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

TOX/2017/16

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

Second draft statement on potential risks from nickel in the
diet of infants aged 0 to 12 months and children aged 1to 5
years

Introduction

1. The Committee on Toxicity (COT) has been asked to consider the
toxicity of chemicals in the diets of infants (0 to 12 months) and young
children (1 to 5 years), in support of a review by the Scientific Advisory
Committee on Nutrition (SACN) of Government recommendations on
complementary and young child feeding. A scoping paper (TOX/2015/32),
highlighting some of the chemicals for possible consideration was discussed
by the COT in October 2015. Members concluded that a full review of the
exposures from nickel should be completed.

2. A discussion paper on nickel (TOX/2016/41) and a first draft statement
(TOX/2017/02) were presented to the COT in December 2016 and February
2017, respectively. At the February meeting the Committee requested that
acute dietary exposures be calculated for each age group. Risk assessments
were requested for acute and chronic dietary exposures to nickel.

3. Since the meeting in February NiPERA have shared a manuscript
(Haber et al., manuscript in press) with the FSA. They have derived toxicity
reference values (TRVSs) for adults, toddlers and sensitised individuals. Annex
A describes the derivations for toddlers and sensitised individuals and also
includes details of the TDI for all populations and the reference point used for
a margin of exposure (MOE) approach for sensitised individuals established
by EFSA. Also included in this Annex are details of the studies used for the
derivations. The manuscript is attached in Annex B for information.

Questions on which the views of the Committee are sought
4. Members are invited to consider the information provided in Annexes A
and B and the first draft statement in Annex C and to answer the following

guestions

Annex A
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I.  Has enough information been provided for the TDI and reference point
for the MOE approach established by EFSA and the TRV and ADI
developed by Haber et al.?

ii. Are Members able to establish a TDI for toddlers and an ADI or MOE
reference point for sensitised individuals?

Annex C

iii.  Is the risk characterisation sufficient?
iv. Do Members agree with the conclusions?
v. Do Members have any further comments?

Secretariat
March 2017
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TOX/2017/16 ANNEX A

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

Second draft statement on potential risks from nickel in the
diet of infants aged 0 to 12 months and children aged 1to 5
years

de novo health based guidance values (HBGV) for exposure to nickel
Introduction

1. At the December 2016 meeting the Committee concluded that the
tolerable daily intake (TDI) that had been established by the European Food
Safety Authority (EFSA) was not applicable to infant and young child
populations. Since the February 2017 meeting a manuscript in press with
derivations for a toddler toxicity reference value (TRV) and an allowable daily
intake (ADI) for the sensitised population has been shared with the Food
Standards Agency.

2. This Annex summarises the approach taken by both EFSA and Haber
et al. in the derivation of HBGVs for toddlers and sensitised individuals.

3. NOTE: Once the manuscript by Haber et al. (manuscript in press) has
been published this Annex will be made publically available. (See Annex B).

Secretariat

March 2017
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TOX/2017/16 ANNEX B

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

Second draft statement on potential risks from nickel in the
diet of infants aged 0 to 12 months and children aged 1to 5
years

Note: The Committee were provided with a pre-publication copy of the
manuscript by Haber et al. (manuscript in press). This was received in
confidence and will not be released when this paper becomes publicly
available. As indicated above the work has been accepted for publication
following peer review.

Haber LT, Bates HK, Allen BC, Vincent MJ and Oller AR. (Manuscript in
press). Derivation of an oral toxicity reference value for nickel. Accepted for
publication by the journal of Regulatory Toxicology and Pharmacology.

Secretariat

March 2017
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TOX/2017/16 ANNEX C

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

Second draft statement on potential risks from nickel in the
diet of infants aged 0 to 12 months and children aged 1to 5
years

Introduction

1. The Scientific Advisory Committee on Nutrition (SACN) is undertaking
a review of scientific evidence that will influence the Government’s dietary
recommendations for infants and young children. The SACN is examining the
nutritional basis of the advice. The Committee on Toxicity 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 statement gives an overview of the potential risks from nickel in
the diets of infants and young children in the UK aged 0 to 12 months and 1 to
5 years, respectively.

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(ll)) 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).
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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 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
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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).

Derivation of health-based guidance value/margin of exposure (MOE)
Chronic effects

11.  This section will be completed in the next draft of this document, once
a TDI value has been agreed upon by Members.

Hypersensitivity reactions

12.  This section will be completed in the next draft of this document, once
a TDI value has been agreed upon by Members.

Nickel exposures in infants aged 0 to 12 months and young children
aged 1to 5years

Sources of nickel exposure
Human breast milk
13. In general, low levels of nickel are found in breast milk (EFSA, 2015).

14.  Two concentrations of nickel in breast milk were selected from the
literature and used to represent the low and high levels of nickel measured in
samples of breast milk. A minimum value of 0.13 pg/L was determined in a
study by Krachler et al., (2000). 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 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
Mg/L, while the observed range was <0.13 to 6.35 pg/L (Krachler et al., 2000).

15. A maximum value of 47 pg/L was determined by Bjorklund et al.,
(2012). This study reported a mean concentration of 0.96 ug/L (median <0
pg/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 pg/L) and that the minimum and
maximum concentrations were “not determined” and 47 ug/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
(Bjorklund et al., 2012).

7



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

16. These values are taken from studies in European countries but the
minimum (0.3 pg/kg) and maximum (39 pg/kg) nickel concentrations, from the
UK data from the SUREmilk study (Woolridge et al., 2004), are within this
range of values.

Infant formulae and food

17.  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).

Food contact materials

18.  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
guantities 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).

19. 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).

20. 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).

21. The EVM reported that the quantity of nickel released from food
cooked in “already used” stainless steel pans was low to negligible (< 0.07
Mg/g), and although release from pans on their first use was higher (up to 0.27
Ma/g), the amounts released were still considered relatively small (EVM,
2002).

22. 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
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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

23.  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 ug/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).

24.  EU legislation sets a value of 20 ug/L for nickel in water intended for
human consumption (Directive 98/83/EC), and a maximum level of 20 pg/L in
natural mineral waters (Directive 2003/40/EC). The WHO has established a
guidance level of 70 pg/L for nickel in drinking water, but has stated that a
concentration of 20 ug/L should be achievable by conventional water
treatment (WHO, 2011).

25.  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 97.5™ percentile
values calculated from this data are shown in Table 1. These values have
been used to calculate exposures to nickel from drinking water in combination
with exposures from food.

Table 1. Median and 97.5™ percentile concentrations (ug/L) of nickel in water
across the UK for 2014/2015.

. . g7.5M
Number Limit of Median ;
. . Percentile
Country of Detection | concentration .
samples (ug/L) (ug/L) concentration
(mglL)
EDg) £ £ 14708 | 0.8-2.0* 1.36 463
Wales
Northern Ireland 392 04 1.14 4.47
Scotland 1500 0.2 0.30 1.95

* 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 ug/L for nickel)

Environmental
Dust

26. The Agency for Toxic Substances and Disease Registry (ATSDR) of
the US Department of Health and Human Services advises that nickel
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concentrations in household dust can be high and therefore pose an
increased risk to young children who have greater contact with floors
(ATSDR, 2005).

27. 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

28.  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).

29. In 2012 and 2013, Defra published normal background concentrations
(NBCs) for nickel in soil in England and Wales (Defra, 2012 and 2013). An
NBC is the 95" 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.

30. 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 95" percentile of 42 mg/kg (n = 41,768 samples). The statistics
reported for the same domain in Wales were a median of 22 mg/kg and a 95™
percentile of 38 mg/kg (n = 1,327 samples).

31.  The highest median and 95" 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.

10
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Air

32. Inthe atmosphere nickel occurs mainly as fine respirable particles (<2
pm) 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).

33. EU legislation sets a target value of 20 ng/m®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/m? with the
exception of a few industrial areas, where higher annual means may occur, in
some locations exceeding the target value of 20 ng/m® (Defra, 2015).

34.  Nickel in particulate matter less than 10 um (PM1p) 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/m®
and 99" percentile values ranged from 2.23 to 56.23 ng/m>. One site in Wales
was excluded from the analysis as it regularly measured much higher values
than any other site (Defra, 2015).

Exposure assessment
Chronic

35.  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 2 below.

36. 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 2. Average bodyweights used in the estimation of nickel exposures

Age group Bodyweight
(months) (kg)
Oto <4 5.92
4 to <6 7.8°
6 to <9 8.7°
9to <12 9.6
12 to <15 10.6°
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15 to <18 11.2°
18 to <24 12.0°
24 to <60 16.1°¢
2 DH, 1994
® DH, 2013

° Bates et al., 2014
Infants (0 to 12 months)
Breast milk

37. 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 breast milk. These estimates were based on low and high nickel
concentrations of 0.13 and 47 ug/L, respectively (Paragraphs 14 and 15). The
ranges of exposure to nickel in exclusively breastfed 0 to 6 month olds were
0.01 to 0.02 and 0.02 to 0.03 pg/kg bw/day in average and high level
consumers respectively with a nickel concentration of 0.13 pg/L. For breast
milk with a nickel concentration of 47 pg/L the ranges of exposures to nickel
were 4.8 to 6.4 and 7.2 to 9.6 ug/kg bw/day in average and high level
consumers respectively (Table 3).

Table 3. Estimated nickel exposure from exclusive breastfeeding in 0 to 6
month old infants, with breast milk containing nickel at 0.13 and 47 pg/L.

Exposure (pg/kg bw/day)
Nickel Average consumer High consumer
concentration (800 mL/day) (1200 mL/day)
(nglL) Oto <4 4 to <6 0to <4 4 to <6
months months months months
0.13 0.02 0.01 0.03 0.02
47 6.4 4.8 9.6 7.2

Values rounded to 2 significant figures (SF)

38. 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 low and high nickel
concentrations of 0.13 and 47 ug/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.

39. Mean exposures to nickel for 4 to 18 month olds with a breast milk
nickel concentration of 0.13 pg/L were 0.003 to 0.01 pg/kg bw/day, and 97.5"
percentile exposures were 0.01 to 0.02 pg/kg bw/day. A nickel concentration
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in breast milk of 47 could lead to mean nickel exposures of 1.2 to 4.3 pg/kg
bw/day and 97.5" percentile exposures of 2.4 to 7.3 pg/kg bw/day (Table 4).

Table 4. Estimated chronic nickel exposure in 4 to 18 month old infants from
breast milk

4to <6 6to <9 9to <12 12 to <15 15to <18
Nickel months months months months months
concentration (n=116) (n=606) (n=686) (n=670) (n=605)

in breast milk

(HglL) Mean | 97.5" [Mean |97.5" | Mean | 97.5" | Mean | 97.5" |Mean| 97.5"
0.13 0.01 0.02 0.01 | 0.02 | 0.005 0.02 0.004 0.01 |0.003| 0.01
47 4.3 7.3 3.1 7.5 1.8 54 1.4 35 1.2 2.4

Values rounded to 2 SF

Infant formulae and complementary foods

40. 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).

41. In 0 to 6 month olds, exposures to nickel from ready-to-feed formula
were 0 to 1.2 pg/kg bw/day in average consumers, and 0 to 1.8 ug/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 97.5" percentile concentrations for nickel in water reported in
Table 3 were 0.40 to 2.0 ug/kg bw/day in average consumers, and of 0.60 to
3.0 yg/kg bw/day in high level consumers (Table 5).

Table 5. Estimated average and high level exposures to nickel from exclusive
feeding on infant formulae for O to 6 month olds.

Nickel exposure (LB-UB Range) (ug/kg bw/day)
Infant 0 to <4 months 4 to <6 months
Formula Average High level Average High level
consumer consumer consumer consumer
(800 mL/day) | (1200 mL/day) | (800 mL/day) | (1200 mL/day)
Ready-to- 0-1.2 0-1.8 0-0.92 0-14
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Feed ?

Dry Powder | 37 11 0.55- 1.6 0.28 - 0.83 0.42-1.2

Dry Powder
°+TDS
water of <8
pg/L °

1.3-2.0 19-3.0 0.98-15 15-22

Dry Powder
°+ median
water of
1.36 pg/L ®

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

Dry Powder
¢+97.5"
percentile 0.90-1.6 14-24 0.68-1.2 1.0-1.8
water of

4.63 pg/L ¢

Values rounded to 2 SF

4 Exposure based on first milk infant formula using LB to UB nickel concentrations of 0-9 pg/L
® Exposure does not include the contribution from water

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

4 Calculated assuming reconstituted formula comprises 85% water

42. 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 pg/kg bw/day. Nickel exposures for the 97.5™ percentile were 3.9 to 5.9
Hg/kg bw/day (Table 6). Total mean and 97.5" percentile exposures were also
calculated using the highest median and 97.5™ percentile concentrations for
nickel in water reported in Table 1. The resulting total mean and 97.5"
percentile exposures indicated that levels of nickel in water made a negligible
contribution to total exposure.

Table 6. Estimated chronic exposures to nickel from infant formulae,
commercial infant foods and other foods for infants aged 4 to 12 months

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

4 to <6 Months | 6 to <9 Months iﬂtoonif}sz
Food (n=116) (=808 (n=686)

Mean | 975" | Mean | 975" | Mean | 97.5"

0.0044 - | 0.030 - | 0.0031 0- 0.0021 0-068

Infant formula 0.59 13 -0.43 | 098 | -0.31

Commercial infant 0.64 - 2.3- 0.89 - 3.0- 0.80 - 3.0-

foods 0.84 3.0 1.2 4.0 1.1 4.2
046- | 28- | 082- | 29- | 096- | 3.0-

Other foods 0.57 3.0 1.1 3.6 15 4.0
41- | 18- | 39- | 18- | 44-

Total (excl. water) | 1.2 - 2.1

S.7* 2.8 5.7* 2.9 5.9+

1
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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" percentile consumption value for each of the
three food categories

Children aged 12 to 18 months

43. 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.

44.  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

45.  The ranges of chronic total mean and 97.5™ 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 pg/kg bw/day, respectively. As for
infants, the total mean and 97.5" percentile exposures including water
(calculated using the highest median and 97.5™ percentile values in Table 3)
were equal to those estimated for the total mean exposures excluding water
(Table 7).

Table 7. Estimated chronic exposures to nickel from infant formulae,
commercial infant foods and other foods for children aged 12 to 18 months
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Nickel Exposure (LB-UB Range)
(Mg/kg bw/d)
Food 12 to <15 Months 15 to <18 Months
(n=670) (n=605)
Mean g7.5" Mean 97.5"
0.00050 - 0.00030 -
Infant formula 0.13 0-0.57 0.070 0-0.42
Commercial infant | 1z 60 | 20-28 | 024-032 | 1.2-1.7
foods
Other 096-17 | 26-38 | 1.0-1.8 | 25-35
Foods
Total (excl. water) 1.4-25 3.6 -5.2¢ 1.3-22 2.8-4.3*

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" percentile consumption value for each of the
three food categories

Exposure estimates based on the TDS

46. Table 8 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 pg/L. This LOD is higher than that reported for nickel in tap water
by the water authorities across the UK (Table 1). The calculation was
therefore also performed using the highest median (1.36 pg/L) and 97.5"
percentile (4.63 ug/L) nickel concentration in tap water reported in Table 1.

47. Total mean and 97.5" 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
Ho/kg bw/day, respectively (Table 8). 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 8
demonstrate that the nickel content of water has a negligible impact on total
dietary exposure to nickel of young children in the UK.

Table 8. Estimated chronic dietary exposure to nickel based on the TDS data
in children aged 12 to 18 months.

Nickel Exposure (LB-UB Range)
Nickel (ug/kg bw/day)
concentration in 12 to <15 Months 15 to <18 Months
the water (n=670) (n=605)
Mean g7.5M Mean g7.5"
1.36 ug/L 3.7-45 7.7 -8.6 40-49 7.8-8.7
4.63 ug/L 3.7-45 7.7 -8.6 40-49 79-87

Values rounded to 2 SF
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48. 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

49. 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).

50. Table 9 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 pg/L,
the LOD), and the highest median (1.36 pg/L) and 97.5™ percentile (4.63
Mg/L) nickel concentrations in water reported in Table 1. This results in total
mean and 97.5™ percentile exposures to nickel from a combination of all food
groups of 4.3t0 5.7 and 7.1 to 8.7 pg/kg bw/day, respectively (Table 9).
Overall the figures in Table 9 demonstrate that the nickel content of water has
a negligible impact on total dietary exposure to nickel of young children in the
UK.

Table 9. Estimated chronic dietary exposure to nickel in children aged 18
months to 5 years.

Nickel Exposure (LB-UB Range)
Nickel (Mg/kg bw/day)
concentration in 18 to <24 Months 24 to <60 Months
water (n=70) (n=429)
Mean 97.5" Mean 97.5"
1.36 pg/L 47 -5.6 75-8.7 43-5.0 7.1-8.0
4.63 pg/L 48-5.6 75 -8.7 4.4-50 7.1-8.0

Values rounded to 2 SF

51.  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).

Acute exposure assessments

52. ltis possible for infants and young children to be sensitised to nickel
through an increased exposure to nickel in the environment. Possible flare-up
reactions may be caused by exposure to high levels of nickel in food.
Therefore acute exposures have been calculated. Consumption data on a
bodyweight basis used in calculating acute exposures to nickel were derived
from a distribution of the highest amount of foods eaten on a given survey
day by DNSIYC and NDNS survey respondents.
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Infants (4 to 12 months)
Breast milk

53. Data on acute exposure to nickel from breast milk in 4 to 12 month old
infants are shown in Table 10. Mean and high-level acute exposures from
breast milk were between 1.1 and 1.6-fold higher than corresponding chronic
exposures from this source (Table 4).

Table 10. Estimated acute nickel exposure (ug/kg bw/day)u in 4 to 18 month
old infants from breast milk

4 to <6 6 to <9 9to <12 12 to <15
Nickel months months months months
concentration (n=116) (n=606) (n=686) (n=670)

15to <18

months
(n=605)

in breast milk

(HglL) Mean | 97.5" [Mean [97.5" | Mean | 97.5" | Mean | 97.5" |Mean| 97.5"

0.13 0.01 |0.02 0.01 |0.02 |0.01 0.02 0.005 |0.01 0.004 |0.01

47 4.9 8.3 3.7 8.5 2.2 6.0 1.7 4.1 1.6

3.8

Exposure estimates based on the Infant metals survey

54.  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). Acute consumption
data from the DNSIYC were used to estimate exposures for 4 to 12 month
olds (DH, 2013) (Table 11).

55.  The ranges of acute total mean and 97.5™ percentile exposures to
nickel from infant formula, commercial infant foods and other foods (Table 11)

are slightly higher than corresponding chronic exposures and are in the region

of 1.8 to 4.0 and 5.4 to 8.3 pg/kg bw/day, respectively.

Table 11. Estimated total acute exposures to nickel from infant formulae,
commercial infant foods and other foods for infants aged 4 to 12 months.

Nickel exposure (LB - UB range) (ug/kg bw/day)

4 to <6 months 6 to <9 months 9 to <12 months

mean 97.5M Mean g7.5M Mean 97.5™

1.8-2.7 54-7.0 26-3.7 59-75 2.7-4.0 6.6 — 8.3

Values rounded to 2 SF

Children aged 12 to 18 months
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56.  Acute nickel exposures were calculated for children aged 12 to 18
months using data from the infant metal survey and the TDS. Mean and 97.5™
percentile acute nickel exposures based on data from the infant metal survey
range from 2.3 to 3.5 and 4.9 to 7.1 pg/kg bw/day, respectively. Acute mean
and 97.5" percentile exposures for this age group based on data from the
TDS were slightly higher than corresponding chronic exposures and range
from 5.2 to 6.5 pg/kg bw/day and 11 to 12 ug/kg bw/day, respectively (Table
12).

Table 12. Estimated total acute exposures to nickel from infant metal survey
and TDS for children age 12 to 18 months.

Exposures Nickel exposure (LB - UB range) (ug/kg bw/day)

based on 12 to <15 months 15 to <18 months

data from Mean 97.5" Mean 97.5"
Infant metals | 2.3 -3.5 52-71 2.1-3.3 49-6.6
survey

TDS 52-6.0 11 56-6.5 11-12

Values rounded to 2 SF

Children aged 18 months to 5 years

57.  Acute total mean and 97.5™ percentile exposures for children aged 18
months to 5 years were calculated from TDS data (Table 13) and ranged from
5.8to 7.4 and 11 to 12 ug/kg bw/day, respectively.

Table 13. Estimated total acute exposures to nickel from TDS for children
aged 18 to 60 months.

Nickel exposure (LB - UB range) (ug/kg bw/day)

18 to <24 months 24 to <60 months

Mean 97.5" Mean 97.5"
6.5-74 11 58-6.5 12

Values rounded to 2 SF

Dust

58. 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 27)
(Table 14).

Table 14. Possible nickel exposures from dust in infants and young children
aged 6 months to 5 years.
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Nickel Exposure (ng/kg bw/day)
concentration Age (months)

(mg/kg) 6t0<9 |9to<12|12to<15| 15t0 <18 | 18t0 <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

Soill

59. 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 of these age groups. Median and 95™
percentile soil nickel concentrations of 23 and 42 mg/kg respectively were
used in these exposure estimations (paragraph 31) (Table 15).

Table 15. Possible nickel exposures from soil in infants and young children
aged 6 months to 5 years.

Nickel Exposure (ng/kg bw/day)
concentration Age (months)
(mg/kg) 61t0<9 | 9to <12 | 12to <15 | 15t0 <18 | 18 to <24 | 24 to <60
23 (Median) 0.079 0.072 0.11 0.10 0.096 0.071
42 (95" percentile) | 0.14 0.13 0.20 0.19 0.18 0.13

Values rounded to 2 SF

Air

60.

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 2, and by assuming the mean ventilation rates

presented in Table 16; these rates have been derived from the US EPA

exposure factors handbook (US EPA, 2011b). The resulting exposures are
presented in Table 17.

Table 16. Mean ventilation rates used in the estimation of nickel exposures
from air (derived from US EPA, 2011b)

Age group Ventilation rate

(months) (m®/day)
Oto<4 3.5
410 <6 4.1
6 to <9 5.4

9to <12 5.4

12 to <15 8.0

15t0 <18 8.0
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8.0
10.1

18 to <24
24 to <60

61. The nickel concentrations used in the exposure calculations were the
lowest and highest median values and lowest and highest 99" percentile
values of 0.27, 6.80, 2.23 and 56.23 ng/m?, respectively, from monitoring sites
in the UK (paragraph 34).

Table 17. Possible exposures to nickel in infants and young children from air

_ Exposure (ug/kg bw/day)

Nickel
concentration Ages (months)

(ng/m?) 9to 12 to 15to 18 to 24 to

Oto<4 | 4to<6 | 6to <9 <12 <15 <18 <24 <60

0.27_(Iowest 0.00016 | 0.00014 | 0.00017 | 0.00015 | 0.00020 | 0.00019 | 0.00018 | 0.00017
median value)
6.80_(h|ghest 0.0040 | 0.0036 | 0.0042 | 0.0038 | 0.0051 | 0.0049 | 0.0045 | 0.0043
median value)
2.23 (lowest
99" percentile | 0.0013 | 0.0012 | 0.0014 | 0.0013 | 0.0017 | 0.0016 | 0.0015 | 0.0014
value)
56.23 (highest
99" percentile 0.033 0.030 0.035 0.032 0.042 0.040 0.037 0.035
value)

Values rounded to 2 SF

Risk Characterisation

Chronic

Assuming a TDI of 2.8 pug/kg bw

62. . Nickel exposures of infants and young children were compared to a
TDI of 2.8 pug/kg bw to determine possible risks. Exposure values from soil,
dust and air were considerably lower than those from the diet. Therefore the
risk characterisation section is only concerned with nickel exposures from the
diet.

63. Average (800 mL) and high level (1200 mL) nickel exposures from
breast milk, with a low nickel concentration of 0.13 ug/L, for children aged 0 to
<6 months were below the TDI. For the same age group, average and high
level exposures from breast milk concentrations with a high nickel value of 47
Mg/L led to exposures of 170 to 340 % of the TDI. (Table 3).

64.  For children aged 4 to 18 months nickel mean and 97.5" percentile
exposures from breast milk were calculated. All exposures from breast milk
with a nickel concentration of 0.13 pg/L were below the TDI. Mean exposures
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of 9 to <18 months old children and 97.5™ percentile exposures of 15 to <18
months old children using a nickel concentration of 47 pg/L in breast milk
were less than the TDI. Mean exposures from a breast milk nickel
concentration of 47 pg/L in 4 to <9 months old were 110 to 150 % of the TDI.
97.5" percentile exposures in children aged 4 to <15 months ranged from 130
to 270 % of the TDI. (Table 4).

65. Mean (800 mL) and high level (1200 mL) nickel exposures were
calculated for infants aged 0 to <6 months consuming infant formulae as:
ready-to-feed, dry powder, dry powder + TDS water nickel concentration of <8
Mg/L, dry powder + median water nickel concentration of 1.36 pg/L and dry
powder + 97.5" percentile water nickel concentration of 4.63 ug/L (Table 5).
High level nickel (1200 mL) exposures from dry powder + TDS water nickel
concentration of <8 pg/L in infants aged 0 to <4 months were 110 % of the
TDI. All other scenarios had exposures below the TDI.

66. Total mean nickel exposures (excluding water) from infant formulae,
commercial infant foods and other foods for infants aged 4 to <12 months
were approximately equal to or below the TDI. Total 97.5" percentile nickel
exposures from the same sources and for the same age group ranged from
140 to 210 % of the TDI (Table 6).

67. For children aged 12 to <18 months dietary exposures to nickel were
estimated based on the infant metals survey (Table 7) and the TDS (Table 8).
Total mean nickel exposures from infant formulae, commercial infant foods
and other foods, using the infant metals survey were below the TDI. 97.5™
percentile exposures ranged from 100 to 190 % of the TDI. Mean and 97.5™
percentile nickel exposures, using the TDS were all greater than the TDI.
Mean exposures ranged from 130 to 180 % of the TDI and 97.5™ percentile
exposures ranged from 280 to 310 % of the TDI.

68.  Dietary nickel exposures for children aged 18 months to 5 years were
estimated based on the TDS. Total mean and 97.5" percentile exposures
ranged from 150 to 200 and 250 to 310 % of the TDI, respectively (Table 9).

69. Overall, the ranges of exposures obtained based on the median and
97.5th percentile concentrations of nickel in water are generally the same, for
each age group; this demonstrates that the nickel content of water has a
negligible impact on total dietary nickel exposure of UK infants and young
children.

Assuming a TRV of 20 pg/kg bw

70.  Nickel exposures of infants and young children were compared to a
TRV of 20 pg/kg bw to determine possible risks.

71.  All nickel exposures for infants and young children aged 1 to 5 years
were below the TRV of 20 ug/kg bw (Tables 4 to 9).
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Acute exposures
Assuming an MOE reference point of 1.1 pg/kg bw

72.  Potential risks from the exposure of infants and young children to nickel
were characterised by margins of exposure (MOES), calculated as the ratio of
the BMDL,o value of 1.1 ug/kg bw/day, to estimated exposures from dietary
sources.

73.  Mean acute breast milk exposures in children aged 4 to <18 months
(Table 10) with a nickel concentration of 0.13 pg/L ranged from 0.004 to 0.01
ug/kg bw/day. This corresponded to MOEs of 275 to 110, respectively. 97.5™
percentile acute breast milk exposures with nickel concentration of 0.13 pg/L
ranged from 0.01 to 0.02 pg/kg bw/day, corresponding to MOEs of 110 to 55,
respectively. These exposures with a breast milk nickel concentration of 0.13
pg/L are all greater than 10 and it is unlikely that there would be a risk. Mean
nickel exposures from breast milk with a nickel concentration of 47 pg/L
ranged from 1.6 to 4.9 pug/kg bw/day which corresponds to MOE values
ranging from 0.7 to 0.2, respectively. 97.5" percentile breast milk nickel
exposures with this nickel concentration ranged from 3.8 to 8.5. This
corresponds to MOE values of 0.3 to 0.1, respectively. These mean and 97.5™
percentile MOE values are all considerably less than 10.

74.  Mean acute nickel exposures in children aged 4 to <12 months (Table
11) from infant formulae, commercial infant foods and other foods range from
1.8 to 4.0 ug/kg bw/day. This corresponds to MOE values from 0.6 to 0.3.
97.5" percentile acute exposures from these sources range from 5.4 to 8.3
png/kg bw/day, corresponding to MOE values from 0.2 to 0.1. These MOE
values are all considerably less than 10.

75. The mean acute nickel exposures based on data from the infant metal
survey in children aged 12 to <18 months (Table 12) range from 2.1 to 3.5
and 97.5" percentile exposures range from 4.9 to 7.1. These correspond to
MOE values of 0.5 to 0.3, and 0.2 to 0.2, which are much lower than 10.

76. Mean and 97.5™ percentile nickel exposures based on data from the
TDS in children aged 12 to <18 months (Table 12) range from 5.2 to 6.5 and
11 - 12 pg/kg bw/day, respectively. From this MOEs were calculated to range
from 0.2 to 0.2 and from 0.1 to 0.09. These MOEs are all considerably lower
than 10.

77. Mean and 97.5™ percentile acute nickel exposures based on data from
the TDS in children aged 18 months to 5 years (Table 13) range from 5.8 to
7.4 and 11 to 12 pg/kg bw/day, respectively. Calculated MOEs for these
ranges were 0.2 to 0.1 and 0.1 to 0.09, respectively. These MOEs are all
much lower than 10.

Assuming an ADI of 4.0 pug/kg bw

23



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

78.  Mean acute breast milk exposures in children aged 4 to <18 months
(Table 10) with a nickel concentration of 0.13 pg/L ranged from 0.004 to 0.01
ng/kg bw/day. 97.5™ percentile acute breast milk exposures with nickel
concentration of 0.13 pg/L ranged from 0.01 to 0.02 pg/kg bw/day. These
exposures with a breast milk nickel concentration of 0.13 pg/L are all below
the ADI.

79.  Mean nickel exposures from breast milk with a nickel concentration of
A7 pg/L (Table 10) ranged from 1.6 to 4.9 ug/kg bw/day. 97.5" percentile
breast milk nickel exposures with this nickel concentration ranged from 3.8 to
8.5. The mean exposures from nickel at a concentration of 47 pg/L range from
36 to 120% of the ADI and (97.5" percentile exposures ranged from 95 to
210% of the ADI).

80. Mean acute nickel exposures in children aged 4 to <12 months (Table
11) from infant formulae, commercial infant foods and other foods ran%e from
1.8 to 4.0 pg/kg bw/day. These exposures are all below the ADI. 97.5'
percentile acute exposures from these sources range from 5.4 to 8.3 pg/kg
bw/day, corresponding to 140 to 210% of the ADI.

81. The mean acute nickel exposures based on data from the infant metal
survey in children aged 12 to <18 months (Table 12) range from 2.1 to 3.5,
which are below the ADI and 97.5™ percentile exposures range from 4.9 to
7.1. These are 120 to 180% of the ADI.

82. Mean and 97.5" percentile nickel exposures based on data from the
TDS in children aged 12 to <18 months (Table 12) range from 5.2 to 6.5 and
11 - 12 ug/kg bw/day, respectively. These exposures range from 130 to 160
and from 280 to 300% of the ADI, respectively.

83. Mean and 97.5" percentile acute nickel exposures based on data from
the TDS in children aged 18 months to 5 years (Table 13) range from 5.8 to
7.4 and 11 to 12 pg/kg bw/day, respectively. These exposures range from 150
to 190 and 280 to 300% of the ADI, respectively.

Conclusions

84. 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.

85.  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. Following oral exposure in
humans, nickel is bioavailable at levels from 1% up to 40% and has lower

24



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

bioavailability when in the presence of food than in the presence of drinking
water alone.

86. In humans, the non-carcinogenic effects of oral exposure to nickel
include effects on the gastrointestinal, haematological, neurological, and
immune systems. 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.

87. A TDI of 2.8 nug/kg bw/day and a reference point of 1.1 ug/kg bw/day
for an MOE approach, were established by EFSA for exposures of the general
population and sensitised individuals to nickel, respectively. Haber et al.
established a TRV of 20 pg/kg bw/day for the toddler population and an ADI of
4.0 ug/kg bw/day for sensitised individuals.

88.  Nickel exposures from dust soil and air were considerably lower than
from dietary exposures for infants aged 0 to 12 months and young children
aged 1 to 5 years.

Assuming a TDI of 2.8 pg/kg bw

89.  Nickel exposures calculated for breast milk with a nickel concentration
of 0.13 ug/L for infants and young children aged 0 to 18 months were below
the TDI. Mean exposures of 9 to <18 months old children and 97.5™ percentile
exposures of 15 to <18 months old children using a nickel concentration of 47
Mg/L in breast milk were less than the TDI. All other exposures calculated with
a nickel concentration of 47 pg/L in breast milk ranged from 110 to 340% of
the TDI.

90. High level nickel (1200 mL) exposures from dry powder + TDS water
nickel concentration of <8 ug/L in infants aged 0 to <4 months were 110 % of
the TDI. All other scenarios for infants aged 0 to <6 months, consuming infant
formulae, had exposures below the TDI.

91. All mean nickel exposures for infants and young children aged 4 to <18
months and using data from the infant metals survey were below the TDI.
Mean nickel exposures for this age group using TDS data ranged from 130 to
180 % of the TDI. 97.5" percentile nickel exposures for the same age groups
and using data from the infant metals survey and the TDS ranged from 100 to
210 % and 280 to 310 % of the TDI.

92. Dietary nickel exposures for children aged 18 months to 5 years were
estimated based on the TDS. Total mean and 97.5" percentile exposures
ranged from 150 to 200 and 250 to 310 % of the TDI, respectively.

93.  Nickel exposures show up to 3-fold exceedance of the TDI for high
level food and formulae consumers aged 4 to 60 months. Average consumers
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in this age group may exceed by up to 2-fold. There may be some risk to
consumers from nickel exposure aged 4 to 60 months (Table 18).

Assuming a TRV of 20 ug/kg bw

94.  Nickel exposures for all age groups and food categories were below
the TRV of 20 pg/kg bw. It is unlikely that nickel concentrations in food at the
current level pose a risk to the health of infants and young children aged 1 to
5 years (Table 18).

Assuming an MOE reference point of 1.1 pg/kg bw

95. EFSA concluded that an MOE of 10 or greater would be indicative of
low health concern. Table 19 shows the MOEs calculated from the exposures.
Apart from average and high level consumption of breast milk with a low
concentration of nickel, all other exposures have an MOE value of less than
10. There is the possibility of a dermal response to an oral exposure of nickel
at the concentrations currently found in food.

Assuming an ADI of 4.0 pug/kg bw
96. Nickel exposures show exceedance of the ADI of up to about 2-fold for
high level food and formulae consumers aged 4 to 60 months. Average

consumers in this age group may slightly exceed the ADI. There may be
some risk to consumers from nickel exposure aged 4 to 60 months (Table 19).
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Table 18. Summary of estimated chronic dietary nickel exposures compared to the TDI of 2.8 ug/kg bw/day and the TRV of 20
uag/kg bw/day

Exclusive Infant formulae Nickel
o ——— Breast milk (nickel concentration of the water) . Nickel exposure from] exposure from
Total (infant foods in the TDS foods in the
formulae+ TDS
Dry Dry Dry commercial infant
013 | 47 | 013 |, |Ready- Dry powder powder | powder f°°d(se;gthv‘3;t§8ds) (L36 |, ca )| (136 | 463
ugll | poil | poi |* P9 to-Feed | powder| (<8 | (1.36 | (4.63 : ugil) PP HIBN o) | pgiL)
MO/L) | ug/L) | pglL)
Survey/Consumption IMS/ IMS/ TDS/ TDS/ TDS/ | TDS/
data N/A | NIA L IMS 1 IMS | NIA-— | NIA - NFA - NIA- 1 NIA- L pusive | psive | pnsive | bnsive | NDNS | NDNs
Age (months) | 0to6|0to6 |ato<18 iltg 0t06 | 0to6 | Oto6 | 0t06 | Oto6 | 4t012 | 121018 | 121018 | 1210 18 1250 1250
Estimated| Average |0.01—| 4.8 |0.003—| 1.2 - 0.28— | 0.98- | 0.40— | 0.68— 43— | 44—
dietary |consumer] 0.02 | 6.4 0.01 43 912 11 2.0 1.3 1.6 12-29113-25137-49137-49| 74 5.6
PO IS iah level[0.02—| 72— | 0.01— | 2.4 042-| 1.5- | 0.60 71- |71
Ik igh level|0.02—| 7.2—-]0.01- | 24— | 42-| 1.5- | 0.60- B B B B B 1-1]71-
b\(,vl%a?)a consumer| 003 | 96 | 002 | 75 |9 18| 16 3.0 18 |10-24139-59128-52)77-87 77-87| g5 | g7
Average |0.36 —| 170- | 0.11 - | 43- 150 - | 150 -
(20@ TD/L corsumerl 071 | 230 | 6.6 | 150 | 0-43 [10-39|35-71|14-46 | 24-57 | 43-100 | 46-89 |130-180|130-180] o " | up
.8 Hg/kg —
bw) High level]0.71 —| 260- ] 0.36 — | 86 - i i 54 - i i i i i i 250 - | 250 -
consumerl 11 | 330 | 671 | 270 | 0-64 |15-57| Ji; |21-64 | 36-86 |140-210 100-190]280-310|280-310| 210 | Sro
Average | 0.050 | 24— |0.015 - 1.4
% TRV | consumerl— 010! 32 | 0050 60-22J0-6.0 | & |4.9-10[20-65/3.4-80| 6.0-15 | 65-13 | 19-25 | 19-25 |22-28|22-28
(20 po/kg —
bw) High level10.10 - 36 - 10.050 -1, o615 g0 | 21~ |75.153.0-90[50-12] 20-30 | 14-26 | 39-44 | 39-44 |36-44|36-44
consumerj 0.15 48 0.10 8.0

@ Values are rounded to 2SF and are the lowest lower bound and highest upper bound estimates for the age range
® The MOE is calculated by dividing the BMDLg 5 of 3.0 ug/kg bw/day by the respective dietary exposure and rounding to 1 SF. The range relates to the upper
bound to lower bound estimates of exposure, only one MOE is shown when the estimated dietary exposures generated the same value.
¢ Based on the assumption that reconstituted infant formula comprises 85% water
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Table 19. Summary of estimated acute dietary nickel exposures compared to the reference point (RP) for an MOE approach of 1.1
pag/kg bw/day and the ADI of 4.0 ug/kg bw/day

Breast milk Total (infant Nickel Nickel
formulae+ exposure explgsﬁre
0.13 commercial infant from T
HQ n 47 pg/L| foods +other foods) | foods in in the TDS
(excl. water) the TDS
Survey/Consumption IMS IMS IMS/ IMS/ TDS/ TDS/
data DNSIYC | DNSIYC | DNSIYC NDNS
Age (months) |4 to <18 iltg 41012 | 121018 | 12t0 18 | 181060

Estimated| Average |0.004-| 1.6 -

dietary |consumer| 0.01 | 4.9
exposure —
s (ug/kg High level] 0.01 - | 3.8 —

bw/day)® | consumer] 0.02 é.3

18-40|21-35|52-65] 58-74

54-83149-71] 11-12 11-12

MOE | Average | 275- | 0.69 - i 0.52 - 0.21 - _
(RP value | consumer| 110 0.22 0.61-0.28 0.31 0.17 0.19-0.15
of1.l |Highlevel| ., rc|0.29-] 020- | 0.22- | 0.10- | 0.10-
Hg/kg bw | consumer 013 | 0.13 0.15 0.092 0.092

Average | 0.10—- | 40—
% ADI consumer| 0.25 120

4.0 pg/k
E,W) HO9 High level] 0.25 - | 95-

consumer] 0.5 210

45-100 | 53-88 ]130-160] 150-190

140- 210|120 - 180280 - 300| 280 - 300

& Values are rounded to 2SF and are the lowest lower bound and highest upper bound estimates for the age range

® The MOE is calculated by dividing the BMDL, 5 of 3.0 pg/kg bw/day by the respective dietary exposure and rounding to 1 SF. The range relates to the upper
bound to lower bound estimates of exposure, only one MOE is shown when the estimated dietary exposures generated the same value.

¢ Based on the assumption that reconstituted infant formula comprises 85% water
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