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ABSTRACT 
 
Fish is one of the favorite source of protein which is been consumed worldwide, 
which may be contaminated with heavy toxic metals like Cd, Pb and As. As a 
consequence. The validation of analytical methods for determination of these 
heavy metals is continuously developed. Atomic Absorption Spectrometry for 
determination of Cd, Pb and As in fish samples has been validated through spiking 
which ranges between 95-99.75 %. 95.7-97 % and 92-95.2 % and percent% 
recovery using certified reference materials fish homogenate 407 obtained from 
International Atomic Energy Agency (IAEA), ranging between 98.4 %, 96.7 % and 
99.8 % with RSD values of 6.5% , 4.9%  and 15%  for determination of Cd, Pb and 
As respectively. This method was accurate and precise enough for determination 
of Cd, Pb and As in fish sample which were indicated by the acceptable recovery 
and low values of relative standard deviation. The developed method has been 
successfully used for determination of Cd, Pb and As levels in fish samples, hence 
all the concentration of metals (Cd, Pb and As) studied were above the permissible 
limit of WHO Guideline 
 
Key words: Atomic absorption spectrometry, fish, WHO, spiking, % recovery and 
heavy metals.       

 
 
INTRODUCTION 
 
Hundreds of living creatures are found in the aquatic 
environment which, majorly benefit humans. However, due 
to the continuous rise in the development of industries and 
agricultural activities along the river bank, many of this 
water bodies are killed because of the contamination. This 
led to many researches in the area of toxicants in the 
marine environment. However, the contamination of 
aquatic structure and other forms of life becomes a popular 
area of researcher so as to determine the levels of 
contamination in the water bodies. Fish, a living occupant 
of the water bodies is a universal food which is usually 
consumed by humans for protein. As compared to other 
meats such as beef and pork, it is easily more digestible and 
inexpensive. Fish like other aquatic animals contain 
essential amino acids, fatty acid, protein, carbohydrates, 
vitamins and mineral Bahnasawy et al., 2009 and vitamins 
such   as  calcium,  phosphorus  and  especially  iron  can  be  

 
 
found in fishes. Fish constitute an important source of 
protein to many people throughout the world and fish 
consumption has increased important among health 
conscious people because it provide a healthy and low 
cholesterol sources of protein and other nutrient (Burger 
and Gechfeld, 2005, Agusa et al., 2005) metals and 
pesticides are then absorbed through gills and skin and/or 
ingested through food to cause bio accumulative toxicity in 
fish were the intensity of the toxicity which normally 
influenced by temperature, oxygen concentration, pH and 
hardness of the water.(Dural et al., 2007).  It has been 
recognize for many years that the concentration of metals 
and pesticides found in the coastal areas, whether they are  
in the dissolved or particulate phase may be derived from a 
variety of anthropogenic and natural source (Dalman et al., 
2006). Human beings have been exposed to metals and 
pesticides pollution immeasurable amount of time. The
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Figure 1: Map of Gombe and Nigeria showing the study area. 

 
 
industrialization and agricultural activities have 
dramatically increased the overall environmental “load” of 
metals and pesticides to a point that our society depend on 
industrialization and agricultural activities mostly along the 
river banks. This pesticides residues and heavy metal 
contamination in the river would affect the majority of 
individuals living along the river bank, villages, town, and 
the entire state and it environ. Therefore this work was to 
develop and validate fast and reliable analytical technique 
and assesses the levels of some heavy metal contamination 
in fish around Gongola River and its dam Dadinkowa in 
Gombe. 
 
 
MATERIALS AND METHODS 
 
Study area 
 
Gombe State, occupies part of the central position of the 
North Eastern part of Nigeria (With Gombe Town as its 
capital) and shares common borders with Borno, Yobe, 
Bauchi, Adamawa and Taraba State,(Figure 1), it is located 
at latitude 90 481100 N and longitude 110 16 11 00E with 
total land mass of 20,265 km2 and annual rainfall of 
1550.77 mm. Gombe State has an estimated average 
population of 4,260530 with the elevation of plain at 600 m 
above level and hills reach between 700 m and 800 m. The 
Gongola River is the main drainage system, running 

approximately worth south towards the Benue river basin 
but with south toward the tributaries draining from west to 
eat into Gongola River (Figure 2). Dadinkowa dam is 
located at about 5 km North of Dadinkowa village in 
Yamaltu local government area of Gombe State in the 
Northeast part of Nigeria. The area lies at longitude 100 19` 
19``N and latitude 110 28` 54``, about 37 kilometers to the 
eastern part of Gombe. The dam is part of River Gongola; its 
drainage basin is situated in the North-Eastern Nigeria, 
with a capacity of 800 million cubic meter of water and a 
surface area of 300 square kilometers. The Dam 
experiences two seasonal periods, the rainy season, which 
is characterized with heavy rainfall and sometimes results 
in flood action. The dry season this is also characterized by 
cold, dusty, dry winds followed by intense heat. Around it 
are villages inhibited mostly by farmers, companies such as 
Ashaka cement company (one of the largest producers of 
cement in West Africa), and agricultural activities are 
performed along the river banks. Dadinkowa is a rural 
setting, stretching over 315 ha, with larger percentage of 
farmland used for irrigation and fishing. Crops and fish 
from the settlement enjoy wide patronage by consumer’s 
intermediaries from Dadinkowa and its environs. The 
farmers actively and regularly apply agrochemical for the 
control of pests and weeds, for the purpose of improving 
crop yields as deemed necessary without a follow-up 
assessment of how these agrochemicals (fertilizer, 
herbicides and germicides) affect the environment of their
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Figure 2: Map of Nigeria showing Gombe state and study location. 

 
 
settlements. Dadinkowa dam is a threefold dream, making 
it as a source of generating 34 megawatts of hydro-electric 
power, irrigation purpose and water supply to Gombe town 
and its immediate environs as shown on the map over leaf. 
 
 

Reagents 
 

All glassware and vessels used were soaked in 10% (V/V) 
HNO3 overnight and rinsed in distilled water. They were 
then rinsed once with 0.5 % (W/V) KMnO4 and finally 
rinsed three times with distilled water and air dried prior 
to use. All reagents and chemicals used for heavy metals 
were of analytical reagents grade (BDH Chemicals Ltd, 
Poole, England). Working standards of Cadmium, Lead and 
Arsenic were prepared by diluting stock solutions (Merck, 
Germany) 1000 mg/l in distilled water for the preparation 
of all solution. Stock standard solution (1000 mgL-1) was 
prepared by taking 25,50 and 100µL standard solution µL 
of 1µg/ml standard solution into 50 ml digestion tube and 
added 975, 950 and 900 µL of deionizer water respectively 
to make up to 1 mL. 4 mL acid mixture of Nitric,-perchloric 
(HNO3-HClO3) and 5ml H2SO4 concentration was added and 
heat on a hot plate at a temperature of 200± 5 until the 
solution becomes clear and allow cooling and making up 
the volume with deionizer water. Blank solution were also 
prepared alongside and bulked together for use as diluents. 
The working solutions were freshly prepared by diluting an 
appropriate aliquot of the stock solution through 
intermediate solution using blank solution. 
 
 

Fish sampling and sample preparation 
 
Two different fish species were caught randomly using gill 

net from Gongola River at 10 different locations as 
indicated on the map (Figure 2) within the period of March 
– April 2017 (dry season) and July – September, 2017 (wet 
season). Samples obtained were therefore reflective of 
species meant for consumption. A total of (360) three 
hundred and sixty samples covering two species; (that is, 
one hundred and eighty sample for each season and ninety 
per species were collected, where 3 fish samples was taken 
each from upstream, midstream and downstream of river at 
each different location to give a total of 9 per location. The 
fish samples obtained were placed in a clean plastic 
container and stored in an ice chest. The length and weight 
of fish samples were measured using a measuring board 
and top loading weighing balance (Mettle Toledo). The 
species were sorted, identified and labeled by the 
Department of Fisheries, College of Horticulture, 
Dadinkowa in Gombe State of Nigeria before they were then 
transported to the laboratory and kept in freezer at -20°C 
prior to preparation for chemical analysis. The samples 
were washed with distilled water and dried in a tissue 
paper and defrosted in the laboratory. The edible portion of 
the muscle was removed, homogenized and stored in a 
clean capped glass vials and kept in a freezer until analysis. 
 
 

Digestion of fish sample  
 

The fish samples were digested for total heavy metal 
determination by an open flask procedure developed at the 
National Institute for Minanmata Disease (NIMD) in Japan 
by Akagi and Nishmura (1991) with little modification by 
Voeborlo et al. 2010. In the procedure, the edible muscle 
tissues removed from the dorsal part of the fish were 
digested by open tube.1.0 g of homogenized muscle tissue 
was weighted into 50 ml Pyrex glass digestion tube (26 mm
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Table 1: Wavelengths and detection limits of metals for AAS analysis 
 

Element Wavelength (nm) Slit(mn) Detectionlimits (mg/l) Linear Range (mg/l) 

Cadmiums (Cd) 228.9 0.7 0.01 2.00 
Lead (Pb) 283.3 0.7 0.08 20.00 
Arsenic (As) 193.7 0.7 0.25 25.00 

 
 
x 47 mm) and a mixture of 1ml of H2O, 4ml HNO3 – HClO3 
(1:1) and 5 ml H2SO4 was added. The mixture was then 
heated at temperature 200 ± 5°C until the solution was 
clear. The sample solution was then cooled and diluted to 
50 ml with distilled water. 
 

  
Analytical technique 
 
The analytical technique used to determine the 
concentration of Cd and Pb levels in all samples were with 
AAS Buck Scientific Model 205 VGP, east Norwalk. USA 
while (As,) was determined by AAS Buck Scientific Model 
210 VGP, east Norwalk. USA. It is a standard analytical tool 
for metal analysis and is based on the absorption of 
electromagnetic radiation by atoms. The absorption 
wavelengths and detections limits for the heavy metals 
were indicated in Table 1. 
 
The key feature is the production of free, ground state 
atoms from the sample, which pass through the light bean 
from the hallow cathode lamb. For many conditions the 
absorption of radiation follows beer’s law. 
 
𝐴 = 𝑎𝑏𝑐 
 
Where A= Absorbance, As = Molar absoptivity, B = Path 
length and c = concentration of the absorbing species. 
Beer’s law shows a relation between absorption and 
concentration of analyze so calibration of the instrument is 
needed. 
 
 
Calibration of the instrument 
 
Calibration requires the establishment of a relationship 
between signal response and known set of standards, the 
standards in atomic absorption spectrometry refer is the 
production of a series of aqueous solutions of varying 
concentrations (working and standards) of the analyte of 
interest. 
 
 
Method validation and quality control 
 
In order to validate the analytical method, the following 
method validation parameters such as limit of detection 

limit of quantification, precision and accuracy studies were 
carried out Prichard et al 2007.. 
 
 

Limit of detection 
 

Limit of detection (LOD) is the minimum concentration of 
analyte that can be detected but not necessarily quantified 
with an acceptable uncertainty. LOD for each metal was 
determined from the analysis of five method blanks which 
were digested in the same procedure as the actual 
samples.LOD was calculated as Prichard et, al 2007. 
 
𝐿𝑂𝐷 = 3 × 𝑆𝑏  
 
Where, Sb is the standard deviation of the calibration blank 
 
 

Limit of quantification. 
 

Limit of quantification is the lowest concentration of the 
analytes in a sample which can be quantitatively 
determined with acceptable uncertainty. LOQ was obtained 
from triplicate analysis of five methods blank which were 
digested in the same digestion procedure as the actual 
samples. The LOQ was calculated as Prichard et, al 2007. 
 
𝐿𝑂𝑄 = 10 × 𝑆𝑏 
 
Where, Sb is the standard deviation of the calibration blank. 
 
 

Precision and accuracy 
 
Precision and accuracy of the results were assessed by 
determining recovery and repeatability of the analysis of 
the matrix spike, matrix spike duplicate and laboratory 
control samples. For doing so, each sample was spiked in 
replicate of four at near mid-range calibration 
concentration. The spiked samples were digested and 
analyzed following the same analytical procedure as fish 
samples. Precision was expressed as relative standard 
deviation (RSD) of the replicate results. The relative 
standard deviations of sample were obtained. 
 

 
 
The percentage recoveries of the analyses were performed 
by spiking a sample with suitable aliquots of varying

Actual concentration =  given concentration ×
Volume of the digested

Weight of sample taken
 

%𝑅𝑆𝐷 =
𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛

𝑚𝑒𝑎𝑛𝑣𝑎𝑙𝑢𝑒
× 100 
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Table 2: Results of limit of detection, limit of quantitation, and relative standard derivation 
 

S/NO Elements Mean ± SD LOD LOQ %RSD 

1 Cd 0.076±0.005 0.015 0.05 6.5 
2 Pb 0.164 ± .008 0.024 0.08 4.9 
3 As 0.04 ± 0.0063 0.019 0.063 15 

 
 

Table 3: Results of spiking 
 

lements 
initial Conc. µ/ml Total Conc. µg/ml Conc. obtained µg/ml Recovered % Recovered 

 
0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4 

Cd 0.108 0.208 0.308 0.408 0.508 0.203 0.301 0.404 0.507 0.095 0.193 0.296 0.399 95 96.5 98.6 99.75 
Pb 0.014 0.114 0.214 0.314 0.414 0.11 0.208 0.305 0.408 0.096 0.194 0.291 0.383 96 97 97 95.7 
As ND 0.1 0.2 0.3 0.4 0.092 0.189 0.272 0.381 0.092 0.189 0.272 0.381 92 94.5 90.6 95.2 

 
 
concentrations of 0.1, 0.2, 0.3 and 0.4 ml of different 
metal standard solution. Calculation to evaluate the 
accuracy of the analytical procedure was reported 
by Joved et al. 2010. 
 

 
 
Accuracy of the analytical procedures was evaluated 
by repeated analyses of the samples certified 
reference materials (CRM) IAEA 407 fish 
homogenate. The validity of the method has-been 
proved by the agreement between the measured 
concentration and certified concentration in the fish 
Homogenate 407 certified Reference Material. The 
result from the analysis. 
 

  
 
 
RESULTS AND DISCUSSION 
 
The sensitivity of the proposed method used was 
performed by computing limit of detection (LOD) 

and limit of quantitation (LOQ) of the blank where, 
the LOD for Cd, Pb, and As were found to be 
0.015µg/ml, 0.024 µg/ml, and 0.019 µg/ml  while 
the LOQ for Cd,  Pb and As  were found to be 0.05 
µg/ml, 0.08 µg/ml and 0.05 µg/ml as shown in 
Table 2. Respectively, while, the precision of the 
method was expressed as %RSD of the five replicate 
readings. The results of Cd, Pb and As obtained were 
6.5%  4.9 % and 15 %  respectively, this RSD values 
were within the ranges of 16 % and 11 % maximum 
values set by Gonzalez and Herrador, 2007 and 
AOAC,2005 respectively. This therefore, can be 
stated that the proposed method showed good 
precision based on RSD values. Hence the propose 
method for the determination Cd, Pb and As in the 
fish studied provides a rapid, sensitive and accurate 
method that can be used for small amount of 
samples (1g), in addition, few reagent were used for 
digestion procedures. As it can be seen in Table 3 
the mean percent recoveries for the studied metals 
in the matrix spike sample ranged between 95-
99.75% Cd, 95.7-97% Pb and 92- 95.2% As. All 
recovery values were within the acceptable range of 
80-120 % for metal analysis Harvey, 2000.  
The   accuracy   of   the   analytical   procedure   were 

evaluated by analysis of sample and certified 
material of fish homogenate values (IAEA-407) 
obtained from International Atomic Energy Vienna, 
the results of the recovery of digestion method and 
analytical technique used for determination of the 
selected heavy metals in fish homogenate are 
presented in Table 4, reveals that Cd, Pb and As had 
percentage (%) recovery of 98.4, 96.7 and 99.8%, 
respectively. This implies that, the measured results 
were within the acceptable range of 75% to 110% 
recommended by IAEA 
 
 
Concentration of heavy metals in fish samples 
 
The mean concentration of Cd, Pb and As in the two 
different fish species in all the locations within the 
streams (upstream, midstream and downstream) of 
each location during wet and dry season from the 
results obtained, all the heavy metals study Cd, Pb 
and As in the muscles were detected in each stream 
along river at different locations during wet and dry 
season with Clarias gariepinus, Cd had the lowest 
mean concentration of 0.017 µg/g in the upstream 
of Ashaka and highest mean concentration of 3.17

%𝑅 =
𝑐𝑜𝑛𝑐. 𝑖𝑛𝑠𝑝𝑖𝑘𝑒𝑑𝑠𝑎𝑚𝑝𝑙𝑒 − 𝑐𝑜𝑛𝑐. 𝑖𝑛𝑢𝑛𝑠𝑝𝑖𝑘𝑒𝑑𝑠𝑎𝑚𝑝𝑙𝑒

𝑎𝑐𝑡𝑢𝑎𝑙𝑠𝑝𝑖𝑘𝑒𝑐𝑜𝑛𝑐
× 100 

% Recover =
Measurement concentration 

Certified concentration
× 100% 
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Table 4: Results of certified reference values (IAEA-407) of fish homogenate and local.  
Laboratory values. 

 

Heavy Metal Means (μg/g) Certified Ref. Values Percentage Recovery (%) 

Cd 0.186±0.05 0.189±0.02 98.4 
Pb 0.12±0.014 0.12±0.06 96.7 
As 12.58±0.008 12.6±1.2 99.8 

 
 
µg/g at the mid and downstream of Gwani West and the 
downstream of Difa during Wet season, while during the 
dry season, the lowest mean concentration of 2.17 µg/g was 
observed at mid and downstream of Kalgari and Kupto 
respectively, while the highest mean concentration of 5.33 
µg/g/ was recorded at Difa while Bagrus docmak (muscle), 
Cadmium had the lowest mean concentration of 0.47 µg/g 
at the upstream of Zoto and highest mean concentration of 
2.5 µg/g at the downstream of Difa during wet season, 
while during dry season, the lowest mean concentration of 
2.2 µg/g was observed in the upstream of Kupto, while the 
highest mean concentration of 11.2 µg/g was recorded at 
the upstream of Nafada. However, this result obtained were 
all above the permissible limit of 0.003 µg/g  (WHO 2007) 
while Lead (Pb) Clarias gariepinus, had minimum and 
maximum mean concentration of 3.17 µg/g and 30.17 µg/g 
at the midstream of Nafada and Hinna respectively during 
wet season, while in the dry season, the minimum and 
maximum mean concentration of 3 µg/g and 35.67 µg/g 
was observed at the midstream of Hinna and upstream of 
Kupto & Gwani West while in Bagrus docmak, Pb had the 
minimum and maximum mean concentration of 5.17 µg/g 
and 31.17 µg/g at the upstream and downstream of Hinna 
and Difa respectively during wet season while during dry 
season, minimum and maximum mean concentration of 
11.7 µg/g and 32 µg/g was observer at all the stream of 
Nafada and downstream of Difa this values were above the 
permissible limit of 0.5 µg/g FAO/WHO 2004. In Clarias 
gariepinus, Arsenic had mean concentration varying 
between 0.5µg/g to 1.85µg/g at the midstream of Nafada 
and Kupto during wet season, while at dry season, the mean 
concentration varies between 6.33µg/g to18.67µg/g at the 
downstream and midstream & downstream of Zoto, while 
In Bagrus docmak, the mean concentration of Arsenic varies 
between 0.01µg/g to 2.32 µg/g at midstream of Hinna and 
Difa during wet season, while during dry season, the mean 
concentration varies between 6.33 µg/g to15.17 µg/g at the 
downstream and upstream of Dadinkowa and Difa. Results 
of the analysis of variance showed that all the effects were 
statistically significant at the 0.05 significance level. The 
main effect of seasons on the concentration of heavy metals 
in Clarias gariepinus yielded an F ratio of F(19, 200) = 
66.29, p = < 0.001, indicating that the mean concentration 
of the heavy metals in the fish were significantly different 
for wet and dry seasons. While the results showed that all 
the effects was statistically significance at the 0.05 
significance level. The main effect of seasons on the 
concentration of heavy metals in Bagrus docmak yielded an 

F ratio of F (19, 200) = 266.17, p = < 0.001. The results 
indicated that the mean concentrations of heavy metal in 
the fish were significantly different for wet and dry seasons. 
 
 
CONCLUSION  
 
The proposed method used, offers fast and simple approach 
to fish muscle digestion, dilution and the three selected 
heavy metal determination by using 1g. All the heavy metal 
studied were high in both season this could be as a result of 
the agricultural activities (use of agrochemical such as 
herbicides, pesticides and organ fertilizers) farming along 
the river bank during both dry and wet, as a result of runoff 
from agricultural activity along the river bank through 
precipitation of pesticides as well as discharges of waste 
and dust from Ashaka Cement Company. Also the results, 
reveals that Bagrus docmak and Clarias gariepinus has no 
significant different in mean concentration of the heavy 
metal this could be as a result of feeling habits. 
 
 
ACKNOWLEDGMENTS 
 
We went to acknowledge the technologists at the Chemistry 
Department, Kwame Nkrumah University of science and 
Technology KNUST campus Kumasi Ghana for their 
contributions towards the success of this research. 
 
 

REFERENCES 
 
Agusa T, Kunto G, Yasunaga H, Iwata A, Subramanian A, Tanabe S (2005). 

Concentrations of trace elements in marine fish and its risk assessment 
in Malaysia. Mar. Pollut. Bull. 51: 896-911. 

Akagi H, Nishimura H (1991). Speciation of mercury in the environment. In 
Suzuki T, Imura N, Clarkson TW (Eds). Advance in mercury toxicology 
pp-53-76 New York, USA; Plenum press. 

AOAC (2005). Official Methods of Analysis. Association of Official 
Analytical Chemists 15th Edition. Washington DC. Pp 11-14. 

Bahnasawy MH, Khidr AAA, Dheina NA (2009). Seasonal variations of 
heavy metals concentrations in mullet, mugil cephalus and Liza Ramada 
(Mugilidae) from Lake Manzala, Egypt.” Egypt J. Aquat. Biol. Fish. 13(2): 
81-100. 

Burger J, Gochfeld M (2005). Heavy metals in commercial fish in New 
Jersey. Environ. Res. 99(3): 403- 412. 

Dalman Ö, Demirak A, Balcı A (2006). Determination of heavy metals (Cd, 
Pb) and trace elements (Cu, Zn) in sediments and fish of the 
Southeastern Aegean Sea (Turkey) by atomic absorption spectrometry. 
Food Chem. 95: 157-162. 

Dural M, Goksu MZ, Ozak AA (2007). Investigation of heavy metal levels in 
economically important fish species captured from the Tuzla Lagoon. 
Food Chem. 102(1): 415-421. 



Academia Journal of Food Research; Umar et al. 014 
 
 
 
FAO/WHO (2004). List of maximum levels recommended for contaminants 

by the Joint FAO/WHO Codex Alimentarius Commission. FAO-
ACCESS.No.--36403. 

Gonzalez AG, Herrador MA (2007). A Practical Guide to analytical method 
validation, including measurement uncertainty and accuracy profiles. 
Trends Analyt. Chem. 26(3): 227-239 

Harvey DT (2000). Modern Analytical Chemistry. 1st ed: McGrow- Hill, 
Depauw University; USA, ISBN) 0-072375477. 

Javed I, William AC, Shelly LC, Theegala CS (2010). Metals determination in 
Biodiesel (B100) by ICP-OES with microwave Assisted Acid Digestion. 
Open Anal. Chem. J. 4: 18-26. 

Prichard E, Berwick V (2007). Quality Assurance in Analytical chemistry. 
John Wiley and sons: New York, ISBN 978-0131291928. Pp 86-88. 

Voegborlo RB, Adimado AA (2010). A simple classical wet digestion 
technique for the determination of total mercury in fish tissue by cold-
vapour atomic absorption spectrometry in a low technology 
environment. Food Chem. 123(3): 936-940. 

World Health Organisation. Being Declaration on Food Safety [online]. 
[cited 2007] Available from URL: 
http://www.who.int/foodsafety/fs_management/meeting 
s/Being_decl.pdf. 

 

 

 

 

 

 

 

 

Cite this article as: 
 
Umar BA, Voegborlo RB, Agorku ES (2020). Validation and 
Quantitative of Some Selected Toxic Heavy Metal Concentration in 
Fish Around Gongola River in Gombe State Nigeria. Acad. J. Food 
8(8): 008-014. 
 
Submit your manuscript at  
http://www.academiapublishing.org/ajfr 

http://www.who.int/foodsafety/fs_management/meeting%20s/Being_decl.pdf
http://www.who.int/foodsafety/fs_management/meeting%20s/Being_decl.pdf

