]
[46]
[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]
[56]

[57]

[58]
[59]
[60]

[61]
[62]

Tchounwou, P.B., Bassem, A.A., Moreland-Young, C., Didair, A.R., Romeh, A A., EI-Adarosy, G., EI-Sheikh, S., Li-
dell, F.P., Ibitayo, O. and Jean-Claude, A. (2002) Health Risk Assessment of Pesticide Usage in Menia EI-Kamh Prov-
ince of Sharkia Governorate in Egypt. International Journal of Molecular Sciences, 3, 1082-1094.
http://dx.doi.org/10.3390/i3101082

Smit, A.G. and Gangolli, S.D. (2002) Organochlorine Chemicals in Seafood: Occurrence and Health Concerns. Food
and Chemical Toxicology, 40, 767-779. http://dx.doi.org/10.1016/S0278-6915(02)00046-7

Ngowi, A.V.F., Mbise, T.J,, ljani, A.S.M., London, L. and Ajayi, O.C. (2007) Pesticides Use by Smallholder Farmers
in Vegetable Production in Northern Tanzania. Crop Protection, 26, 1617-1624.
http://dx.doi.org/10.1016/j.cropro.2007.01.008

Gaber, S. and Abdel-Latif, S.H. (2012) Effect of Education and Health Locus of Control on Safe Use of Pesticides: A
Cross Sectional Random Study. Journal of Occupational Medicine and Toxicology, 7, 3.

Mekonnen, Y. and Agonafir, T. (2002) Pesticide Sprayers’ Knowledge, Attitude and Practice of Pesticide Use on Ag-
ricultural Farms of Ethiopia. Occupational Medicine, 52, 311-315. http://dx.doi.org/10.1093/occmed/52.6.311

Ngowi, A.V.F. (2003) A Study of Farmers’ Knowledge, Attitude and Experience in the Use of Pesticides in Coffee
Farming. The African Newsletter on Occupational Health and Safety, 13, 62.

Khan, M., Husnain, 1.M., Akram, N. and Padda, H. (2009) Assessing Farmer’s Pesticide Safety Knowledge in Cotton
Growing Area of Punjab Pakistan. https://mpra.ub.uni-muenchen.de/16220/

Williamson, S., Ball, A. and Pretty, J. (2008) Trends in Pesticide Use and Drivers for Safer Pest Management in Four
African Countries. Crop Protection, 27, 1327-1334. http://dx.doi.org/10.1016/j.cropro.2008.04.006

Sneldera, D.J., Masipiquen, A.B. and De Snooa, G.R. (2008) Risk Assessment of Pesticide Usage by Smallholder
Farmers in the Cagayan Valley (Philippines). Crop Protection, 27, 747-762.
http://dx.doi.org/10.1016/j.cropro.2007.10.011

Rucker, M. (1994) Attitude and Clothing Practices of Pesticide Applicators. In: Mastura, R., Ed., Protective Clothing
Systems and Materials, Marcel Dekker, New York, 81.

Gomes, J., Lloyd, O.L. and Revitt, D.M. (1999) The Influence of Personal Protection, Environment Hygiene and Ex-
posure to Pesticides on the Health of Immigrant Farm Workers in a Desert Country. International Archives of Occupa-
tional and Environmental Health, 72, 40-45. http://dx.doi.org/10.1007/s004200050332

Jones, E., Mabota, A. and Larson, D.W. (2009) Farmers’ Knowledge of Health Risks and Protective Gear Associated
with Pesticide Use on Cotton in Mozambique. The Journal of Developing Areas, 42, 267-282.
http://dx.doi.org/10.1353/jda.0.0022

Kishi, M., Hirschhorn, N., Ojajadisastra, M., Satterfee, L.N., Stroman, S. and Dilts, R. (1995) Relationship of Pesticide
Spraying to Signs and Symptom in Indonesian Farmers. Scandinavian Journal of Work, Environment & Health, 21,
124-133. http://dx.doi.org/10.5271/sjweh.19

Ajayi, O.C. (2000) Pesticide Use Practices, Productivity and Farmer’s Health: The Case of Cotton Rice Systems in
Coted’lvoire, West Africa. A Publication of the Pesticide Policy Project, Special Issue Publication Series, No.3, Han-
nover, 172.

Andersch, I. and Anderson, J.P. (1991) Influence of Pesticides on Nitrogen Transformations in Soil. Toxicology and
Environmental Chemistry, 30, 153-158. http://dx.doi.org/10.1080/02772249109357650

FAO/WHO (2003) Expert Consultation. WHO Technical Report Series No. 916, World Health Organization, Geneva.

Kerle, E.A., Jenkins, J.J. and Vogue, P.A. (2007) Understanding Pesticide Persistence and Mobility for Groundwater
and Surface Water Protection. Oregon State University Extension Services, EM8561-E.

Phewnil, O., Panichsakpatana, S., Tungkananuruk, N. and Pitiyont, B. (2010) Atrazine Transport from The Maize (Zea
mays L.) Cultivated Upland Soil in Huay Kapo Watershed, Nam Nao District, Phetchabun Province, Thailand. Thai
Journal of Agricultural Science, 43, 119-127.

Hiltbold, A.E. and Buchanan, G.A. (1997) Influence of Soil pH on the Persistence of Atrazine in the Field. Weed Sci-
ence, 25, 515-520.

Hager, A.G. and Refsell, D. (2008) Chapter 13: Herbicides Persistence and How to Test for Residues in Soils. In: 1lli-
nois Agricultural Pest Management Handbook, University of Illinois Extension, Urbana, 279-286.

ATSDR (1993) Toxicological Profile for Heptachlor/Heptachlor Epoxide. US Public Health Service, US Department
of Health and Human Services, Atlanta.

https://secure.pesticides.gov.uk/MRLSs/main.asp

Kishimba, M.A. and Mihale, M.J. (2004) Levels of Pesticide Residues and Metabolitesin Soil at Vikuge Farm, Kibaha
District, Tanzania—A Classic Case of Soil Contamination by Obsolete Pesticides. Tanzania Journal of Science, 30.

()



http://dx.doi.org/10.3390/i3101082
http://dx.doi.org/10.1016/S0278-6915(02)00046-7
http://dx.doi.org/10.1016/j.cropro.2007.01.008
http://dx.doi.org/10.1093/occmed/52.6.311
https://mpra.ub.uni-muenchen.de/16220/
http://dx.doi.org/10.1016/j.cropro.2008.04.006
http://dx.doi.org/10.1016/j.cropro.2007.10.011
http://dx.doi.org/10.1007/s004200050332
http://dx.doi.org/10.1353/jda.0.0022
http://dx.doi.org/10.5271/sjweh.19
http://dx.doi.org/10.1080/02772249109357650
https://secure.pesticides.gov.uk/MRLs/main.asp

	Assessment of Lindane and Atrazine Residues in Maize Produced in Ghana Using Gas Chromatography-Electron Capture Detector (GC-ECD) and Gas Chromatography-Mass Spectrometry (GC-MS)
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Field Investigation
	2.2. Sample Extraction
	2.3. Sample Clean-Up and Concentration
	2.4. Sample Analysis by Gas Chromatograph
	2.5. Quality Control/Quality Assurance
	2.6. Health Risk Estimation

	3. Results and Discussion
	3.1. Field Survey
	3.1.1 Demographic Characteristics
	3.1.2. Respondents’ Usage of Lindane, Atrazine and Pesticides in General
	3.1.3. Practices, Toxicity Awareness and Symptoms among Respondents
	3.1.4. Symptoms of Pesticide Poisoning Experienced Respondents
	3.1.5. Attitude and Awareness of Farmers towards Pesticides Hazards

	3.2. Levels and Distribution of Atrazine and Lindane (Organochlorines) in Maize
	3.3. Health Risk Estimates

	4. Conclusion
	Acknowledgements
	References

