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Abstract— Fresh tomatoes can be a source of mineral components and trace elements as well as some undesirable substances due to 
exposure to the environment. Instrumental neutron activation analysis was therefore used to analyze the elemental composition of fresh 
tomatoes, cultivated under the Tono irrigation scheme. In this study, As, Ca, K, Mg, Mn, S, Co Cu, Mo, Fe, Zn, P, Na, Cl, Br, Se and Cr 
were analyzed. Among the metals analyzed, P was the most abundant, ranging from 5.09g/kg in Gaani sample to 11.91 g/kg in Bonia 
sample, followed by K with 0.97 g/kg in Biu sample to 7.74 g/kg in Chuchuliga sample. Ca and Mg concentrations were also determined in 
the range, (0.048 – 0.75) g/kg and (0.15 – 0.66) g/kg respectively. Mn, As, Co Cu, Mo, Fe, Zn, Na, Cl, Br, and Se were all also found in 
reasonable amounts. Fortunately, toxic element (As) had very low concentration in most of the samples with concentration ranging from < 
0.09 mg/kg in Yigbwania samples to 0.21 mg/kg in Wuru sample. This data therefore, should not only be helpful in explaining the nutritional 
value of tomatoes grown in these localities but also in establishing their base-line values in the country’s agroecosystem.  

Index Terms— Fresh Tomatoes, Activation Analyis, Tono Irrigation Scheme, Upper East Region, Mineral Content, Ghana,   

——————————      —————————— 

1 INTRODUCTION                                                                     
omato, scientifically called Lycopersicon esculentum, is a 
popular vegetable grown in many parts of the world. It is 
very nutritious and a major source of vitamins A, C and 

riboflavin as well as carbohydrate, protein, calcium, carotene 
in our diets [1], [2]. In Ghana, tomato with its high per capita 
consumption is one of the most commonly grown fresh mar-
ket vegetables. It forms a very important component of food 
consumed in Ghana as it is used in almost all Ghanaian 
homes. This is evident in the fact that many Ghanaian dishes 
have tomatoes as a component ingredient. Again, records at 
the Ministry of Trade and Industry indicated that in 2000 
Ghana was the second largest importer of tomato in the world, 
second to Germany [3]. 
Therefore, realising the significant economic activity in this 
agribusiness, the Tono irrigation scheme was therefore con-
structed in the Upper East Region of Ghana, where conditions 
are most suitable, for all – year – round cultivation of fresh 
tomato and other food crops by mostly small-scale farmers [4]. 
The region is located on the North-East corner of Ghana be-
tween latitudes 10º 30´ to 11º North and longitudes 0º to 1º 30´ 
West within the White Volta River Basin. It covers a land sur-
face area of 8,842 kilometres square representing only about 4 
% of the total land mass of the country. It has two internation-
al boundaries with the Republic of Burkina Faso to the North 
and Togo to the East. The other boundaries are Northern re-
gion and Upper West region to the South and West respective-
ly [5], [6]. Fig. 1 shows a map of Upper East Region in the Na-
tional Context.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1: Map of Upper East Region in the National Context. 

 However, it is well established that tomato is the second 
largest crop in terms of fungicide expenses per unit area but 
occupies the first position in insecticide use [7]. These chemi-
cals are increasingly being used at the Tono irrigation scheme 
year after year for tomato cultivation. Hence since these chem-
icals contain toxic elements with their associated harmful ef-
fect, which can be transferred from the environment to hu-
mans through the food chain, public concern about the envi-
ronmental impact has grown in recent decades. In addition, 
human existence and its survival predominantly depend on 
the inhalation of ambient air, intake of clean water, and inges-
tion of nutritionally adequate as well as contaminant-free 
food. For these reasons, there is an increasing interest in the 
determination of mineral content of foods and diets even at 
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very low levels. Similarly, the mineral content present in this 
vegetable can be in trace or even ultra-trace quantities. Hence, 
a suitable analytical technique with the appropriate sensitivity 
range is required for the precise determination of the nutrients 
(multielements) present in these samples. Recent advances in 
analytical techniques with improved sensitivity have opened 
up this new scope to scientists [8]. 

Some of the cardinal techniques employed for these analy-
sis are; flame atomic absorption spectrometry (FAAS), graph-
ite furnace atomic absorption spectrometry (GFAAS), induc-
tively coupled plasma atomic emission spectrometry (ICP-
AES), energy dispersive X-ray fluorescence  (EDXRF), electron 
thermal atomic absorption spectrometry (ETAAS) and induc-
tively coupled plasma mass spectrometry (ICP-MS) [9], [10], 
[11]. Besides those mentioned above, other techniques such as 
differential pulse cathode stripping voltamperometry 
(DPCSV) and Instrumental neutron activation analysis (INAA) 
have also been shown as excellent tools for trace and ultratrace 
analysis [12]. 

Consequently, the risk of diseases associated to chemically 
contaminated food has caused concern among consumers and 
there is an ever-increasing demand for food quality nowadays. 
This work therefore, applies instrumental neutron activation 
analysis (INAA) to investigate the multielement composition 
of fresh tomatoes produced at the Tono irrigation dam in other 
to establish the nutritional value of these widely consumed 
vegetable and carefully evaluate the potentially toxic chemical 
elements levels due to the contamination in the catchment 
area. 

2 MATERIALS AND METHODS 
2.1 Sampling 
Individual fresh tomatoes samples (pectomech variety) were 
randomly obtained, from local farmers, from different sections 
in the Irrigation catchment area as shown in Fig.2. The Irriga-
tion catchment area is divided into many zones lettering from 
A to W but these Zones were grouped into eight sections 
namely; Bonia, Wuru, Yogbania and Yigbwania. 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Fig.2: Map of Tono irrigation dam and its catchment areas. 

The rest of the sections are Korania, Gaani, Biu and Chuchuli-
ga. 

The quantity of fresh tomatoes obtained was normally a 
few kilograms from each section. The tomatoes samples were 
thoroughly hand – rinsed with distilled water, shaken to re-
move any excess water and then gently blotted with a paper 
towel. The samples were wrapped with clean polyethylene , 
freeze-up and then placed into clean polyethylene containers 
for transportation to the Ghana Research Reactor – 1 centre at 
the National Nuclear Research Institute of Ghana Atomic En-
ergy Commission. 

2.2 Sample Preparation 
At the Centre, about ten sub – samples were randomly se-

lected from each section mentioned above. These sub-samples 
were further thoroughly washed with doubly distilled water 
and then with distilled de-ionized water. The ten sub –
samples from each section were then mixed and ground to a 
homogeneous fine mixture using a high-speed home- styled 
blender with stainless steel blades in other to reduce contami-
nation. Aliquots of each homogenized sample were frozen at -
20°C and lyophilized (Christ Gamma 1-16) at -30 °C and 0.370 
mbar. The lyophilized samples were milled in the vibratory 
disc mill (Retsch RS 100). The lyophilized homogenates ob-
tained were stored in closed polyethylene bottles with screw 
caps and kept at -20 °C until analysis in order to prevent deg-
radation of the sample. Drying by lyophilization was used 
because it ensured that the initial sample texture is preserved 
and in addition facilitates subsequent milling of samples [11], 
[13], [14]. Six replicates (approximately 200 mg) of the lyophi-
lized from each section were weighed into clean polyethylene 
foils, wrapped with forceps and the foil heat-sealed.  

2.3 Standard Preparation 
Six replicate samples of compositionally appropriate 

standard reference material (SRM) obtained from National 
Institute of Standards and Technology (NIST), Tomato leave 
(1573 a) [15] was used as a standard for gamma spectrum 
evaluation using the relative method of standardization for 
neutron activation analysis. Another six replicate of SRM, 
Oyster Tissue (1566b) [16] standard also obtained from NIST, 
was used to check the accuracy and precision of the analytical 
method used. These standards were accurately weighted di-
rectly into pre – clean 2.0 mL polyethylene vials, capped and 
heat – sealed. The polyethylene vials were pre – cleaned by 
thoroughly washing them with distilled water before soaking 
them in 1:4 reagent grade HCl for a day. The vials were again 
rinsed with distilled de-ionized water and then air – dried in 
fumehood. To obtain reproducible geometry, all vials were 
half - filled. However, the weights of the materials ranged 
from 100 mg to 200 mg depending on their densities. All the 
vials were then placed into 7.0 mL polyethylene irradiation 
vials, capped and heat sealed again. 

 

2.4 Samples and Standard irradiation, Counting and 
Analysis  

The standards were irradiated in the isotropic neutron field 
of the inner (No. 2) irradiation site of Ghana Research Reactor 
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– 1 (GHARR -1) facility which is a miniature neutron source 
reactor. The reactor was operated at a thermal power of 15 kW 
that has a corresponding thermal neutron flux of 5.0 x 1011 
n.cm-2s-1 in the inner irradiation sites. All the vials were sent to 
the irradiation site of the reactor (GHARR – 1) by means of 
pneumatic transfer system. 

The irradiated standards and samples after appropriate de-
cay periods were assay for gamma activities using a gamma-
ray spectrometry system. The system consists of an N-type 
HPGe coaxial detector (model GR 2518) with an 8 k MAES-
TRO Multichannel Analyser (MCA) Emulation software and a 
Pentium II computer (for spectrum and data evaluation and 
analysis). The detector operates at a bias voltage of -3000 V, 
which has a resolution of 1.8 keV (FWHM) for 60Co gamma-
ray energy of 1332 keV, and a relative efficiency of 25% to NaI 
detector. By means of the MCA card, the spectra intensities 
were accumulated for a preset time. Care was taken to account 
for the counting losses by keeping the dead time around 10% 
at the start of counting of the samples. This was maintained by 
choosing suitable duration of irradiation and keeping the 
sample-to-detector distance at 7.2 cm from the top of the de-
tector surface during measurement.  

Irradiation, decay and counting times were varied depend-
ing on the radionuclides present. The counting times were 
chosen not to exceed 0.2 times the half-life of the radionuclide 
of interest. The activities of radionuclides were followed as a 
function of time to ensure purity and identity.  

3 RESULTS AND DISCUSSION 
3.1 Quality Assessment 
Detailed results of the quality assessment of neutron activa-
tion method are presented in Table 1 below. The validation of 
the analytical method used for this study was performed by  

 
Table 1. Analysis of NIST SRM Oyster Tissue (1566b) in 
mg/kg by INAA 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
* Recommended or non – certified values, a Mean value, b 

Standard deviation, c Relative standard deviation, d Relative 
error, SD= Standard Deviation; X= mean concentration 

 
analyzing six replicates of certified reference material SRM, 

Oyster Tissue (1566b) from NIST –USA for thirteen (13) differ-
ent elements under the same experimental conditions. The 
precision and accuracy of the measurement was assessed in 
terms of the percentage relative standard deviation (%RSD) 
and percentage relative deviation (Error) respectively. It is 
evident that in most of the cases the deviations (%RSD) from 
the certified values are within 10% signifying high order of 
accuracy and precision of the analytical method. The results 
therefore, showed good agreement with the certified values. 
  

3.1 Elemental Compositions of Fresh Tomatoes 
The arithmetic mean concentrations of 17 elements (As, Ca, K, 
Mg, Mn, S, Co Cu, Mo, Fe, Zn, P, Na, Cl, Br, Se and Cr) mostly 
amenable to thermal neutron activation analysis procedure 
determined in various different sections of the Tono irrigation 
dam were analyzed and presented in Table 2. Elements such 
as As, Cu and  Se were analyzed by the single comparator 
method since certified or recommended values for these ele-
ments are not reported in NIST 1573 a, Tomato leave. P was 
determined by proximate analysis. The procedure and valida-
tion of method is presented elsewhere [17]. The results 
showed that, fresh tomatoes have the ability to accumulate 
essential and trace elements as well as potentially toxic or 
heavy metals.  

A perusal of Table 2 shows that the major constituents of 
fresh tomatoes in this locality are; Ca, P, Mg and K. These re-
sults are in agreement with those presented by other author’s 
for the same plant species [11], [18].  One explanation for these 
high concentrations may be due to the preferential addition of 
chemical fertilizers such as; calcium nitrate, potassium nitrate, 
magnesium sulphate and phosphates in the production pro-
cess of this vegetable. The concentrations of Cl and S were also 
measured in terms of mg/g. The rest of the elements were 
measured in mg/kg. The concentrations of elements were ob-
served to differ in magnitude and from one location to anoth-
er. These differences may be attributed to the preferential ab-
sorbability of the vegetable plant for a specific element and the 
differential elemental composition of the soil where the plants 
were cultivated [19].  

The biological effects of chemical elements in living system 
strongly depend upon their concentration and thus should be 
carefully monitored at regular intervals especially when con-
sumed by humans. Cr is implicated in maintenance of blood 
sugar, prevention of arteriosclerosis and control of cholesterol 
levels. Human studies suggest that chromium picolinate en-
hances insulin sensitivity, glucose removal and may improve 
lipid ratios in obese and type 2 diabetics [20]. The highest con-
centration of this element was found in at Bonia. The concen-
tration of Mn range from 1.307 mg/kg to 1.17 mg/kg. Mn is a 
component of several enzymes including manganese-specific 
glycosyltransferase and phosphoenolpyruvate carboxykinase 
and essential for normal bone structure. Mn deficiency can 
manifest as transient dermatitis, hypocholesterolemia and in-
creased ALP level [21]. 

Concentrations of Mo, Se and Co were very low (0.10 – 
0.78) mg/kg. Mo acts as a detoxification agent in the liver as a 
part of the sulphite oxidase enzyme and it possibly retards 
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degenerative diseases, cancer and aging [21]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Se as glutathione peroxidase inhibits the replication of tu-

mour virus and prevents the malignant transformation of cells 
[22]. Ionic Co is not an essential nutrient for humans, but it is 
an integral component of vitamin B12, which is essential. The 
concentration of S ranged (0.28 – 0.704) mg/g. Sulphur con-
taining metabolites, is believed to play a role in homeostatic 
control mechanisms. As is a toxic element and it can cause 

poisoning at elevated levels. The highest concentration was 
found at Yogbania. Cu is universally important cofactor for 
many hundreds of enzymes. A Cu deficiency can result in a 
decrease in the tinsel strength of arterial walls, leading to an-
eurysm formation and skeletal maldevelopment [23]. Lowest 
concentration of this element was found at Korania. The bio-
logical effect of Br is not well established. 

Zn (15.43 – 35.01)mg/kg is involved in the hydrolysis of 
bicarbonate, hydrolysis of proteins in digestion, hydrolysis of 
phosphate esters, energy metabolisms, carbohydrate metabo-
lism, oxidation of alcohols, detoxification of reactive oxygen 
species [24]. Appropriate balance and intake of manganese 
plays a vital role in preserving bone density and thus prevent-
ing osteoporosis. It is also noted to play a key role in prevent-
ing diabetes, reducing symptoms related to premenstrual syn-
dromes in women and preventing epilepsy [25]. High concen-
tration of Fe has the potential of been toxic. It involves in 
many enzymatic reactions (Redox reactions). Calcium acts as 
the main structural element for bones and teeth, it is also es-
sential for the formation of fibrinogen [14]. P is a major inter-
cellular cation in the human body. It helps maintain the cardi-
ac rhythm [26]. Na (132.2 – 705) mg/kg, K (1.92 – 7.74) g/kg 
and Cl (1.99 – 4.109) mg/g functions as electrolytes that main-
tain normal fluid balance inside and outside cells.  

A careful scrutiny of Table 2, shows that all the potential 
toxic elements (Br, Fe, Zn, Cu and Co) were found in trace 
levels (mg/kg) hence, these elements are generally within 
their safe levels [27] . Except for As, toxic elements such as Cd, 
Ni, Hg and Pb could not be detected by the method and hence 
require further investigations. 

4 CONCLUSION 
In this study, concentrations of 17 elements were determined 
in fresh tomatoes fruits samples cultivated under the Tono 
irrigation scheme using INAA. The results obtained showed 
differences among the elemental concentrations determined at 
the different sections of the same irrigation scheme. However, 
Ca, K, Mg and P were generally found in high concentrations 
with slight variation by a factor of 1 or 2 in all sections of the 
irrigation scheme. The presence of these elements in high con-
centrations confirms the accession that tomatoes fruits are 
very nutritious. Results obtained in the analysis of certified 
reference materials shows that the percentage relative devia-
tion and percentage relative standard deviation are mostly 
within 10% that indicated good precision and accuracy of the 
method applied in this work. The results obtained in this work 
will not only provide data on nutritional surveillance pro-
grammes, but also on the contamination brought in by several 
indiscriminating activities. 
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