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COMMITTEE ON TOXICITY OF CHEMICALS IN FOOD,  
CONSUMER PRODUCTS AND THE ENVIRONMENT 
 
 

Review of potential risks from nickel in the diet of infants aged 0 to 
12 months and children aged 1 to 5 years  
  
 
Introduction 
 
1. The Scientific Advisory Committee on Nutrition (SACN) is undertaking a 
review of scientific evidence that will inform the Government’s dietary 
recommendations for infants and young children. The SACN is examining the 
nutritional basis of the advice. The Committee on Toxicity of Chemicals in Food, 
Consumer Products and the Environment (COT) was asked to review the risks of 
toxicity from chemicals in the diet of infants, most of which has been completed, and 
young children. The reviews will identify new evidence that has emerged since the 
Government’s recommendations were formulated, and will appraise that evidence to 
determine whether the advice should be revised. The recommendations cover diet 
from birth to age five years. 
 
2. This discussion paper provides estimated nickel exposures for infants and 
young children in the UK aged 0 to 12 months and 1 to 5 years, respectively. There 
are currently no Government dietary recommendations for infants and young 
children which relate to nickel. 
 
 
Background 
 
3. Nickel is a metal that exists in various mineral forms and is present throughout 
the environment. It is used in a wide variety of processes including electroplating and 
alloy production, and is present in a wide range of consumer products. Nickel 
concentrations in the environment reflect both natural and anthropogenic 
contributions. Although it can exist in various oxidation states, the divalent form of 
nickel (Ni(II)) generally occurs in food and water as this is its most stable oxidation 
state (EFSA, 2015). 
 
4. The general population is primarily exposed to nickel via food and drinking 
water, with inhalation from ambient air and percutaneous exposure acting as 
generally minor sources of exposure. Food is generally considered to be a more 
important source of oral exposure to nickel than drinking water (EFSA, 2015; EVM, 
2003; WHO, 2005). 

 
5. Following oral exposure in humans, nickel is bioavailable at levels from 1% up 
to 40%. Bioavailability appears to be lower when exposure to nickel occurs in the 
presence of food or under non-fasted conditions, than when nickel is dosed in 
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drinking water alone (EFSA, 2015). It has been reported that typically <10% of nickel 
ingested with food is absorbed, while nickel from drinking water alone is more highly 
absorbed at ~20-25% (EVM, 2002 and 2003). In rats nickel is rapidly but poorly 
absorbed following ingestion; absorption has been reported to range from 0.01 to 
33.3% depending on the solubility of the nickel compound that had been ingested. 
Absorbed nickel can bind to serum proteins and is widely distributed in the organism. 
Absorbed nickel is mainly excreted via urine; it is excreted to a lower extent in breast 
milk. An estimated elimination half-life of 28 ± 9 hours was calculated in human 
volunteers (EFSA, 2015). 
 
6. Although nickel is an essential micronutrient for higher plants and some 
animal species, there are currently no data proving that it is essential for humans 
(EFSA, 2015). 
 
7. In humans, the non-carcinogenic effects of oral exposure to nickel include 
effects on the gastrointestinal, haematological, neurological, and immune systems. 
Gastrointestinal (i.e. vomiting, abdominal cramps, and diarrhoea) and neurological 
(i.e. giddiness, headache, and weariness) symptoms are the most reported effects 
after acute exposure. Exposure to nickel through skin or by inhalation may lead to 
nickel sensitisation; although oral exposure is not known to lead to sensitisation, it 
may be able to elicit eczematous flare-up reactions in the skin of nickel-sensitised 
individuals (EFSA, 2015).  

 
8. Oral ingestion of nickel salts in experimental animals has resulted in a wide 
range of adverse effects including nephrotoxicity, hepatotoxicity and metabolic 
effects. Nickel is able to cross the placental barrier and exerts its primary toxic 
effects in experimental animals by affecting the developing embryo or fetus. 
Increases in pre- and perinatal mortality have been reported in the offspring of 
female rats ingesting nickel salts. The currently available epidemiological data do not 
support an association between dietary nickel exposure and reproductive and 
developmental effects in humans (EFSA, 2015). 

 
9. The COT has commented on nickel in food a number of times in the past; the 
general conclusion has been that dietary exposures to nickel were unlikely to be of 
toxicological concern. The Committee has also concluded that although nickel may 
exacerbate contact dermatitis/eczema in sensitised individuals, pre-school children 
are less likely than adults to be sensitised and would therefore not be considered to 
be a sensitive sub-group (COT, 2008). 
 
Expert opinions 
 
10. An expert opinion on exposure to nickel in food and drinking water has been 
published by the European Food Safety Authority’s (EFSA) Panel on Contaminants 
in the Food Chain (CONTAM) (EFSA, 2015). The Expert Group on Vitamins and 
Minerals (EVM) reviewed nickel in their report on the ‘Safe Upper Levels of Vitamins 
and Minerals’ (EVM, 2003). The World Health Organization (WHO) has reviewed 
exposures to nickel via drinking water as part of the development of their ‘Guidelines 
for Drinking Water Quality’ (WHO, 2005 and 2011). The International Agency for 
Research on Cancer (IARC) has published an evaluation of the carcinogenicity of 
nickel and nickel compounds (IARC, 2012). 
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EFSA 

 
11. In their 2015 scientific opinion (Annex A), the EFSA CONTAM Panel stated 
that across Europe, mean chronic dietary exposures to nickel in ‘infants’ ranged from 
3.3 to 6.3 μg/kg body weight (bw)/day, while 95th percentile chronic dietary 
exposures ranged from 8.0 to 12.3 μg/kg bw/day1. The mean and 95th percentile 
chronic dietary exposures to nickel in ‘toddlers’ ranged from 5.3 to 13.1 μg/kg bw/day 
and from 8.7 to 20.1 μg/kg bw/day, respectively. The Panel reported that amongst 
the different age groups, alongside ‘other children’, the ‘toddlers’ group showed the 
highest chronic dietary exposure to nickel (EFSA, 2015). 
 
12. The CONTAM Panel also detailed the acute dietary exposures to nickel in 
‘infants’ and ‘toddlers’ across Europe. The mean acute exposures for ‘infants’ ranged 
from 5.6 to 6.4 μg/kg bw/day, while the 95th percentile acute exposure was 15.1 
μg/kg bw/day. The mean and 95th percentile acute exposures for ‘toddlers’ ranged 
from 7.5 to 14.3 μg/kg bw/day and 16.6 to 35.0 μg/kg bw/day, respectively. Once 
again, the Panel reported that the highest acute exposures to nickel were observed 
in the ‘toddlers’ and ‘other children’ age groups (EFSA, 2015). 

 
13. As part of their assessment, the CONTAM Panel established a new tolerable 
daily intake (TDI) for nickel. The Panel identified the increased incidence of litters 
with post-implantation fetal loss observed in different reproductive toxicity studies in 
rats as the critical effect. A lower 95% confidence limit for a benchmark dose at 10% 
extra risk (BMDL10) of 0.28 mg/kg bw/day was calculated for this effect from the 
dose-response analysis of the combined data from a 1-generation dose range 
finding study and a 2-generation study in rats given nickel sulphate hexahydrate via 
oral gavage (Siglin 2000a and 2000b). The Panel applied a default uncertainty factor 
of 100 to this BMDL10 to account for inter-species differences and inter-individual 
variability, and derived a TDI of 2.8 μg/kg bw/day (EFSA, 2015). 

 
14. As the Panel considered that the new TDI may not be sufficiently protective of 
nickel-sensitised individuals, they also assessed acute dietary exposures to nickel. 
The critical effect was identified as eczematous flare-up reactions in the skin of 
nickel-sensitised individuals; three studies addressed this issue and were suitable for 
dose-response analysis (Gawkrodger et al., 1986; Hindsén et al., 2001; Jensen et 
al., 2003). The Panel calculated a range of BMDL10s, 1.1 to 2.6 μg/kg bw/day, and 
selected the lowest as a reference point for assessing acute oral exposure to nickel 
(1.1 μg/kg bw/day from Jensen et al., 2003). Although there is some evidence that 
there are dose-dependent relationships between the amounts of nickel ingested and 
the probability or severity of a flare-up, the Panel decided not to define an acute 
reference dose as thresholds had not been formally established for sensitisation to 
most contact allergens. A margin of exposure (MOE) approach was adopted instead, 
with the Panel deciding that an MOE of 10 or higher would be indicative of a low 
health concern as the selected reference point was based on a highly sensitive study 
group of fasted individuals given nickel in capsules2. In making this decision, the 

                                            
1
 Estimates were only available from one dietary survey. 

2
 Under such conditions, absorption of nickel is assumed to be considerably higher than it would be 

from food or in a non-fasted state. 
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Panel took into account the fact that the critical effect is relatively less severe than 
other toxic effects in humans, but that there is large inter-individual variability in 
immune responses and that the studies involved a limited number of participants 
(EFSA, 2015). 

 
15. Acute exposures have not been estimated or assessed in the current risk 
assessment as the Committee previously concluded that pre-school children are less 
likely to be sensitised to nickel than adults, and would therefore not be considered a 
sensitive sub-group with regard to the elicitation of eczematous flare-up reactions 
following acute exposures to nickel (paragraph 9). 
 
16. Overall, the CONTAM Panel concluded that current chronic dietary exposure 
to nickel raises concern when considering the mean and 95th percentile exposures 
for all age groups. The Panel also concluded that, at the current levels of acute 
dietary exposure to nickel, there is a concern that nickel-sensitised individuals may 
develop eczematous flare-up skin reactions (EFSA, 2015). 

 
EVM 

 
17. When the EVM reviewed nickel, they noted that dietary intakes of nickel in the 
UK were 190 μg/day for 1 to 4 year olds. Average dietary nickel intakes for infants 
aged 0 to 12 months were 0.005 mg/kg bw (EVM, 2002). 
 
18. The EVM stated that the key toxicological endpoint for nickel in humans is the 
aggravation of nickel sensitisation, and reported that oral intakes of nickel as low as 
0.49 to 0.72 mg may be able to trigger flare-ups of dermatitis, particularly if taken on 
an empty stomach. They also reported that the prevalence of nickel sensitivity is 
high, and proposed that many individuals may not be aware that they are sensitised. 
Furthermore, the absorption of nickel is greater when taken on an empty stomach 
and in the absence of food, as may occur with dietary supplements. Overall, the 
EVM concluded that it was not possible to set a safe upper level or guidance value 
for supplemental intake of nickel, but stated that they did not expect UK dietary 
intake of nickel in food to result in harmful effects (EVM, 2003). 

 
19. During their review, the EVM also considered data from animal studies. They 
noted that, in animals, nickel has fairly non-specific toxic effects, but appears to be 
associated with increased perinatal mortality in multi-generation studies. A lowest 
observed adverse effect level (LOAEL) of 1.3 mg/kg bw/day was selected from a 
study by Smith et al. (1993) in which female rats were given nickel chloride in 
drinking water for 11 weeks prior to breeding and throughout gestation and lactation. 
No overt toxicity was reported but there was a dose-related increase in pups born 
dead, or dying shortly after birth. The EVM applied a total uncertainty factor of 300 (3 
for LOAEL to no observed adverse effect level (NOAEL) extrapolation, 10 for inter-
species variation and 10 for intra-individual variation), and concluded that a total 
nickel intake of 0.0043 mg/kg bw/day would not be expected to have adverse effects 
in non-sensitised individuals (EVM, 2003). 
 
WHO 
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20. The WHO established a provisional guidance value of 70 μg/L for nickel in 
drinking water in 2005, but has stated that a concentration of 20 μg/L should be 
achievable by conventional water treatment (WHO, 2005 and 2011). 
 
21. When reviewing nickel in drinking water, the WHO established a general 
toxicity value of 130 μg/L. This value was determined using a TDI of 22 μg/kg bw, by 
assuming a 60 kg adult human drinking 2 litres of water per day, and by allocating a 
conservative 20% of the TDI to drinking water. The TDI was based on a NOAEL of 
2.2 mg/kg bw/day taken from a two-generation study on rats; the NOAEL was 
identified for all end-points studied including post-implantation/perinatal lethality. The 
WHO applied an uncertainty factor of 100 to the NOAEL (10 to account for 
interspecies variation and 10 to account for intra-species variation) to derive the TDI 
(WHO, 2005). 

 
22. The WHO considered that this general toxicity value may not be sufficiently 
protective of individuals sensitised to nickel, for whom a sufficiently high oral 
challenge could elicit an eczematous reaction. The WHO therefore derived the 
aforementioned guideline value for nickel in drinking water (70 μg/L) using a TDI of 
12 μg/kg bw. The TDI was based on a LOAEL of 12 μg/kg bw that had been 
identified by Nielsen et al. (1999) following administration of fasted patients with a 
single dose of nickel that was much higher than would normally be possible through 
drinking water and/or with the presence of food in the stomach, which would 
significantly reduce the absorption. No uncertainty factors were applied to the 
LOAEL when deriving the TDI, as it was based on a highly sensitive human 
population. When deriving the guideline value, the WHO once again assumed a 60 
kg adult human drinking 2 litres of water per day and allocated 20% of the TDI to 
drinking water. The WHO stated that “Although this value is close to the acute 
LOAEL, the LOAEL is based on the total exposure to nickel, in this study, being from 
drinking-water, and the absorption of nickel from drinking water on an empty 
stomach is 10- to 40-fold higher than the absorption from food. Basing the total 
acceptable intake for oral challenge from studies using drinking-water on an empty 
stomach in fasted patients can, therefore, be considered a worst-case scenario.” 
(WHO, 2005). 
 
IARC 
 

23. The IARC has reviewed nickel and nickel compounds multiple times, most 
recently in 2011, and has classified them as human carcinogens that cause cancers 
of the lung, nasal cavity and paranasal sinuses after inhalation (IARC, 2012). There 
is currently no consistency in the epidemiological data to suggest that nickel 
compounds cause cancer at additional sites or by additional routes, and no tumours 
have been observed in oral carcinogenicity studies in experimental animals. The 
EFSA CONTAM Panel therefore considered it unlikely that dietary exposure to nickel 
results in cancer in humans (EFSA, 2015). 
 
Notes on the health-based guidance values 
 
24. Whilst reviewing the results of a 2014 survey of metals and other elements in 
infant foods (FSA, 2016a), the Committee concluded that it would not be appropriate 
to use the EFSA’s TDI to assess exposures to nickel in those aged 0 to 5 years. This 
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was because the TDI is based on an adverse reproductive effect which is not 
relevant for this age group; the Committee suggested that an alternative health-
based guidance value (HGBV) be sought (TOX/2016/293 and TOX/MIN/2016/044). 
 
25. Table 1 lists the currently available HBGVs for nickel which are not based on 
adverse reproductive effects (adapted from EFSA, 2015), the HBGV derived by the 
EVM was not reported by the EFSA and has not been included in this table as it is 
based on adverse reproductive effects. The critical studies used to derive the 
HBGVs in table 1 have been described below. 

 
Table 1. Currently available health-based guidance values for nickel which are not 
based on adverse reproductive effects (adapted from EFSA, 2015). 
 

Group 
Limit 
type 

HBGV 
(μg/kg 

bw/day) 
Species 

Reference 
point 

(mg/kg 
bw/day) 

Critical 
effect  

Critical 
study 

reference 
UF 

FSCJ 
(2012) 

TDI 4 
Human 
(fasted) 

LOAEL – 
0.012 

Eczematous 
reaction 

Nielsen et 
al. (1999) 

3 

WHO 
(2005) 

TDI 12 
Human 
(fasted) 

LOAEL – 
0.012 

Eczematous 
reaction 

Nielsen et 
al. (1999) 

1 

RIVM 
(2001) 

TDI 50 Rat 
NOAEL – 

5 

Decreased 
organ and 

body weight 

Ambrose 
et al. 

(1976) 
100 

TERA 
(1999) 

RfD 8 Rat 
LOAEL – 

8 

Increased 
kidney 
weight 

Vyskočil 
et al. 

(1994) 
1000 

Health 
Canada 
(1994) 

TI (nickel 
sulphate) 

50 Rat 
NOAEL – 

5 

Decreased 
organ and 

body weight 

Ambrose 
et al. 

(1976) 
100 

USA 
EPA 
(1996) 

RfD 

20 
(soluble 
nickel 
salts) 

Rat 
NOAEL – 

5 

Decreased 
organ and 

body weight 

Ambrose 
et al. 

(1976) 
300 

HBGV = health-based guidance value, bw = body weight, UF = uncertainty factor, TDI = tolerable 
daily intake, RfD = reference dose, TI = tolerable intake, LOAEL = lowest observed adverse effect 
level, NOAEL = no observed adverse effect level 

 
 
26. Nielsen et al. performed two studies to examine the influence of fasting and 
food intake on the absorption and retention of nickel that had been added to drinking 
water, and to determine if nickel sensitisation had any impact on these factors. In the 
first study, 8 non-allergic male volunteers were given nickel in drinking water, 
followed by meals at different time intervals. No adverse reactions were recorded in 
any of the volunteers. Overall, serum nickel levels peaked sooner and higher when 
nickel was ingested before food than when it was ingested with food (Nielsen et al., 
1999). 
 

                                            
3
 https://cot.food.gov.uk/sites/default/files/tox2016-29.pdf 

4
 https://cot.food.gov.uk/sites/default/files/draftminutesjuly16.pdf 

https://cot.food.gov.uk/sites/default/files/tox2016-29.pdf
https://cot.food.gov.uk/sites/default/files/draftminutesjuly16.pdf
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27. In the second study, 20 nickel-sensitised women and 20 age-matched 
controls were given a stable nickel isotope in drinking water at a dose of 12 μg/kg 
bw. The nickel was ingested on an empty stomach, and fasting was maintained for a 
further 4 hours following nickel administration. Both groups had vesicular hand 
eczema of the pompholyx type, all patients were examined by the same 
dermatologist who was blinded regarding nickel allergy. Following nickel intake, 9 out 
of 20 of the nickel-sensitised women developed a flare-up of symptoms and reported 
increased use of topical steroids, all exacerbations started within 12 hours after 
nickel administration. The authors reported that the clinical symptoms were unrelated 
to the magnitude of nickel concentrations found in serum and urine. They also 
reported that the course of nickel absorption and excretion in the allergic groups in 
the second study did not differ and was similar to the pattern seen in the volunteers 
in the first study (Nielsen et al., 1999). 

 

28. The results from Nielsen et al. (1999) were used by the Food Safety 
Commission of Japan (FSCJ, 2012) and the WHO (WHO, 2005) to derive their TDIs. 
While the WHO did not apply any uncertainty factors to the LOAEL (12 μg/kg bw) 
(paragraph 22), the FSCJ applied an uncertainty factor of 3 to account for the use of 
a LOAEL rather than a NOAEL when deriving their TDI. 
 

29. Ambrose et al. (1976) performed a two-year feeding study with 4 groups of 
albino Wistar rats (25 of each sex). The groups were placed on diets consisting of 0, 
100, 1000, and 2500 ppm nickel. Overall, growth was significantly depressed in rats 
on the 1000 and 2500 ppm diets, and organ-to-body weight data indicated increased 
heart and decreased liver ratios for females on the same diets. Haematological and 
urinary findings were normal, histopathological studies revealed no lesions, and 
assessment of tissue storage of nickel in various organs indicated no important 
storage sites. The authors also reported the results of a two-year feeding study in 
dogs and a three-generation study in rats in the same article (Ambrose et al., 1976). 

 
30. A NOAEL of 5 mg/kg bw/day was derived from the study by Ambrose et al. 
based on the absence of effects in the diet containing 100 ppm nickel. This NOAEL 
was used by the Dutch National Institute for Public Health and the Environment 
(RIVM, 2001), Health Canada (Health Canada, 1994), and the United States 
Environmental Protection Agency (US EPA, 1996), to derive their HBGVs. Both the 
RIVM and Health Canada applied a total uncertainty factor of 100 (based on the 
default factors of 10 each for intra- and inter-species extrapolation) to the NOAEL. 
The US EPA applied an uncertainty factor of 300; they used the same default factors 
as the RIVM and Health Canada but added a further factor of 3 to account for 
inadequacies in the study (i.e. a small sample size). 
 

31. Vyskočil et al. (1994) performed a sub-chronic study in groups of male and 
female Wistar rats (40 of each in total). The rats received either demineralised water 
(control) or water containing nickel (as nickel sulphate) at a concentration of 100 
mg/L. After 3 and 6 months of exposure, 10 control and 10 exposed rats of each sex 
were placed in individual metabolic cages for 24 hours to collect urine, and were 
then sacrificed, with the kidneys being quickly dissected and weighed. Nickel intakes 
were 7.56±2.13 and 6.25±0.76 mg/kg bw/day for the male rats exposed for 3 and 6 
months, respectively, and 8.40±1.39 and 6.76±2.39 mg/kg bw/day for the female rats 
exposed for 3 and 6 months, respectively. After 6 months, kidney weights were 
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significantly increased in both male and female exposed groups, and urinary 
excretion of albumin was significantly increased female exposed rats. No significant 
changes were observed in other parameters (Vyskočil et al., 1994). 

 
32. The study by Vyskočil et al. was used by the Toxicology Excellence for Risk 
Assessment Center in the USA (TERA, 1999) to derive their reference dose. The 
TERA derived a LOAEL of 8 mg/kg bw/day from the study and applied an uncertainty 
factor of 1000: 10 each for intra- and inter-species extrapolation, and a further 10 for 
sub-chronic-to-chronic extrapolation, an insufficient database, and use of a minimal 
LOAEL. 
 
 
Nickel exposures in infants aged 0 to 12 months and young children aged 1 to 
5 years 
 
Sources of nickel exposure 
 
Human breast milk 
 
33. In general, low levels of nickel are found in breast milk (EFSA, 2015). 
 
34. As part of the 2004 SUREmilk study, levels of nickel were measured in breast 
milk from women in the UK. The highest concentration in an individual sample was 
39 μg/kg; approximately 14% of the 104 samples had concentrations that were equal 
to or below a limit of detection (LOD) of 0.3 μg/kg, while ~40% of them were equal to 
or below a limit of quantification (LOQ) of 1.0 μg/kg (Woolridge et al., 2004). 
 
35. The COT5 noted that the SUREmilk samples were collected primarily to 
explore the viability of breast milk collection methods (COT, 2004), and not as part of 
a rigorous survey. On this basis, and due to the lack of more complete summary 
statistics (i.e. a median or mean), literature searches were performed to search for 
more applicable UK data. These literature searches did not identify any further data 
for nickel concentrations in breast milk in the UK, so were expanded to include non-
UK data. The searches identified a number of studies, some of which had been take 
account of in the EFSA’s scientific opinion (EFSA, 2015); the studies are 
summarised in Table 2 and are detailed below. 

 

Table 2. Concentrations of nickel breast milk available from the published literature 
 

Country 
Number of 
samples 

Average 
concentration 

(μg/L)a 

Minimum 
concentration 

(μg/L) 

Maximum 
concentration 

(μg/L) 
Reference 

UK 104 - <0.3 39 
Woolridge 
et al., 2004 

USA 46 1.2±0.4 - - 
Casey and 

Neville, 
1987 

                                            
5
 http://cot.food.gov.uk/sites/default/files/cot/cotsuremilk.pdf  

http://cot.food.gov.uk/sites/default/files/cot/cotsuremilk.pdf
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Guatemala 74 12.9±1.38* - - 

Parr et al., 
1991 

Hungary 70 14.4±0.7* - - 

Nigeria 14 12.2±3.6* - - 

Philippines 62 16.1±1.2* - - 

Sweden 31 11.0±1.1* - - 

Zaire 59 4.9±1.7* - - 

Austria 27 0.79* <0.13 6.35 
Krachler et 
al., 2000 

Turkey 30 27.8 - - 
Turan et al., 

2001 

United 
Arab 

Emirates 
205 2.58 (2.64*) 0.15 12.4 

Abdulrazzaq 
et al., 2008 

Iraq 30 6.56 - - 
Hassan, 

2009 

Portugal 

34 
(colostrum) 

7.6±7.9 (4.6*) 1.0 35.8 
Almeida et 
al., 2008 19 

(mature) 
5.8±1.8 (5.3*) 3.7 10.7 

Sweden 60 0.96±6.5 (<0*) - 47 
Björklund et 

al., 2012 

Turkey 60 
43.9±33.8 

(30.3*) 
8.3 148.6 

Gürbay et 
al., 2012 

Brazil 58 1.19* 0.22 3.23 
Cardoso et 
al., 2014 

Iran 150 51.0±7.6 - - 
Salmani et 
al., 2016 

a
 Average concentration is the mean or median, where it is the median this has been indicated with *. 

Where it has been available, the standard deviation has also been provided (as ±…). 

 
 

36. Casey and Neville (1987) measured nickel concentrations in 46 samples of 
breast milk collected between delivery and 38 days post-partum from 13 women in 
the USA. The overall mean nickel concentration was 1.2±0.4 μg/L. The nickel 
concentrations did not change over time (Casey and Neville, 1987 – abstract only). 

 
37. Nickel concentrations were determined in human whole milk samples from 
Guatemala, Hungary, Nigeria, Philippines, Sweden, and Zaire as part of a 
WHO/International Atomic Energy Agency (IAEA) joint project to assess infant 
exposures to minor and trace elements in breast milk. It is not clear when the 
samples were taken but the study was initiated in 1973. The samples were collected 
at roughly 3 months post-partum. The median concentrations ranged from 4.9 (Zaire) 
to 16.1 μg/L (Philippines), the number of samples from each country ranged from 14 
(Nigeria) to 74 (Guatemala) (Parr et al., 1991). 

 
38. Krachler et al. (2000) conducted a study to elucidate the potential of magnetic 
sector field inductively coupled plasma-mass spectrometry (ICP-MS) for reliable 
determination of essential and non-essential trace elements, and toxic elements in 
human milk. As part of their study, they measured the concentration of nickel in 27 
transitory and mature breast milk samples collected from 27 healthy mothers at a 
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hospital in Austria. There were too few samples to consider splitting them into 
subgroups with regard to different lactation stages. The median concentration of 
nickel was reported to be 0.79 μg/L, while the observed range was <0.13 to 6.35 
μg/L (Krachler et al., 2000). 

 
39. Turan et al. (2001) determined the nickel concentrations in 30 samples of 
colostrum collected from middle-class mothers in Turkey; the mean concentration of 
nickel was reported to be 27.8 μg/L (Turan et al., 2001 – abstract only). 

 
40. Abdulrazzaq et al. (2008) undertook a study to determine the trace metal and 
nutrient content of breast milk and plasma in lactating women during or after the first 
month post-partum. A total of 205 samples of breast milk were analysed, samples 
were collected from mothers visiting a maternal and child health unit in the United 
Arab Emirates. A mean nickel concentration of 2.58±1.51 μg/L (median = 2.64 μg/L) 
was reported, along with minimum and maximum concentrations of 0.15 and 12.4 
μg/L, respectively. There was no correlation between the concentration of nickel in 
the breast milk and that in the plasma (Abdulrazzaq et al., 2008). 

 
41. Hassan (2009) aimed to compare the availability of trace elements in human 
and animal (cow and goat) milk. A total of 30 breast milk samples were collected 
from 10 women on days 1 to 3 post-partum at a hospital in Iraq. Hassan reported a 
mean nickel concentration of 6.56 μg/L (Hassan, 2009). 
 
42. Almeida et al. (2008) analysed the nickel concentration of samples of 
colostrum and mature breast milk collected from 44 women who were enrolled into 
their study at a hospital in Portugal while still pregnant in November 2003. The aims 
were to study the relationship between the levels of certain trace elements in 
maternal milk and their corresponding levels in blood, to evaluate the changes in 
their concentrations in milk during the first month of lactation, and to detect potential 
inter-element correlation within each type of sample. Overall, 34 samples of 
colostrum (taken 2 days post-partum), and 19 samples of mature breast milk (taken 
1 month post-partum), were collected. The mean concentration of nickel in the 
colostrum samples was 7.6±7.9 μ/L (median = 4.6 μg/L), while the minimum and 
maximum concentrations were 1.0 and 35.8 μg/L, respectively. The mean 
concentration of nickel in the mature milk samples was 5.8±1.8 μ/L (median = 5.3 
μg/L), while the minimum and maximum concentrations were 3.7 and 10.7 μg/L, 
respectively. The detection limit was 0.12 μg/L. The decrease in nickel concentration 
from colostrum to mature milk was not statistically significant, and no correlations 
were observed between the levels of nickel in blood and colostrum samples. There 
were significant correlations between the concentrations of nickel and lead, and 
nickel and manganese, in the mature milk samples (Almeida et al., 2008). 
 
43. Björklund et al. (2012) reported a mean concentration of 0.96 µg/L (median < 
0 µg/L) for 60 samples of breast milk collected in 2002-2009 from Swedish first-time 
mothers at 2-3 weeks postpartum. The authors reported that 75% of the samples fell 
below the LOD for nickel (0.085 µg/L) and that the minimum and maximum 
concentrations were “not determined” and 47 µg/L respectively. The overall aim of 
the study was to provide updated information on the concentrations of a range of 
toxic and essential elements in breast milk (Björklund et al., 2012). This study was 
not mentioned in the EFSA’s scientific opinion. 
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44. Gürbay et al. (2012) determined the nickel concentration of breast milk 
samples from women in Turkey in order to assess the level of contamination. A total 
of 64 samples were collected at 2 to 5 days post-partum between October 2007 and 
March 2008. The mean nickel concentration of 60 samples was reported to be 
43.9±33.8 μg/L (median = 30.3 μg/L), while the minimum and maximum 
concentrations were 8.3 and 148.6 μg/L, respectively. Overall, the authors reported 
that 8 of the samples were none detects, 25 had concentrations ≤ 30 μg/L, 16 had 
concentrations of 31 to ≤ 60 μg/L, 11 had concentrations of 61 to ≤ 100 μg/L, and 4 
samples had concentrations of 101 to 150 μg/L (Gürbay et al., 2012). 
 
45. Cardoso et al. (2014) undertook a study to determine the relationship between 
the concentrations of a number of metals in breast milk, drinking water, and soil, in a 
specific municipality of Brazil. A total of 58 samples of breast milk were collected 
during the first month of lactation. The median concentration of nickel in breast milk 
was 1.19 μg/L, while the minimum and maximum concentrations were 0.22 and 3.23 
μg/L, respectively. The LOQ for was reported to be 0.1 μg/L. Similar concentration 
profiles were observed when comparing the concentrations of nickel in breast milk 
with those in drinking water, but not those in soil (Cardoso et al., 2014). 

 
46. Salmani et al. (2016) conducted a study to assess whether the nickel 
concentration in the breast milk of lactating mothers was associated with certain 
demographic parameters (education level, age and employment status). Breast milk 
samples were collected from 150 mothers visiting health centres in Iran in the first 
month post-partum. The mean concentration of nickel overall was reported to be 
51.0±7.6 μg/L; when the samples were split according to the different demographics 
parameters, the mean concentrations ranged between 46.0±6.69 μg/L and 
56.7±3.85 μg/L. There were no significant associations between the concentrations 
of nickel in breast milk and the different demographic parameters of the mothers 
(Salmani et al., 2016). 

 
47. To assess nickel exposures via breast milk, the EFSA used the highest 
published mean nickel concentration of 43.9 μg/L reported by Gürbay et al. (2012), 
and considered mean and maximum breast milk consumption levels of 800 and 1200 
mL/day, respectively, for an exclusively breast-fed infant aged 3 months and 
weighing 6.1 kg. These assumptions generated mean and high level exposure 
estimates of 5.8 and 8.6 μg/kg bw/day, respectively. Based on these exposures, the 
EFSA considered that nickel exposures in breastfeeding infants to be similar to or 
lower than non-breastfeeding infants (EFSA, 2015). 

 
48. The mean nickel concentration of 43.9 μg/L reported by Gürbay et al. (2012) 
has also been used to assess exposures to nickel via breast milk in the current 
assessment. 

 
Infant formulae and food 
 
49. Concentrations of nickel have recently been measured in an FSA survey of 
metals and other elements in infant formulae and foods (e.g. commercial infant 
foods) (referred to as the Infant Metals Survey), and in the composite food samples 
of the 2014 Total Diet Study (TDS). 
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Food contact materials 
 
50. The migration of nickel from food contact materials could represent an 
additional source for the presence of nickel in food and drinking water. In general, 
nickel-containing food contact materials are made of highly corrosion resistant 
stainless steel so that the metal should not migrate into food in quantities that would 
endanger human health. Stainless steel products are used in food transportation, for 
food processing equipment and containers, for cooking utensils and tableware, and 
for electric kettles and other kitchen appliances. Nickel may also be released from 
nickel-plated kitchenware; although nickel-plating is less resistant to corrosion than 
stainless steel so nickel-plated articles are not normally used for materials that are 
meant to come into contact with food (EFSA, 2015). 
 
51. At present, as recommended by the Council of Europe, manufacturers of food 
preparation and handling tools and equipment made of stainless steel should respect 
the migration of nickel compliant with a specific release limit (SRL) of 0.14 mg/kg 
food (EDQM, 2013; EFSA, 2015). 

 
52. The EFSA CONTAM Panel concluded that the extent of nickel migration due 
to the use of good quality stainless steel in food contact materials has likely little or 
no relevance compared to the dietary exposure determined by the intrinsic presence 
of nickel in the diet. However, leaching of nickel may not be negligible for food 
contact materials made of poor quality stainless steel, or of other nickel-containing 
metal alloys (EFSA, 2015). 

 
53. The EVM reported that the quantity of nickel released from food cooked in 
“already used” stainless steel pans was low to negligible (< 0.07 μg/g), and although 
release from pans on their first use was higher (up to 0.27 μg/g), the amounts 
released were still considered relatively small (EVM, 2002). 
 
54. The EFSA stated that the potential leaching of nickel into food from food 
contact materials was not covered by the occurrence dataset that was used to 
estimate dietary exposure (EFSA, 2015). The 2014 TDS food samples were 
prepared ‘as consumed’ prior to analysis and thus any potential levels of nickel 
leached into food from food contact materials will be reflected in the overall 
concentration. However, this is not the case for the samples of the infant metals 
survey.  
 
Drinking water 
 
55. The primary source of nickel in drinking water is leaching from metals in 
contact with drinking water, such as pipes and taps. Although the nickel 
concentration in drinking water is normally less than 20 μg/L, release from such 
metal fittings could contribute up to 1 mg/L. Nickel may also be present in some 
groundwater as a consequence of dissolution from nickel ore-bearing rocks (WHO, 
2005 and 2011). 
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56. In water, nickel is most likely to be present as Ni(II) (paragraph 3). In their 
assessment, the EFSA found the contribution of drinking water to the total exposure 
to nickel to be very small across all age groups (EFSA, 2015). 
 
57. EU legislation sets a value of 20 μg/L for nickel in water intended for human 
consumption (Directive 98/83/EC), and a maximum level of 20 μg/L in natural 
mineral waters (Directive 2003/40/EC). The WHO has established a guidance level 
of 70 μg/L for nickel in drinking water, but has stated that a concentration of 20 μg/L 
should be achievable by conventional water treatment (WHO, 2011). 

 
58. Levels of nickel in drinking water in 2014/2015 from England and Wales, 
Northern Ireland and Scotland were provided by the Drinking Water Inspectorate 
(DWI), Northern Ireland Water and the Drinking Water Quality Regulator (DWQR) for 
Scotland, respectively. Median and 97.5th percentile values calculated from this data 
are shown in Table 3. These values have been used to calculate exposures to nickel 
from drinking water in combination with exposures from food. 
 
Table 3. Median and 97.5th percentile concentrations (μg/L) of nickel in water across 
the UK for 2014/2015. 

* The DWI noted that the water companies had reported a range of LODs that varied with the 
analytical method used, and clarified that the relevant drinking water regulations specify that the LOD 
must not be more than 10% of the prescribed value (20 μg/L for nickel) 

 
Environmental 
 
Dust 
 
59. The Agency for Toxic Substances and Disease Registry (ATSDR) of the 
US Department of Health and Human Services advises that nickel concentrations in 
household dust can be high and therefore pose an increased risk to young children 
who have greater contact with floors (ATSDR, 2005). 
 
60. Literature searches have identified two studies that have assessed the 
concentration of nickel in dust in the UK. The first study, Harrison (1979), measured 
total nickel in 4 samples of household dust. The mean concentration was reported to 
be 43±8 mg/kg, while the range was 36 to 52 mg/kg (Harrison, 1979). 

 
61. The second study, Turner and Simmonds (2006), determined nickel 
concentrations in samples of dust collected from 32 randomly selected private 
households within 4 different regions of the UK. The mean concentration of nickel in 
the samples was 56.5±20.0 mg/kg (median = 53.3 mg/kg), the range was 27.2 to 
97.1 mg/kg (Turner and Simmonds, 2006). 

 

Country 
Number of 
samples 

Limit of 
Detection 

(μg/L) 

Median 
concentration 

(μg/L) 

97.5th 
Percentile 

concentration 
(μg/L) 

England and Wales 14708 0.8-2.0* 1.36 4.63 

Northern Ireland 392 0.4 1.14 4.47 

Scotland 1500 0.2 0.30 1.95 
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62. The concentrations of nickel in household dust reported in these studies 
are fairly comparable with those reported by a research group in Canada who have 
recently undertaken a number of studies to assess the concentrations of several 
elements in dust in the home. Overall they have reported mean nickel concentrations 
of 62.9 mg/kg in 48 samples (median = 51.5, range = 16.0 to 243.3 mg/kg, 95th 
percentile = 116.4 mg/kg), and of 102±188 mg/kg in 1025 samples (median = 62.3 
mg/kg, range = 17.3 to 2300 mg/kg, 95th percentile = 322 mg/kg) (Rasmussen et al., 
2001; Rasmussen et al., 2013). 

 
63. The median and maximum nickel concentrations of 53.3 and 97.1 mg/kg 
respectively, reported by Turner and Simmonds (2006), have been used in this 
assessment to estimate exposures to nickel via dust for UK infants and young 
children. 
 
Soil 
 
64. Nickel is present at about 20 mg/kg in the Earth’s upper continental crust 
(Rawlins et al., 2012). It occurs naturally at high levels in some types of rock, and is 
released to soils from anthropogenic activities such as smelting, disposal of sewage 
sludge, and emissions from motor vehicles and electric power utilities, and from 
natural activities such as weathering and erosion of geological materials. The EFSA 
have estimated that soil ingestion by children would make a low contribution to their 
nickel exposure (EFSA, 2015). 
 
65. Concentrations of nickel were measured in 5,670 topsoil (from a depth of 0 
to 15 cm) samples collected between 1978 and 1982 in England and Wales, 
avoiding large urban areas. Samples were analysed 30 years later (Rawlins et al., 
2012). The median and 90th percentile concentrations were reported as 21 and 39 
mg/kg, respectively. 
 
66. In 2012 and 2013, the Defra published normal background concentrations 
(NBCs) for nickel in soil in England and Wales (Defra, 2012 and 2013). An NBC is 
the 95th percentile upper confidence interval of the available data; it is defined as a 
contaminant concentration that is seen as typical and widespread in topsoils (depth 0 
- 15 cm). In order to establish meaningful NBCs, the available soil data were 
grouped in domains (e.g. principal, urban, and ultrabasic) that were defined by the 
most significant controls on a contaminant’s high concentrations and distribution. 
The NBCs for each domain in England and Wales were published following a Defra-
commissioned BGS project to define the typical background concentrations for soil 
contaminants.  
 
67. As part of the BGS project, summary statistics were derived from topsoil 
data from 2 or 3 core datasets held for England and Wales (Ander et al., 2012 and 
2013). Although the NBCs and summary statistics were derived for several domains 
for England and Wales, the most significant domain for each country was the 
principal domain. The principal domains are areas which do not contain significantly 
elevated levels of nickel. Overall, for England and Wales, the area covered by the 
principal domains constitutes approximately 99% and 94% of each country 
respectively. The summary statistics reported for the principal domain in England 
were a median of 23 mg/kg and a 95th percentile of 42 mg/kg (n = 41,768 samples). 
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The statistics reported for the same domain in Wales were a median of 22 mg/kg 
and a 95th percentile of 38 mg/kg (n = 1,327 samples). 

 
68. Between 2004 and 2006, 6,862 samples of rural surface soil (depth 5 - 
20cm) were collected from sites in Northern Ireland as part of the Tellus survey. The 
samples were collected on a systematic basis and following the protocols set out in 
the BGS’s Geochemical Baselines Survey of the Environment (G-BASE) 
programme. The limit of detection used was 1.4 mg/kg (Smyth and Johnston, 2013). 
The median and 95th percentile concentrations derived from the data6 are 29 and 
155 mg/kg, respectively. 

 
69. The highest median and 95th percentile concentrations for nickel in soil from 
the Defra-commissioned BGS project on NBCs (23 and 42 mg/kg respectively) have 
been used to estimate exposures to soil in this assessment. These data have been 
used as they are recent, and represent a relevant domain for estimating exposure for 
the general population. 
 
Air 
 
70. In the atmosphere nickel occurs mainly as fine respirable particles (<2 μm) 
and is eventually suspended onto particulate matter. Anthropogenic sources account 
for more than 80% of the atmospheric nickel burden, with the remainder accounted 
for by natural sources such as soil dust, volcanoes and forest fires (EFSA, 2015). 
 
71. EU legislation sets a target value of 20 ng/m3 for nickel in air (Directive 
2004/107/EC). Annual mean ambient particulate phase concentrations of nickel in 
the urban environment are typically of the order of 1 ng/m3 with the exception of a 
few industrial areas, where higher annual means may occur, in some locations 
exceeding the target value of 20 ng/m3 (Defra, 2015). 
 
72. Nickel in particulate matter less than 10 µm (PM10) was measured at 23 
sites and as metal deposition was measured at 5 sites across the UK in 2014/2015. 
Median values from these sites ranged from 0.27 to 6.80 ng/m3 and 99th percentile 
values ranged from 2.23 to 56.23 ng/m3. One site in Wales was excluded from the 
analysis as it regularly measured much higher values than any other site (Defra, 
2015). 
 
 
Exposure assessment 

 
73. Consumption data (on a bodyweight basis) from the Diet and Nutrition Survey 
of Infants and Young Children (DNSIYC) (DH, 2013), and  the National Diet and 
Nutrition Survey Rolling Programme (NDNS) (Bates et al., 2014) have been used for 
the estimation of dietary exposures for ages 4 to 18 months, and 18 to 60 months 
respectively. Bodyweight data used in the estimation of other nickel exposures are 
shown in Table 4 below.  

                                            
6
 Data available for download from https://www.opendatani.gov.uk/dataset/rural-soil-

survey/resource/1c35fb41-1c4e-4c33-956e-3b2e7850ee93 

https://www.opendatani.gov.uk/dataset/rural-soil-survey/resource/1c35fb41-1c4e-4c33-956e-3b2e7850ee93
https://www.opendatani.gov.uk/dataset/rural-soil-survey/resource/1c35fb41-1c4e-4c33-956e-3b2e7850ee93
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74. Thorough exposure assessments have been performed for the dietary 
sources of exposure to nickel. The assessments for the non-dietary sources of 
exposure (i.e. dust, soil and air) have been included to give a more holistic view of 
exposures, but are not as thorough as the focus of this statement is the diet of 
infants and young children. 
 
Table 4. Average bodyweights used in the estimation of nickel exposures 

 

Age group 
(months) 

Bodyweight 
(kg) 

0 to <4 5.9a 

4 to <6 7.8b 

6 to <9 8.7b 

9 to <12 9.6b 

12 to <15 10.6b 

15 to <18 11.2b 

18 to <24 12.0c 

24 to <60 16.1c 

a
 DH, 1994 

b
 DH, 2013 

c
 Bates et al., 2014 

 
 
Infants (0 to 12 months) 
 
Breast milk 
 

75. No consumption data were available for exclusive breastfeeding in infants 
aged 0 to 6 months. Therefore, the default consumption values used by the COT in 
other evaluations of the infant diet of 800 and 1200 mL for average and high level 
consumption have been used to estimate exposures to nickel from breastmilk. These 
estimates were based on a mean nickel concentration of 43.9 μg/L. The ranges of 
exposure to nickel in exclusively breastfed 0 to 6 month olds were 4.5 to 6.0 and 6.8 
to 8.9 μg/kg bw/day in average and high level consumers respectively (Table 5). 
 
Table 5. Estimated nickel exposure from exclusive breastfeeding in 0 to 6 month old 
infants, with breast milk containing nickel at 43.9 μg/L. 
 

Nickel 
concentration 

(μg/L) 

Exposure (μg/kg bw/day) 

Average consumer 
(800 mL/day) 

High consumer 
(1200 mL/day) 

0 to <4 
months 

4 to <6 
months 

0 to <4 
months 

4 to <6 
months 

43.9 6.0 4.5 8.9 6.8 
Values rounded to 2 significant figures (SF) 
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76. Data on breast milk consumption for infants aged 4 to 18 months were 
available from the DNSIYC and the NDNS, and have been used to estimate 
exposures at these ages (Table 6), based on a mean nickel concentration of 43.9 
μg/L. There were too few records of breast milk consumption for children older than 
18 months in the NDNS to allow a reliable exposure assessment, and breast milk is 
expected to contribute minimally in this age group. 
 
77. Mean exposures to nickel for 4 to 18 month olds were 1.1 to 4.0 µg/kg 
bw/day, and 97.5th percentile exposures were 2.3 to 7.0 µg/kg bw/day (Table 6). 
 
Table 6. Estimated nickel exposure in 4 to 18 month old infants from breast milk, 
containing nickel at 43.9 μg/L. 
 

Exposure 
(μg/kg bw/day) 

Age group (months) 

4 to <6 6 to <9 9 to <12 12 to <15 15 to <18 

Mean 4.0 2.9 1.7 1.3 1.1 

97.5th percentile 6.8 7.0 5.1 3.3 2.3 

Values rounded to 2 SF 

 
 
Infant formulae and complementary foods 
 
78. Nickel exposure estimates for this category were derived using occurrence 
data from the Infant Metals Survey (FSA, 2016a), based on both lower bound (LB) 
and upper bound (UB) concentrations. Exposure estimates for 0 to 6 month olds 
were calculated for exclusive feeding on infant formulae using the default 
consumption values of 800 and 1200 mL (Table 7). Consumption data from the 
DNSIYC were used to estimate exposures for 4 to 12 month olds (DH, 2013) (Table 
8). 
 
79. In 0 to 6 month olds, exposures to nickel from ready-to-feed formula were 0 to 
1.2 μg/kg bw/day in average consumers, and 0 to 1.8 μg/kg bw/day in high level 
consumers. Exposures to nickel calculated for reconstituted formula incorporating 
the water concentration from the TDS, and the highest median and 97.5th percentile 
concentrations for nickel in water reported in Table 3 were 0.40 to 2.0 μg/kg bw/day 
in average consumers, and of 0.60 to 3.0 μg/kg bw/day in high level consumers 
(Table 7). 
 

Table 7. Estimated average and high level exposures to nickel from exclusive 
feeding on infant formulae for 0 to 6 month olds. 
 

Infant 
Formula 

Nickel Exposure (LB-UB Range) (µg/kg bw/day) 

0 to <4 months 4 to <6 months 

Average 
consumer 

(800 mL/day) 

High level 
consumer 

(1200 mL/day) 

Average 
consumer 

(800 mL/day) 

High level 
consumer 

(1200 mL/day) 
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Ready-to-
Feed a 0-1.2 0-1.8 0-0.92 0-1.4 

Dry Powder 
b, c 

0.37-1.1 0.55-1.6 0.28-0.83 0.42-1.2 

Dry Powder 
c + TDS 

water of <8 
μg/L d 

1.3-2.0 1.9-3.0 0.98-1.5 1.5-2.2 

Dry Powder 
c + median 
water of 

1.36 μg/L d 

0.53-1.3 0.79-1.8 0.40-0.94 0.60-1.4 

Dry Powder 
c + 97.5th 
percentile 
water of 

4.63 μg/L d 

0.90-1.6 1.4-2.4 0.68-1.2 1.0-1.8 

Values rounded to 2 SF 
a 
Exposure based on first milk infant formula using LB to UB nickel concentrations of 0-9 µg/L 

b
 Exposure does not include the contribution from water 

c
 Exposure based on first milk infant formula using LB to UB nickel concentrations of 18-54 μg/kg 

d
 Calculated assuming reconstituted formula comprises 85% water

 

 
 
80. Total mean exposures (excluding water) to nickel from infant formulae, 
commercial infant foods, and other foods, for 4 to 12 month olds were 1.2 to 2.9 
µg/kg bw/day, and 97.5th percentile exposures were 3.9 to 5.9 µg/kg bw/day. 
Detailed exposure assessments for 4 to 18 month old infants and young children are 
provided in Annex B. Total mean and 97.5th percentile exposures were also 
calculated using the highest median and 97.5th percentile concentrations for nickel in 
water reported in Table 3. The resulting total mean and 97.5th percentile exposures 
indicated that levels of nickel in water made a negligible contribution to total 
exposure (Table 8). 
 
Table 8. Estimated exposures to nickel from infant formulae, commercial infant foods 
and other foods for 4 to 12 month olds. 
 

 
Nickel Exposure (LB-UB Range) (µg/kg bw/d) 

Food 

4 to <6 Months 
(n=116) 

6 to <9 Months 
(n=606) 

9 to <12 
Months 
(n=686) 

Mean 97.5th Mean 97.5th Mean 97.5th 

Infant formula 
0.0044-

0.59 
0.030-

1.3 
0.0031
-0.43 

0-0.98 
0.0021
-0.31 

0-0.68 

Commercial infant 
foods 

0.64-
0.84 

2.3-3.0 
0.89-
1.2 

3.0-4.0 
0.80-
1.1 

3.0-4.2 

Other foods 
0.46-
0.57 

2.8-3.0 
0.82-
1.1 

2.9-3.6 
0.96-
1.5 

3.0-4.0 
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Total (excl. water) 1.2-2.1 
4.1-
5.7*

 1.8-2.8 
3.9-
5.7* 

1.8-2.9 
4.4-
5.9* 

Values rounded to 2 SF 
* Determined from a distribution of consumption of any combination of categories rather than by 
summation of the respective individual 97.5

th
 percentile consumption value for each of the three food 

categories 

 
 
Children aged 12 to 18 months 
 
81. Estimated exposures to nickel from food for children aged 12 to 18 months 
were calculated using occurrence data from both the Infant Metals Survey (FSA, 
2016a), and the 2014 TDS (FSA, 2016b). The exposure data derived from the Infant 
Metals Survey allow estimation of nickel exposure in infant formula, commercial 
infant foods and the most commonly consumed adult foods (‘other foods’) as sold, 
whereas the results from the TDS are based on analysis of food that is prepared as 
for consumption. In addition, the Infant Metals Survey included analysis of infant 
formulae and commercial infant foods which are not included in the TDS. Exposure 
estimates based on both LB and UB concentrations are provided. 
 
82. The consumption data from the DNSIYC were used for the estimation of 
exposure for children aged 12 to 18 months (DH, 2013). 
 
Exposure estimates based on the Infant Metals Survey 
 
83. The ranges of total mean and 97.5th percentile exposures (excluding water) to 
nickel from infant formula, commercial infant foods and other foods were 1.3 to 2.5 
and 2.8 to 5.2 µg/kg bw/day, respectively. As for infants the total mean and 97.5th 
percentile exposures including water (calculated using the highest median and 97.5th 
percentile values in Table 3) were equal to those estimated for the total mean 
exposures excluding water (Table 9). 
 
Table 9. Estimated exposures to nickel from infant formulae, commercial infant foods 
and other foods in children aged 12 to 18 months. 
 

Food 

Nickel Exposure (LB-UB Range) 
(µg/kg bw/d) 

12 to <15 Months 
(n=670) 

15 to <18 Months 
(n=605) 

Mean 97.5th Mean 97.5th 

Infant formula 
0.00050-

0.13 
0-0.57 

0.00030-
0.070 

0-0.42 

Commercial infant 
foods 

0.45-0.60 2.0-2.8 0.24-0.32 1.2-1.7 

Other  
Foods 

0.96-1.7 2.6-3.8 1.0-1.8 2.5-3.5 

Total (excl. water) 1.4-2.5 3.6-5.2* 1.3-2.2 2.8-4.3* 

Values rounded to 2 SF 
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* Determined from a distribution of consumption of any combination of categories rather than by 
summation of the respective individual 97.5

th
 percentile consumption value for each of the three food 

categories 

 
 
Exposure estimates based on the TDS 

 
84. Table 10 shows the estimated nickel exposures calculated using the TDS 
data for children aged 12 to 18 months. The nickel concentration for the tap water 
group in the TDS was reported to be below the limit of detection (LOD) of 8 μg/L. 
This LOD is higher than that reported for nickel in tap water by the water authorities 
across the UK (Table 3).  The calculation was therefore also performed using the 
highest median (1.36 μg/L) and 97.5th percentile (4.63 μg/L) nickel concentration in 
tap water reported in Table 3.  
 
85. Total mean and 97.5th percentile exposures to nickel from a combination of all 
food groups are in the region of 3.7 to 5.0 and 7.7 to 8.8 µg/kg bw/day, respectively 
(Table 10). These are higher than those estimated from the Infant Metals Survey due 
to the inclusion of a greater number of foods in the exposure estimate for the TDS. 
Overall the figures in Table 10 demonstrate that the nickel content of water has a 
negligible impact on total dietary exposure to nickel of young children in the UK. 
 
Table 10. Estimated dietary exposure to nickel based on the TDS data in children 
aged 12 to 18 months. 
 

Nickel 
concentration in 

the water  

Nickel Exposure (LB-UB Range) 
(µg/kg bw/day) 

12 to <15 Months 
(n=670) 

15 to <18 Months 
(n=605) 

Mean 97.5th Mean 97.5th 

1.36 μg/L 3.7-4.5 7.7-8.6 4.0-4.9 7.8-8.7 

4.63 μg/L  3.7-4.5 7.7-8.6 4.0-4.9 7.9-8.7 

Values rounded to 2 SF 

 
86. In general, the food groups making the highest contribution to nickel exposure 
were miscellaneous cereals (includes pasta and rice products), poultry  and potatoes 
groups (FSA, 2016b). 
 
 
Children aged 18 months to 5 years  

 
87. Exposure estimates for these age groups were derived using occurrence data 
from the 2014 TDS, and consumption data from the NDNS (Bates et al., 2014). 
 
88. Table 11 shows the nickel exposures that were calculated using the TDS data 
for children aged 18 months to 5 years. Detailed exposure assessments are 
presented in Annex C. As described in paragraph 80, the exposures have been 
estimated using the TDS water concentration (8 μg/L, the LOD), and the highest 
median (1.36 μg/L) and 97.5th percentile (4.63 μg/L) nickel concentrations in water 
reported in Table 3. This results in total mean and 97.5th percentile exposures to 
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nickel from a combination of all food groups of 4.3 to 5.7 and 7.1 to 8.7 µg/kg 
bw/day, respectively (Table 11). Overall the figures in Table 11 demonstrate that the 
nickel content of water has a negligible impact on total dietary exposure to nickel of 
young children in the UK. 

 
Table 11. Estimated dietary exposure to nickel in children aged 18 months to 5 
years. 
 

Nickel 
concentration in 

water 

Nickel Exposure (LB-UB Range) 
(µg/kg bw/day) 

18 to <24 Months 
(n=70) 

24 to <60 Months 
(n=429) 

Mean 97.5th Mean 97.5th 

1.36 μg/L 4.7-5.6 7.5-8.7 4.3-5.0 7.1-8.0 

4.63 μg/L 4.8-5.6 7.5-8.7 4.4-5.0 7.1-8.0 

Values rounded to 2 SF 

 
 
89. As with the younger children, the food groups making the highest contribution 
to nickel exposure in the TDS were miscellaneous cereals (includes pasta and rice 
products), poultry and potatoes groups (FSA, 2016b). 
 
Dust 
 
90. Potential exposures of UK infants aged 6 to 12 months and young children 
aged 1 to 5 years to nickel in dust were calculated assuming ingestion of 30 or 60 
mg/day, respectively (US EPA, 2011a). Younger infants, who are less able to move 
around and come into contact with dust, are likely to consume less dust than children 
of these age groups. Median and maximum nickel concentrations in dust of 53.3 and 
97.1 mg/kg, respectively, were used to estimate average and high level exposures 
(paragraph 63) (Table 12). 
 
Table 12. Possible nickel exposures from dust in infants and young children aged 6 
months to 5 years. 

Nickel 
concentration 

(mg/kg) 

Exposure (μg/kg bw/day) 

Age (months) 

6 to <9 9 to <12 12 to <15 15 to <18 18 to <24 24 to <60 

53.3 (Median) 0.18 0.17 0.30 0.29 0.27 0.20 

97.1 (Maximum) 0.34 0.30 0.55 0.52 0.49 0.36 
 Values rounded to 2 SF 
 
Soil 
 
91. Potential exposures of UK infants aged 6 to 12 months and young children 
aged 1 to 5 years to nickel in soil were calculated assuming ingestion of 30 or 50 
mg/day, respectively (US EPA, 2011a). Younger infants, who are less able to move 
around and come into contact with soil, are likely to consume less soil than children 
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of these age groups. Median and 95th percentile soil nickel concentrations of 23 and 
42 mg/kg respectively were used in these exposure estimations (paragraph 69) 
(Table 13). 
 
Table 13. Possible nickel exposures from soil in infants and young children aged 6 
months to 5 years. 

Nickel 
concentration 

(mg/kg) 

Exposure (μg/kg bw/day) 

Age (months) 

6 to <9 9 to <12 12 to <15 15 to <18 18 to <24 24 to <60 

23 (Median) 0.079 0.072 0.11 0.10 0.096 0.071 

42 (95th percentile) 0.14 0.13 0.20 0.19 0.18 0.13 
 Values rounded to 2 SF 
 
 
Air 
 
92. Potential exposures of UK infants aged 0 to 12 months and young children 
aged 1 to 5 years to nickel in air were estimated using the body weights shown in 
Table 4, and by assuming the mean ventilation rates presented in Table 14; these 
rates have been derived from the US EPA exposure factors handbook (US EPA, 
2011b). The resulting exposures are presented in Table 15. 
 
Table 14. Mean ventilation rates used in the estimation of nickel exposures from air 
(derived from US EPA, 2011b) 
 

Age group 
(months) 

Ventilation rate 
(m3/day) 

0 to <4 3.5 

4 to <6 4.1 

6 to <9 5.4 

9 to <12 5.4 

12 to <15 8.0 

15 to <18 8.0 

18 to <24 8.0 

24 to <60 10.1 

 
 
93. The nickel concentrations used in the exposure calculations were the lowest 
and highest median values and lowest and highest 99th percentile values of 0.27, 
6.80, 2.23 and 56.23 ng/m3, respectively, from monitoring sites in the UK (paragraph 
72). 

 
Table 15. Possible exposures to nickel in infants and young children from air 
 

Nickel 
concentration 

(ng/m3) 

Exposure (μg/kg bw/day) 

Ages (months) 

0 to <4 4 to <6 6 to <9 9 to <12 
12 to 
<15 

15 to 
<18 

18 to 
<24 

24 to 
<60 
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0.27 (lowest 
median value) 

0.00016 0.00014 0.00017 0.00015 0.00020 0.00019 0.00018 0.00017 

6.80 (highest 
median value) 

0.0040 0.0036 0.0042 0.0038 0.0051 0.0049 0.0045 0.0043 

2.23 (lowest 
99th percentile 
value) 

0.0013 0.0012 0.0014 0.0013 0.0017 0.0016 0.0015 0.0014 

56.23 (highest 
99th percentile 
value) 

0.033 0.030 0.035 0.032 0.042 0.040 0.037 0.035 

Values rounded to 2 SF 
 
 
Questions on which the views of the Committee are sought 
 
94. Members are invited to comment on the exposure calculations and to answer 
the following questions. 
 

i. How should the bioavailability of nickel from food and drinking water be taken 
into account in this assessment? 
 

ii. Which HBGV should be used to assess chronic exposures of infants and 
young children to nickel?  
 

iii. Should acute exposures to nickel be considered as part of this risk 
assessment? If so, would the reference point (BMDL10 of 1.1 μg/kg bw) 
established by the EFSA be suitable for assessing acute exposures in this 
age group? 

 
iv. Do Members agree with the concentration of nickel used to assess exposures 

from breast milk? 
 

v. Do Members require any further information to come to a conclusion? 
 

vi. Do Members have any further comments? 
 
 
Secretariat 
November 2016 
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TOX/2016/41 ANNEX A 
 

COMMITTEE ON TOXICITY OF CHEMICALS IN FOOD,  
CONSUMER PRODUCTS AND THE ENVIRONMENT  

 
Review of potential risks from nickel in the diet of infants aged 0 to 12 months 
and children aged 1 to 5 years 
 
The EFSA CONTAM Panel’s ‘Scientific opinion on the risks to public health related 
to the presence of nickel in food and drinking water’ EFSA Journal 13 (2) pp.4002 is 
available from the EFSA website at 
http://www.efsa.europa.eu/en/efsajournal/pub/4002 
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TOX/2016/41 ANNEX B 
 

COMMITTEE ON TOXICITY OF CHEMICALS IN FOOD,  
CONSUMER PRODUCTS AND THE ENVIRONMENT  

 
Review of potential risks from nickel in the diet of infants aged 0 to 12 months 
and children aged 1 to 5 years 

 
Possible nickel exposure from dietary sources in children aged 4 to 18 months 
 
Two surveys were conducted during 2014 which measured the concentrations of 
elements in food consumed by infants (4 to 18 months) and young children (18 
months to 5 years). The first survey was a survey on types of foods eaten by infants 
(referred to as the Infant Metals Survey), the other was a total diet study (TDS) which 
focused on sampling foods eaten by young children. Both studies measured the 
concentrations of nickel. 
 
The Infant Metals Survey measured the concentrations of metals and other elements 
in food ‘as sold’, in the following categories: infant formula (Table B1) commercial 
infant foods (Table B2), and groups of food comprising the top 50 most commonly 
consumed varieties of foods not specifically marketed for infants (Table B3). The 
results from this survey were used together with food consumption data from the Diet 
and Nutrition Survey for Infants and Young Children (DNSIYC) (DH, 2013) to 
estimate dietary exposures for children aged 4 to 18 months. 
 
The TDS consisted of: (i) selecting foods based on food consumption data, to 
represent as best as possible a typical diet; (ii) their preparation to food as 
consumed and (iii) the subsequent pooling of related foods before analysing the 
composite samples for elements. The concentrations of 26 elements, including 
nickel, were measured in the 2014 TDS. The composite samples for 27 food groups 
(Table B4) were collected from 24 UK towns and analysed for their levels of nickel 
and other elements. Where appropriate, tap water was used in the preparation and 
cooking of food samples. The results from this survey were also used together with 
food consumption data from the DNSIYC (DH, 2013) to estimate dietary exposures 
for children aged 12 to 18 months. 

 
Table B1. Infant formula  

 

Infant Formula 

Dry Powder Made Up Formula 

First and Hungrier Milk First Milk and Hungrier Milk 

Follow On Milk Follow On milk 

Growing Up Milk Growing up Milk 

Soy Milk  

Goat Milk  

Organic Milk  

Comfort Milk  
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Table B2. Commercial infant foods 
 

Commercial Infant Foods 

Cereal Based Foods and Dishes 

Dairy Based Foods and Dishes 

Fruit Based Foods and Dishes 

Meat and Fish Based Foods and Dishes 

Snacks (Sweet and Savoury) 

Other Savoury  Based Foods and Dishes 
(excluding Meat) 

Drinks 

 
Table B3. Other foods commonly eaten by infants.  

 

Other Foods 

Beverages Fruit Products 

Bread Green Vegetables 

Canned Vegetables Meat Products 

Cereals Milk 

Dairy Products Other Vegetables 

Eggs Potatoes 

Fish Poultry/Chicken 

Fresh Fruit  

 
Table B4. The 27 food groups used for analysis of nickel and other elements in the 
2014 TDS 

 

TDS Food Groups* 

Bread Fresh Fruit 

Miscellaneous Cereals Fruit Products 

Carcase Meat Non-alcoholic Beverages 

Offal Milk 

Meat Products Dairy Products 

Poultry Nuts 

Fish Alcoholic Drinks 

Fats and Oils Meat Substitutes 

Eggs Snacks 

Sugars Desserts 

Green Vegetables Condiments 

Potatoes Tap Water 

Other Vegetables Bottled Water 

Canned Vegetables  
*Food samples representative of the UK diet are purchased throughout the year in 24 towns covering 
the UK and 137 categories of foods are combined into 27 groups of similar foods for analysis 
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Exposure Assessments 
 
Infant Metals Survey 
 
Tables B5, B6 and B7 summarise lower- (LB) and upper-bound (UB) total dietary 
exposures to nickel calculated using results from the infants Metal Survey for ages 4 
to 18 months.  
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Table B5. Estimated nickel exposure from infant formula in children aged 4 to 18 months using data from the Infant Metals Survey  

 

Food 
Groups 

Exposure- LB-UB (ug/kg bw/day) 

4 to <6 6 to <9 9 to <12 12 to <15 15 to <18 

Mean 
97.5th 

Percentile 
Mean 

97.5th 
Percentile 

Mean 
97.5th 

Percentile 
Mean 

97.5th 
Percentile 

Mean 
97.5th 

Percentile 

Comfort 0 0 
0-

0.00080 
0 0-0.0029 0 0 0 0 0 

First 
Milk: 
From 
Birth 

(Powder) 

0.0010-
0.0030 

0.021-
0.062 

0.0015-
0.0044 

0 
0.00040-
0.0012 

0 0 0 0 0 

Follow 
On Milk: 

6 
Months 

(Powder) 

0 0 
0-

0.0019 
0 0-0.0033 0-0.023 

0-
0.00020 

0 
0-

0.00040 
0 

Growing 
Up Milk: 

12 
Months 

(Powder) 

0 0 0 0 0 0 0-0.0011 0 
0-

0.00040 
0 

Goat 
Milk 

Formula 
0 0 

0-
0.0014 

0 0 0 0 0 0 0 

Hipp 
Organic 

0 0 
0-

0.00020 
0 

0-
0.00010 

0 0 0 0 0 

Soy 
0.0034-
0.022 

0 
0.0017-
0.011 

0 
0.0017-
0.012 

0 
0.00050-
0.0033 

0 
0.00030-
0.0020 

0 
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First 
Milk: 
From 
Birth 

(Ready 
to Feed) 

0-0.51 0-1.3 0-0.21 0-0.95 0-0.091 0-0.59 0-0.013 0-0.25 0-0.0031 0 

Follow 
on: 6 

Months 
(Ready 
to Feed) 

0-0.054 0-0.56 0-0.20 0-0.68 0-0.19 0-0.61 0-0.047 0-0.40 0-0.024 0-0.26 

Growing 
up Milk: 

12 
Months 
(Ready 
to Feed) 

0 0 
0-

0.00040 
0 0-0.0070 0 0-0.062 0-0.50 0-0.040 0-0.38 

Total 
0.0044-

0.59 
0.030-1.3 

0.0031-
0.43 

0-0.98 
0.0021-

0.31 
0-0.68 

0.00050-
0.13 

0-0.57 
0.00030-

0.070 
0-0.42 

 



This is a background paper for discussion. 
It does not reflect the views of the Committee and should not be cited. 

35 
 

Table B6. Estimated nickel exposure from commercial infant foods in children aged 4 to 18 months using data from the Infant 
Metals Survey 

 

Food 
Groups 

Exposure LB-UB (ug/kg bw/day) 

4 to <6 6 to <9 9 to <12 12 to <15 15 to <18 

Mean 
97.5th 

Percentile 
Mean 

97.5th 
Percentile 

Mean 
97.5th 

Percentile 
Mean 

97.5th 
Percentile 

Mean 
97.5th 

Percentile 

Cereal 
Based 
Dishes 

0.17-
0.18 

0.83-0.85 0.2 1 0.14 0.90-0.93 
0.059-
0.061 

0.58-0.60 
0.023-
0.024 

0.26-0.27 

Dairy 
Based 
Dishes 

0.028-
0.053 

0.27-0.51 
0.028-
0.053 

0.25-0.48 
0.017-
0.033 

0.19-0.34 
0.0090-
0.017 

0.12-0.24 
0.0031-
0.0060 

0.049-
0.094 

Fruit 
Based 
Dishes 

0.16-
0.21 

1.2-1.6 
0.24-
0.30 

1.3-1.7 
0.23-
0.29 

1.2-1.6 
0.14-
0.18 

1.0-1.3 
0.087-
0.11 

0.75-0.96 

Meat 
Based 
Dishes 

0.12-
0.19 

0.75-1.2 
0.19-
0.31 

0.95-1.6 
0.18-
0.30 

0.89-1.5 
0.10-
0.17 

0.72-1.2 
0.053-
0.089 

0.43-0.71 

Drinks 0-0.013 0-0.12 0-0.016 0-0.16 0-0.014 0-0.13 0-0.0070 0-0.10 0-0.0063 0-0.075 

Other 
savoury 
based 
dishes 

0.081-
0.12 

0.53-0.78 
0.12-
0.17 

0.67-0.99 
0.13-
0.18 

0.87-1.3 
0.049-
0.072 

0.48-0.71 
0.024-
0.036 

0.37-0.54 

Snacks - 
sweet 
and 

savoury 

0.08 0.5 0.12 0.62 0.12 0.62 0.086 0.57 0.053 0.33 

Total 
0.64-
0.84 

2.3-3.0 0.89-1.2 3.0-4.0 0.80-1.1 3.0-4.2 
0.45-
0.60 

2.0-2.8 0.24-0.32 1.2-1.7 
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Table B7. Estimated nickel exposure from other foods commonly eaten by children aged 4 to 18 months using data from the Infant 
Metals Survey 

 

Food 
Groups 

Exposure LB-UB (ug/kg bw/day) 

4 to <6 6 to <9 9 to <12 12 to <15 15 to <18 

Mean 
97.5th 

Percentile 
Mean 

97.5th 
Percentile 

Mean 
97.5th 

Percentile 
Mean 

97.5th 
Percentile 

Mean 
97.5th 

Percentile 

Beverages 0-0.0028 0-0.043 0-0.0078 0-0.062 0-0.0059 0-0.077 0-0.0050 0-0.059 0-0.0073 0-0.12 

Bread 0-0.0038 0-0.054 0-0.035 0-0.23 0-0.098 0-0.39 0-0.15 0-0.50 0-0.17 0-0.55 

Canned 
Vegetables 

0.014-
0.017 

0.18-0.22 
0.062-
0.076 

0.66-0.81 0.15-0.18 1.1-1.3 
0.22-
0.27 

1.2-1.5 
0.19-
0.24 

0.90-1.1 

Cereal 
0.0065-
0.0092 

0.078-0.11 0.11-0.15 0.60-0.84 0.16-0.23 0.73-1.0 
0.20-
0.28 

0.82-1.2 
0.25-
0.35 

0.87-1.2 

Dairy 
Products 

0-0.031 0-0.18 0-0.064 0-0.27 0-0.079 0-0.30 0-0.080 0-0.29 0-0.073 0-0.25 

Egg 0-0.00030 0-0.00030 0-0.0032 0-0.033 0-0.0066 0-0.051 0-0.011 0-0.065 0-0.011 0-0.067 

Fish 0-0.00060 0-0.0037 0-0.0049 0-0.046 0-0.010 0-0.068 0-0.014 0-0.065 0-0.012 0-0.063 

Fresh fruit 
0.027-
0.039 

0.18-0.27 
0.052-
0.076 

0.24-0.35 
0.079-
0.11 

0.32-0.47 
0.11-
0.16 

0.38-0.55 
0.13-
0.19 

0.38-0.56 

Fruit products 0-0.0047 0-0.077 0-0.0073 0-0.077 0-0.0073 0-0.075 0-0.012 0-0.11 0-0.017 0-0.13 

Green 
vegetables 

0.062 0.53 0.13 0.62 0.15 0.98 0.14 0.70 0.15 0.72 

Meat 
products 

0 0 0-0.0041 0-0.074 0-0.010 0-0.098 0-0.021 0-0.14 0-0.028 0-0.23 

Milk 0-0.0032 0-0.035 0-0.017 0-0.096 0-0.044 0-0.36 0-0.18 0-0.52 0-0.18 0-0.45 

Other 
vegetables 

0.35-0.37 2.6-2.7 0.46-0.48 2.2-2.3 0.42-0.44 1.8-1.9 
0.29-
0.30 

1.3 
0.28-
0.29 

1.1 

Potato 0-0.024 0-0.16 0-0.053 0-0.25 0-0.073 0-0.29 0-0.079 0-0.35 0-0.071 0-0.28 

Poultry 0-0.0018 0-0.012 0-0.0054 0-0.043 0-0.0071 0-0.050 0-0.0073 0-0.042 0-0.0068 0-0.046 

Total 0.46-0.57 2.8-3.0 0.82-1.1 2.9-3.6 0.96-1.5 3.0-4.0 0.96-1.7 2.6-3.8 1.0-1.8 2.5-3.5 
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Total Diet Study 
 

Table B8 summarise lower- and upper-bound total dietary exposures to nickel 
calculated using the 2014 TDS for ages 12 to 18 months. The data for each 
food category is reported separately so that the contribution to exposure from 
each class could be assessed more transparently for the most relevant infant 
age group. In addition the total exposure from the diet has also been 
provided. 

 
Table B8. Estimated nickel exposure from food eaten by young children aged 
12 months to 18 months using data from the TDS Groups. 
 

Food Groups 

Exposure-LB-UB (ug/kg bw/day) 

12 to <15 15<18 

Mean 
97.5th 

Percentile 
Mean 

97.5th 
Percentile 

Bread 0.18 0.48 0.20 0.53 

Miscellaneous Cereals 0.96 3.0 1.2 3.4 

Carcase meat 0.048 0.25 0.060 0.30 

Offal 0-0.00010 0 0-0.0010 0 

Meat products 0.16 0.86 0.20 0.92 

Poultry 0.30 1.3 0.34 1.4 

Fish 0.093 0.43 0.087 0.44 

Fats and oils 0-0.0053 0-0.021 0-0.0063 0-0.023 

Eggs 0-0.014 0-0.071 0-0.014 0-0.073 

Sugars 0.091 0.56 0.14 0.68 

Green vegetables 0.061 0.27 0.067 0.25 

Potatoes 0.35 1.3 0.33 1.1 

Other vegetables 0.16 0.60 0.17 0.55 

Canned vegetables 0.24 1.2 0.23 1.1 

Fresh fruit 0-0.23 0-0.78 0-0.28 0-0.80 

Fruit products 0.11 0.80 0.13 0.84 

Non-alcoholic beverages 0.36 1.7 0.44 2.1 

Milk 0-0.52 0-1.5 0-0.53 0-1.3 

Dairy products 0.30 1.6 0.25 1.1 

Nuts 0.16 0.70 0.075 0.69 

Alcoholic drinks 0-0.00020 0-0.0011 0-0.00010 0 

Meat substitutes 0.0026 0 0.0074 0.090 

Snacks 0.019 0.13 0.030 0.21 

Desserts 0.080 0.69 0.11 0.80 

Condiments 0.032 0.19 0.036 0.19 

Tap water 0-0.079 0-0.30 0-0.090 0-0.36 

Bottled water 0-0.0041 0-0.036 0-0.0054 0-0.083 

Total 3.7-4.5 7.7-8.6 4.0-5.0 7.8-8.8 
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TOX/2016/41 ANNEX C 

 

COMMITTEE ON TOXICITY OF CHEMICALS IN FOOD,  
CONSUMER PRODUCTS AND THE ENVIRONMENT  

 
Review of potential risks from nickel in the diet of infants aged 0 to 12 
months and children aged 1 to 5 years 
 
Possible nickel exposure from dietary sources in young children aged 
18 to 60 months 
 
A Total Diet Study (TDS) was conducted during 2014 which measured the 
concentrations of nickel by young children (18 months and older). 
 
The TDS consisted of: (i) selecting foods based on food consumption data, to 
represent as best as possible a typical diet; (ii) their preparation to food as 
consumed and (iii) the subsequent pooling of related foods before analysing 
the composite samples for elements. The concentrations of 26 elements, 
including nickel, were measured in the 2014 TDS. The composite samples for 
27 food groups (Table C1) were collected from 24 UK towns and analysed for 
their levels of nickel and other elements. Where appropriate, tap water was 
used in the preparation and cooking of food samples. The results from this 
survey were also used together with food consumption data from years 1 to 4 
of the National Diet and Nutrition Survey Rolling Programme (NDNS) (Bates 
et al., 2014) to estimate dietary exposures for young children aged 18 months 
to 5 years. 
 
Table C1. Food groups used for analysis of nickel and other elements in the 
2014 TDS. 
 

TDS Food Groups* 

Bread Fresh Fruit 

Miscellaneous Cereals Fruit Products 

Carcase Meat Non Alcoholic Beverages 

Offal Milk 

Meat Products Dairy Products 

Poultry Nuts 

Fish Alcoholic Drinks 

Fats and Oils Meat Substitutes 

Eggs Snacks 

Sugars Desserts 

Green Vegetables Condiments 

Potatoes Tap Water 

Other Vegetables Bottled Water 

Canned Vegetables  
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*Food samples representative of the UK diet are purchased throughout the year in 24 towns 
covering the UK and 137 categories of foods are combined into 27 groups of similar foods for 
analysis 

 
Exposure Assessment 
 
Table C2 summarises lower- and upper-bound total dietary exposures to 
nickel calculated using the 2014 TDS for young children aged 18 months to 5 
years. The data for each food category is reported separately so that the 
contribution to exposure from each class could be assessed more 
transparently for the most relevant infant age group. In addition the total 
exposure from the diet has also been provided. 
 
Table C2. Estimated nickel exposure from food eaten by young children aged 
18 months to 5 years using data from the TDS Groups. 
 

Food Groups 

Exposure-LB to UB 

18 to <24 24 to <60 

Mean 
97.5th 

Percentile 
Mean 

97.5th 
Percentile 

Bread 0.21 0.47 0.24 0.56 

Miscellaneous Cereals 1.2 2.6 1.0 2.6 

Carcase meat 0.066 0.34 0.040 0.21 

Offal 0-0.00020 0 0-0.00030 0 

Meat products 0.24 1.1 0.29 0.97 

Poultry 0.39 1.1 0.33 1.4 

Fish 0.12 0.46 0.088 0.34 

Fats and oils 0-0.0085 0-0.027 0-0.0076 0-0.025 

Eggs 0-0.011 0-0.059 0-0.011 0-0.061 

Sugars 0.16 0.77 0.23 0.98 

Green vegetables 0.057 0.34 0.059 0.24 

Potatoes 0.33 0.70 0.30 0.89 

Other vegetables 0.10 0.34 0.11 0.38 

Canned vegetables 0.40 1.5 0.25 0.95 

Fresh fruit 0-0.34 0-0.89 0-0.25 0-0.65 

Fruit products 0.28 1.1 0.26 1.2 

Non-alcoholic beverages 0.60 2.5 0.57 1.7 

Milk 0-0.49 0-1.5 0-0.35 0-1.0 

Dairy products 0.27 1.3 0.15 0.61 

Nuts 0.040 0.057 0.12 1.7 

Alcoholic drinks 0-0.00020 0 0-0.00020 0 

Meat substitutes 0.0019 0.032 0.0083 0.13 

Snacks 0.035 0.21 0.041 0.22 

Desserts 0.17 0.91 0.19 0.89 

Condiments 0.026 0.13 0.040 0.21 

Tap water 0-0.089 0-0.47 0-0.081 0-0.30 

Bottled water 0-0.0027 0-0.028 0-0.0071 0-0.076 

Total 4.7-5.7 7.5-8.7 4.3-5.0 7.1-8.0 
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