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Polycarbonate plastics (PC) containing bisphenol A (BPA) are used for the production of bottles for
storage drinking water. Trace amounts of BPA have been detected in ten different brands of bottled
water samples from Khartoum supermarkets. Residues of BPA in bottled water were pre-concentrated
using solid-phase extraction and determined by high performance liquid chromatography with
fluorescence detector. Recently, multiwalled carbon nanotubes (MWCNTS) have great attention because
of their application in many fields. MWCNTs were used as adsorptive material for solid phase extraction
which it was packed in mini column prior to pre-concentration step. The results indicate that the mean
concentration of BPA in ten bottled water brands was 4.28 ng/ml for those stored at room temperature
(25°C) and 11.81 ng/ml for those exposed to direct sunlight (40°C). The concentration of BPA in bottled
water exposed to direct sun light was significantly higher than those stored at room temperature.
Recovery of BPA from water was 92.5%. Detection limit for BPA were 0.30 ng/ml. Good correlation
coefficients (>0.9996) were obtained. The method has been successfully applied for the determination
of trace BPA in bottled water samples.

Key words: Bisphenol A, plastic bottled drinking water, solid phase extraction, multiwalled carbon nanotube,

high performance liquid chromatography.

INTRODUCTION

Bisphenol A (2,2-di(p-hydroxyphenyl) propane, BPA) has
been used for production of polycarbonates, epoxy
resins, polysulphones and polycrylate resins (Letcher et
al., 2005; Joskow et al., 2006). BPA is obtained by
condensation of phenol with acetone in the presence of
an ion-exchange resin as a catalyst. Because BPA and
its derivatives can be harmful to living organisms, their
presence and concentration in food products must be

monitored.

Polycarbonate plastics (PC) are characterized by great
strength, stability, elasticity, and low density. For these
reason they have been widely used for production of food
packaging, bottles of water, kitchen utensils, medical
equipment (Hao-Chang et al., 2010; Rivas et al., 2009;
Schecter et al., 2010). Substances capable of releasing
BPA are used to coat the interior surfaces of bottles
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such as epoxy resins, plastics and fibers (Sung-Hyun et
al., 2010; Joaquim et al., 2010; Munguia-Lopez and Soto-
Valdez, 2001; Aldea et al., 2008; Wu et al., 2010). BPA
residues have been detected in water stored in packages
made of PC. BPA can be released from PC and migrate
to the water inside the bottle. This migration is promoted
by acidity of the water stored, elevated temperature,
mechanical cleaning, and use of detergents for cleaning
this packaging (Coulier et al., 2010; Carvalho et al., 2015;
Lane et al., 2015).

Since the BPA level reflects the amount of the analyte
that has been recently adsorbed, the determination of
BPA is useful for assessing occupational and
environmental exposure. However, monitoring BPA in
bottled water is difficult task due to the low concentration
of the analyte. Therefore, the determination of BPA in
bottled water samples need a pretreatment step as well
as sensitive instrumental technigue such as
chromatographic technique high performance liquid
chromatography (HPLC) equipped with fluorescence
detection (John and Irving, 2013). Various methods such
as liquid-liquid extraction (LLE) (Jiang et al., 2015; Larki
et al., 2015) and solid phase extraction (SPE) (Yang et al,
2013; Gallart-Ayala et al., 2010) have been employed as
sample pretreatment procedure for the determination of
BPA. Among the aforementioned sample pretreatment
procedures, solid-phase extraction based on the use of
different types of adsorbents such as Cig (Liu et al.,
2014), Cg (Hadjmohammadi et al., 2010) and multi-walled
carbon nanotubes (MWCNTS) (Ma et al., 2015).

In order to achieve valuable and effective adsorbents
for the SPE of the target analytes BPA, new kind of
adsorbent for improving the enrichment performance are
needed. In recent years, a novel carbonaceous material
multi-walled carbon nanotubes (MWCNTs) was
successfully observed to adsorb increasing attentions.
On the basis of their peculiar electronic, metallic and
structural characteristics, they have been exploited in
analytical and other fields.

MWCNTs used as adsorbents for the preconcentration
of BPA from bottled water samples for chromatographic
analysis (Yaqi et al., 2003), because of high surface area
and inner volume, stability, high enrichment factor and
mechanical strength. MWCNTs packed in mini-column
pre-treated with methanol to concentrate BPA. The
strong interaction may be attributed to the unique
structure of carbon nanotubes, the hexagonal arrays of
carbon atoms in graphene sheets of carbon nanotubes
surface have strong interaction with the two benzene
rings of BPA. The facts mentioned earlier show that
MWCNTs may have great analytical potential as effective
solid-phase extraction adsorbent for BPA.

In the present paper, the aim of the present study was
to investigate the presence of BPA in ten brands of
bottled drinking water under different storage situations in
the province of Khartoum, Sudan. The applicability of
MWCNTs as packing adsorbents for solid phase

extraction was investigated by using BPA as model
compound. The analyte were extracted by a MWNTs
packed solution, and the analyte attracted on MWCNTS
were eluted with suitable amount of methanol. Finally, the
elute was analyzed by high performance liquid
chromatography with fluorescence detector.

MATERIALS AND METHODS
Apparatus, reagents, and water samples

Bisphenol A was obtained from Acros Organics (NJ). Standard
stock solutions (1000 pg/ml) containing this compound were
prepared by dissolving an appropriate amount of bisphenol A in
methanol. Working standard solutions 1, 10, 20, 40 and 50 ng/ml
were prepared by an appropriate dilution of stock solutions with
water. Methanol was purchased from ScharalaceChemi SA,
Barcelona, Spain. Sodium hydroxide and hydrochloric acid were
guarantee grade reagents (Beijing Chemicals Corporation, Beijing,
China). MWCNTSs with an average external diameter of 30 to 60 nm
were kindly provided by Tsinghua-Nafine Nano-Powder
Commercialization Engineering Center.

The Mini column (6.0 x1.0 cm i.d.), employed for packing the
MWCNTs was made of polyethylene containing glass wool placed
at both ends of mini column aiming to prevent sorbent losses during
the system operation.

A MWNTs-packed mini column was prepared by modifying 0.5 g
of MWCNTs was packed into the mini column. The 20-ug
polypropylene upper and lower frits remained at each end of the
column to hold the MWCNTs packing in place. Prior to use, the
entire solid-phase extraction assembly was carefully washed with
sufficient methanol.

To reduce the organic and inorganic contaminants, all beakers,
calibrated flasks, and other glassware used in the experiments
were cleaned sequentially with tap water, neutral detergent, and tap
water, then soaked in nitric acid for 48 h and cleaned with Mill Q
purified water.

Ten brands (labeled 1-10) of commonly consumed bottled water
were randomly purchased from local supermarkets in Khartoum,
Sudan. A set of ten different brands of bottled water was purchased
from among those stored at room temperature (25°C) while the
second set (the same brands as those in the first set) was set
purchased from among those exposed to direct sun light (39 to
42°C). In each case, water in the bottles was immediately extracted
and analyzed. Two water bottles per brand were used in the analysis.
The two sets of bottles were stored for 1 week prior to extraction. A
sample of water (25 ml) was transferred from each bottle to a
separating glass funnel. Then, the solid-phase extraction method
was used.

Solid phase extraction procedure

As a pre-concentration step, the MWCNTSs packed mini-column was
washed by 5 ml of methanol and activated with 5 ml of water. Then,
a 25 ml of bottled water sample spiked with BPA was passed
through the mini-column at a flow rate of 2 ml/min (Pei et al., 2008).
After the sample solution had passed through, the mini-column, it
was washed with 5 ml of 10% methanol aqueous solution to
remove matrix materials from the column. Then, the BPA retained
on the SPE packing was eluted with 2.5 ml of methanol. Finally, 20
pl of methanol elute was injected into the HPLC system for the
HPLC determination. By using the standard solutions of BPA, the
external calibration curve can be acquired, and then the
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Table 1. HPLC Conditions for the Analysis of BPA.
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HPLC system

PerkinElmer Flexar FX-10 UHPLC

Injection volume
Column

Mobil phase

Flow rate

Detector wavelength
Detector response time
PMT, Em BDW

Run time

50 ul

PerkinElmer C8 (150 mm x 4.6 mm, 5 um)
Acetonitrile/Water (60/40)

2 ml/min

Excitation: 275 nm/Emission: 313 nm
0.1s

Super high, wide

7 min

Table 2. Physical characteristics and pH of bottled water samples.

Bottled water brands pH Color
1 7.5 Clear
2 7.2-8.2 Clear
3 7.4 Clear
4 7-8 Light blue
5 6.5-8.5 Light blue
6 8.0 Light blue
7 7,8 Light blue
8 7.5 Clear
9 7.5 Clear
10 7.4 Light blue

concentration of BPA in the eluate can be gotten. Finally, the
recoveries of BPA at two situation storage at room temperature and
exposed to direct sun light for one week obtained by comparing the
concentration of BPA in the elute with the spiked concentration
levels.

Instruments

Standards and bottled water samples were analyzed with a
PerkinElmer Flexar FX-10 HPLC system including a PerkinElmer
Series 200, a Fluorescence detector. The separation was
performed on Mini Column.

A 744-pH Meter Metrohm (Switzerland) was used for pH
measurement. Millipore SAS 67120 Molsheim system for deionized
water (Table 1).

RESULTS AND DISCUSSION

Possible factors that may influence the enrichment
include the eluent and its volume, sample volume, pH of
the sample and flow rate of the sample. These
parameters will place an important role on the
concentration of the target analytes.

Effect of sample pH on adsorption

The adsorption of BPA on MWCNTs depends on pH

value for the extraction of BPA. Ten brands of bottled
water samples were purchased at a Khartoum city
markets, the amount of BPA was determined by HPLC
after SPE on MWNTs. Table 2 obtained the physical
characteristics and pH of BPA of the ten examined
bottled water brands.

Effect of eluent concentration and volume

The eluent concentration is one of the most important
parameters of desorption of BPA from the mini-column. It
was found that methanol was an effective eluent for BPA
analyte. And therefore, it was accepted as an eluent. To
find the required volume of methanol to elute the analyte
from the mini column, eluent volumes up to 10 ml were
investigated. The experimental results indicated the
guantitative recoveries (95%) could be achieved when
the volume of methanol was in the range 2 to 10 ml.
Because application of a smaller volume of eluent
contributes to obtaining a higher preconcentration factor,
2.5 ml of methanol was adopted as the eluent throughout
the experiments.

Effect of flow rate of sample solution

In solid-phase extraction system, the flow rate of sample
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Figure 1. Chromatogram obtained the standard of BPA (1 ng/ml).

solution does not only affect the recovery of analyte, but
also controls the analysis time. After optimization of
HPLC instrument, determination of BPA was performed
at flow rate of 2 ml/min, an example of chromatogram
obtained the standard of BPA (1 ng/ml) as shown in
Figure 1.

Effect of volume of the sample solution

To obtain reliable and reproducible analytical results and
a high concentration factor, it is very important to get
satisfactory recoveries for BPA in a large volume sample
solutions as possible. So it is necessary to obtain the
breakthrough volumes. Following the experimental
procedure, the recoveries of the analyte at different
volumes were obtained. The effects of sample volumes
on the recoveries of the BPA are good recoveries
(>92.5%) were obtained for BPA when the volumes of
sample solutions were under 50 ml. Although a decline of
recoveries was observed for the BPA in 100 ml of sample
solutions, the recoveries for the analyte were still above
90%, which was acceptable in trace analysis. A sample
volume of 25 ml was selected in the subsequent analysis
of several environmental samples.

Comparison studies

For comparative studies, the results obtained in this
research were compared with those of other researches.
As mentioned in breakthrough volume experiment earlier,
the recoveries (>92.5%) were obtained when the volumes
of bottled water samples were under 50 ml. In some

cases, it appears that the recoveries obtained in this
present work with bottled water samples are better than
those obtained in some of other research work (Syed,
2011). In this research, C;3 were used for the pre-
concentration of several BPA aqueous solution and
recoveries obtained were 80%. In research of Shan et al.
(2014), another adsorbent Cg was used for the pre-
concentration of BPA in water samples at 50 ng/ml and
recoveries were 89.2%.

In respect to the extraction recoveries, the
aforementioned facts show that multi-walled carbon
nanotubes were more effective than or as effective as
some other commercially available solid phase extraction
adsorbents such as Cig, Cg for the solid phase extraction
of BPA. Carbon nanotubes are hollow nanosize tubes
that constitute a new structure of graphite carbon
consisting of one or several concentric tubules with a
helically wound hexagonal honeycomb lattice. The
reason why the MWCNT’s have stronger interaction with
BPA perhaps is that the hexagonal arrays of carbon
atoms in graphene sheets in their structures may have
strong interaction with the benzene ring in their
structures.

Linearity of calibration curves and correlation

coefficients

Calibration was performed with mixed standard solutions
of the BPA. To determine the range in which response
was a linear function of amount injected, standard
solutions containing 10, 20, 30, 40 and 50 ppm BPA in
the mobile phase were injected. Each solution was
injected in twice. Good correlation coefficients (>0.9996)
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Table 3. Limits of detection and quantitation and Recovery of BPA from 25 ml Bottled

water spiked at 1 ppm after SPE on MWNTSs.

Parameter

LOD (ng/ml)

Recovery (%)

BPA

0.30

92.5

Table 4. BPA concentrations in bottled drinking water products.

'Mean concentration+?SD

'Mean concentration+?SD

Examined Country of Content of samples stored at room of samples exposed to 3
bottle origin ’ (ml) E[)emperature %RSD F;unligrl?t %RSD
(ng/ml) (ng/ml)
1 Sudan 500 3.40+0.15 4.3 8.32+0.33 4.0
2 Sudan 600 4,50+0.18 3.9 7.90+0.36 4.6
3 Sudan 400 4.32+0.14 3.2 10.76+0.30 2.8
4 Sudan 600 3.10+£0.13 4.2 9.64+0.32 3.3
5 Sudan 500 6.24+0.17 2.8 10.10+0.31 3.1
6 Sudan 300 3.62+0.14 4.0 12.23+0.24 2.0
7 Sudan 400 3.21+0.12 3.6 16.85+0.20 1.2
8 Sudan 500 4.59+0.10 2.2 14.32+0.23 1.6
9 Sudan 600 5.65+0.11 1.9 12.80+0.27 2.1
10 Sudan 300 4.21+0.13 3.1 15.27+0.23 1.5

'Mean concentration (three replicates). *Standard deviation. *Percentage relative standard deviation.

were obtained. Limits of detection (LOD) were defined as
the concentrations giving peak heights five times the
standard deviation of the baseline signal. The limits of
detection and recovery of BPA from water are shown in
Table 3. The compounds were added to the water at a
concentration of 1 ppm. The method proposed is
characterized by high recovery.

BPA levels in plastic bottled water

Table 4 shows that the mean concentration of BPA in ten
bottled water brands was 4.28 ng/ml for those stored at
room temperature (25°C) and 11.81 ng/ml for those
exposed to sunlight (40°C). The concentration of BPA in
bottled water exposed to sun light was significantly higher
than those stored at room temperature. Among the
bottled water brands stored at room temperature, the
difference between their BPA concentrations was not
significant, e.g., 1 vs. 6, 2 vs. 8, 3vs. 10,4 vs. 7, 5vs. 9.
The same observation applied to those exposed to sun
light and stored outdoor.

Because of the trace concentration of BPA and to
facilitate the desired sensitivity and selectivity of HPLC
measurements, we used SPE as an efficient pre-
concentration step and it has several advantages over
other separation techniques in view of trace and major
concentrations of trace ions present in hazardous
samples can be removed with equal ease, higher

enrichment factors, reusability of the adsorbent, absence
of emulsion, minimal costs due to low consumption of
reagents, ease of automation, environmental friendly and
safety with respect to hazardous samples. Accordingly,
several solid phase extractants have been employed for
enrichment of traces of elements from dilute solutions.

In this respect, SPE has commonly been used as a
selective technique for pre-concentration/separation of
various inorganic species and enhanced selectivity is
achieved because of the discriminatory binding of the
analyte to a solid support and accumulated analyte is
subsequently eluted with a small volume of solvent. The
adsorbents with high surface area are preferred in solid
phase extraction of traces of BPA. MWCNTs are
adsorbent materials in the pre-concentration step for solid
phase extraction method. According to our literature
review, until now, the MWNTs had much better
extraction capacity for the target, BPA in bottled water
samples and more suitable to extract BPA in samples. In
a word, MWCNTs would be a valuable and alternative
adsorbent for the trace level analysis of BPA, and will be
widely used in analytical and environmental fields.

Polycarbonate plastic has been the material of choice
for food and beverage product containers for nearly 50
years, because it is lightweight, highly shatter-resistant,
and transparent. It is widely used in various food
containers and many other everyday items. Many plastic
bottled water companies in Sudan use polycarbonate
plastic for water bottles. Toyo’'oka etal. (2008) found
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the concentration of BPA in drinking water bottles made
from polycarbonate to be between 3 and 10 ng/ml. While
another study did not detect BPA in different plastic
containers for beverages, including drinking water (Shao
et al., 2005). Our results are in agreement with other
studies which reported the presence of plastic residues in
water stored in bottles (Tokuanaga et al., 2008; Amiridou
and Voutsa, 2011). This could be attributed to the
migration of BPA from the bottle material to the water
since bottle quality may vary depending on the raw
material and technology used in bottled water.

The fact that the bottled water products stored at room
temperature had lower levels of BPA demonstrate that
migration of BPA from bottle coatings into the water is
extremely slow and is negligible. But, the bottled water
products which exposed to direct sunlight for one week
had relatively high levels of BPA due to the fast migration
from their bottle coatings into water during the bottle
sterilization process.

High concentrations of BPA levels in different bottled
water products in this analysis is due to careless
exposure of products to heat (sunlight) during storage
and transportation. Also, it could be due to differences in
can coatings (type, amount, etc.) and sterilization
condition (temperature - duration) used by different
canned food products companies.

CONCLUSION AND RECOMMENDATIONS

The proposed method involves concentration of BPA
residues in drinking water samples by solid-phase
extraction, then analysis by high performance liquid
chromatography with fluorescence detection. Based on
the experimental results, a simple and appropriate
method was developed for the solid phase extraction and
HPLC determination of BPA in bottled water samples.
Under the optimized conditions, detection of limits of 0.30
ng/ml was achieved for BPA. The accuracy of the
proposed method was tested by recovery measurement
on spiked sample, the recovery of 92.5% were obtained.
The experiment proved that BPA is present in the water
samples stored at room temperature at concentrations in
range 3.10 to 6.24 ng/ml which is lower than the
concentrations of water samples exposed to direct
sunlight in range from 7.90 to 16.85 ng/ml.

Here are some recommendations of what need to be
done to avoid the risky effects of BPA, drink tap water,
rely on BPA-free stainless steel water bottles instead of
plastic bottles, and always store the bottles in dry, clear
and cool place.
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Previous studies revealed high levels of metals in soils, drinking water, foodstuffs and food animals in
several communities in Tarkwa, Ghana. Therefore wild rats were trapped from 16 communities in
Tarkwa to estimate the environmental pollution state of metals; determine differences in sex in metal
accumulation; and assess the potential risks involved. Concentrations of arsenic (As), cadmium (Cd),
cobalt (Co), chromium (Cr), copper (Cu), manganese (Mn), nickel (Ni), lead (Pb) and zinc (Zn) were
measured in the livers and kidneys of wild rats; and livers accumulated higher levels of As than kidneys
but the reverse was for Cd and Pb. In both organs, As, Cd and Zn levels were higher in female than the
male rats. There was a strong positive correlation between body weight and Cd concentrations in livers
and kidneys of wild rats which reflects a mechanism of protection against the development of
osteopenia, although a biological effect remains a concern. Pb levels in the kidneys could cause intra
nuclear inclusion bodies and karyocytomegaly in the proximal tubular cells in 29% of wild rats in
Tarkwa and structural and functional kidney damage in 6%. Concentrations of As in kidneys of these
wild rats could cause glomerular swelling in 9% of rats. Principal component analysis of the results
showed that wild rats in Tarkwa were exposed to heavy metals and a metalloid through borehole
drinking water and soils.

Key words: Wild rats, heavy metal, metalloid, liver, kidney, Ghana.

INTRODUCTION

Anthropogenic activities including artisanal and small- 2009; Licata et al.,, 2010). This activity could lead to
scale gold mining have caused elevated levels of heavy spillage and run-off into rivers, ponds, streams, wells, and
metal and metalloids in the environment (Naccari et al., borehole drinking water (Obiri, 2007), and further result in
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heavy metal and/or metalloid exposure to humans and
animals through various pathways. Heavy metals and
metalloids have a wide range of health effects including
mutagenicity, carcinogenicity, teratogenicity,
immunosuppression, poor body condition, and impaired
reproduction in humans and animals (Scheuhammer,
1987; Florea and Busselberg, 2006). All of these make
them a serious threat to living organisms (Battaglia et al.,
2005; Lépez-Alonso et al., 2007; Naccari et al., 2009).

Tarkwa (05°18'00"N; 01°59'00"W) is a town in the
southwest of Ghana, with a population of 90,477 (Ghana
Statistical Service, 2010). It is a noted centre for gold and
manganese mining. Tarkwa mine, which is a large open-
cast gold mine, is situated to the northwest of the town,
and Nsuta manganese mine is situated to the east.
Tarkwa has nearly a century of gold mining history and
the largest concentration of mining companies in a single
district in Ghana and the West African sub-region
(Akabzaa and Darimani, 2001).

Studies conducted by Asante et al. (2007), Bortey-Sam
et al. (2015a, b, c, d) and Hayford et al. (2008) on the
impact of gold mining in soil, drinking water, foodstuffs
and food animals (free-range chickens, goat and sheep)
collected around mining communities in Tarkwa showed
high levels of some toxic metals including arsenic (As)
and mecury (Hg) than maximum levels by European
Commission (EC) (2006), World Health Organization
(WHO) (1996; 2011) and United States Environmental
Protection Agency (USEPA) (2004; 2012). Bortey-Sam et
al. (2015a) indicated that the concentrations of some
heavy metals/metalloid in agricultural soils in some
communities in Tarkwa exceeded the ecological-soll
screening levels (USEPA, 2004) recommended for
mammalian wildlife, which includes wild rats and mice.
However, levels of metals (0.24 [Hg] to 72 mg/kg dw [Zn])
detected in soils collected from the University of Mines
and Technology (uMaT) campus (reference site) were
low compared to world range for unpolluted soils by
Kabata-Pendias and Pendias (1992).

Although wildlife is rich and diverse, with a large
number of mammals, reptiles and insects in the study
area, rats were used as sentinels to measure the
environmental pollution state because they are mammals
that share many processes with humans and are
appropriate for use to answer many research questions.
They tend to pick food and water from the ground which
could be contaminated with various pollutants including
metals. In studies by Nakayama et al. (2011, 2013), wild
rats in mining areas in Zambia were used as sentinels for
heavy metal accumulation, and results showed that rats
accumulated metals had likely originated from mining
activities. Similarly, Guerrero-Castilla et al. (2014) used
wild mice around coal mining areas in Columbia to study
the exposure and health effects of heavy metals from the
mining processes.

Despite the wide and numerous studies of heavy
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metals concentrations in various samples in Tarkwa,
Ghana, there is limited or no data from literature on its
accumulation in wild rats. The objectives of this study
were to determine the accumulation of heavy metals and
a metalloid in livers and kidneys of wild rats in Tarkwa; to
determine sex differences in heavy metals and metalloid
accumulation; to examine the relationship between body
weight of rats and metal; to identify the possible exposure
route of these metals to wild rats in Tarkwa; and to
examine the potential risks heavy metals could pose to
wild rats.

MATERIALS AND METHODS
Sampling

All procedures used in this experiment were according to the
guidelines of the Hokkaido University Institutional Animal Care and
Use Committee and the local veterinarian policy of the study area.
In June, 2012, live wild rats (Rattus norvegicus or R. rattus) were
captured using gauze cage traps with food as bait, in residential,
commercial and farming areas (within 16 communities) in Tarkwa (n
= 46). Rat species were morphologically identified. Some of the
sampled communities were 2 (Samahu), 3.4 (Abekuase) and 5.2
(T-Tamso) km away from the mines, respectively (Figure 1). After
anesthesia overdose, rats were euthanized, and body weight and
sex were determined (25 females and 21 males). The livers and
kidneys are target organs for monitoring metal contamination in
animals because both organs function in removing toxic metals
from the body (Abou-Arab, 2001; Husain et al., 1996). Studies of
three animal species (free-range chickens, goat and sheep) in
Tarkwa showed that the livers and kidneys contained the highest
levels of metals (Bortey-Sam et al., 2015d). For these reasons,
livers and kidneys were collected from each rat and stored at
-20°C. Samples were kept in a freezer at the Chemistry
Department of the Kwame Nkrumah University of Science and
Technology, KNUST, Ghana and later transported to the Laboratory
of Toxicology, Graduate School of Veterinary Medicine, Hokkaido
University, Japan where they were stored in -30°C until analysis.

Sample preparation and metal analysis

Preparations and digestion of liver and kidney samples for heavy
metals and metalloid analysis were done according to method
described by Bortey-Sam et al. (2015d). Approximately 0.5 g of
individual samples were dried in an oven at 40°C and placed in
prewashed digestion vessels. Samples were digested (for 52 min)
(Speed Wave MWS-2 microwave digestion, Berghof, Germany)
using 5 ml of (65%) nitric acid, HNO; (Kanto Chemical Corp.,
Tokyo, Japan) and 1 ml of (30%) hydrogen peroxide, H,O, (Kanto
Chemical Corp., Tokyo, Japan). After digestion, cooled samples
were transferred into corning tubes (Corning Incorporated, New
York, USA) and diluted to a final volume of 10 ml with milli Q water.
A reagent blank was prepared using the same procedure.

An inductively coupled plasma-mass spectrometer (ICP-MS;
7700 series, Agilent technologies, Tokyo, Japan) was used for
guantification. The instrument was calibrated using standard
solutions of the respective metals (to establish standard curves
before metal analysis). All chemicals and standard stock solutions
were of analytical reagent grade (Wako Pure Chemicals, Osaka,
Japan). The detection limits (ng/g) of chromium (Cr), manganese
(Mn), iron (Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn),
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Figure 1. Map showing wild rats sample locations in Tarkwa, Ghana (yellow and red and pins indicate sampled communities and gold mines, respectively).

arsenic (As), cadmium (Cd), and lead (Pb) were 0.003,
0.025, 0.154, 0.0004, 0.024, 0.007, 0.226, 0.002, 0.001
and 0.001, respectively. Concentrations of metals were
expressed in mg/kg dry weight (mg/kg dw).

Quality assurance and quality control

For heavy metals and metalloid, replicate blanks and
reference materials, DORM-3 (Fish protein, The National
Research Council, Canada) and DOLT-4 (Dodfish liver,
The National Research Council, Canada) were used for

method validation and quality control. Replicate analysis of
these reference materials showed good accuracy (relative
standard deviation, RSD, < 3%) and recovery rates ranged
from 80 to 115%.

Statistical analysis

Statistical analyses were performed using SPSS 20.0 (IBM
SPSS Inc., Chicago, USA). Kolmogorov-Smirnov (K-S) and
Shapiro-Wilk’'s (S-W) tests were used to determine the
normality of data and was considered statistically

significant if p value was less than 0.05. Statistical
analyses were carried out after data were log transformed
(normalized). Student's T-test was used to compare
distribution of metals between livers and kidneys, and
differences were considered statistically significant with p
value < 0.05. Pearson’s correlations were used to
determine the relationship between concentrations of
metals and body weight, and significant level was p value
less than 0.05. Principal component analysis (PCA) based
on log transformed data was done to determine the
distribution pattern and possible route of heavy metals
exposure to wild rats, using JMP statistical software v. 10
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Table 1. Mean concentrations (+ SD) and ranges of heavy metals and a metalloid (mg/kg dw) in the livers and kidneys of wild rats in Tarkwa,

Ghana.

Samples n As Cd Co Cr Cu Mn Ni Pb Zn
Mean 46 2.59% 0.198* 0.198* 0.147% 18.9*  5.50° 0.869% 1.05% 263?

Liver SD 2.81 0.321 0.207  0.0908 14.0 2.86 0.522 2.23 95.2
Minimum 0.0699 0.0213 0.0784 0.0166 7.59 2.54 0.219 0.0532 112
Maximum 12.6 1.45 1.21 0.406 71.8 19.1 2.11 10.7 524
Mean 46 1.91% 1.41°  0.382° 0.375° 14.3°  4.09° 2.02° 3.97° 117°

Kidney sp. 2.33 3.57 0.333 0.327 4.57 2.79 1.85 8.15 41.7
Minimum 0.102 0.0039 0.0741 0.0773 9.17 1.53 0.172 0.044 64.3
Maximum 14.0 21.1 1.62 1.72 39.5 16.8 7.85 41.6 284

n: number of samples; SD: standard deviation; different letters (a and b) between groups indicates significant difference (Student’s T-Test; p < 0.05.

(SAS Institute). The principal components were extracted with
eigenvalues > 1.

RESULTS AND DISCUSSION
Levels of heavy metals and a metalloid

Mean concentrations of heavy metals and a metalloid in
livers of wild rats in Tarkwa decreased in the order; Zn >
Cu > Mn > As > Pb > Ni > Cr > Co = Cd; and the order in
the kidney was Zn > Cu>Mn>Pb>Ni>As>Cd > Co =
Cr (Table 1). All metals measured were detected in 100%
of liver and kidney samples. K-S and S-W'’s tests for
normality showed a significant variation (p < 0.001) in
metal distribution in livers and kidneys of wild rats in
Tarkwa. Distribution of Cd, Co, Cr, Mn, Ni, Pb, and Zn
between livers and kidneys differed significantly
(Student’'s T-test; p < 0.05) (Table 1). The following
paragraphs discusses As, Pb and Cd which were
classified as the first, second and seventh most
hazardous substances (Agency for Toxic Substances and
Disease Registry (ATSDR), 2013), and Mn because
Tarkwa is also noted for Mn mining.

Mean concentration of As was higher in livers (2.59 +
2.81 mg/kg dw) than kidneys (1.91 = 2.33 mg/kg dw)
(Table 1). The liver is a major target organ of As
carcinogenesis (Waalkes et al., 2003) and could be the
reason for the higher As levels. As is toxic and most
hazardous substance (ATSDR, 2013) and due to its non-
biodegradable nature, it could accumulate in soil, food
and water (Amonoo-Neizer et al., 1995), through which
wild rats could be exposed since they pick food and water
mainly from the ground. Levels of As in sails, drinking
water and organs of free-range chickens raised health
risk concerns for both humans and animals in some
communities in Tarkwa with food and water picking being
the dominant sources in chicken (Bortey-Sam et al.,
2015a, b, d). The levels were attributed to processing of
the ore which involves roasting, and this result in the

production of arsenic trioxide gas which is distributed
throughout the study area by air current (Amonoo-Neizer
et al., 1995).

As shown in Table 1, the mean levels of Cd in the
kidneys (1.42 + 3.57) was seven times higher (p < 0.05)
compared to the liver (0.198 + 0.321) of wild rats in
Tarkwa. There have been suggestions that animals
exposed to Cd accumulate it in their kidneys because of
the presence of free protein-thiol groups which leads to a
strong fixation of the metal (Pompe-Gotal and Crnic,
2002). Cd concentrations in blood, urine and kidney have
been recognized as good indicators of exposure (Brzoska
et al., 2004). Cd could increase excretion of calcium and
reduce the generation of active vitamin D in kidney.
Consequently, calcium wuptake and absorption in
gastrointestinal gut are decreased (Chen et al., 2013).
Bone lesions, apart from kidney damage, are the main
health consequences of chronic exposure to Cd.
Osteopenia, osteomalacia and osteoporosis with
pathological fractures have been reported in Cd-exposed
humans (Jarup, 2002; Alfven et al., 2000; Honda et al.,
2003) and experimental animals (Whelton et al., 1997,
Uriu et al., 2000).

Levels of Pb were higher (p < 0.05) in kidneys (3.97 +
8.15 mg/kg dw) than livers (1.05 + 2.23 mg/kg dw) (Table
1). In previous studies, high levels of Pb was found in
Manihot esculenta (cassava), soils and chickens from
some communities around mining areas in Tarkwa, which
could cause health risk to residents and especially
children (Bortey-Sam et al., 2015a, c, d). The levels of Pb
in organs of free-range chickens in Tarkwa emanated
from contamination of soil, feeds and/or water sources
(Bortey-Sam et al., 2015d), and these could be the same
route through which wild rats were exposed.

Livers (5.50 + 2.86) accumulated higher (p < 0.05)
levels of Mn than kidneys (4.09 £ 2.79) (Table 1). This is
because, the liver is key for maintaining Mn homeostasis
(Finley, 1998), and among organs with highest Mn levels
(Dorman et al.,, 2006) as it produces two of the main
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Table 2. Sex differences in accumulation of heavy metals and a metalloid (mg/kg dw) in the livers and kidneys of wild rats in Tarkwa, Ghana.

Organ Sex As Cd Co Cr Cu Mn Ni Pb Zn
Mean 0.573* 0.066° 0.132% 0.185% 19.8% 5.45% 0.921* 0.237% 256°
Male SD 0.586  0.027 0.045 0.078 23.2 6.65 0.607 0.217 103
Minimum  0.070  0.021 0.088 0.071 8.95 2.54 0.219  0.053 164
Maximum  1.92 0.098 0.210 0.294 71.8 19.1 1.72 0.666 433
Livers
Mean 1.08* 0.117° 0.163% 0.198% 15.3% 4.60° 0.894* 0.292? 301°
Female sD 2.53 0.181 0.194 0.106 7.27 1.21 0.605 1.34 111
Minimum  0.113  0.040 0.078 0.094 7.59 2.60 0.269  0.093 177
Maximum  12.6 1.45 1.21 0.406 30.9 6.66 2.12 10.7 524
Mean 0.645% 0.292° 0.332° 0.410% 18.1% 5.21% 4.82° 1.24% 122°
Male sp _ 0.603  0.283 0.316 0.247 9.55 3.53 1.99 1.69 68.7
Minimum  0.103  0.004 0.074 0.128 11.6 1.53 1.82 0.044 64.3
Maximum  1.89 0.867 1.62 0.816 395 16.8 7.85 5.17 284
Kidneys
Mean 0.905*  0.650° 0.244% 0.513% 13.72 4.32° 2.52° 1.53% 140°
Female SD 1.32 1.15 0.172 0.508 1.85 1.70 1.33 2.69 45.6
Minimum  0.159  0.107 0.082 0.077 10.2 2.29 0.939  0.305 81.6
Maximum  14.0 21.1 0.519 1.72 16.4 6.89 5.03 41.6 284

SD: standard deviation; different letters (a and b) between male and female rats within the same organ indicates significant difference (Student’s T-

Test; p < 0.05).

plasma transport proteins of Mn-albumin and transferrin
(Crossgrove and Zheng, 2004). Excess Mn causes
neurotoxicity, production of reactive oxygen species and
disturbance of mitochondrial dynamics (Barhoumi et al.,
2004; Martinez-Finley et al., 2013). In the offal and
muscles of free-range chickens, goat and sheep in
Tarkwa, the mean concentrations of Mn were above the
WHO (1996) maximum levels (0.5 mg/kg) except in
chicken muscle, and levels were attributed to proximity of
the sample sites to the Mn mine (Bortey-Sam et al.,
2015d).

Sex differences and metalloid

accumulation

in heavy metal

Bio-accumulation of heavy metals in animals vary
according their sex, size and/or age (Hunter et al., 1989;
Sawicka-Kapusta et al.,, 1995; Damek-Poprawa and
Sawicka-Kapusta, 2004). Although, we could not
determine the ages of wild rats in this study, the results of
sex differences in the accumulation of metals showed no
statistical variation (p > 0.05) except Ni in kidneys (Table
2). However, levels of As, Cd and Zn were higher in the
livers of female rats compared to males, while in livers of
male rats, Cu and Mn were higher (p > 0.05). Co, Cr, Ni
and Pb levels were similar in livers of both sexes (Table
2). This trend was similar for the kidneys except for Ni
which was higher in male rats compared to females

(Table 2). Study of Blagojevic et al. (2012) in skull of mice
from two localities in Serbia revealed that no gender
dependent variation was detected for Fe, Mn, Co, Cd, Zn,
Ni, Pb and Cu.

Although not significant (p > 0.05), average Cd levels in
livers (0.12 mg/kg dw) and kidneys (0.65 mg/kg dw) of
females were two times higher than in males (liver [0.07
mg/kg dw] and kidney [0.29 mg/kg dw]), respectively.
Absorption of Cd is through the gastrointestinal tract
(GIT), however this can be affected by several factors,
such as age, sex, nutritional status, and preceding Cd
burden. Among these, young age, iron deficiency, and
being female are reported to accelerate the absorption of
Cd through the GIT in both humans and animals
(Berglund et al., 1994; Flanagan et al., 1978; Hamilton
and Valberg, 1974; Kowel, 1988; Taguchi and Suzuki,
1981) and these could be the reasons why Cd levels
were higher in females than males.

Heavy metals correlation with body weight of wild
rats

Levels of Ni in the livers and kidneys negatively
correlated (p < 0.05) with body weight of rats (Table 3). Ni
is a carcinogen and overexposure could cause
decreased body weight and damage to the heart and liver
(Homady et al., 2002). On the other hand, body weights
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Table 3. Pearson’s correlation between heavy metals and body weight of wild rats in Tarkwa, Ghana.

Metal As Cd Co Cr Cu Mn Ni Pb Zn Body weight/g
As 1 0.518" 0.516 -0.003  0.152 0.215  -0.553" 0.531" 0.704" 0.318
cd 0.333 1 0.393  0.167 -0.195 0255 -0.631°  0.704" 0.480 0.599°
Co 0.225 0531 1 0.355 0.553°  0.066 -0.166 0.112 0.394 0.444
Cr 0.398  0.058 0.511" 1 0.204 0562 0.313 0.128 0.097 -0.315
Cu 0.324  -0.153 0.217  0.328 1 0.298 0.283 0.004 0.305 0.045
Mn 0.420  -0.506" 0.045 0.359 0.733" 1 0.219 0.590 0.395 -0.374
Ni -0.349  -0.526 0.199 0.212  0.319 0.380 1 -0.418 -0.469 -0.725"
Pb -0.061  -0.049 0.167 -0.264 -0.017  0.064 0.090 1 0.653" 0.253
Zn 0.076  0.075 -0.394 -0.357 0.032 -0.068  -0.022 -0.236 1 0.449
body weight’g 0.350  0.864 0.538°  0.076  -0.149  -0.391  -0.580 0.078 -0.047 1

*: Correlation is significant at the 0.05 level.**: Correlation is significant at the 0.01 level. Bold indicates correlations between heavy metals and body

weight in kidneys of wild rats otherwise for livers.

correlated positively (p < 0.05) with Cd (both livers and
kidneys) and Co (livers only). In exposure studies of
Brzoska et al. (2004) and Chen et al. (2013), increase in
the body weights of rats was noted when exposed to Cd.
Wronski et al. (1987) demonstrated that increased body
weight provides a partial protection against the
development of osteopenia in the long bones of
ovariectomized (OVX) rats. Nevertheless, the protective
effect of obesity against osteopenia in OVX rats is only
partial and that marked osteopenia develops in the long
bones of OVX rats regardless of body weight. This trend
suggests that the increased body weight of obese OVX
rats may have provided an additional stimulus for bone
formation in the weight-bearing long bones (Wronski et
al.,, 1987). The findings of Wronski et al. (1987) were
consistent with reports of diminished bone loss in obese
postmenopausal women (Saville and Nilsson, 1966;
Daniell, 1976; Lindsay et al., 1984). These trends could
explain the significant positive correlation (p < 0.05)
between Cd levels in livers and kidneys and body weight
of rats.

Possible sources of heavy metal and metalloid in
wild rats

PCA was used to trace the possible route of heavy
metals and a metalloid exposure to wild rats in Tarkwa.
Soil, bore hole drinking water and foodstuff (cassava and
Musa paradisiaca [plantain]) data on heavy metals in
communities in Tarkwa, used for PCA was obtained from
Bortey-Sam et al. (2015a, b, c). As shown in Figure 2,
component 1 (PC1) makes up 40% of the PCA and score
plot has high loadings of livers, kidneys (of wild rats),
soils and borehole drinking water, with some highly
associated with all the studied metals. This suggests that
exposure of wild rats to metals were through soils and

borehole drinking water, which is similar to conclusion of
Bortey-Sam et al. (2015d) on the sources of metals in
free-range chickens in Tarkwa. This is obvious because
like chickens, these wild rats also pick food and water
from the ground which contains heavy metals and/or
metalloids. There was a strong association between the
livers and kidneys with borehole drinking water from
Tarkwa, which was also highly associated with Cu, Cd
and Zn (Figure 2).

Toxicological significance

The levels of heavy metals and metalloid in this study
were compared with studies by Nakayama et al. (2013),
Soewu et al. (2014) and Guerrero-Castilla et al. (2014) on
the accumulation and biological effects (oxidative stress)
of metals in wild rats and mice around mining and
industrial communities in Zambia, Nigeria and Colombia,
respectively. Among the livers and kidneys, levels of As,
Ni, Zn and Cd (observed only in kidneys) were higher in
this study compared to studies by Soewu et al. (2014),
Nakayama et al. (2013) and Guerrero-Castilla et al.
(2014) (Table 4). Exposure of wild rats to Ni, Zn and Cd
in Tarkwa could have resulted from mining/smelting,
municipal waste and/or the use and sometimes abuse of
phosphate fertilizers and organic manures. Other sources
may include leachates from Ni-Cd based batteries and
Cd plated items which are so carelessly discarded by
battery chargers and users in Ghana as indicated by
Bortey-Sam et al. (2015a, d). Recently, electronic wastes
are disposed and often burnt at refuse dumps.

Nakayama et al. (2013) studied heavy metals in wild
rats and reported to cause toxicological effects, since the
accumulated metals caused induction of metallothionein
(MT) in the livers and kidneys. Similarly, levels of metals
in exposed mice from coal mining areas in Colombia
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Figure 2. Distribution pattern of heavy metals and a metalloid in cassava, plantain, borehole drinking water, soils, livers and kidneys of wild rats in Tarkwa characterized by PCA.

caused a significant increase (p < 0.05) in mRNA
expression of genes related to oxidative stress,
metal transport and DNA damage (Guerrero-
Castilla et al., 2014).

Concentrations of Cd in both organs of this
study were below the critical renal intoxication

level (119 mg/kg dw) which leads to subclinical
symptoms for small mammals (Tohyama et al.,
1987; Ma et al., 1991). Similarly, a critical liver
concentration of 20 to 30 mg/kg leads to
hepatocyte damage (Godowicz, 1988; Swiergosz-
Kowalewska, 2001). The toxicity of As in

mammals was found to be related with levels
above 3 mg/kg in the liver and kidney(Gupta,
1998) and animal data suggest that As exposure
may have chronic effects on the kidneys (WHO,
1981). Liu et al. (2000) recorded that glomerular
swelling is one of the degenerative changes that



Table 4. Comparison of mean concentrations (mg/kg dw) of heavy metal and a metalloid with other studies.
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Organ Sample site/country Site description n As Cd Co Cr Cu Mn Ni Pb Zn
Tarkwa, Ghana (This study) Gold and Mn mining 46 2.59 0.198 0.198 0.147 23.0 5.50 0.869 1.05 263
Kabwe, Zambia* Pb and Zn mining 20 0.5 0.12 0.22 0.28 10.2 0.11 1.19 151
Chingola, Zambia* Co and Cu mining 13 0.07 0.05 1.72 0.15 29.5 0.05 0.41 115
Lusaka, Zambia* University campus 18 0.57 0.03 0.37 0.78 14 0.69 0.14 141

Livers La Jagua, Colombie}j Coal mining 0.35 2.36 22.2 0.18 2.2
La Loma, Colombia Coal mining 0.24 0.55 13.8 0.35 16.7
Omo forest, Nigeria*# Undisturbed site 4 0.00 0.77 8.55 6.16 0.77 103
Mosinmi ecotome*# Oil and gas industries 4 0.58 0.00 8.05 16.2 0.00 87.1
Ibese ecotome*# 4 0.00 2.16 11.9 8.64 0.00 77.1
Agbara ecotome*# Industrial 4 0.00 0.80 11.9 115 0.00 114
Tarkwa, Ghana (This study) Gold and Mn mining 46 1.91 141 0.382 0.375 14.3 4.09 2.02 3.97 117
Kabwe, Zambia* Pb and Zn mining 20 0.52 0.64 0.26 0.93 115 0.64 5 91
Chingola, Zambia* Co and Cu mining 13 0.28 0.71 1.88 0.82 23 0.63 2.85 109

Kidneys Lusaka, Zambia* University campus 18 1.72 0.14 0.98 0.75 14 0.59 0.39 0.39
Omo forest, Nigeria*# Undisturbed site 4 0.00 1.44 135 5.76 1.45 93.2
Mosinmi ecotome*# Oil and gas industries 4 0.00 1.08 13.8 11.0 0.96 95.7
Ibese ecotome*# 4 0.00 2.04 13.9 6.72 0.00 86.4
Agbara ecotome*# Industrial 4 0.32 2.16 15.3 5.76 0.00 97.0

n: number of samples; * indicates study by Nakayama et al. 2013 in wild rats; *indicates study by Guerrero-Castilla et al. 2014 in wild house mice and concentrations were in mg/kg fresh weight;
*indicates study by Soewu et al. 2014 in cane rats (wild grass cutters).

usually occur in mice chronically exposed to As.
These changes were also observed in livers and
kidneys of mice at concentrations of 1.79 + 0.946
and 3.89 + 0.817 mg/kg dw, respectively (Pereira
et al., 2006). In the present study, concentrations
of As in both organs were higher in 47 and 9% of
livers and kidneys, respectively, compared with
levels observed by Pereira et al. (2006) and could
cause glomerular swelling in 9% of rats.

Levels of Pb in the livers and kidneys of wild
rats in this study were higher than study by
Guerrero-Castilla et al. (2014) but comparable
with levels in Kabwe, Zambia, which was a Pb-Zn

mine area (Nakayama et al., 2013) (Table 4). Ma
(2011) reported that kidney Pb level >15 mg/kg
dw caused structural and functional kidney
damage, while concentrations >120 mg/kg dw
caused body weight loss in adults rats. In
histopathological studies, changes in the kidney,
such as Pb intranuclear inclusion bodies and
karyocytomegaly in the proximal tubular cells
were detected in wild brown rat (R. norvegicus) at
kidney Pb concentrations > 2.5 mg/kg dw (Ceruti
et al, 2002). In this study, the average
concentration of Pb in kidneys (3.97 mg/kg dw)
exceeded this histopathological threshold (2.5

mg/kg dw) and was higher in 29% of wild rats in
Tarkwa. Moreover, 3 kidney samples (6%)
exceeded the structural and functional kidney
damage level (> 15 mg/kg dw) (Ma, 2011). The
high levels of metals detected in the livers and
kidneys of wild rats in Tarkwa could cause health
risk to mammalian wild life.

Conclusions

Wild rats in Tarkwa, a mining community in
Ghana, have been exposed to heavy metals and
a metalloid through borehole drinking water and

65



66 J. Environ. Chem. Ecotoxicol.

soils; and livers accumulated higher levels of As than
kidneys but the reverse was for Cd and Pb. In both
organs As, Cd and Zn levels were higher in female than
the male rats. The strong positive correlation between
body weight and concentrations of Cd in livers and
kidneys of wild rats reflects a mechanism of protection
against the development of osteopenia in the long bones,
although biological effects remain a concern.
Concentration of Pb in kidneys caused intranuclear
inclusion bodies and karyocytomegaly in the proximal
tubular cells in 29% of wild rats in Tarkwa; and structural
and functional kidney damage in 6%. Concentrations of
As in kidneys of these wild rats caused glomerular
swelling in 9% of rats. With the rapid increase in mining in
Ghana and high concentrations and possible risk of
metals to wild life, it is recommended that the government
considers the following:

1. Educate the public on environmental pollution and
management.

2. Continuous screening and monitoring of heavy metals
and metalloids in the study area.

3. Set policies to curb the rate of metal pollution in
Ghana.
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Nowadays, contents of pesticide residues in vegetables had become one of the hot topics closely related
to human health. In order to investigate the effectiveness of several cleaning solutions in removing
pesticide residues in vegetables, a polluted cauliflower was washed using five types of cleaning
solutions which were soda-salt solution, vinegar solution, tamarind juice solution, filtered flour solution,
and tap water. Chlorpyrifos was extracted from residues cleaning process and cauliflower itself. Gas
chromatography-electron capture detector was used to identify content in residues cleaning process
(RCP). Tamarind juice solution had the greatest removal effect, in relation to other of cleaning solutions,
with 93.04% removal rate followed by filtered flour solution (17.03%) and vinegar solution (11.42%).
However, soda-salt solution and tap water did not have any removal effect in removing chlorpyrifos in
cauliflower. Tamarind juice solution was significantly higher than other types of cleaning solutions and
tamarind juice solutions itself is a natural fruit juice and non-chemical substance with very easy
preparation; therefore, the tamarind juice solution can be used as a general-purpose cleaning solution to
remove chlorpyrifos residues in cauliflower.

Key words: Pesticide residues, chlorpyrifos, cleaning solutions, removal effect.

INTRODUCTION

Consuming vegetables and cereals in daily meals is very
important. The nutrients that are provided mostly covered
all of the reactions in the human body system (Keikotlhaile
and Spanoghe, 2011). However, vegetables can be toxic
to humans due to pesticide usage (EL-Saeid and Selim,
2013).

Twenty three years ago at Aging City of Anhui Province

in China, eleven people have died because of breakfast.
After the case investigation, expert found that all the victim
had consumed wheat spoiled by organophosphorus
pesticides (Hui et al., 2003). Vegetables contamination
caused by pesticide residues causes a serious problem to
human health. Pesticide residues in vegetables are
noxious metabolites produced by usage of pesticide for
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Figure 1. Structure of chlorpyrifos (lon and lon, 2012).

long duration in vegetables planting.

The existence of pesticide residues in vegetables can
lead to contamination in its nutrient and may give a
concern to the consumers regarding the maximum residue
limits (MRLs) of vegetables (EL-Saeid and Selim, 2013;
Dasika et al., 2012). Based on Food Regulation 1985,
Ministry of Health Malaysia has set particular level of
MRLs for all pesticides in specific food class to all farmers.
Aly et al. (2010) mentioned that chlorpyrifos (O,
O-diethyl-O-(3, 5, 6-trichloro-2-pyridyl)-phosphorothioate)
is certified as a wide spectrum pesticide and commonly
used to manage various types of pest in agriculture field
and livestock (US EPA, 1986) and the structures of
chlorpyrifos is as shown in Figure 1. Based on previous
studies, there are several methods used to remove
chlorpyrifos in vegetables and fruits. The methods include
wash treatment using some acid (Osman et al., 2014),
hydrostatic pressure process (lizuka et al.,, 2013),
ozonation (Kusvuran et al., 2012), and horizontal
sub-surface flow constructed wetlands (SSFCW) (Agudelo
et al., 2010). However, these methods were difficult to be
conducted. In order to attain an effective technique in
removing chlorpyrifos residues in cauliflower, five types of
cleaning solutions were made to examine their
effectiveness based on percentage of removal from the
concentration of chlorpyrifos on samples before and after
cleaning process.

MATERIALS AND METHODS

Preparation of cleaning solution

Five types of cleaning solutions were prepared as follows:
Soda-salt solution: For the soda-salt solution (5%), 5 g of edible
soda and 5 g of salt was added into 1 L of water. Then, the solution

was stirred until completely dissolved.

Tamarind juice solution: 50 g of tamarind without its seed was
weighted. Then, 1L of water was added to tamarind and it was

soaked for 15 min.

Flour solution: For the flour solution, 50 g of flour was weighted.
Then, the flour was poured into 1 L of hot water; the solution was
stirred until completely dissolved and filtered from the suspension.

Vinegar solution: For the vinegar solution, 100 ml of vinegar was
measured. Then, 900 ml of water was added into vinegar, the
solution was stirred lightly to dissolve the solutions. If there was
residue present in the solutions, the solution was filtered and
supernatant was collected.

Preparation of simulated chlorpyrifos pollution in cauliflower

Preparation of chlopyrifos mixture: 2.0 L of water was added into
the 0.95 ml of chlorpyrifos. After water was added, the mixture was
stirred until dissolved.

Preparation of chlorpyrifos pollution in cauliflower: A cauliflower
of 1000 g was bought from the supermarket and washed with tap
water and dried with absorbent paper. Then, the cauliflower was
soaked in chlorpyrifos mixture for 10 min and stored at room
temperature in a dark room for 24 h.

Method of cleaning samples and extraction of pesticide
residues

The contaminated cauliflower was divided into five parts, of which
three parts each were soaked with tap water, soda-salt solutions,
tamarind juice solutions, filtered flour solutions, and vinegar solutions
for 10 min separately. Then, the cauliflower was rinsed off with
running tap water for 1 min. The residues cleaning process was
extracted using Solid Phase Extraction (SPE).

Gas chromatography-electron capture detector (GC- ECD)

Extracted samples were injected onto GC-ECD model 7890A-Agilent
(Agilent Technologies, 5301 Stevens Creek Blvd, Santa Clara, CA
95051, US) for quantitative analysis. The GC-ECD instrument is
made up of two parts. The GC portion separates the chemical
mixture into pulses of pure chemicals and electron capture detector
was equipped with GC. The GC separates chemicals based on their
volatility which they evaporate into a gas. The chemicals in the
mixture separate based on their volatility. Electron capture detector
converted the sample and represents it via chromatogram. Table 1
shows the instrument set up for detection of chlorpyrifos in solutions
after cleaning process.

RESULTS AND DISCUSSION

The concentration of the chlorpyrifos in which the
cauliflower was soaked was 7.3407 x10™ mol/L.

Analysis of residues cleaning process

Cleaning solutions were made and the pH of each solution
was checked before undergoing the cleaning process. The
residues from cleaning process were analysed to
determine the presence of chlorpyrifos. Table 2 tabulates
the concentration of chlorpyrifos in the residues cleaning
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Table 1. Instrument set up for detection of chlorpyrifos in solutions after cleaning process

280°C
300°C
20.0 ml min™ (nitrogen)

Injector temperature
Detector temperature
Carrier gas flow rate
Column temperature

Initial temperature 165°C for 3 min, increase to 260°C at 3°C min* with final time of 2 min

Table 2. Concentration of chlorpyrifos in the residues cleaning process.

Concentrations of chlorpyrifos

Types of cleaning solution pH Type of acidity (mol/L)
Tamarind juices solution 1.88 Acid 6.8299 x 10
Filtered flour solutions 5.52 Acid 1.2504 x 10
Vinegar solutions 2.02 Acid 8.3828 x 10~
Soda-salt solutions 10.82 Base 0.0000
Tap water 6.39 Neutral 0.0000

process which had been analysed using GC-ECD. The
concentrations of five RCP were calculated.

From Table 2, mostly acid cleaning solutions have
shown the presence of chlorpyrifos in their residues.
However, there is no presence of chlorpyrifos in the basic
cleaning solutions by GC-ECD.

Comparison of the effect of five cleaning solutions in
removing chlorpyrifos in cauliflower with control

The effectiveness of cleaning solution was determined
based on their removal rates of chlorpyrifos in cauliflower
shown in Table 3 which was determined after the
cauliflower had been cleaned using five types of cleaning
solutions.

As shown in Table 3, after the cauliflower had been
cleaned using five types of cleaning solutions, the removal
rates of chlorpyrifos by using tamarind juices solutions is
very good compared to others cleaning solutions. While
filtered flour and vinegar solutions removal rates are the
same which is less than 20%. However, by using soda-salt
solution and tap water, there are no removal of chlorpyrifos
detected.

The effect of each cleaning solutions in removing
pesticide residues

Tamarind juice solution

Based on Table 3, tamarind juices solution has great
removal rates. By using tamarind juice, the chlorpyrifos in
cauliflower can be removed at high percentages of
removal rate is about 93.04%. The usage of tamarind
juices solution as a cleaning solution in removing pesticide
residues is undiscovered yet. However, the pH of tamarind

juices solution is in acidic medium. In tamarind, there are
two types of volatile constituent which contribute to the
acidity of the tamarind juices which is furan derivatives and
carboxylic acids which is about 44.4 and 38.2%. Based on
previous study, chlorpyrifos degradation is very slow in
acidic medium. The more the acidic of the solution react
with  chlorpyrifos, the slower the degradation of
chlorpyrifos (Singh et al., 2003). Tamarind juices solutions
can be used as universal cleaning solution to remove
chlorpyrifos in cauliflower.

Filtered flour solutions

Using filtered flour solutions in cleaning process, the result
have shown that the removal rates have big difference
compared to tamarind juice solutions. The removal rate is
about 17.03%. However, filtered flour solutions have better
removal effect compared to vinegar solutions. In term of
stability, filtered flour solutions are stable for three days
only. After that, filtered flour solution start to release bad
odour. Nicotinic acid was presented in large quantity of
about 4.60 mg in 100 g of flour due to the manufacturer
labelled. Based on consumer medicine information,
nicotinic acid was used to reduce cholesterol. Chlorpyrifos
have their own metabolites which can produce their own
cholesterol after they had been consumed with food or
contact with vegetables (Watts, 2013). In addition, filtered
flour solutions can be used as cleaning solutions to
partially reduce pesticide residues in term of preparation
which is very simple.

Vinegar solutions

Vinegar solutions have shown the ability in removing
chlorpyrifos residues in cauliflower. The removal rate is
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Table 3. Removal effects of chlorpyrifos residues after cauliflower has been washed using five type of

cleaning solution.

Cleaning solution

Removal rates of chlorpyrifos (%)

Tamarind juices solution
Filtered flour solutions
Vinegar solutions

Soda- salt solutions

Tap water

93.04
17.03
11.42
0.00
0.00

about 11.42% which is slightly lower than flour solutions.
Vinegar solutions consist of acetic acid and water. Based
on Howard (2012), 10% of vinegar with 90% of water can
be used as a pesticide residues remover. In addition,
vinegar solutions can be used as cleaning solution to
certain kinds of pesticides. Thus, the use of vinegar
solution in removing chlorpyrifos residues is proved,;
although, the removal rates are less than 20%.

Soda-salt solution and tap water

Compared to other cleaning solutions, soda-salt solution
and tap water have no removal effect on chlorpyrifos
residues. Based on previous study, it is shown that
soda-salt has a good removal effect on other type of
pesticides. Yu-shan et al. (2013) proved that soda-salts
have very good removal effect on mixed pesticide residues
consisting of three types of pesticides which are
dimethoate, dicofol, and cyhalothrin. The removal rates of
soda-salt solutions in removing these three types of
pesticide residues are very good results which are 32.5%
of dimethoate, 26.9% of dicofol, and 44.4% of cyhalothrin
(Yu-shan et al., 2013). However, in this project, the
removing of chlorpyrifos residues cannot be detected due
to the degradation of chlorpyrifos in basic medium.
Besides that, soda-salt solutions have very high basic pH
which is 10.82. From the previous study, the degradation
of chlorpyrifos is very fast in basic medium and it was
stated that in pH 8.4, the degradation of chlorpyrifos with
half-life is about 16 days (Singh et al., 2003). The higher
the alkalinity of solutions, the degradation of chlorpyrifos
became faster. So it is difficult to detect the presence of
chlorpyrifos in the sample.

In soda-salt solutions, there is a factor that had effect on
the percentages of removal. After the residues cleaning
process was extracted using Solid-Phase Extraction, the
sample was stored for long before its analysis. So, the
chlorpyrifos in the sample was degraded due to long
period of time kept in basic condition.

For tap water, the removal rate is same as soda-salt
solution. However, soda-salt solutions can be used as
pesticides remover for other kind of pesticides. In tap
water, there is no component that can contribute in
removing pesticide residues. So, using tap water in
removing chlorpyrifos residues in cauliflower is not good.
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