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Abstract  

The aim of this study was to determine the levels of lead and cadmium in chicken, pork, 

beef, lamb and turkey samples (both meat and meat products), collected in the island of 

Tenerife (Spain). Lead and cadmium were measured by graphite furnace atomic 

absorption spectrometry (GFAAS).  Mean concentrations of lead and cadmium were 

6.94 and 1.68 µg kg
-1

 in the chicken meat samples respectively; 5.00 and 5.49 µg kg
-1 

in 

the pork meat samples; 1.91 and 1.90 µg kg
-1

 in the beef meat samples and 1.35 and 

1.22 µg kg
-1

 in the lamb meat samples. Lead was below the detection limit in the turkey 

samples and the mean cadmium concentration was 5.49 µg kg
-1

. The mean 

concentrations of lead and cadmium in the chicken meat products samples were 3.16 

and 4.15 µg kg
-1

 respectively; 4.89 and 6.50 µg kg
-1 

in the pork meat products samples; 

6.72 and 4.76 µg kg
-1

 in the beef meat products samples and 9.12 and 5.98 µg kg
-1

 in the 

turkey meat products samples. The contribution, in %, of the two considered metals to 

the PTWIs (Provisional Tolerable Weekly Intake), was calculated for meat and meat 

products.  Statistically significant differences were found for the lead content in meats 
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between the chicken and pork groups and the turkey and beef groups, whereas for the 

cadmium concentrations in meats, significant differences were observed between the 

turkey and the chicken, beef and lamb groups. In meat products, no clear differences 

were observed for lead and cadmium between the various considered groups. 

 

Introduction 

The main human exposure to heavy metals usually comes from food. After continuously 

evaluating studies on food additives and their toxicity, the WHO has come to the 

conclusion that even low levels of some metals, such as lead and cadmium, can give rise 

to diseases in humans (WHO 2000, WHO 2001). This is produced by the capacity of 

these metals to accumulate in living organisms. Lead, for example, bio-accumulates in 

plants and animals. Its concentration is generally magnified in the food chain (Halliwell 

et al., 2000). Cadmium has a long residence time in human tissues (10-40 years), 

especially in the kidneys (Rubio et al., 2006). For these reasons, it is of the outmost 

importance to monitor the lead and cadmium content in dietary intakes. 

 

The main toxic effect of lead is nervous system dysfunction of the foetus and infants. In 

adults, it causes: adverse blood effects, reproductive dysfunctions; damage to the 

gastrointestinal track; nephropathies; damage to the central as well as the peripheral 

nervous system and interferences in the enzymatic systems that synthesise the HEME 

group (Sierra and Hardisson, 1991; Rubio et al., 2005). 

 

The toxic effects of cadmium are noticeable in various ways. It can interfere with some 

of the organism’s enzymatic reactions, substituting zinc and other metals, manifesting 

its action in several pathological processes such as renal dysfunctions, hypertension, 
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arteriosclerosis, inhibition of growth, damages in the nervous system, bone 

demineralisation and endocrine disruption.  In rats, this metal increases the plasma 

levels of testosterone, induces a phase advance of the nocturnal peak of norepinephrine 

and abolishes the daily pattern of plasma luteinizing hormone levels (Lafuente et al., 

2004 a).  Cadmium can, also, stimulate or inhibit the immune activity according to the 

dose. Doses of 5 and 10 mg/kg of cadmium inhibit the humeral and cellular immune 

response in rats, whereas doses of 25, 50 and 100 mg/kg produce opposite effects   

(Montoro et al., 1989; Kosanovic et al., 2002; Lafuente et al., 2004 b).  

 

The health risks produced by lead and cadmium are well known and the levels in food 

as well as the migration of these metals from food containers are regulated. However, 

cases of accidental exposure to higher levels of lead and cadmium are often reported 

within the EU. For example, in Sweden in 2004, a man was poisoned by lead after using 

ceramics bought in another EU country, which had not been properly fabricated 

(National Food Administration in Sweden, 2004).  

 

These are but a few cases which show that there exists a continuous need to monitor and 

control both possible sources of lead and cadmium in food and items used for food 

processing. Total diet studies have been performed in various countries during the last 

decades. For example, lead and cadmium intake has been calculated for total diets in the 

UK (Ysart et al., 2000), Denmark (Larsen et al., 2002), the USA (Pennington et al., 

1986) and, also, in Spain (Cuadrado et al., 1995). However, in Spain, the food pattern 

varies significantly from region to region (Cuadrado et al., 1995) and, therefore, the 

intake of heavy metals and its consequent risk, also, differs considerably between 

regions.  Cuadrado et al. (1995), showed that meat and meat products were one of the 
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most important food groups for the total intake of lead, contributing from 11 to 21%, 

depending on the part of Spain where the study was performed. However, most heavy 

metal intake studies carried out in Spain were done in the Iberian Peninsula. Peripheral 

parts, such as Tenerife (Canary Islands) have never been considered before. 

 

Considering the fact the Tenerife has a very high population density, approximately 365 

inhabitants per square kilometre, and that it is annually visited by millions of tourists, it 

is of great interest to determine accurately the content of different heavy metals on the 

food products which are consumed in this island. In addition, the Canary Islands depend 

heavily on food imports due to its limited resources. It is, therefore, essential to assure 

that local as well as imported primary products reach the maximum standards of quality.  

As a consequence of what has been mentioned above, the objectives of this study were 

selected and divided in the following: (1) to analyse the lead and cadmium content of 

meats and meat products sampled in Tenerife; (2) to check that the measured 

concentrations were below the maximum values allowed by the current legislation; (3) 

to compare the measured concentrations with those reported by other authors; (4) to 

estimate the contribution, in %, of lead and cadmium to the PTWIs for the meat and 

meat products analysed, and (5) to study if there were any statistical differences 

between the different groups of meat samples in meat and meat products regarding their 

lead and cadmium concentrations. 

 

Materials and method 

Samples 

Meat and meat product samples were divided in the following groups: chicken, pork, 

beef, lamb and turkey. The criteria of selection were made by the consumption 
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percentage of these products in Tenerife. This information is published in the 

Nutritional Survey of Canary Islands (2000), which is called ENCA 1997-1998. In this 

mentioned survey, 2600 people were considered. The type and amount of consumed 

food were evaluated using both, a 24-hours intake record and a questionnaire of the 

consumption frequency of 77 different food types.  

 

The meat samples studied in this work were extracted from: chicken legs (12); chicken 

breasts (12), pork loins (10), pork steaks (10), bacon from pork (7), beef steaks (10), 

beef stews (10), minced beef meat (8), lamb legs (8), lamb steaks (7), lamb ribs (7) and 

turkey breasts (10). The meat product samples analysed were chicken sausages (10), 

chicken hamburgers (8), chicken pâté (7), pork (boiled ham, dry ham, hard pork, 

sausage, mortadella, salami) sausages (12), pork sausages (8), pork liver pâté (7), beef 

hamburgers (10), corned beef (7), chopped beef (7), turkey sausages (8),  turkey 

hamburgers (7) and chopped turkey (7). Lamb meat products were not analysed in his 

study because in the Canary Islands, this kind of products are hardly consumed. The 

consumption percentages of liver and kidney are, also, not very high and that is why we 

decided not to include these meats in our study. 

 

All the samples were collected from January till June 2004 in different commercial 

centres spread across the island. Once the samples were homogenised, they were stored 

at -18ºC in clean polyethylene recipients. The plastic materials used for storing and 

treating the samples were cleaned to avoid contamination of the samples with traces of 

any metal. This procedure was carried out using 5% nitric acid during 24 hours 

followed with two washes with Milli-Q water.  
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Determination of lead and cadmium 

Each homogenised sample (2 g) was placed in a porcelain crucible. To avoid cross-

contamination between the samples, single used plastic tools were utilised to transfer 

the material. Each sample was then dried in an oven at a temperature ranging between 

60 to 80ºC for at least 12 hours. The crucibles with the samples were then introduced in 

muffle ovens and burned to ash at 450ºC. The temperature in the muffle ovens were 

increased at a rate of approximately 50ºC per hour and maintained at 450ºC during 18 to 

24 hours. The white ashes obtained with this procedure were then dissolved in 5% nitric 

acid to a volume of 50 mL.  

 

The spectrophotometer used to carry out the measurements was a Perkin-Elmer, model 

4100 ZL Zeeman, which is equipped with a graphite furnace tube with an automatic 

sampler.   

 

Table I shows the optimal working conditions in the graphite furnace for the 

determination of lead and cadmium, indicating the temperature and the times employed 

in each of the phases. Remark 3 of referee 2: We explain why matrix modifier was not 

used In the initial lead and cadmium analyses, a mixture of NH4H2PO4 and Mg(NO3)2 

were used as matrix modifiers. However, no improvements were appreciated in the 

results and therefore this practice was disregarded later on. The detection limits, 

calculated as three times the standard deviation of 15 blanks for the acid digest, were 

0.28 and 0.065 µg L
-1

 for lead and cadmium respectively.  

“[Insert Table I about here]” 

Quality control of the analytical measurements was performed using blank samples and 

the following reference materials: the NBS SRH 1577a Bovine Liver from the National 
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Institute of Standards and Technology (NIST) and the BCR-278 R Bovine Muscle for 

the determination of lead and the BCR CRM 184 Bovine Muscle as well as the BCR-

278 R Muscle Tissue for the determination of cadmium. The recovery obtained with the 

reference materials were all above 92% (see table II). 

“[Insert Table II about here]” 

During all the analytical procedures, each batch of 20 samples were analysed together 

with a least a blank and a reference sample. The calibration was performed using the 

calibration curve method.  

 

All the results were tested for normality with the Kolmogorov-Smirnov model (Xu et 

al., 2002) and for homogeneity in the variance with the Levene test (Pan, 2002). Since 

our data did not show a normal distribution, the following statistical tests were used 

(Choy et al., 2001). The non-parametric Kruskal-Wallis test, which allows 

discriminating individual samples with significantly different results, and the Mann 

Whitney U test, was used to establish whether there are significant differences between 

sample groups.  

 

Results and Discussion 

The number of samples, number of measurements below detection limits and number of 

undetectable samples, median value, standard deviation, minimum and maximum for all 

the meat and meat products analysed for each animal species are shown in table III. 

“[Insert Table III about here]”    

The results show a large variability of lead and cadmium concentrations in some of the 

meat and meat products groups. However, this variability in biological samples is 

considered to be normal since the sources of this metal are numerous. Furthermore the 
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lead and cadmium concentrations, also, depend on the environmental conditions and the 

food production methods. Even within a certain type of food, concentration variations 

can be large produced by heterogeneities in the distribution of the metal (Reilly, 1991). 

In our case, the samples were taken in different times and seasons. Thus the exposure to 

different metals was not constant contributing to a larger variability. 

 

It can be observed in the data presented in this study that the concentrations of the 

considered metals are slightly higher in meat product samples than in meat samples. 

This difference may be explained by the fact that offal (mainly liver and kidney) is often 

used as an ingredient in meat products and is, also, an important source of lead and 

cadmium.  

The maximum lead and cadmium concentrations which are allowed in meat from 

different animals are regulated by the  EU Directive 466/2001. The authorised levels for 

lead and cadmium are 100 and 50 µg kg
-1 

respectively. The concentrations of these 

metals measured in this work are all within the accepted limits.  

 

Regarding the meat samples, table IV shows a comparison of our results with 

previously published results (1986-2003). In our study, the lead concentrations in pork 

are similar to those reported for Sweden (Jorhem et al., 1991), but lower than those 

measured in Holland, Poland, Finland 1987-1988, Finland 1991, Slovakia and Denmark 

(Vos et al., 1986; Falandysz et al., 1989; Niemi et al., 1991; Tahvonen and 

Kumpulainen, 1994; Doganoc, 1996; Larsen et al., 2002). Regarding cadmium 

concentrations in pork, our values are higher than in Holland, Sweden, Finland and 

Denmark (Vos et al., 1986; Jorhem et al., 1991; Niemi et al., 1991; Tahvonen and 

Kumpulainen, 1994; Larsen et al., 2002) but lower than Poland (Falandysz et al., 1989). 

Page 8 of 22

http://mc.manuscriptcentral.com/tfac  Email: fac@tandf.co.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

It can be observed that lead concentrations in beef are lower than the values that have 

been measured in other areas. The cadmium concentrations, except for the value found 

by López-Alonso for Galicia (Northern Spain), our values are similar than those found 

in the literature. 

 

The lead and cadmium concentrations measured in chicken are within the range given 

for Poland, Finland and Denmark by Falandysz, 1991; Tahvonen and Kumpulainen, 

1994 and Larsen et al., 2002. In lamb, one can see that lead concentrations are lower 

than in Denmark, although cadmium concentrations are similar, whereas in turkey our 

lead concentrations are non detected and cadmium concentrations are higher than 

Denmark (Larsen et al., 2002).  

“[Insert Table IV about here]” 

Regarding the analysed meat product samples, both the lead and cadmium 

concentrations measured in this study were well below the values found in recent 

literature. 

“[Insert Table V about here]” 

Considering that the total meat intake by the population in the Canary Islands is 78 g 

day
-1

 and the total meat products intake is 25.9 g day
-1

 (ENCA 1997-1998),  the daily 

intake of lead due to the consumption of meats and meat products is 0.296 µg day
-1

 

(2.072 µg week
-1

) and 0.155 µg day
-1

 (1.082 µg week
-1

) respectively. This represents, 

for an average person weighting 65 kg, approximately 0.127 % of the PTWI due the 

meat consumption and 0.066 % of the PTWI due the meat products consumption, as 

established by FAO/WHO (25 µg kg
-1

 week
-1

) (WHO, 1993). The average dietary 

cadmium intake due to the consumption of meats and meat products calculated in this 

study is 0.246 µg day
-1

 and 0.138 µg day
-1

 respectively. This represents about 0.4 % of 
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the PTWI due the meat consumption and 0.2 % of the PTWI due the meat products 

consumption for this metal. Meats contribute to approximately 9% of the total lead and 

cadmium intake in Tenerife (Canary Islands) and this is the reason why one should 

consider that there are other sources of these two metals to the diet. 

 

A statistical comparison of the lead and cadmium concentrations in the different meat 

groups and meat products showed the following: (1) regarding the lead concentrations 

measured in meats, no significant differences were found between the diverse meat 

groups when they were considered individually.  However, significant differences were 

measured between the chicken and pork groups and the turkey and beef groups; (2) 

regarding the cadmium concentrations measured in meats, significant differences were 

observed between the turkey and the chicken, beef and lamb groups. In the case with the 

pork, no significant differences were measured due to the high variability found 

between this and all other groups; (3) in meat products, no clear differences were 

observed for the lead and cadmium between the various considered groups. This was, 

most likely, produced by the high variability of the samples that were analysed here. 

 

Conclusions 

The lead and cadmium levels in meat and meat products analysed in this study were 

well below the legal limits established by the current EU legislation. These levels are, 

also, comparable to results recently published for other countries. It has been shown 

here that the consumption of meats in the Canary Islands contribute to a 0.1 % and 0.4 

% of the PTWI for lead and cadmium respectively, whereas the consumption of meats 

products contribute to a 0.1 % and 0.2 % of the PTWI for lead and cadmium. 

Nevertheless, meats and meat products contribute to approximately 9 % of the total lead 
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and cadmium intake in Tenerife (Canary Islands) and there are other sources of 

exposure of these two metals. In addition, the results of this study show that there exist 

needs to evaluate and monitor lead and cadmium levels in foodstuffs to establish the 

intake values which are safe for the population.  

 

Acknowledgements 

This study has been carried out thanks to the help provided by the Health Section of the 

Local Government Canaries (Consejería de Sanidad del Gobierno Autónomo de 

Canarias). 

 

 

References 

 

Becerra G, Burguera JL, Buguera M. 1987. Determination of lead and cadmium in 

foods samples by flow-injection atomic absorption spectrometry. Química Analítica 

6:52-59. 

Beltrán G, Symington R, Menéndez R. 1987. Niveles de cadmio en conservas y 

embutidos cubanos. Revista de Agroquímica y Tecnología de los Alimentos 27:446-

450. 

Brito G, Díaz C, Galindo L, Hardisson A, Santiago D, García Montelongo F. 1990. 

Levels of metals in canned meat products: Intermetallic correlations. Bulletin of 

Environmental Contamination and Toxicology 44:309-316. 

Catalá R, Montoro E, Ibáñez N. 1983. Contaminación por metales pesados de los 

productos cárnicos. Revista de Agroquímica y Tecnología de los Alimentos 23:202-

216.  

Cattaneo P and Balzaretti C. 1984. Livelli attuallidi piombo e cadmio negli alimenti. 

Industrie Alimentari 23:771-780. 

Page 11 of 22

http://mc.manuscriptcentral.com/tfac  Email: fac@tandf.co.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

Cervera ML, Ybáñez N, Montoro R, Catalá R. 1988. Modificaciones del cotenido en 

cadmio, cobre, plomo y cinc en los procesos de elaboración de jamón cocido y pasta 

de hígado. Revista de Agroquímica y Tecnología de los Alimentos 28:233-40. 

Choy EHS, Scott DL, Kingsley GH, Thomas S, Murphy AGU, Staimos N, Panayi 

GS. 2001. Control of rheumatoid arthritis by oral tolerance. Arthritis and 

Rheumatism 44:1993-1997. 

Cuadrado C, Kumpulainen J, Moreiras O. 1995. Lead, cadmium and mercury 

contents in average Spanish market basket diets from Galicia, Valencia, Andalucía 

and Madrid. Food Additives and Contaminants 12:107-118. 

Dabeka RW and McKenzie A. 1992. Total diet study of lead and cadmium in food 

composites: preliminary investigations. Journal of the Association of Official 

Analytical Chemists 75:386-394.  

Doganoc DZ. 1996. Lead and cadmium concentrations in meat, liver and kidney of 

Slovenian cattle and pigs from 1989 to 1993. Food Additives and Contaminants 

13:237-241. 

ENCA. (2000). Encuesta Nutricional de Canarias 1997-1998. Servicio Canario de 

Salud. Consejería de Sanidad y Consumo. Gobierno de Canarias. 

Falandysz J, Lorenc-Biala H, Centkowska D. 1989. Metals in muscles, liver and 

kidney of slaughtered animals from the northern region of Poland. Roczniki 

Panstwowego Zakladu Higieny 40:279-283. 

Falandysz J. 1991. Manganese, copper, zinc, iron, cadmium, mercury and lead in 

muscle meat, liver and kidneys of poultry, rabbit and sheep slaughtered in the 

northern part of Poland, 1987. Food Additives and Contaminants 8:71-83. 

Falandysz J. 1993. Some toxic and essential trace metals in cattle from the northern 

part of Poland. Science of the Total Environment 136:177-191. 

Page 12 of 22

http://mc.manuscriptcentral.com/tfac  Email: fac@tandf.co.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

Halliwell D, Turoczy N, Stagnitti F. 2000. Lead concentrations in Eucalyptus sp. In 

a small coastal town. Bulletin of Environmental Contamination and Toxicology 

65:583-590. 

Jorhem L, Slorach S, Sundstrom B, Ohlin B. 1991. Lead, cadmium, arsenic and 

mercury in meat, liver and kidney of Swedish pigs and cattle in 1984-1988. Food 

Additives and Contaminants 8:201-211. 

Karavoltsos S, Sakellari A, Dimopoulos M, Dasenakis M, Scoullos M. Cadmium 

content in foodstuffs from Greek market. Food Additives and Contaminants 19:954-

962. 

Kosanovic M, Jokanovic M, Jevremovic M, Dobric S, Bokonjic D. 2002. Maternal 

and fetal cadmium and selenium status in normotensive and hypertensive 

pregnancy. Biological Trace Element Research 89:97-103. 

Lafuente A, González-Carracedo A, Esquifino AI. 2004 a. Differential effects of 

cadmium on blood lymphocyte subsets. Biometals 17:451-456. 

Lafuente A, González-Carracedo A, Romero A, Cano P, Esquifino AI. 2004 b. 

Cadmium exposure differentially modifies the circadian patterns of norepinephrine 

at the median eminence and plasma LH, FSH and testosterone leveles. Toxicology 

Letters 146:175-182. 

Larsen EH, Andersen NL, Møller A, Petersen A, Mortensen GK, Petersen J. 2002. 

Monitoring the content and intake of trace elements from food in Denmark. Food 

Additives and Contaminants 19:33-46. 

López Alonso M, Benedito JL, Miranda M, Castillo C, Hernández J, Shore RF. 

2000. Toxic and trace elements in liver, kidney and meat from slaughtered in 

Galicia (NW Spain). Food Additives and Contaminants 17:447-457. 

Page 13 of 22

http://mc.manuscriptcentral.com/tfac  Email: fac@tandf.co.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

López Alonso M, Prieto Montana F, Miranda M, Castillo C, Hernández J, Benedito 

JL. 2003. Cadmium and lead accumulation in cattle in NW Spain. Veterinary and 

Human Toxicology 45:128-130. 

Meah MN. 1991. Lead and tin in canned foods: results of the UK survey 1983-1987. 

Food Additives and Contaminants 8:485-496. 

Montoro R, Cervera ML, Catalá R. 1989. Metales potencialmente tóxicos en los 

alimentos. Instituto de Agroquímica y Tecnología de los Alimentos. Caja de 

Ahorros de Valencia. Departamento de Investigación y Desarrollo Agro-Industrial. 

National Food Administration in Sweden [internet]. Available from: 

httw://www.slv.se/templates/SLV_NewsPage___8470.aspx. Accessed 2004 January 

01. 

Niemi A, Venalainen ER, Hirvi T, Hirn J, Karppanen E. 1991. The lead, cadmium 

and mercury concentrations in muscle, liver and kidney from Finnish pigs and cattle 

during 1987-1988. Zeitschrift fuer Lebensmittel Untersuchung und Forschung 

192:427-429. 

Noirfalise A. 1981. Dosage des mètaux lourds dans le poissons et dans les viandes. 

Mètaux lourds dans les produits alimentaires 124-141. 

Nuurtamo M, Varo P, Saari E, Koivistoinen P. 1980. Mineral element composition 

of  Finnish food. Acta Agriculure Scandinavia 22:57-87.  

Onianwa PC, Lawal JA, Ogunkeye AA, Orejimi BM. 2000. Cadmium and nickel 

composition of Nigerian foods. Journal of food composition and analysis 13:961-

969.   

Pan G. 2002. Confidence intervals for comparing two scale parameters based on 

Levene’s statistics. Journal of Nonparametric Statistics 4:459-476. 

Page 14 of 22

http://mc.manuscriptcentral.com/tfac  Email: fac@tandf.co.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

Pennington JAT, Young BE, Wilson DB, Johnson RD, Vandervezen JE. 1986. 

Mineral content of foods and total diets: the selected minerals in food surveys, 1982 

to 1984. Journal of the American Dietetic Association 86:876-891. 

Reilly C. 1991. Metal contamination of food. London-New York: Elsevier Applied 

Science. p 3-151. 

Rubio C, González-Iglesias T, Revert C, Reguera JI, Gutiérrez AJ, Hardisson A. 

2005. Lead dietary intake in a Spanish Population (Canary Islands). Journal of 

Agricultural and Food Chemistry, 53:6543-6549. 

Rubio C, Hardisson A, Reguera JI, Revert C, Lafuente MA, González-Iglesias T. 

2006. Cadmium dietary intake in the Canary Islands, Spain. Environmental 

Research, 100:123-129. 

Sierra A and Hardisson A. 1991. La contaminación química de los alimentos. 

Aditivos alimentarios. In: Piédrola G, Domínguez M, Cortina P et al, editors. 

Medicina Preventiva y Salud Pública. Barcelona: Salvat. p 293-303. 

Tahvonen R and Kumpulainen J. 1994. Lead and cadmium contents in pork, beef 

and chicken, and in pig and cow liver in Finland during 1991. Food Additives and 

Contaminants 11:415-426. 

Vos G, Teeuwen JJ, van Delft W. 1986. Arsenic, cadmium, lead and mercury in 

meat, livers and kidneys of swine slaughtered in The Netherlands during the period 

1980-1985. Zeitschrift fuer Lebensmittel Untersuchung und Forschung 183:397-

401. 

World Health Organisation (WHO). 1993. Evaluation of certain foods additives and 

contaminants. Forty-first report of the joint FAO/WHO Expert Committee on Foods 

Additives (JECFA). Geneva: WHO Technical Report Series 837. p 53. 

Page 15 of 22

http://mc.manuscriptcentral.com/tfac  Email: fac@tandf.co.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

World Health Organisation (WHO). 2000. Lead. In: Safety evaluation of certain 

food additives and contaminants. Fifty-third meeting of the Joint FAO/WHO Expert 

Committee on Food Additives (JECFA). Geneva: WHO Food Additives Series 44. p 

273-312. 

World Health Organisation (WHO). 2001. Cadmium. In: Safety evaluation of 

certain food additives and contaminants. Fifty-fifth meeting of the Joint FAO/WHO 

Expert Committee on Food Additives (JECFA). Geneva: WHO Food Additives 

Series 46. p 247-305.  

Xu P, Huang S, Zhue R, Han X, Zhou H. 2002. Phenottophic polymormorphism of 

CYP2A6 activity in a Chinese population. European Journal of Clinical 

Pharmacology 58:333-337. 

Ybáñez N, Montoro R, Catalá R, Flores J. 1982. Contenido de cadmio, plomo y 

cobre de productos cárnicos. Revista de Agroquímica y Tecnología de los 

Alimentos 22:419-425.   

Ysart G, Miller P, Croasdale M, Crews H, Robb P, Baxter M, de L’argy C, Harrison 

N. 2000. 1997 UK Total diet study – dietary exposures to aluminium, arsenic, 

cadmium, chromium, copper, lead, mercury, nickel, selenium, tin and zinc. Food 

Additives and Contaminants 17:775-786. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page 16 of 22

http://mc.manuscriptcentral.com/tfac  Email: fac@tandf.co.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 

 

Page 17 of 22

http://mc.manuscriptcentral.com/tfac  Email: fac@tandf.co.uk

Food Additives and Contaminants

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review
 O

nly

 

 

Table I. Thermal programme used for the determination of lead and cadmium in the 

graphite furnace. 

Phase Temperature (ºC) Rise Time Hold Time 
Argon Flux 

(mL/min) 

Evaporation of 

the solvent 
100 10 20 250 

drying 130 25 20 250 

Pirolysis 450 15 20 250 

Pre-treatment 
800

(*1)
 

700
(*2)

 
5 

10
(*3) 

5
(*4)

 
250 

Atomisation 1250 0 3 0 

Cleaning 2500 2 3 250 
 

(*1)
 Pre-treatment temperature for the Pb 

(*2)
 Pre-treatment temperature for the Cd 

(*3)
 Time at which the temperature for the pre-treatment of the Pb is maintained  

(*4)
 Time at which the temperature for the pre-treatment of the Cd is maintained 

Injection temperature: 20º C 

Wavelength of the Pb: 283,3 nm 

Wavelength of the Cd: 228,8 nm 

Volume of the injection: 20 µL 
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Table II. Lead and cadmium recovery study. 

Concentration Element Material N
a

 

Measured
b
 

(µg Kg
-1

) 

Certified
c
 

(µg Kg
-1

) 

Recovery % 

Procedure 

Pb NBS SRH 

1577a 

Bovine 

Liver 

11 130±20 
 

140±20 92,85 AAS 

graphite 

furnace 

Pb BCR-278 

R Mussel 

Tissue 

11 2.000±40 1.970±70 101,52 AAS 

graphite 

furnace 

Cd BCR CRM 

184 Bovine 

Muscle 

11  

12±1 

 

13±2 

92,30 AAS 

graphite 

furnace 

Cd BCR-278 

R Mussel 

Tissue 

11 348±7 347±8 100,28 AAS 

graphite 

furnace 
a
 Nº of samples 

b
 Mean ± standard deviation 

c
 Confidence interval: 95% 

 

 Table III. Concentrations of lead and cadmium in meat and meat products (µµµµg kg
-1

). 

Meat Meat products 

Chicken Chicken 

 

Lead Cadmium Lead Cadmium 

Number of samples  24 24 25 25 

Number of not detectable 

samples 

0 0 2 0 

Median value (µg kg
-1

) 6,94 1,68 3,16 4,15 

Standard deviation 4,63 1,76 0,48 1,34 

Minimum (µg kg
-1

) 0,93 0,52 2,76 2,09 

Maximum (µg kg
-1

) 13,43 5,21 3,71 5,22 

 

 Pork Pork 

 Lead Cadmium Lead Cadmium 

Number of samples  27 27 27 27 

Number of indetectable samples 1 0 5 0 

Median value (µg kg
-1

) 5,00 5,49 4,89 6,50 

Standard deviation  4,79 5,11 3,84 3,93 

Minimum (µg kg
-1

) 1,02 0,42 0,35 0,52 

Maximum (µg kg
-1

) 11,55 13,24 13,23 13,54 

 

 Beef Beef 

 Lead Cadmium Lead Cadmium 

Number of samples  28 28 24 24 

Number of indetectable samples 3 0 3 0 

Deleted: ¶
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* N.D. = Non Detected 

 

Median value (µg kg
-1

) 1,91 1,90 6,72 4,76 

Standard deviation 0,007 1,86 1,49 4,93 

Minimum (µg kg
-1

) 1,91 0,50 5,66 1,76 

Maximum (µg kg
-1

) 1,92 4,45 7,78 13,50 

 

 Lamb Lamb 

 Lead Cadmium Lead Cadmium 

Number of samples  22 22 0 0 

Number of indetectable samples 1 0 - - 

Median value (µg kg
-1

) 1,35 1,22 - - 

Standard deviation 0,80 0,59 - - 

Minimum (µg kg
-1

) 0,59 0,72 - - 

Maximum (µg kg
-1

) 2,20 2,09 - - 

 

 Turkey Turkey 

 Lead Cadmium Lead Cadmium 

Number of samples  10 10 22 22 

Number of indetectable samples 10 0 1 0 

Median value (µg kg
-1

) N.D. 5,49 9,12 5,98 

Standard deviation - 0,68 8,65 3,10 

Minimum (µg kg
-1

) - 4,70 2,56 1,03 

Maximum (µg kg
-1

) - 5,90 21,30 9,46 
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Table IV. Lead and Cadmium mean concentrations in meat reported internationally. 

Reference Origin Type of meat Pb (µµµµg kg
-1

) Cd (µµµµg kg
-1

) 

Vos et al., 1986 Netherlands Pork meat 10 2 

Falandysz et al., 1989 Poland Pork meat 130 21 

Jorhem et al., 1991 Swedish Pork meat  5  1 

Niemi et al., 1991 Finland Pork meat 15 1,5 

Tahvonen and 

Kumpulainen, 1994 

Finland Pork meat 9 N.D. 

Doganoc, 1996 Slovenia Pork meat < 50 10 

Larsen et al., 2002 Denmark Pork meat < 15 < 1 

This study Tenerife 

(Spain) 

Pork meat 5,00  5,49 

 

 

Jorhem et al., 1991 Swedish Beef < 5 1 

Niemi et al., 1991 Finland Beef 13 1,3 

Falandysz, 1993 Poland Beef 40 6 

Tahvonen and 

Kumpulainen, 1994 

Finland Beef 10 N.D. 

Doganoc, 1996 Slovenia Beef 50 4 

López  Alonso et al., 

2000 

Galicia (Spain) Beef 9 1 

Larsen et al., 2002 Denmark Beef < 16 < 1 

López  Alonso et al., 

2003 

 Galicia 

(Spain) 

Beef 14,7 35,7 

This study Tenerife 

(Spain) 

Beef 1,91 

 

1,90 

 

 

Falandysz, 1991 Poland Chicken < 10-20 < 5 

Tahvonen and 

Kumpalainem, 1994 

Finland Chicken 6 N.D. 

Larsen et al., 2002 Denmark Chicken < 14 < 1 

This study Tenerife 

(Spain) 

Chicken 6,94 

 

1,68 

 

     

Larsen et al., 2002 Denmark Lamb < 14 1,8 

This study Tenerife 

(Spain) 

Lamb 1,35 

 

1,22 

 

 

Larsen et al., 2002 Denmark Turkey < 14 < 1 

This study Tenerife 

(Spain) 

Turkey N.D. 

 

5,49 

 

* N.D. = Non Detected 
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Table V. Lead and Cadmium mean concentrations in meat products reported 

internationally. 

Reference Origin Type of meat 

product 
Pb (µµµµg kg

-1
) Cd (µµµµg kg

-1
) 

Catalá et al., 1983 Spain Ham 320 32 

Cattaneo and Balzareti 

1984 

Italy Ham 380 67 

Becerra et al., 1987 Spain Ham 2.240 N.D. 

Cervera et al., 1988 Spain Ham 29 6 

Brito et al., 1990 Spain Ham 570 84 

Karavoltsos et al., 2002 Greece Ham - 0,6 

Dabeka and McKenzie, 

1991  

Canada Cured Ham 90 3 

Noirfalisse, 1980 France Pork liver paté 268 37 

Nuurtamo et al., 1980 Finland Pork liver paté < 20.000 20 

Becerra et al., 1987 Spain Pork liver paté 360 N.D. 

Cervera et al.,1988 Spain Pork liver paté 30 28 

Brito et al., 1990 Spain Pork liver paté 300 73 

Ybáñez et al., 1982 Spain Sausages 380 36 

Beltrán et al., 1987 Cuba Sausages - 9 

Karavoltsos et al., 2002 Greece Sausages - 1,6 

Meah, 1989 UK Corned beef 666 - 

Onianwa et al., 2000 Nigeria Corned beef - 70 

* N.D. = Non Detected 
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