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Abstract: The objectives were to determine the concentrations of herbicide residues in soil and different varieties of rice
(Oryza sativa L.) and to compare the levels with allowable limits set by WHO/FAO. Four varieties of rice samples (Narica 1,
Marica 2, De-gold and Faro 44 were collected from Zabarmari and Bulamari agricultural locations for the determination of
herbicide residues. Extraction and cleanup of the samples were carried out using standard analytical procedures. The levels of
the studied herbicide residues were determined using Agilent 7890A GC/MS. From the results of the study, it was observed
that paraquat and butachlor are the most dominant used herbicides in the study area due to their higher concentrations in the
soil and rice samples. The concentrations of all the studied herbicides were significantly higher in the soil samples as compared
to the rice samples. The concentrations of all the herbicides in the soil samples were observed to be higher at depth of 0-10cm,
while the lowest concentrations were detected at the depth of 20-30 cm. The study clearly indicates that some of the studied
herbicide residues in the rice samples were significantly higher than the WHO and FAO maximum residue limits (MRLs) and
acceptable daily intake values (ADIs). Hence, this high values of residues of herbicide call for strict vigilance and constant
monitoring in other to protect further contamination of the cultivated rice by herbicides.
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1. Introduction
Herbicides are substances or cultured biological organisms
used to kill or suppress the growth of unwanted plants and
vegetation’s selectively or non-selectively. Herbicides are in
great demand in the domestic market and is widely used in
paddy rice fields. It is usually mixed with other pesticides,
such as chlomethoxynil, bensulfuron-methyl, oxadiazon, or
dymron to make a mixture to be both pre- and postemergence herbicides as well as to inhibit both annual and
perennial weeds from growing [1]. The use of herbicides for
the control of weed in rice is fast gaining acceptance amongst
peasant farmers, having observed that there is increase in the
yield of their farm produce when these chemical farm inputs
are used. The other side of the herbicides which have to do
with their persistence and toxicity is not known by most of
the end users. Applications of herbicides for control of weeds
releases high levels of residues into the soil and subsequently

wash into water bodies used in the cultivation of rice and
residues of herbicide have been detected to be persistence in
soil by [2-5] and in rice by [4, 6-7]. But cases of
internationally herbicides poisoning in human has also been
reported and documented by [8-10] for paraquate; [11] for
glyphosate. Rice (Oryza sativa L.), a member of family
Poaceae and subfamily Oryzoidea, is one of the major staple
food consumed by 70% of the world’s population. It occupies
one fifth of the total land covered under cereal crops [12].
Rice, which is mainly, consumed as a whole grain supplies
20% of daily calories for the world population
(http://apps.fao.org). The adaptation of rice cultivars to wide
climatic conditions has led to the development of thousands
of rice varieties having diverse quality features in terms of
physical, cooking, eating and product development
characteristics.
Zabarmari and Bulamari agricultural areas are primarily
agricultural areas with intense herbicide and agrochemical
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usage. Herbicides are extensively used in the area to
eliminate weed and enhance the production of rice,
vegetables, cereals, and fruits. Rice from Zabarmari and
Bulamari Agricultural also constitute an important source of
carbohydrate for the inhabitants in and around Borno State
and are a major source of income for the inhabitants,
However, the agricultural activities have impacted negatively
on the soil because bioaccumulation and bio-concentration of
the herbicides in the rice are capable of reaching toxic levels
even at low exposure. No studies have been carried out in
Zabarmari and Bulamari Agricultural areas although
herbicides of high toxicity are used to eliminate weeds on the
rice farms. Hence, this study is aimed to determine the
concentrations of herbicide residues in domestic rice samples
cultivated in Zabarmari and Dusuman. The levels of the
determine herbicide residues will be compared with
allowable limits set by WHO/FAO.

2. Materials and Methods
2.1. Sample Collection
FARO is the acronym for Federal Agricultural Research
Oryza in Nigeria. Faro 40 is a medium-duration variety
recommended for most environments in Nigeria. FARO 40,
Narica 1 and Marica 2 are composite developed in Nigeria
and are resistant to lodging and diseases. According to
method adopted by [13]. Rice samples (Narica 1, Marica 1,
De-gold and Faro 44) were collected from Zabarmari and
Bulamari in Jere Local Government Area, Borno State
Nigeria. The different varieties of rice samples were be
transported to the Department of Pure and Applied Chemistry
Laboratory, University of Maiduguri, and stored at 25°C
pending analysis. Three soil samples were collected at each
sample point and was done at three different depths (0-5 cm,
5-10 cm and 10-15 cm), by using spiral auger of 2.5 cm
diameter. Soil were randomly sampled and bulked together to
form a composite sample. The soil samples were placed in a
clean plastic bags and transported to the Department of Pure
and Applied Chemistry laboratory, University of Maiduguri.
Samples were collected for a period of four months.
2.2. Extraction of Rice Samples
The rice samples were extracted in accordance to method
described by [14] and adopted by [15]. Twenty grams (20g)
of each of the homogenized rice samples was weighed into
an Erlenmeyer flask and extracted using 100 ml of
acetonitrile by shaking for 30 min using a reciprocal shaker.
The mixture was filtered by vacuum suction pump and the
residual cake was washed using 50 ml acetonitrile. The
filtrates were combined and made up to 200 ml using
acetonitrile.
2.3. Clean-up of Sample Extracts
The clean-up of the rice extract was carried out According
to method described by [15]. Two milliliter (2 mls) of aliquot
of the acetonitrile extract was cleaned using solid-phase

extraction with a styrene-divinylbenzene cartridge. Eight
mililitre (8 mls) of water was added to the acetonitrile extract
and the mixture was loaded onto the cartridge. The cartridge
was washed using 10 ml acetonitrile: water (1:4, V/v) and 15
ml tetrahydrofuran was passed through the cartridge; the
eluate was evaporated to dryness using a rotary evaporator
and nitrogen blow down apparatus. The residue was
dissolved and diluted using 10 ml of acetonitrile: toluene (3:1,
V
/v) and loaded onto a graphite carbon black cartridge (500
mg/6 ml, (Superclean ENVI-Carb; Sigma- Aldrich, MO,
USA) conditioned with the acetonitrile: toluene mixture). An
additional 20 ml of the acetonitrile: toluene mixture was
passed twice through the cartridge. All of the eluate was
collected in a round-bottom flask and evaporated to dryness
using a rotary evaporator and nitrogen blow down apparatus,
after which the residue was dissolved and diluted using a
suitable volume of acetonitrile: water (4:1, V/v) mixture.
2.4. Extraction of Herbicide Residues in Soil Samples
A method described by [16] was used for the extraction of
herbicides from soil samples. Soil samples was extracted
using a soil-packed bulb column. Each sample (25 g) was
weighed into a glass jar, the soil was fortified at this step,
before adding pre-cleaned sand (25 g) and granular sodium
sulphate (50g). The sample mixture was manually shaken for
30 sec and placed on a roller for 30s and then allowed to
stand for 20 min to provide time for the sodium sulphate to
absorb any residual moisture from the soil. The sample
mixture will be transferred to a 250 ml bulb column and the
sample jar was triple rinsed with small amounts of 5 ml
hexane and transferred to the bulb column. The soil contents
were extracted with acetone: hexane (1:1 V/v, 250 ml mixture)
and the eluate collected and concentrated to 100 ml using a
rotary evaporator. The soil extract was then be subjected to
additional clean-up.
2.5. Clean-Up of Extract from Soil Samples
A method by adopted by [16] was used. Clean-up of
extract was performed on Florisil cartridges. Florisil
cartridges was preconditioned with ethyl acetate and
petroleum ether. The cartridges were loaded with 2 mL
petroleum ether extract above. The cartridges was washed
with petroleum ether (2 mL), and discarded. The cartridges
was re-washed with 2 ml petroleum etherethyl acetate (98/2,
v/v), and discarded. The analyte was eluted with 2 ml
petroleum ether-ethyl acetate (95/5, v/v), and concentrated in
a rotary evaporator (40°C) and completely dried under a
nitrogen purge. The residue was re-dissolved with 2 ml
methanol for GC/MS analysis.
2.6. Determination of Herbicide Residues
Gas chromatography coupled with mass spectrometer
SHIMADZU GC/MS with model number (GC-17A),
equipped with a fluorescence detector was used
determination of herbicide residues.
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3. Results and Discussion
3.1. Atrazine
The concentrations of atrazine in soil samples in different
depth from Zabarnari and Bulamari agricultural locations are
as presented in Figures 1 and 2. The levels of atrazine was
relatively higher in the soil samples as compared to the rice
samples Figures 4 and 5. The highest concentration of 6.55
mg/kg atrazine in the soil sample was detected at 0-5cm in
Zabarmari agricultural location, while the lowest value of 1.45
mg/kg was observed at 20-30 cm depth at Bulamari location.
In all the four varieties of rice sample studied, the highest
concentration of 1.58 mg/kg atrazine was detected in De-gold
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rice samples from Zabarmari, while the least concentration of
0.11 mg/kg atrazine was observed in faro 44 from Bulamari.
The present findings agree with similar findings carried out by
[17]. Owing to their values ranging from 0.6–3.0 µg kg−1 for
ATR to 0.6–1.6 µg kg−1 for DEA and 0-0.028 ngkg-1 by [18].
Study by [19] revealed the accumulation of atrazine in rice
plants led to toxic responses such as over-generation of
hydrogen peroxide and superoxide anions. The result of the
study also shows that the concentrations of all the study
herbicides were higher in the Zabarmari location when
compared with Bulamari location. The concentration of
atrazine in the studied rice samples were much higher than the
WHO and FAO maximum residue limit (MRL) of 0.05 mg/kg,
and the acceptable daily intake values (ADIs) of 0.02 mg/kg.

Figure 1. Mean Cconcentration of Herbicide residues in Different Depth from Zabarmari Agricultural Location.

Figure 2. Mean Cconcentration of Herbicide residues in Different Depth from Bulamari Agricultural Location.

Figure 3. Comparison in Concentrations of Heavy metals bteween Zabarmari and Bulamari Agricultural Location.
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Figure 4. Mean Concentrations of Heavy Metals in different Varieties of rice in Zabarmari Agricultural location.

Figure 5. Mean Concentrations of Heavy Metals in different Varieties of rice in Bulamari Agricultural location.

Figure 6. Comparison in Concentrations of Heavy Metals in Different varieties of rice between Zabarmari and Bulamari Agricultural locations.

3.2. Paraquat
The highest level of paraquat was recorded in the soil
samples from Zabarmari location with a value of 10.23
mg/kg, while the lowest value was recorded in the soil
samples from Bulamari location with a value of 2.22 mg/kg
Figures 1 and 2. It was also observed that the concentration
of paraquat in the soil samples were relatively higher at a
depth of 0-5 cm, while 10-15 cm depth shows the lowest
values in both study areas. The values of paraquat in soil
were much well lower than value of 34.98 mg/kg as reported
by [20] of 34.98 mg/kg. Among the four varieties of rice
sample studied, the highest concentration of 2.21 mg/kg
paraquat was detected in Narica1, while the minimum
concentration of 0.22 mg/kg paraquat was observed in De-

gold Figure 5. Relatively, the levels of paraquat was observed
to be highest in Zabarmari location as compared with
Bulamari Location. [21] determined paraquat in rice samples
with values of 0.267, 0.261, 0.24 mg/kg. The concentration
of paraquat in all the varieties of rice samples were much
higher than the WHO and FAO maximum residue limit
(MRL) of 0.5 mg/kg, with exception of De-gold from
Zabarmari location and Faro 44 from Bulamari location, and
also higher than the acceptable daily intake values (ADIs) of
0.005 mg/kg.
3.3. Alachlor
Findings from the present study showed that the
concentration of alachlor is relatively higher in the soil
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samples as compared to rice samples Figures 1, 2, 4 and 5. The
highest concentration of 3.26 mg/kg alachlor in the soil sample
was detected at Zabarmari location, while the lowest value of
0.98 mg/kg was observed in the Bulamari location. From the
two agricultural locations, it was also observed that the
concentration of alachlor in the soil samples were relatively
higher at a depth of 0-5 cm, while 10-15 cm depth shows the
lowest values. Results from the four varieties of rice samples
studied shows that the concentration of 0.68 mg/kg alachlor
was detected in De-gold rice samples, while the total
minimum concentration of 0.21 mg/kg alachlor was detected
in De-gold samples from Bulamari location. Similar finding
was carried out by [22] with values of alachlor ranging from
0.146-0.355 mg/kg. The concentration of alachlor in all the
rice samples was higher than the WHO and FAO maximum
residue limit (MRL) 0.2 mg/kg, and the acceptable daily
intake value (ADI) of 0.01 mg/kgbw.

3.6. Glyphosate

3.4. Metolachlor

The highest level of propachlor in soil samples was
recorded in at the Zabarmari location with a value of 2.13
mg/kg, while the least value was recorded at Bulamari
location with a value of 0.55 mg/kg. The highest
concentration of 0.44 mg/kg propachlor was detected in
Narica 1, while De-gold shows the lowest concentration of
0.11 mg/kg Figures 4 and 5.

The highest level of metolachlor in the soil samples was
recorded from Zabarmari location with a value of 7.17 mg/kg,
while the least value was recorded in the soil samples from
Bulamari location with a value of 1.22 mg/kg Figures 1 and 2.
The results further shows that the concentration of
metolachlor in the soil samples was relatively higher at a
depth of 0-5 cm, while 10-15 cm depth shows the lowest
values Figure 3. Findings from the rice samples shows that
the maximum concentration of 1.55 mg/kg metolachlor was
detected in Narica 1, while the minimum concentration of
0.12 mg/kg metolachlor was observed in Marica 2 samples.
The values of metolachlor in rice samples were like values
detected in a study carried out by [23]. The concentration of
metolachlor in the four varieties of rice samples were higher
than the WHO and FAO maximum residue limit (MRL) of
0.05 mg/kg and the acceptable daily intake values (ADIs) of
0.1 mg/kg.
3.5. Butachlor
The highest level of butachlor in the soil samples was
observed at the Zabarmari location with a value of 13.22
mg/kg Figure 1, while Bulamari shows the lowest
concentration of 2.31 mg/kg Figure 2. The highest
concentration of 3.21 mg/kg butachlor in the rice samples
was detected in Narica 1 Figure 4, while Bulamari sample
location shows the lowest concentration of 0.44 mg/kg
butachlor Figure 5. These results of the present study are
relatively higher than the study carried out by [24] which
indicate a concentration range of 0.012 and 0.007 mg/kg in
rice grains and straw after treatment with butachlor at 2.0
kg/ha rate. The concentration of butachlor in the soil samples
were found to be higher than the findings carried out by [2526]. The adverse health effects of butachlor on human
includes weight loss, weight changes in internal organs,
reduced brain size together with lesions. The concentration of
butachlor in all the soil and rice samples were higher than the
WHO and FAO maximum residue limit (MRL) of 0.1 mg/kg.

Glyphosate was relatively higher in the soil samples as
compared to rice samples. The highest concentration of
4.32mg/kg in the soil sample was detected Zabarmari location,
while the lowest value of 056 mg/kg was observed in the
Bulamari location Figure 3. It was also observed that the
concentration of glyphosate in the soil samples were relatively
higher at a depth of 0-5 cm, while 10-15 cm depth shows the
lowest values Figure 3. The maximum concentration of 0.75
mg/kg glyphosate was detected in Narica1, while the minimum
concentration of 0.16 mg/kg glyphosate was observed in Faro
44 Figure 6. The concentration of glyphosate in all the rice
samples were lower than the WHO and FAO maximum
residue limit (MRL) of 2.0 mg/kg and the acceptable daily
intake value (ADI) of 1.0 mg/kgbw.
3.7. Propachlor

4. Conclusion
Results of the present study showed that the rice samples
contained high levels of herbicide residues, the study also
revealed that butachlor was the most dominant herbicides in
the two agricultural locations, followed by paraquate. The
concentrations of all the herbicides in the soil samples were
observed to be higher at depth of 0-5 cm, while the lowest
concentrations were detected at the depth of 10-15 cm. The
study also revealed that the studied herbicide residues were
significantly higher than the WHO and FAO maximum
residue limits (MRLs) and acceptable daily intake values
(ADIs) values. Hence, the is a need for intervention by
relevant agencies of Government to educate farmers within
the study areas of the needs to reduce the indiscriminate use
of these chemicals for plant control.
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