Heavy Metal Tested & Certified
(HMTc)Infant and Child Foods
Standards (2026)

The Infant and Child Foods Standards provide an evidence-based
framework for controlling priority toxic heavy metals in foods consumed by
infants and young children. The Standards address the heightened
vulnerability of this population to neurodevelopmental damage, metabolic
disruption, and renal toxicity from the top 8 heavy metal contaminants. The
Standards also respond to inconsistent regulatory limits and industry

practices across different regions, offering a unified approach.
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Product Categories Covered

Infant Formula

Powder and ready-to-feed liquid

formulations

Mixed Meals

Meat & grain combinations

Baby Cereals

Grain products (dry)

Fruit Juice

Not canned

Purées

Fruit, non-root vegetable, and root-

vegetable varieties

Teething & Snacks

Non-rice and rice-based products



Statement of Purpose

The HMTc Standards define category-specific action levels for finished products across key infant food categories — infant
formula (powder and ready-to-feed), baby cereals (dry grains), fruit purées, non-root and root-vegetable purées, mixed meals
(e.g. meat-grain entrées), fruit juice (not canned), and teething/snack products (rice- and non-rice-based). These limits are
anchored to the best available occurrence data and major regulatory benchmarks, and are set at levels that roughly 80% of
current products can achieve, thereby being feasible for industry while still driving reformulation, safer sourcing, and improved

process controls.

Importantly, these values are feasibility-based action levels — not safety thresholds. Exceeding a limit should trigger
corrective action and reformulation under an “as low as reasonably achievable” (ALARA) paradigm, even if acute risk is low.
Implementation of HMTc requires validated analytical testing and a documented heavy-metal control program encompassing
raw ingredient specifications, agricultural and water quality controls, packaging/contact material standards, and ongoing

surveillance.

Ultimately, the purpose of the HMTc Standards is to facilitate independent third-party certification for infant and early-
childhood foods, supporting risk-based product development and supply-chain management. By progressively reducing heavy
metal contents, the Standards aim to minimize cumulative exposure in early life and preserve wide safety margins as
consumption patterns and sourcing evolve. The standard will be periodically updated as new toxicological data and food-

occurrence data emerge, ensuring it remains protective and science-aligned.
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Glossary of Terms and Abbreviations

EFSA

Infants and Young

Children

JECFA

TWI

PTWI

BMD

BMDL

BMDLO1

IRL

bw

ppb

pg/L

ug/day

ALARA

Action level

European Food Safety Authority. An EU agency that produces scientific opinions on food
and feed risks, including contaminant risk assessments used by regulators.

In this document, refers to children from birth up to ~5 years of age (typical age range for
infant and toddler food and child foods).

Joint FAO/WHO Expert Committee on Food Additives. An international expert body
convened by the Food and Agriculture Organization of the United Nations and the World
Health Organization to evaluate risks from food additives, contaminants, and residues and

to derive health-based guidance values where possible.

Tolerable Weekly Intake. A health-based guidance value expressed as an amount per
kilogram body weight per week that is considered tolerable over a lifetime for substances

where a threshold is assumed or can be used for risk management.

Provisional Tolerable Weekly Intake. An older term used when the guidance value was
considered provisional due to data limitations or expected updates; in practice it functioned
like a TWI.

Benchmark Dose. A dose associated with a predefined change in response (the benchmark

response) compared with background. It is used in dose-response modeling.

Benchmark Dose Lower Confidence Limit. The lower bound of the statistical confidence
interval around the BMD, commonly used as a conservative point of departure in risk

assessment.

A BMDL corresponding to a benchmark response of 1 percent (for quantal endpoints such
as incidence) or an equivalent small change for continuous endpoints, as defined by the
assessor; it is used as a conservative reference point for deriving guidance values or

characterizing risk.

Interim Reference Level. In the FDA context, a risk-management intake level used to

prioritize and evaluate actions to reduce exposure, not a safety threshold.

Body weight, usually expressed in kilograms, used to normalize intake or dose (for

example, pg/kg bw/day).

Parts per billion by mass in foods, typically equivalent to micrograms per kilogram (ug/kg).
For liquids, it is often treated as micrograms per liter (ug/L) when density is close to 1 kg/L,

which is a reasonable approximation for ready-to-feed formula.

Micrograms per liter. A concentration unit commonly used for blood lead (and for dilute

liquids).

Micrograms per day. An intake unit used to express daily dietary exposure.

As Low As Reasonably Achievable. A risk-management principle used for contaminants,
especially when there is no clearly established safe threshold, emphasizing feasible,

continual reduction over time.

A practical concentration limit used to trigger sourcing, process, and quality actions to
reduce contamination. It is set partly on feasibility and risk reduction and should not be

interpreted as a definitive safety threshold.



The Heavy Metal Tested & Certified (HMTc) Standard uses ppb (pg/kg) limits on an as-sold basis rather than
per-serving limits to ensure compliance cannot be achieved through serving-size or portion-definition
changes.

Concentration-based limits provide a consistent, testable, and comparable basis for certification and are
designed to drive actual reduction in heavy metal content through product formulation and supply-chain
controls, not labeling workarounds.



Lead: Toxicology and Margin of Safety

Lead has no safe exposure threshold in children.

EFSA’'s 2010 risk assessment applied a benchmark-dose approach to pooled cohort data, deriving a BMDLO1 of ~12 pg/L blood
lead for a one-point decrement in children’s 1Q; this benchmark is used because evidence indicates neurodevelopmental effects
continue to occur at the lowest observed blood lead levels, and small shifts in population IQ are considered adverse from a

public-health perspective.

JECFA (2011) withdrew its former PTW!I for lead on the basis that conventional tolerable intake values were no longer
health-protective at contemporary effect levels given the absence of a threshold. Consistent with this, FDA's current Interim
Reference Level (IRL) for dietary lead intake in young children — 2.2 ug/day, derived with an added safety factor — is intended
for risk management prioritization rather than as a “safe dose.” Because there is no known threshold below which
neurodevelopmental effects can be ruled out, cumulative daily intake across multiple food categories is the relevant exposure

metric.

Even when individual foods meet “achievable” action levels, aggregate intake can exceed the IRL; for example, a day’s
consumption comprising 800 mL ready-to-feed formula at 5ppb, one 20 g serving of dry cereal at 20 ppb, one 113 g fruit purée
at 10 ppb, and one 113 g root-vegetable purée at 20 ppb would yield approximately 7.8 ug lead/day, illustrating how typical
dietary patterns can result in total intakes substantially above the IRL and underscore the need for broad mitigation across the

food supply.

This demonstrates why HMTC cutoffs should be interpreted as transitional action levels designed to drive

measurable reductions and continuous improvement, not as health-based safety thresholds.




Lead (Pb) Standards

Scope/measurement. Total lead (Pb) shall be measured in the finished product as placed on the market. Powders shall be
analyzed as sold, and liquids or concentrates shall be analyzed after preparation in accordance with label instructions. Lead

shall be determined as total elemental Pb, with results expressed in ug/kg (ppb) and used directly for compliance

determination.



Lead Standards by Category

Category

Infant formula (powder)

Infant formula (ready-to-feed, liquid)

Baby cereals / grain products (dry)

Fruit purées (general)

Non-root vegetable purées

Root-vegetable purées

Mixed meals

Fruit juice (not canned)

Teething & Snacks

HMTc Standards

(ppb)

10 ppb

5 ppb

10 ppb

10 ppb

10 ppb

10 ppb

10 ppb

10 ppb

10 ppb

EU/FDA

20 ppb

10 ppb

20 ppb

20 ppb

20 ppb

20 ppb

20 ppb

20 ppb

20 ppb

Notes

Commercial powders

typically single-digit ppb

Routine values ~1-5 ppb in
RTF milks

Matches FDA AL for dry

infant cereals

Most jars/pouches <10 ppb

80%-+ of products meet
this

~80% compliance realistic

Current distributions near

this value

Most infant juices well
below 10-20 ppb

~80-90% of rice-free

products comply



Products Not Likely to Meet Lead Requirements

without Corrective Action

@

Infant Formula (Powder)

At risk: Batches with high mineral-premix loadings;
powders using rice-derived starch/syrup solids

Why: Trace Pb in micronutrient premixes/calcium salts;
occasional Pb in rice-derived ingredients; contamination

from legacy leaded brass/bronze parts

&

Fruit Purées

At risk: Apple-/pear-based purées from legacy orchard

regions; spice-containing varieties

Why: Historic Pb-arsenate orchard soils; sporadic Pb in

cinnamon/turmeric

@

Infant Formula (Liquid, RTF)

At risk: Lines using non-RO/DI process water; facilities

with leaded plumbing/valves

Why: Pb pickup from water systems and wetted utilities;
longer hot/acid holds increase leaching from legacy

components

1o

Mixed Meals (Meat & Grain Combos)

At risk: Recipes with rice, root-veg bases, or spice-heavy
sauces (e.g., tomato + cinnamon/turmeric); meals using

imported vegetable powders

Why: Stacked contributions from rice/root veg;
spice/powder variability; acidic sauces can mobilize Pb

from equipment if controls are weak

=1
Teething & Snacks (Dry)
At risk: Rice-based puffs/teethers, especially brown-rice;

cocoa-flavoured or spice-flavoured snacks; bars/crisps

with dried fruit inclusions

Why: Rice/bran and cocoa/spices are frequent Pb sources;
dried fruits concentrate Pb from raw fruit and soil/dust

contamination

(c

Baby Cereals

At risk: Single-grain rice cereals; rice-forward multigrain;

cereals with cocoa or spice additions

Why: Rice concentrates soil/irrigation Pb; cocoa and

some spices like turmeric can carry elevated Pb

Root Vegetables

At risk: Carrot, sweet-potato, beet purées that retain peel

or use dehydrated root powders

Why: Pb often higher in peels and in taproot xylem;

dehydration/concentration raises finished-product Pb

.

Non-Root Vegetable Purées

At risk: Purées rich in leafy greens (spinach, kale, beet

greens) or with legume powders

Why: Leafy/legume crops can accumulate Pb from

soil/dust deposition; dried powders concentrate metals

&

Fruit Juice (Infant/Young Child)

At risk: Apple/pear juices from certain concentrates;
processes using diatomaceous earth/perlite filter aids not
pre-rinsed; plants with leaded plumbing

Why: Some concentrates carry higher Pb; filter aids can
contribute Pb if not controlled; water/contact systems
add background Pb



Data-Grounded Practical Levers to Reduce Lead

Process Water

Use RO/IX to keep water <1-2 ppb Pb; audit plumbing for
leaded components and replace

Effect: RO systems remove 96-99% of lead from water; if
source water is 20 ppb, RO reduces it to <1 ppb — a 95%+
reduction. This directly translates to proportional drops in
final product lead, especially critical for infant formula
where water can contribute 40-60% of total lead

exposure.

Spices & Flavors

Require COAs with ppb-level Pb for cinnamon, turmeric;

supplier audits; reject/recall triggers

Effect: Rigorous testing prevents extreme contamination
events (some spices found with 2,000-5,000 ppm Llead).
Tight COA specs eliminate >99% of preventable high-
lead incidents, keeping products <0.01 ppm instead of

spiking to ppm range.

Root Vegetables

Peel carrots/sweet potatoes; avoid peel powders; wash to

remove adhering soil

Effect: Peeling removed up to ~25% Pb in carrots, though
Pb inside root xylem remains—source control still
needed. Peeling carrots eliminates ~25% of lead by
removing contaminated outer layers (skin ~0.075 mg/kg
vs core ~0.027 mg/kg). Combined with washing, expect
~20-25% Pb reduction in typical root vegetables.

Leafy/Legume Inclusions

Cap high-Pb species (spinach, beet greens, some

legumes) or limit inclusion; blend with low-Pb veg

Effect: Capping high-Pb species (spinach, beet greens)
and blending with low-Pb vegetables can reduce lead
contribution by 50% or more. If spinach puree (100 ppb)
is half-replaced with 10 ppb vegetable, lead drops ~90%

in that component.

Filtration

Specify low-Pb filter aids (perlite/DE grades), pre-rinsing
aids; verify Pb in finished juice

Effect: Switching from high-lead DE to purified perlite or
pre-rinsing filter aids can drop juice lead from 20-30 ppb
to <5 ppb. Washing DE with 0.1% EDTA reduces the aid's

lead by ~50%, preventing contamination during filtration.

Cereals/Rice

Rinse and cook in excess water prior to milling/flake;

prefer non-rice or polished-rice bases

Effect: Rinsing and cooking rice in excess water (then
draining) reduces lead by 20-50%. Polished rice vs
brown rice removes bran where metals concentrate,

yielding substantial reductions in finished cereals.

Agricultural Sourcing

Avoid crops from legacy Pb-arsenate orchards/urban

hotspots; specify low-Pb soils/irrigation

Effect: Produce from clean fields vs contaminated orchard
soil shows >95% reduction in lead (e.g., carrots: 7.3
mg/kg on contaminated soil vs 0.19 mg/kg on clean soil).
Sourcing from tested low-Pb areas dramatically lowers

baseline lead.

Contact Materials

Eliminate leaded brass/bronze and legacy solder from
wetted parts; use 316L stainless; passivate; document

maintenance

Effect: Replacing leaded brass/bronze with 316L
stainless eliminates continuous low-level contamination.
Historical example: phasing out lead-soldered cans
caused lead in canned foods to plummet. Removing a
brass component contributing 5-10 ppb can drop product
to <1 ppb — essentially 100% reduction from that source.

HACCP & Verification

Put Pb on HACCP plans where relevant (water, filter aids, spices); require ICP-MS LOQs <1-2 ppb for high-risk inputs and

lot composites

Effect: ICP-MS testing with LOQs of 1-2 ppb catches trace excursions invisible to less sensitive methods. Facilities with

lead on HACCP plans rarely exceed internal limits (often <5 ppb), ensuring continuous improvement and nearly all lots

remain under stringent targets.



Arsenic: Toxicology and Margin of Safety

Inorganic arsenic is carcinogenic and lacks a known safe threshold in children.

Inorganic arsenic (iAs) is a genotoxic human carcinogen for which no safe threshold is assumed, particularly in early life. As a
result, cancer risk is characterized using benchmark-dose reference points and a margin of exposure framework rather than
tolerable intake values. EFSA’s earlier assessments identified BMDLO1 values for lung, skin, and bladder cancers spanning
approximately 0.3 to 8 pg/kg body weight per day, noting that estimated dietary exposures in parts of the population
overlapped this range and therefore offered little margin of safety. EFSA’s most recent reassessment further reinforces this
concern, deriving a conservative cancer reference point of approximately 0.06 pg/kg bw/day from human data and concluding

that margins of exposure at current intake levels remain low, indicating a persistent public health concern.

This is especially relevant for infants and toddlers, whose higher food consumption per kilogram body weight causes even low
single-digit ppb concentrations to translate into disproportionately higher doses. Consequently, foods that individually appear
compliant can meaningfully contribute to cumulative exposure approaching or exceeding cancer-relevant reference points.
HMTC category limits in the low single-digit ppb range should therefore be interpreted as risk-management action levels
designed to drive population-level exposure reduction and improve margins of exposure, not as evidence of safety. This further
underscores why program governance should emphasize aggregate exposure control and continuous downward pressure on

concentrations over time under an ALARA framework.

This demonstrates why HMTC category limits in the low single-digit ppb range should therefore be interpreted as

risk-management action levels designed to drive population-level exposure reduction and improve margins of

exposure, not as evidence of safety.




Arsenic (iAs) Standards

Scope/measurement. Arsenic shall be measured in the finished product as placed on the market, with powders analyzed as
sold and liquids or concentrates analyzed after preparation in accordance with label instructions. Products containing rice or
rice-derived ingredients shall be evaluated based on inorganic arsenic (iAs), while all other products may be screened using

total arsenic, with reflex iAs speciation required when total arsenic approaches or exceeds the applicable limit. Results shall be
expressed in pg/kg (ppb) and used directly for compliance determination.



Arsenic Standards by Category

Category HMTc Standards EU/FDA Notes
(ppb)

Infant formula (powder) 10 ppb No EU ML Most powders at low
single-ppb; 3 ppb captures
~80%

Infant formula (ready-to-feed, liquid) 1 ppb No EU ML Typical RTF values cluster

<1 ppb with RO/DI water

Baby cereals / grain products (dry) 10 ppb 20 ppb 15 ppb targets ~80%

compliance overall

Fruit purées (general) 2 ppb 20 ppb Upper quartile around ~1-
2 ppb

Non-root vegetable purées 3 ppb 20 ppb Typically <2-3 ppb; fits
~80%+

Root-vegetable purées 5 ppb 20 ppb Roots run higher due to
soil uptake

Mixed meals 6 ppb 20 ppb Captures ~80% across
rice-free and rice-
containing

Fruit juice (not canned) 3 ppb 20 ppb Typical infant juices test <3
ppb

Teething & Snacks 10 ppb 20 ppb Most

oat/corn/wheat/quinoa

snacks meet <10 ppb



Products Not Likely to Meet Arsenic Requirements

without Corrective Action

@

Infant Formula (Powder)

At risk: Powders using rice-derived ingredients (brown-

rice syrup/solids, rice starch/protein)

Why: Rice concentrates iAs in the bran/outer layers and

from As-rich irrigation water

&

Fruit Purées

At risk: Purées made from pear/apple concentrates
sourced from legacy orchard soils; purées with rice syrup

as sweetener

Why: Historic arsenical pesticide residues; added rice-

based sweeteners increase totals

@

Infant Formula (Liquid, RTF)

At risk: Lines using non-RO/DI process water or water

with variable iAs

Why: Groundwater iAs passes through to finished
formula; lack of RO/IX polishing can exceed a 1 ppb

ceiling.

1o

Mixed Meals (Meat & Grain Combos)

At risk: Meals containing rice as grain/thickener; root-

heavy recipes; sauces with pear/apple concentrates

Why: Stacked contributions (rice + roots + fruit

concentrates) raise iAs

=4
Teething & Snacks (Dry)

At risk: Rice puffs/wafers/rusks, especially brown-rice or

crispy brown rice inclusions

Why: iAs concentrated in bran and rice syrups; puffing

does not remove iAs

Baby Cereals

At risk: Single-grain rice cereals; rice-forward multigrain

(brown rice, rice bran, high imported-rice fraction)

Why: iAs is highest in rice bran; fields with As-rich

water/soils drive right-tail lots

Root Vegetables

At risk: Carrot/sweet-potato/beet purées that retain peel;

products using dehydrated root powders/concentrates

Why: Roots contact more soil; peels and dehydration

concentrate iAs

.

Non-Root Vegetable Purées

At risk: SKUs with rice flour/starch thickeners or pear/fruit

concentrate add-ins

Why: Base non-root veg are usually low, but rice-derived
thickeners or higher-iAs fruit concentrates can push

above low ppb limits.

&

Fruit Juice (Infant/Young Child)

At risk: Apple/pear juices/nectars from specific
concentrate origins; products diluted/ reconstituted with

higher-iAs water

Why: Certain concentrate sources trend higher for iAs;
reconstitution water quality directly determines finished
iAs.



Data-Grounded Practical Levers to Reduce Inorganic

Arsenic

Rice Origin & Cultivar

Contract low-iAs origins/cultivars; avoid paddies with

high-iAs irrigation

Effect: Cultivar and origin selection reduces grain iAs by
40-70% (2-3x difference); low-iAs rice achieves levels at

half to one-third of high-As sources.

Soil Amendments (Si/Fe)

Apply silicon fertilizers or iron-based soil amendments in
rice paddies; maintain soil pH ~6-7. Silicon (Si) competes
with arsenic uptake in plants; iron (Fe) compounds lock

arsenic in soil.

Effect: Silicon amendments reduce grain arsenic by 7-
78%:; iron compounds show 13-92% reduction in trials.
Typical achievable reduction: 20—-60% lower iAs in rice
grain by reducing arsenic bioavailability through
competitive uptake (Si) and soil immobilization (Fe).
Maintaining near-neutral pH (~6-7) prevents arsenic

mobilization.

Pre-processing

Rinse/soak and cook in excess water (discard) before

milling/flake

Effect: Rinsing (~10%) and soaking (~20-30%) reduce
iAs; excess-water cooking reduces iAs by 40-60%,

parboiling up to ~80%.

Irrigation Strategy

Require alternate wetting & drying (AWD) or aerobic

periods; test irrigation water

Effect: AWD lowers grain iAs by 20-60% (avg. half) vs

continuous flooding by re-oxidizing arsenic.

Polishing / Milling
Prefer white-rice flours; minimize bran/bran-rich fractions

Effect: White rice has 30-60% lower iAs than brown rice
(50-80% more iAs in brown rice) as milling removes bran.

Replace Rice Binders

Eliminate rice syrup/solids; use non-rice syrups or

maltodextrins

Effect: Replacing rice-derived sweeteners cuts product
iAs by 50-90%; rice syrup formulas can have 6-20x
higher iAs.



Tin: Toxicology and Margin of Safety

While inorganic tin is generally considered to have low toxicity because it is poorly absorbed by the body, infants and

toddlers are more vulnerable due to their small body mass and high food intake relative to their weight.

Dietary tin exposure is dominated by inorganic tin, arising primarily from migration from tinplate packaging or metal contact
surfaces, particularly in acidic foods and beverages. Unlike arsenic, lead, or cadmium, tin is not a cumulative systemic toxicant at
typical dietary levels. Its critical endpoint is acute gastrointestinal irritation associated with episodic high exposure, rather than
chronic toxicity or carcinogenicity. Accordingly, tin risk assessment is framed around preventing short-term concentration

spikes, not establishing a long-term tolerable intake.

The former EU Scientific Committee on Food (SCF) identified acute gastrointestinal effects at concentrations of approximately
150 mg/kg in canned beverages and 250 mg/kg in other canned foods. These values underpin commodity-based regulatory
controls designed to prevent packaging failures such as corrosion, lacquer degradation, or adverse storage conditions, rather

than to define a “safe” dietary level. Typical background concentrations in foods are several orders of magnitude lower.

Emerging evidence also suggests that early postnatal tin exposure may be associated with alterations in infant gut microbiome
composition. Recent mixture-modeling analyses in NICU populations reported that tin contributed most strongly to observed
negative associations with genera relevant to early gut ecological development. While these findings are observational, they
indicate that tin exposure may carry biological relevance at levels well below those associated with acute gastrointestinal

toxicity, particularly during critical windows of microbial and immune maturation.

Within the Heavy Metal Tested & Certified program, certification cutoffs in the tens to low hundreds of ppb establish greater
than 103-fold margins relative to concentrations associated with acute effects. This approach aligns with the toxicological
profile of inorganic tin, which emphasizes materials selection, coating performance, and shelf-life management as primary
controls. At HMTC levels, tin functions as a sentinel marker of packaging integrity and process control, not as an indicator of

intrinsic toxic hazard.

HMTC tin limits are exposure-management action levels, not safety thresholds, reflecting tin’s acute, packaging-

driven risk profile and the need to prevent episodic migration events rather than manage cumulative dietary

toxicity.




Tin (Sn) Standards

Scope/measurement. Tin shall be measured in the finished product as placed on the market, with powders analyzed as sold
and liquids or concentrates analyzed after preparation in accordance with label instructions. Tin shall be determined as total

elemental tin (Sn); speciation is not required. Results shall be expressed in pg/kg (ppb) and used directly for compliance

determination.



Tin Standards by Category

Category

Infant formula (powder)

Infant formula (ready-to-feed, liquid)

Baby cereals / grain products (dry)

Fruit purées (general)

Non-root vegetable purées

Root-vegetable purées

Mixed meals

Fruit juice (not canned)

Teething & snacks

HMTc Standards
(ppb)

100 ppb

20 ppb

200 ppb

150 ppb

150 ppb

200 ppb

300 ppb

20 ppb

100 ppb

EU Regulation

50,000 ppb

50,000 ppb

50,000 ppb

50,000 ppb

50,000 ppb

50,000 ppb

50,000 ppb

100,000 ppb

No EU ML

Notes

Recent surveys find Sn
typically 7-95 ppb in
powders

RTF products not in metal

cans; tin at or below low-

ppb

Cereal products show Sn
below method LODs in

many datasets

EU products in
jars/pouches show means
~0.10 mg/kg

Similar packaging/matrix

as fruit

Slightly higher allowance
for thicker/starchier

matrices

Meaty jarred products
report Sn around 0.24-
0.32 mg/kg

Non-canned juices

typically <1-10 ppb Sn

No EU ML for tin (not

canned)



Products Not Likely to Meet Tin Requirements

without Corrective Action

@

Infant Formula (Powder) - 100 ppb

At risk: Powders packed in tinplate cans with
damaged/poor lacquer; lines using tinned hoppers/scoops

or legacy soldered parts

Why: Dry abrasion or localized corrosion releases
metallic Sn; total Sn counts both dissolved and

particulate Sn

&

Fruit Purées - 150 ppb

At risk: Canned purées; glass jars with tinplate twist-off

caps where lacquer is blistered, cut, or thinned

Why: Low pH + heat + oxygen accelerates tinplate

corrosion at headspace/finish, raising Sn during storage

e

Non-Root Vegetable Purées - 150 ppb

At risk: As above; SKUs with high acidity (tomato/squash

blends) in jars/cans with compromised lacquer

Why: Acidic matrices and long retort/shelf-life increase
migration from lids/seams; crop uptake is not a major Sn

source

!
Mixed Meals (Meat & Grain Combos) - 300 ppb

At risk: Canned retorted entrees; jars with damaged

enamel at the seam/finish

Why: Long retort + storage at ambient/warm conditions
drives incremental leaching; neutral pH helps, but defects

dominate

U

Infant Formula (RTF) - 20 ppb

At risk: Any RTF filled in metal cans; bottles/cartons that

contact tinplate valves/ends during hot-fill/retort

Why: Even minor can corrosion or tinplate contact can
put liquids >20 ppb, especially with heat, chloride, or

long storage

S}

Mixed Meals - 300 ppb

At risk: Canned retorted entrees; jars with damaged

enamel at the seam/finish

Why: Long retort + storage at ambient/warm conditions

drives incremental leaching; defects dominate

2

Root-Vegetable Purées - 200 ppb

At risk: Canned/jarred roots with viscous fill that wets

the lid/finish; packs with headspace oxygen

Why: Thicker purées cling to tinplate surfaces; residual

O2 promotes under-film corrosion over time



Data-Grounded Practical Levers to Reduce Tin

=

Primary Packaging Choice

Prefer non-metal packs (retort pouches, polymer cups,
glass jars) for acid foods; avoid tinplate unless compelling

reason

Effect: Non-metal packaging eliminates the main Sn
source; Sn levels are 10-100x lower than tinplate.
Lacquered/alternative packaging keeps Sn migration

minimal (<25 mg/kg) vs unlacquered metal (>100 mg/kg).

End/Closure System

Use BPA-Ni epoxy/polyester liners with full under-curl

coverage; ban bare-metal lugs; verify torque/vacuum

Effect: BPA-NI liners with full under-curl coverage reduce
Sn spikes (headspace condensate) by 80-90% vs older
systems. Prevents acidic product contact with bare metal

on lid.

.!
=

Retort Process Profile

Use the minimum lethal FO value with optimized come-

up/cool; avoid slow heat-cool cycles that stress lacquers

Effect: Optimized retort profiles yield 30-50% lower Sn
release in long-term stored samples vs harsh cycles.
Gentler heating maintains enamel integrity, reducing

lacquer damage and Sn migration.

Contact Hardware

Replace tin-coated fittings/soldered joints with 316L

stainless or inert polymer; passivate stainless routinely

Effect: Replacing tin-coated fittings/solder with 316L
stainless or polymer drops Sn to low-ppb range
(essentially zero contribution). Creates Sn-free process

environment.

Tinplate Specification

If metal is unavoidable, specify fully lacquered electrolytic

tinplate (ETP) or TFS with verified coat weight & porosity

Effect: Fully lacquered ETP or TFS with intact coating

keeps Sn pickup at 50-100 ppb over shelf life. Proper
lacquer prevents direct metal-food contact, reducing
corrosion by an order of magnitude vs unlacquered

tinplate.

Headspace Oxygen Management

Nitrogen dose / steam-flow vacuum to get DO <0.5 mg/L

and vacuum =30-40 kPa at close

Effect: Low O2 (0.5 mg/L dissolved, vacuum >=30-40
kPa) slows under-film corrosion. Cans with low
headspace O2 have Sn levels 2-5x lower than high-

oxydgen cans.

Product pH & Chloride

Keep fruit/veg products as high a pH as quality permits
(e.g., 3.6—3.9) and limit chloride where feasible

Effect: Raising pH by a few tenths (e.g., 3.6—3.9) cuts Sn
pickup by 30-60%. Lower chloride levels reduce
corrosion. Higher pH and lower CL- significantly slow Sn

dissolution.

Storage Conditions

Control warehouse temperature (<25 °C); rotate stock;

avoid long warm storage

Effect: Cool storage (<25°C) and short duration prevent
late shelf-life Sn spikes. Sn levels increase with extended

storage time and higher temperature.

Formulation Additives

Minimize EDTA, citrate, ascorbate in contact with metal (or move add-backs post-retort where possible)

Effect: Removing or delaying addition of chelators (EDTA, citrate, ascorbate) often halves Sn pickup in canned products.

These additives strip protective oxide or keep Sn ions soluble.



Nickel: Toxicology and Margin of Safety

Nickel poses a disproportionate risk in infants and young children because high intake per kilogram body weight and

developing biological systems sharply narrow margins of safety.

Nickel has historically been treated as a contact allergen rather than a dietary toxicant, but EFSA’s 2020 reassessment moved
nickel from a trace concern to a strictly regulated contaminant. EFSA established a chronic TDI of 13 pg/kg bw/day and
characterized acute dietary risk using a margin-of-exposure approach based on human data, declining to set a numeric ARfD.
The acute reference points identified were notably low, with a BMDL10 of ~1.1 pg/kg bw and a LOAEL of ~4.3 pg/kg bw for
eczematous flare-ups in nickel-sensitized individuals, placing routine dietary exposures closer to effect levels than previously

assumed.

Under current Heavy Metal Tested & Certified ceilings, a conservative “day-at-the-limit” intake scenario delivers approximately
70-80 pg nickel per day, corresponding to ~7-11 pg/kg bw/day for a 7-10 kg child. This falls at or below the TDI for most
infants and toddlers but with limited margin, particularly when cumulative exposure across multiple foods is considered. This
narrow buffer is the regulatory concern driving recent EU regulation: nickel does not need to exceed legacy toxicity thresholds

to become biologically relevant.

Beyond classical host toxicity, emerging metallomics research indicates that dietary nickel may act as a catalytic driver of
microbial metabolism and virulence disproportionately in the infant and child gut, and may be implicated in often fatal cases of
infant necrotizing enterocolitis, and other dysbiotic states. Excess dietary nickel may therefore foster pathogenic processes

while undermining host nutritional immunity, reframing nickel as a systems-level risk factor rather than a passive contaminant.

The United States currently has no explicit dietary limits for nickel, and routine testing is uncommon. For future-oriented
brands, testing for nickel and aligning with global benchmarks is a clear form of regulatory and scientific future-proofing,
reducing avoidable exposure now in anticipation of tighter oversight later while signaling leadership in an area where the

toxicology is already pointing in one direction.

Nickel's narrow toxicological margins and ubiquitous dietary presence mean that cumulative intake, rather than exceedance of a
single limit, is the primary risk driver. Low-ppb limits are therefore designed to constrain total daily exposure, protect high-
consumption infants and sensitive subpopulations, and future-proof products against evolving regulatory and mechanistic

evidence.

[ This underscores why HMTC nickel limits function as exposure-control benchmarks, not declarations of safety.




Nickel (Ni) Standards

Scope/measurement: Nickel shall be measured in the finished product as placed on the market, with powders analyzed as sold
and liquids or concentrates analyzed after preparation in accordance with label instructions. Nickel shall be determined as total
elemental nickel (Ni); speciation is not required. Results shall be expressed in pg/kg (ppb) and used directly for compliance

determination.



Nickel(Ni) Standards by Category

Category

Infant formula (powder)

Infant formula (ready-to-feed, liquid)

Baby cereals / grain products (dry)

Fruit purées (general)

Non-root vegetable purées

Root-vegetable purées

Mixed meals

Fruit juice

Teething & snacks

HMTc Standards

(ppb)

100 ppb

20 ppb

500 ppb

150 ppb

120 ppb

200 ppb

150 ppb

100 ppb

500 ppb

EU Regulation

250 ppb; 400 ppb
(soy)

~100 ppb

3,000 ppb

500 ppb

500 ppb

500 ppb

500 ppb

250 ppb; 1,000 ppb
(passion fruit, cocoa
fruit, berries,

coconut)

3,000 ppb

Notes

EU study found Ni up to 98
ppb; 100 ppb broadly
attainable

Requires process water at
or below EU drinking-

water parametric value

Oats/buckwheat can be
high; rice/wheat typically

lower

Surveys report fruit group
means ~50 pg/kg, maxima
~226 ppb

Requires
ingredient/species controls
and sourcing from low-Ni

regions

Roots accumulate less Ni

than leafy vegetables

Reported means ~40
ug/kg with maxima ~226

ppb

Beverage Ni often in tens
of ug/L

Most rice/wheat-based

puffs/rusks can meet 500
ppb



Products Not Likely to Meet Nickel Requirements

without Corrective Action
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Infant Formula (Powder) - 100 ppb

At risk: Soy-based formulas; powders with high levels of

oat/buckwheat-derived additives

Why: Soy concentrates and some "whole-grain" adjuncts

carry higher Ni; trace Ni in mineral premix or contact

materials

Baby Cereals - 500 ppb

At risk: Oat- or buckwheat-dominant cereals; blends
with cocoa/cocoa powder; "whole-grain" lines with high

bran content

Why: Oats/buckwheat are naturally higher in Ni; cocoa

and bran fractions elevate totals

U

Non-Root Vegetable Purées - 100 ppb

At risk: Purées rich in leafy greens (spinach/kale/chard),
legumes (peas/beans), or broccoli

Why: Leafy greens and legumes are consistent high-Ni

crops; soil/variety effects amplify

O

Mixed Meals (e.g., Meat & Grain Combos) - 200
ppb

At risk: Entrées with high spinach/leafy veg, legumes
(lentil/chickpea/pea), oat/buckwheat pasta, or soy

formulations

Why: Multiple high-Ni inputs stack; sauces held in

stainless at low pH add marginally

°
s °
]

Teething & Snacks - 100 ppb

At risk: Oat- and buckwheat-based puffs/rusks; cocoa-

flavored snacks; seed-heavy crackers

Why: Grain choice (oat/buckwheat) and cocoa/seed

inclusions are the dominant Ni sources

@

Infant Formula (Ready-to-Feed, Liquid) - 20 ppb

At risk: RTF lines using non-RO process water; products

held long in older stainless at low pH

Why: Incoming water at 15-40 pg/L Ni and acidic hold
times can push finished Ni >20 ppb

&

Fruit Purées (General) - 100 ppb

At risk: Purées with cocoa, or added legume/seed

powders

Why: Non-fruit inclusions (cocoa/legumes/seeds) can

dominate Ni at low inclusion rates

%5

Root-Vegetable Purées - 100 ppb

At risk: "Root" SKUs that include leafy-green add-ins or
legume boosts; carrots from high-Ni soils

Why: True roots are usually lower; the risk is blended

recipes or specific growing regions

&

Fruit Juice (Not Canned) - 20 ppb

At risk: Juices/nectars containing passion fruit, cocoa fruit,

or coconut water

Why: These inputs can be much higher in Ni; older

equipment or high-Ni water aggravates



Data-Grounded Practical Levers to Reduce Nickel

Ingredient Selection - Grains

Prefer low-Ni grains/flours (corn, polished white rice,
refined wheat/rye) over oats/buckwheat/bran-forward

ingredients; cap cocoa and soy isolates where feasible

Effect: Oat flakes (~2.53 mg/kg Ni) and roasted
buckwheat (~1.81 mg/kg) contain far more Ni than
refined wheat/rice. Chocolate-based cereals contributed
30-60% of Ni intake in toddlers. Limiting high-Ni grains
or blending with low-Ni batches substantially lowers
finished product Ni.

Produce Choice - Vegetables/Legumes

Limit leafy greens/legumes (spinach, kale, peas, beans) as
dominant ingredients; favor lower-Ni veg; manage

inclusion rates

Effect: Vegetables and pulses account for ~20-30% of
total Ni exposure. Spinach, kale, peas, beans accumulate
more Ni. Curbing inclusion rates of high-Ni species
(avoiding spinach as primary ingredient) lowers finished

Ni without reducing portion size.

Root Crops - Peeling

Peel carrots/potatoes/sweet potatoes before puréeing;

avoid adding peel powders

Effect: Ni concentrates in outer peel of root vegetables.
UK study found significantly more Ni in carrot/potato
peels than flesh. Peeling reduces Ni by a few micrograms
per 100g serving (often <2 ug, up to ~8 ug in extreme
cases). Modest per-jar reduction but meaningful at

production scale.

Contact Materials (Process)

Use passivated 316L stainless; pre-condition new
vessels; minimize time/temperature at pH <4; avoid
strong chelators (e.g., EDTA) in acidic media; use

polymer/glass contact for hot-acid holds

Effect: Cooking acidic sauce in new stainless increased Ni
26-fold after 6 hours. After 5-6 cycles, leaching rate
drops and stabilizes. Pre-conditioning/passivation of 316L
stainless greatly reduces Ni release. Well-passivated

equipment sheds far less Ni than unpassivated steel.

Soil Agronomy (Supply-Side)

For growers: lime acidic soils to pH ~6.5-/; add
biochar/organic matter to immobilize Ni; select low-Ni

fields (avoid serpentine/ultramafic)

Effect: Liming acidic soil to pH 6.5-7 cut bioavailable Ni
by ~36% and prevented Ni toxicity in crops. Adding 1.5%
biochar significantly reduced Ni uptake by plants. Organic

amendments increase soil CEC and sequester Ni in less
plant-available forms. Addressing Ni at farm level makes

ingredients inherently lower in Ni.

Grain Processing

Use refined fractions: de-bran/de-hull grains; polish rice

for cereal bases

Effect: Wheat bran has ~4x higher Ni than refined flour.
Rice polishing (removing ~10% as bran) cuts Ni by ~57%.
Large reductions achieved when switching from whole-
grain to refined bases; Ni is much lower in starchy

endosperm than germ/bran.

Cocoa Management

Avoid or minimize cocoa powder in toddler snacks/purées;

consider alternatives

Effect: Cocoa powder contains ~10-11 mg/kg Ni, one of
highest levels among food ingredients. Chocolate foods
contributed 30-60% of Ni exposure for 1-3 year-olds.
Every 0.1% cocoa adds ~0.01 mg/kg Ni; 2% cocoa carries
>0.2 mg/kg Ni just from cocoa. Minimizing cocoa

significantly lowers total Ni.

Water Quality

Keep process/ingredient water <20 ug/L Ni (RO/IX

treatment as needed); monitor incoming water quarterly

Effect: EU limit: 20 ug/L Ni in potable water. At 20 ug/L,
1L of formula/water = 20 pg Ni (approximately half the
EU TDI for 5 kg infant). RO/IX treatment strips Ni from
water. Maintaining water well under 20 pg/L threshold

prevents water from dominating Ni content in high-water

products.

Packaging

For hot-fill acidic products, prefer lined polymer closures
and inert-contact paths; verify Ni migration under shelf-
life

Effect: EFSA notes food-contact materials can add to
dietary Ni exposure. Acidic/hot-fill scenarios draw out Ni
if contact surface isn't inert. Liner-protected closures and

Ni-free contact surfaces prevent additional Ni pickup.

Migration testing confirms Ni remains negligible over

shelf life.

Specification & Blending

Set ingredient Ni specs proportional to inclusion rate (e.g.,
oats <0.5 mg/kg when used at 20%); blend lots to keep
finished Ni <70-80% of your product limit; verify with
ICP-MS

Effect: Ni in foods shows high variability (e.g., 0.1 mg/kg
in rye to ~5 mg/kg in millet). Testing incoming batches
and setting acceptance thresholds prevents "hot spots."
Blending high-Ni lots with low-Ni lots dilutes to
acceptable levels. ICP-MS can measure Ni at single-digit
ppb. Formulating at 70-80% of limit provides safety

buffer for variation.



Cadmium: Toxicology and Margin of Safety

Chronic dietary Cd targets the kidney (tubular dysfunction) and bone.

Cadmium (Cd) is a cumulative toxicant with an exceptionally long biological half-life (years to decades), targeting the kidney
(proximal tubular dysfunction) and bone as critical organs. Chronic dietary exposure is the dominant concern. EFSA established
a TWI of 2.5 pg/kg bw/week, derived from human dose-response relationships linking urinary cadmium to 32-microglobulin
excretion, a sensitive marker of early tubular injury. JECFA similarly characterizes risk using a Provisional Tolerable Monthly

Intake (PTMI) of 25 pg/kg bw/month, reflecting cadmium’s persistence and cumulative burden.

Applying HMTC proposed category ceilings to a conservative “day-at-the-limit” menu yields approximately 7.7 pg
cadmium/day, equivalent to ~0.96 pg/kg bw/day for an 8 kg infant, or ~6.7 pg/kg bw/week. This exceeds EFSA’'s TWI and
approaches or exceeds the JECFA PTMI when expressed on a weekly basis. The implication is not that compliant products are
unsafe in isolation, but that aggregate exposure across multiple foods can rapidly erode margin, particularly in infants and

toddlers with high intake per kilogram body weight.

This concern is reinforced by epidemiological and mechanistic evidence showing that low-level cadmium exposure during early
life is associated with oxidative stress, DNA damage, protein modification, and increased long-term risk of renal dysfunction,
bone effects, cardiovascular disease, and certain cancers, even in populations without overt toxicity. Cadmium readily crosses
the placenta, accumulates in the kidney cortex, and can disrupt essential metal homeostasis and DNA repair pathways during

critical windows of development.

Accordingly, cadmium control in infant and child foods must be framed around cumulative exposure management, with
particular emphasis on keeping median lots well below category ceilings and prioritizing high-leverage controls for ingredients

and food types known to drive intake.

HMTC cadmium limits are exposure-management action levels, not safety thresholds, reflecting cadmium’s extreme

persistence, narrow population-level margins, and the disproportionate impact of cumulative dietary exposure during

early life.




Cadmium (Cd) Standards

Scope/measurement. Cadmium shall be measured in the finished product as placed on the market, with powders analyzed as
sold and liquids or concentrates analyzed after preparation in accordance with label instructions. Cadmium shall be determined
as total elemental cadmium (Cd); speciation is not required. Results shall be expressed in ug/kg (ppb) and used directly for

compliance determination.



Cadmium Standards by Category

Category HMTc Standards EU Regulation Notes
(ppb)
Infant formula (powder) 5 ppb 10 ppb (cows' milk); EU monitoring shows
20 ppb (soy) formula powders cluster

around 3 pg/kg (mean)
with P95 =7 ug/kg

Infant formula (liquid, RTF) 3 ppb 5 ppb (cows' milk); Typical RTF values are low
10 ppb (soy) single-ppb when water is
controlled
Baby cereals / grain products (dry) 20 ppb 40 ppb German/EU datasets:
mean =19 pg/kg, P95 =37
Ha/kg
Fruit purées (general) 5 ppb 40 ppb Commercial fruit purées in

EU surveys sit in low

single-digit pg/kg

Non-root vegetable purées 8 ppb 40 ppb Non-root purées typically
remain <10 pg/kg with

origin control

Root-vegetable purées 15 ppb 40 ppb Peeling/origin control
brings finished purées into
10-20 pg/kg range

Mixed meals 10 ppb 40 ppb Without rice/leafy loads,
mixed entrées trend <10
ua/kg

Fruit juice 3 ppb 20 ppb Multiple surveys find Cd in

juices at single-digit pg/L

Teething & snacks 20 ppb 40 ppb Most rice-free snacks meet
<20 pg/kg



Products Not Likely to Meet Chromium Requirements

without Corrective Action

o
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Infant Formula (Powder) - 5 ppb

At risk: Soy-based formulas; any formula using

cocoa/chocolate flavors or rice-derived adjuncts

Why: Soy isolates and cocoa powders can contain
elevated Cd; occasional Cd in phosphate mineral salts or

rice inputs can nudge totals above 5 ppb

°°
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Baby Cereals / Grain Products (Dry) - 20 ppb

At risk: Bran-forward or whole-grain cereals;
oat/buckwheat dominant bases; cocoa-containing or

seed-enhanced cereals; rice from higher-Cd origins

Why: Cd concentrates in outer grain layers (bran);
oats/buckwheat and seeds (sunflower/sesame/flax) trend
higher; cocoa powders are a known Cd contributor; some

rice origins irrigated on Cd-rich soils

e

Non-Root Vegetable Purées - 8 ppb

At risk: Purées rich in leafy greens (spinach/kale/chard),

crucifers (broccoli), or legumes (peas/beans)

Why: These crops accumulate more Cd from soil and
phosphate fertilizers; at an 8-ppb ceiling, leaf/legume

inclusion can drive exceedance

O

Mixed Meals (Meat & Grain Combos) - 10 ppb

At risk: Entrées with leafy/legume sides, bran-forward
grains, cocoa/seed additions, or rice from higher-Cd

origins

Why: Multiple moderate-Cd inputs stack to exceed a 10-

ppb ceiling; grain fraction choice and veg mix are decisive

Teething & Snacks (Dry) - 20 ppb

At risk: Cocoa-flavoured snacks; seed-heavy
crackers/bars; bran-forward or oat/buckwheat bases;

rice-based snacks from higher-Cd origins

Why: Cocoa and seeds are frequent Cd sources; bran and
certain grains elevate Cd; some rice flours carry higher Cd

depending on origin/irrigation

@

Infant Formula (Liquid, RTF) - 3 ppb

At risk: Lines made with non-polished process water (Cd
>1-2 pg/L); facilities with legacy phosphate additives
contributing Cd

Why: At a 3-ppb ceiling, even low-pg/L water Cd plus
powder background can exceed the limit; phosphate

sources may carry trace Cd impurities

O

Fruit Purées (General) - 5 ppb

At risk: Purées with cocoa or seed/legume powders;

concentrates from higher-Cd origins

Why: Fruit matrices are usually low, but small inclusions
of cocoa/seed or certain concentrates can dominate Cd at

a b-ppb product limit
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Root-Vegetable Purées - 15 ppb

At risk: Carrot/sweet-potato/beet purées that retain peel;
products using dehydrated root powders; crops from

acidic or phosphate-fertilized soils

Why: Cd concentrates in peels and increases with certain
soils/fertilizers; dehydration concentrates metals, pushing
finished Cd upward

&

Fruit Juice (Infant/Young Child) - 3 ppb

At risk: Juices from specific concentrate origins; processes
using unvetted DE/perlite filter aids; reconstitution water
with Cd ~1-2 pg/L

Why: Most juices are low, but certain concentrates and
some filter aids can add several pg/L; water quality
directly sets finished Cd



Data-Grounded Practical Levers to Reduce Cadmium

Grain Fraction Choice

Prefer refined fractions (white rice, refined wheat/corn)

over bran-forward/whole-grain bases

Effect: Brown rice median Cd (17.4 pg/kg) is ~2x white
rice (6.5-8.4 yg/kg). Removing bran typically lowers grain
Cd by 30-60% vs whole-grain inputs.

Low-Cd Phosphate Fertilizers
Specify low-Cd P fertilizers in grower specs

Effect: Over half of Cd in agricultural soil comes from
phosphate fertilizer. Using low-Cd fertilizer reduces crop

Cd by 10-50% over subsequent seasons.

Root-Crop Preparation

Peel carrots/sweet potatoes/beets; thoroughly wash;

minimize dehydrated root powders

Effect: Peeling carrots eliminates ~19% of Cd (highest in
skin). Soaking reduced Cd by 67%, boiling by 35-44%.
Peeling and washing typically yields 10-30% decrease in
Cd.

Seed/Legume & Cocoa Control

Limit sunflower/sesame/flax seeds, legumes (pea/bean),

and cocoa powder; set tight COA caps

Effect: Sunflower seeds (0.25-0.69 mg/kg) and cocoa
powder (0.3-0.5 mg/kg) are high Cd sources. Limiting or
sourcing low-Cd lots can drop finished product Cd by
>50% when they are main drivers. Tight specs achieve
overall Cd cuts >50%.

Leafy/Legume Inclusion Rates

Cap spinach/kale/leafy and pea/bean fractions; blend with
lower-Cd veg

Effect: Managing inclusion rates results in 20-40% lower
Cd in finished product. Example: green veggie purée
reformulated from 12 ppb to 6-8 ppb by halving spinach
and adding lower-Cd vegetables.

Ingredient Specifications

Write Cd COA caps proportional to inclusion rate (e.g.,
cocoa <0.3-0.6 mg/kg, seeds <0.1-0.3 mg/kg,
oats/buckwheat <0.05-0.10 mg/kg)

Effect: Rigid specs ensure finished product Cd lands at
50-70% of regulatory limit, achieving 30-50% reduction

vs uncontrolled sourcing.

Formulation Guard-Band

Design recipes to <70-80% of product Cd limits; set max
inclusion rules for high-Cd inputs

Effect: Targeting 70-80% of regulatory limit provides
cushion for variability, achieving ~20-30% reduction
relative to maximum allowed, lowering non-conformance

risk.

Grain Origin & Cultivar

Contract low-Cd origins/cultivars; avoid fields with high
Cd background

Effect: Grain Cd differs 2—4x between regions; cultivar
choice adds 20-40% variability. Contracting low-Cd
origins/cultivars achieves at least 2x lower Cd in raw

grains on average.

Soil Management

Maintain soil pH 6.5-7.0 (liming); increase organic

matter/biochar; consider Zn supplementation

Effect: Liming to pH 6.5-7 cuts crop Cd by 20-50% (up to
70% in some vegetables). Biochar dropped exchangeable
soil Cd by 28-59%. Zn supplementation reduces Cd
accumulation by 20-30%. Combined interventions
achieve 20-50% lower Cd.

Water Quality

Keep process/ingredient water <1 ppb Cd via RO/IX;
verify quarterly

Effect: Using ultra-low-Cd water (<1 ppb via RO/IX)
means Cd from water is effectively zero, avoiding
potential 1-3 pg/L addition and helping products stay
well below 3-5 ppb limits.

Rice Processing
Use polished white rice; avoid rice bran/bran concentrates

Effect: Polished white rice has 50-60% lower Cd than
brown rice (median: white 6-8 ug/kg vs brown 17.4
ug/kg). Washing and polishing cut rice Cd nearly in half,
yielding 30-50% reduction in rice ingredient.

Filter Aids & Process Aids

Qualify low-metal DE/perlite; pre-rinse aids; ban Cd-
bearing additives

Effect: Food-grade DE can contain Cd. Identifying and
changing aid or procedure can trim 1-3 pg/L Cd in liquid

products.

Lot Segregation & Blending
Segregate high-Cd lots; blend down with low-Cd stock

Effect: Achieves 20-50% reductions in Cd content of
ingredient batches. Blending high-Cd (50 ppb) with low-
Cd (10 ppb) 1:1 yields 30 ppb.

Analytics & QC

Use ICP-MS (closed-vessel digestion); LOQs <1-2 ppb
(Liquids), <2-5 ppb (solids); trend by supplier/season

Effect: ICP-MS achieves LOQs of 2 ppb in vegetables.
Low LOQs detect minor changes, trending identifies high-
risk sources, and confirms mitigation steps deliver

expected reductions.



Chromium: Toxicology and Margin of Safety

In infants and young children, high intake per kilogram body weight and reliance on liquid and acidic foods compress
margins of safety, making chromium an important early-Llife indicator of process and contact-material integrity rather

than nutritional exposure.

Chromium presents a speciation-dependent hazard profile that is relevant to certification primarily as a process and equipment
integrity indicator, rather than as an agricultural contaminant. EFSA’'s CONTAM Panel established a tolerable daily intake (TDI)
of 0.3 mg/kg body weight/day (300 pg/kg bw/day) for trivalent chromium (Cr(lll)), derived from chronic oral studies. For dietary
exposure assessment, EFSA considers chromium in foods to be predominantly Cr(lll), which is not genotoxic and has a wide

margin of safety.

In contrast, hexavalent chromium (Cr(VI)) is genotoxic and carcinogenic, and no health-based guidance value has been
established. EFSA evaluates Cr(VI) using a margin-of-exposure (MOE) approach and has identified drinking water as the
dominant contributor to Cr(VI) exposure. While MOEs for the general population indicate low concern, EFSA specifically notes
that infants have higher relative intake via water, making early life a sensitive window. Importantly, even a small Cr(VI) fraction

within total chromium would disproportionately increase risk, given its potency relative to Cr(lll).

Within the food supply, elevated chromium is more often a signal of processing or contact-material failure than of raw
ingredient contamination. Chromium is a major constituent of stainless steel, and leaching can occur under acidic conditions,
particularly in older, worn, or improperly passivated equipment. Liquid and acidic products such as fruit purées, juices, formulas,
and canned foods therefore represent higher-risk matrices where total chromium serves as a practical sentinel marker for

equipment corrosion, weld degradation, or process control failures, rather than for agricultural uptake.

Under HMTC proposed category ceilings, a conservative “day-at-the-ceiling” scenario (0.8 L ready-to-feed formula at 5 ppb;
one 20 g cereal at 200 ppb; four 113 g pouches or trays at 50-80 ppb; 120 mL juice at 10 ppb; and a 10 g snack at 200 ppb)
yields approximately 42 ug total chromium per day. For a 7-10 kg child, this corresponds to ~4.2-6.0 ug/kg bw/day, or ~1.4—
2.0% of the Cr(lll) TDI, providing a margin of safety of ~50-72 even under intentionally conservative assumptions. Real-world

median concentrations are typically well below these ceilings, resulting in larger margins in routine consumption.

Accordingly, HMTC chromium testing in liquid and acidic foods functions primarily as a process-integrity safeguard, identifying

abnormal chromium contributions that may signal equipment or water-source issues rather than normal dietary exposure.

HMTC chromium limits are exposure-management action levels, not safety thresholds, reflecting chromium’s

speciation-dependent hazard, infant sensitivity to Cr(VI) exposure pathways, and the use of total chromium as a

marker for processing and contact-material control rather than agricultural contamination.




Chromium(Cr) Standards

Scope/measurement. Chromium shall be measured in the finished product as placed on the market, with powders analyzed as
sold and liquids or concentrates analyzed after preparation in accordance with label instructions. Chromium shall be
determined as total elemental chromium (Cr), with hexavalent chromium [Cr(VI)] speciation required only when a credible

Cr(VI) pathway exists or when total chromium is anomalously elevated. Results shall be expressed in pg/kg (ppb) and used

directly for compliance determination.



Chromium Standards by Category

Category

Infant Formula (Powder)

Infant Formula (Liquid, RTF)

Baby Cereals / Grain Products (Dry)

Fruit Purées (General)

Non-Root Vegetable Purées

Root-Vegetable Purées

Mixed Meals (Meat & Grain Combos)

Fruit Juice (Infant/Young Child)

Teething & Snacks (Dry)

HMTc Standards
(ppb)

30 ppb

5 ppb

200 ppb

50 ppb

60 ppb

80 ppb

80 ppb

10 ppb

200 ppb

EU Regulation

No ML

No ML

No ML

No ML

No ML

No ML

No ML

No ML

No ML

Notes

EU formulas typically
<LOD-few-tens ppb;
ltalian survey showed <10

ppb in 32% of samples.

RTF lines with RO/DI
water & modern stainless
handling typically sub-ppb
Cr; 5-ppb cap feasible.

European surveys: Cr
generally tens—low-
hundreds pg/kg; 0.20
mg/kg captures ~80%.

EU purées: Cr at low-tens
ug/kg; Spanish monitoring
noted intake sometimes

exceeding Al benchmarks;

50-ppb cap achievable.

Leafy/non-root veg slightly
higher than fruits; mainly
<~60 ppb with origin
control & minimal

abrasion.

Roots may have higher
trace metals from soils;
<80 ppb attainable with
peeling/washing & low-Cr
processing.

Values track veg/cereal
components; <80 ppb
achievable with managed

cereals & greens.

Juices with vetted
concentrates & RO water
typically sub- to low-
single-ppb Cr; 10 ppb

practical.

Dry snacks mirror cereals;
<0.20 mg/kg reachable for
most rice-free/oat-
moderate items; spec
control for high-Cr

ingredients.



Products Not Likely to Meet Cadmium Requirements

without Corrective Action

@

Infant Formula (Powder) - 5 ppb

At risk: Soy-based formulas; any formula using

cocoa/chocolate flavors or rice-derived adjuncts

Why: Soy isolates and cocoa powders can contain
elevated Cd; occasional Cd in phosphate mineral salts or

rice inputs can nudge totals above 5 ppb

°°
AW

Baby Cereals / Grain Products (Dry) - 20 ppb

At risk: Bran-forward or whole-grain cereals;
oat/buckwheat dominant bases; cocoa-containing or

seed-enhanced cereals; rice from higher-Cd origins

Why: Cd concentrates in outer grain layers (bran);
oats/buckwheat and seeds (sunflower/sesame/flax) trend
higher; cocoa powders are a known Cd contributor; some

rice origins irrigated on Cd-rich soils

e

Non-Root Vegetable Purées - 8 ppb

At risk: Purées rich in leafy greens (spinach/kale/chard),

crucifers (broccoli), or legumes (peas/beans)

Why: These crops accumulate more Cd from soil and
phosphate fertilizers; at an 8-ppb ceiling, leaf/legume

inclusion can drive exceedance

O

Mixed Meals (Meat & Grain Combos) - 10 ppb

At risk: Entrées with leafy/legume sides, bran-forward
grains, cocoa/seed additions, or rice from higher-Cd

origins

Why: Multiple moderate-Cd inputs stack to exceed a 10-

ppb ceiling; grain fraction choice and veg mix are decisive

Teething & Snacks (Dry) - 20 ppb

At risk: Cocoa-flavoured snacks; seed-heavy
crackers/bars; bran-forward or oat/buckwheat bases;

rice-based snacks from higher-Cd origins

Why: Cocoa and seeds are frequent Cd sources; bran and
certain grains elevate Cd; some rice flours carry higher Cd

depending on origin/irrigation

=1
Infant Formula (Liquid, RTF) - 3 ppb

At risk: Lines made with non-polished process water (Cd
>1-2 pg/L); facilities with legacy phosphate additives
contributing Cd

Why: At a 3-ppb ceiling, even low-pg/L water Cd plus
powder background can exceed the limit; phosphate

sources may carry trace Cd impurities

O

Fruit Purées (General) - 5 ppb

At risk: Purées with cocoa or seed/legume powders;

concentrates from higher-Cd origins

Why: Fruit matrices are usually low, but small inclusions
of cocoa/seed or certain concentrates can dominate Cd at

a b-ppb product limit

%5

Root-Vegetable Purées - 15 ppb

At risk: Carrot/sweet-potato/beet purées that retain peel;
products using dehydrated root powders; crops from

acidic or phosphate-fertilized soils

Why: Cd concentrates in peels and increases with certain
soils/fertilizers; dehydration concentrates metals, pushing
finished Cd upward

&

Fruit Juice (Infant/Young Child) - 3 ppb

At risk: Juices from specific concentrate origins; processes
using unvetted DE/perlite filter aids; reconstitution water
with Cd ~1-2 pg/L

Why: Most juices are low, but certain concentrates and
some filter aids can add several pg/L; water quality
directly sets finished Cd



Data-Grounded Practical Levers to Reduce Chromium

Process/Ingredient Water

Use RO/DI or ion-exchange; set an internal spec for total

Crin water <1-2 pg/L; verify quarterly

Effect: Prevents water from contributing ppb-level Cr to
liquids; typically drives finished Cr to sub-ppb—low ppb

when other controls are in place

High-Shear/Wear Points

Proactively replace pump rotors/stators, valve seats,
homogenizer valves; use ceramic or wear-resistant

options where available

Effect: Eliminates wear-metal spikes; trending shows

concurrent drops in Cr + Ni + Fe, confirming source

control

Contact Time at Low pH

Minimize hold times and temperature for products at pH

<4.0; move acidification late in process where feasible

Effect: Shorter hot/acid contact reduces corrosion; typical
20-50% reductions in wear-metal pickup vs long hot
holds

Headspace Oxygen & Closure

Target DO <0.5 mg/L and robust vacuum at close; choose

closures with full enamel under-curl coverage

Effect: Lower Oz slows under-film corrosion at the finish;

reduces late-shelf Cr creep events

Material Selection (Dry Paths)

Line chutes with UHMW-PE/PTFE, use polymer buckets;

minimize metal-on-metal in sifters/conveyors

Effect: Cuts particle shedding; typical drop from hundreds

— tens pg/kg in abrasion-sensitive dry SKUs

Ingredient Controls

Set Cr trend specs (COA + periodic verification) for cocoa,
bran-forward flours, leafy/legume powders; prefer refined

bases

Effect: Ingredients can carry background Cr or catalyze
wear; switching to refined/low-risk lots typically drops

finished Cr by a factor of 2-3 when these are drivers

Aged-Retain Monitoring

Test total Cr at TO, T+3, T+6 months (ambient; add 40 °C
accel for acids) and correlate with cap/enamel lots

Effect: Early-warning of closure/enamel problems;

enables targeted corrective action before market drift

Stainless Contact (General)

Prefer 316L, keep welds polished; passivate/electropolish
new and overhauled systems; document passivation

frequency

Effect: Reduces metal ion/particle release from stainless;
commonly observed step-change down to stable low-

ppb Cr after proper passivation

Cutting/Milling/Extrusion Wear

Maintain blades/screens, extruder screws/barrels/dies;
employ hard-coated or ceramic components; use polymer

scCrapers

Effect: Lowers abrasion-driven Cr in dry/viscous lines;
often reduces finished Cr from low-hundreds — tens
ug/kg in at-risk SKUs

Chelators/Reducers in Formula

Limit EDTA, citrate, ascorbate during metal contact; add

post-transfer where possible

Effect: Lower chelation-assisted metal release; plant

changes often halve wear-metal carryover in liquids

Closure & Lacquer Integrity

For TFS/ETP ends/caps, specify BPA-NI epoxy/polyester,

verify coat weight/porosity and enamel at the curl/finish

Effect: Prevents chromium release from TFS (chromium-
coated steel) when lacquer is compromised; moves late-

shelf Cr into single-ppb range

Cleaning & Chemicals

Avoid strong oxidizers (e.g., hot hypochlorite) on
stainless; use approved passivation acids; rinse

thoroughly

Effect: Limits pitting and metal dissolution; stabilizes low

Cr between CIP cycles

y

Formulation & Inclusion Caps

Cap high-risk inclusions (e.g., cocoa/bran) and document
a mass-balance guard band so calculated Cr stays <70-
80% of the product limit

Effect: Keeps routine lots safely below limits and absorbs

lot-to-lot variability

Analytics & SPC

Use ICP-MS (He cell) for total Cr; LOQs <1-2 ppb
(Liquids) and <10 ppb (solids); trend Cr with Ni/Fe to

localize wear

Effect: Sensitive detection and multimetal correlation
identify stainless wear vs ingredient background;

supports preventive maintenance scheduling



Aluminum: Toxicology and Margin of Safety

Aluminum poses a disproportionate risk in infants and young children because cumulative exposure can accrue during
early life, when intake per kilogram body weight is high, elimination capacity is limited, and neurodevelopment is

ongoing.

Aluminum is a non-essential metal with low gastrointestinal absorption but a long biological half-life, allowing cumulative
tissue burden over time. EFSA therefore established a Tolerable Weekly Intake (TWI) of 1 mg Al/kg body weight/week,
identifying neurodevelopmental and skeletal effects as critical endpoints. This framework reflects concern about aggregate

exposure, not acute toxicity.

Infants and young children are uniquely sensitive because renal clearance is immature, intake per kilogram body weight is high,
and exposure occurs during periods of rapid brain and bone development. Clinical evidence from preterm populations
demonstrates that higher aluminum exposure from standard nutrition solutions is associated with measurable
neurodevelopmental deficits, including lower Mental Development Index scores in infancy, with more recent data suggesting

associations with impaired fine motor development. These findings establish aluminum as developmentally relevant even at
exposure levels that do not produce acute toxicity.

Under HMTC category ceilings, a conservative “all items at the limit” scenario yields approximately 0.43-0.53 mg/kg bw/week
for an 8-10 kg child, corresponding to 43-53% of EFSA’'s TWI. Real-world median concentrations are typically well below
category limits, preserving margin; however, the calculation illustrates that cumulative intake across multiple foods is the
appropriate risk metric for aluminum in early life.

Accordingly, HMTC aluminum controls are designed to limit avoidable accumulation, drive reductions where feasible, and
prevent high-variance product types from disproportionately contributing to total exposure, rather than to define a point of
safety.

HMTC aluminum limits are exposure-management action levels, not safety thresholds, reflecting aluminum’s

cumulative toxicokinetics, documented neurodevelopmental sensitivity in early life, and the need to minimize

avoidable exposure during periods of rapid brain and skeletal development.




Aluminum (Al) Standards

Scope/measurement. Aluminum shall be measured in the finished product as placed on the market, with powders analyzed as
sold and liquids or concentrates analyzed after preparation in accordance with label instructions. Aluminum shall be

determined as total elemental aluminum (ALl); speciation is not required. Results shall be expressed in pug/kg (ppb) and used
directly for compliance determination.



Aluminum Standards by Category

Category

Infant Formula (Powder)

Infant Formula (Liquid, RTF)

Baby Cereals / Grain Products (Dry)

Fruit Purées (General)

Non-Root Vegetable Purées

Root-Vegetable Purées

Mixed Meals (Meat & Grain Combos)

Fruit Juice (Infant/Young Child)

Teething & Snacks (Dry)

HMTc Standards
(ppb)

1,500 ppb

200 ppb

1,000 ppb

800 ppb

800 ppb

1,000 ppb

1,000 ppb

100 ppb

1,000 ppb

EU Regulation

No ML

No ML

No ML

No ML

No ML

No ML

No ML

No ML

No ML

Notes

Powders typically 0.3-3.3
ua/g; 1.5 mg/kg cap covers
=80% mainstream

products.

RTF formulas commonly
~150-430 pg/L; 200 pg/L

cap feasible with controls.

EU datasets: cereal Al
tens—low-thousands
ug/kg; 1.0 mg/kg covers
bulk of EU products.

EU study: "root & fruit"
purées mean ~0.58-0.68
mg/kg Al; 0.80 mg/kg

accommodates variability.

Non-root veg purées track
fruit purées; 0.80 mg/kg

conservative/attainable.

Higher allowance reflects
Al in root/fruit group
means and concentration

during cooking.

Mixed entrées mirror
veg/cereal components;
1.0 mg/kg aligns with EU

composite baby meals.

Juices ~50-1,100 pg/L;
100 pg/L practical ceiling

for infant lines.

EU baby snacks (without
Al-leavening) <1 mg/kg;
higher values linked to
avoidable

additives/contact.



Products Not Likely to Meet Aluminum Requirements

without Corrective Action

@

Infant Formula (Powder) - 1.5 mg/kg

At risk: Soy-based and amino-acid/elemental formulas;
powders with phosphate/citrate salt loads; any lot

exposed to aluminum contact surfaces (hoppers/scoops)

Why: Higher intrinsic Al in some protein isolates; trace Al
impurities in mineral/phosphate salts; abrasion/transfer

from aluminum handling equipment into dry powders

°°
AW

Baby Cereals / Grain Products (Dry) - 1.0 mg/kg

At risk: Leavened puffs/teethers using aluminum-based
baking powders (e.g., sodium aluminum
phosphate/sulfate); mixes containing clay/anti-caking

additives with aluminosilicates

Why: Direct additive contribution is the dominant Al
source; some anti-caking/processing aids introduce

additional aluminosilicate Al

e

Non-Root Vegetable Purées - 0.80 mg/kg

At risk: Purées with leafy greens (spinach/kale) or
legume inclusions processed on high-shear metal

cutters/homogenizers

Why: Leafy/legume matrices retain more soil/ash
(background Al); blade/rotor wear increases total Al in

finely milled purées

O

Mixed Meals (Meat & Grain Combos) - 1.0 mg/kg

At risk: Entrées with leavened cereal components or
leafy/legume sides; retorted packs with foil-lined

closures or aluminum fittings

Why: Additive Al from leavening + background from
high-ash veg; thermal processing amplifies any

packaging or hardware contribution

Teething & Snacks (Dry) - 1.0 mg/kg

At risk: Baked/expanded snacks using aluminum-based
baking powders; products with anti-caking

aluminosilicates; contact with aluminum baking trays

Why: SALP/SAS are direct Al sources; some flow agents
add background Al; abrasion/transfer from aluminum

bakeware into dry matrices

@

Infant Formula (RTF) - 0.20 mg/L

At risk: Lines using non-polished process water (post-
aluminum coagulation); products filled/held hot in

aluminum vessels/fittings

Why: Residual Al in municipal water; hot, acidic milk
matrices increase dissolution from aluminum contact

compared with stainless

O

Fruit Purées (General) - 0.80 mg/kg

At risk: Acidic fruit purées (apple/pear/berry) hot-filled
under closures with aluminum foil layers or in contact
with aluminum caps/liners; use of bentonite/perlite

clarifiers in fruit bases

Why: Low pH + heat + oxygen drive Al migration if the
food-contact barrier is imperfect; clay/perlite aids can

contribute Al if not tightly specified and rinsed

%5

Root-Vegetable Purées - 1.0 mg/kg

At risk: Peel-retained carrot/sweet-potato/beet purées;
products using dehydrated root powders; hot-fill in packs

with aluminum-bearing closures

Why: Al concentrates in peel/soil carryover; dehydration
raises concentration; headspace/finish contact can add

packaging-derived Al over shelf-life

&

Fruit Juice (Infant/Young Child) - 0.10 mg/L

At risk: Juices clarified with bentonite/kaolin without low-
Al spec/rinse; facilities using aluminum pipework/valves;

process water with residual Al

Why: Clay finings are aluminum phyllosilicates;
inadequate control raises finished Al; acidic juice in

aluminum contact dissolves Al; water sets the floor



Data-Grounded Practical Levers to Reduce Aluminum

Leavening Systems

Replace aluminum-based baking powders (SALP/SAS)
with non-Al systems (e.g., MCP/SAPP blends, yeast, CO2

injection); reformulate for equivalent gas release

Effect: Finished-product Al typically drops >50-90%
when SALP/SAS are removed; often the single largest Al

driver in baked/expanded snacks

Packaging/Closures

Prefer glass/polymer, lined caps; if using foil-lined
closures, ensure a continuous food-contact barrier; verify

coat weight/porosity; ban bare Al contact

Effect: Eliminates headspace/finish corrosion pathways;
late-shelf Al "creep" typically falls by an order of
magnitude (e.g., hundreds — tens pg/kg)

Headspace Oxygen & Vacuum

Target DO <0.5 mg/L and robust vacuum at close (steam-

flow or N2 dosing); minimize residual O2

Effect: Lower Oz slows lacquer/foil under-film corrosion;

2-bx reduction in Al increases on aged retains is common

Chelators/Reducers in Formula

Limit citrate/EDTA/ascorbate during metal contact; add

post-transfer or post-fill

Effect: Reduces chelation-assisted Al release; typical ~2x

decrease in wear-metal carryover in liquids

Anti-Caking/Flow Agents

Replace sodium aluminosilicate with SiO2 or Ca-silicate;

cap use levels

Effect: Removes direct aluminosilicate input; finished Al

reductions frequently >50% where these agents were

used

Root & Leafy Inputs

Peel carrots/sweet potatoes; wash thoroughly; limit

leafy/legume powders or set tight Al specs

Effect: Peels/soil carry more Al; peeling/washing typically
yields 10-30% reductions; powder limits avoid

concentration effects

Aged-Retain Monitoring

Test Alat TO, T+3, T+6 months (plus 40 °C accel for

acids); correlate to cap/enamel/foil lots

Effect: Early detection of packaging compatibility issues;
enables targeted lot blocks and supplier corrective

actions

Process/Ingredient Water

Install RO/IX; set spec <10 pg/L Al (finished water); verify

quarterly; avoid alum carryover from municipal treatment

Effect: Reduces liquid Al contributions from tens—
hundreds pg/L — <10 pg/L; stabilizes low baselines

aCross seasons

Processing Equipment

Replace aluminum vessels, trays, paddles, scoops with
316L stainless or polymer (UHMW-PE/PTFE); document
no-Al contact in HACCP

Effect: Prevents abrasion/dissolution sources; brings dry

and wet lines down to ingredient-driven baselines

Thermal & Hold Conditions

Minimize time at temperature, especially for pH <4; avoid
long hot holds against metal; add acids late where

feasible

Effect: Shorter hot/acid contact reduces metal dissolution;

plant adjustments often cut Al pickup by 30-60%

Clarifiers & Filter Aids

Specify low-Al bentonite/perlite grades; pre-rinse aids;

consider PVPP/enzymatic clarification where suitable

Effect: Avoids additive-borne Al; switching/rinsing aids
commonly lowers liquid Al by tens to >100 pg/L when

aids were a source

Ingredient Selection (Salts & Isolates)

Set low-Al specs for phosphate/citrate salts, soy/amino-
acid isolates; verify with COAs and periodic ICP-MS

Effect: Cuts background Al in high-use functional
ingredients; reduces formula/entrée Al by tens—hundreds

ug/kg depending on use rate

Material Selection (Dry Paths)

Line chutes/sifters/conveyors with polymer; maintain

dies/screws; avoid metal-on-metal

Effect: Lowers abrasion-borne metal flakes/particles;
finished Al often drops from low-thousands — sub-
mg/kg in at-risk SKUs

Analytics & SPC

Use ICP-MS (closed-vessel digestion); LOQs <10 pg/L
(liquids), <50 pg/kg (solids); trend Al with Fe/Cr/Ni to

localize hardware sources

Effect: Sensitive detection and multi-metal correlation
reveal equipment vs ingredient origins; supports

preventive maintenance scheduling

Formulation Guard-Bands

Design recipes to <70-80% of the product Al limit; set max inclusion for high-Al inputs (e.g., leavening, seeds, isolates)

Effect: Provides headroom for lot variability; keeps routine production safely below limits



Mercury: Toxicology and Margin of Safety

Mercury warrants continuous surveillance in infant and child foods because neurodevelopmental risk is species-
specific, margins are intake-dependent, and cumulative low-level exposure can become consequential during early life

even in the absence of a single dominant source.

Mercury toxicity is highly species-dependent, with methylmercury (MeHg) driving neurodevelopmental risk and inorganic
mercury (iHg) primarily targeting the kidney. Health-based guidance values therefore distinguish between forms. The U.S.
Environmental Protection Agency reference dose for MeHg is approximately 0.1 pg/kg body weight/day, while European Food
Safety Authority established a tolerable weekly intake (TWI) of 1.3 ug/kg bw/week for MeHg based on developmental

neurotoxicity. For inorganic mercury, EFSA set a higher TWI of 4 pg/kg bw/week, reflecting renal toxicity as the critical endpoint.

In the general food supply, MeHg exposure is overwhelmingly associated with fish and seafood, where bioaccumulation and
biomagnification dominate risk. In non-fish infant and child foods, mercury is typically present at much lower concentrations
and is predominantly inorganic. Under the proposed Heavy Metal Tested & Certified category ceilings, a conservative “all items
at the cap” intake scenario across multiple non-seafood categories yields approximately 3—4 ug total mercury per day for an 8-
10 kg infant. On a weekly, body-weight—adjusted basis, this approaches but generally remains below the inorganic-mercury
TWI, while remaining well below MeHg guidance values in the absence of fish-derived sources. In real-world conditions,
median concentrations are substantially lower, resulting in large margins of exposure to both MeHg and inorganic mercury

reference points.

From a risk-assessment perspective, this pattern underscores that mercury management in infant and child foods is not about
reacting to frequent exceedances, but about preventing avoidable background exposure and cumulative intake. This is
particularly important in early life, when intake per kilogram body weight is high, neurological development is ongoing, and

small contributions from multiple foods can narrow margins of safety even when individual products appear compliant.

HMTC mercury limits should be interpreted as exposure-management action levels under feasibility and ALARA

principles, not safety thresholds. Continuous monitoring and reduction of background mercury is essential to preserve

margin, prevent cumulative drift, and ensure that infant and child diets remain protective as consumption patterns and

ingredient sourcing evolve.




Mercury (Hg) Standards

Scope/measurement. Mercury shall be measured in the finished product as placed on the market, with powders analyzed as
sold and liquids or concentrates analyzed after preparation in accordance with label instructions. Total mercury (Hg) shall be
measured for all products, with methylmercury (MeHg) speciation required for products containing fish or marine-derived
ingredients, or when total mercury approaches or exceeds the applicable category limit. Results shall be expressed in pg/kg
(ppb), with speciation results governing compliance where required.



Mercury Standards by Category

Category

Infant Formula (Powder)

Infant Formula (Liquid, RTF)

Baby Cereals / Grain Products (Dry)

Fruit Purées (General)

Non-Root Vegetable Purées

Root-Vegetable Purées

Mixed Meals (Meat & Grain Combos)

Fruit Juice (Infant/Young Child)

Teething & Snacks (Dry)

HMTc Standards
(ppb)

1,500 ppb

200 ppb

1,000 ppb

800 ppb

800 ppb

1,000 ppb

1,000 ppb

100 ppb

1,000 ppb

EU Regulation

No ML

No ML

No ML

No ML

No ML

No ML

No ML

No ML

No ML

Notes

Powders 0.3-3.3 ug/g; 1.5
mg/kg cap covers =80%.

RTF formulas ~150-430
ug/L; 200 ug/L feasible

with controls.

EU datasets: cereal Al
tens—thousands pg/kg; 1.0
mg/kg covers bulk EU

products.

EU study: 'root & fruit'
purées mean ~0.58-0.68
mg/kg Al; 0.80 mg/kg
accommodates variability.

Non-root veg purées track
fruit purées; 0.80 mg/kg

conservative/attainable.

Higher allowance reflects
Al in root/fruit group
means, concentration

during cooking.

Mixed entrées mirror
veg/cereal components;
1.0 mg/kg aligns with EU

composite baby meals.

Juices ~50-1,100 pg/L;
100 pg/L practical ceiling

for infant lines.

EU baby snacks (without
Al-leavening) <1 mg/kg;
higher values linked to

additives/contact.



Products Not Likely to Meet Mercury Requirements

without Corrective Action

®)
¥
Infant Formula (Powder) - 10 ppb

At risk: (Rare) Special medical/novel formulas using fish
protein hydrolysates or marine ingredients; lots with an

atypical mineral premix

Why: Fish-derived inputs can carry pg/kg Hg; unusual

premix impurities can add low-ppb Hg to powders

o
A

Baby Cereals / Grain Products (Dry) - 15 ppb

At risk: Cereals/snacks containing fish/seaweed powders

(savory SKUSs), or fish-flavored variants (rare)

Why: Marine inputs dominate Hg mass balance even at

low inclusion rates; most grain-only cereals pass easily

e

Non-Root Vegetable Purées - 3 ppb

At risk: As above; water-thinned veg purées without

RO/IX; atypical marine add-ins

Why: Liquids at tight ppb caps are water-driven; plant-

based matrices otherwise carry negligible Hg

O

Mixed Meals (Meat & Grain Combos) - 5 ppb

At risk: Any entrée containing fish/seafood (e.g., salmon-

veg, cod-potato)

Why: Fish ingredients (species-dependent) can
contribute tens—hundreds pg/kg to the fish portion —

finished meal can exceed 5 ppb at modest inclusion rates

Teething & Snacks (Dry) - 15 ppb

At risk: Seaweed-seasoned puffs/rice snacks; snacks with
fish flakes/powders (toddler SKUs)

Why: Marine seasonings can carry enough Hg to surpass

a 15-ppb finished limit; grain-only snacks typically pass

@

Infant Formula (RTF) - 2 ppb

At risk: RTF made with non-RO/IX process water; plants

with variable municipal water

Why: Even 0.3-1.0 pg/L Hg in incoming water plus
powder background can push finished product >2 ppb

O

Fruit Purées (General) - 3 ppb

At risk: Purées blended with water from non-RO sources:
purées processed on lines with legacy Hg-containing

instruments nearby (rare)

Why: The 3-ppb ceiling is very low—small water

contributions or accidental contamination can matter

%5

Root-Vegetable Purées - 4 ppb

At risk: Root purées from regions with legacy Hg
deposition; products made with added process water not

polished

Why: Soil hot-spots can elevate root Hg slightly; added
water sets the finished ppb floor

&

Fruit Juice (Infant/Young Child) - 0.5 ppb

At risk: Juices reconstituted with non-RO water; lines

using unqualified filter aids or with legacy Hg devices

Why: 0.5 ppb is extremely tight—water quality is the
dominant determinant; occasional aid/handling

contamination can register



Data-Grounded Practical Levers to Reduce Mercury

o
Process/Ingredient Water

Fish/Seafood Inputs (If Used)

Install RO/IX + activated carbon, spec finished water

Prefer low-Hg species (e.g., cod, pollock, salmon) and
<0.1-0.2 pg/L Hg, verify quarterly

lean muscle; cap inclusion rates; set internal MeHg spec

(0)
Effect: Water is the dominant driver for tight ppb caps; =500 @1 el ML

switching to RO/IX typically drops finished Hg in liquids

Effect: Replacing tuna/swordfish-type inputs with low-
by ~0.1-1 pg/L depending on baseline

Hg species reduces fish fraction Hg by 3-10x; finished
meal Hg falls to single-digit pg/kg at modest inclusion

Marine Flavorings/Seasonings

Premixes & Functional Ingredients
Eliminate or cap fish powders, broths, seaweed/kelp;

Specify Hg < 5-10 pg/kg for vitamin/mineral premixes,
require COAs with Hg < low-tens pg/kg

emulsifiers, oils (incl. omega-3); audit suppliers
Effect: Marine add-ins can dominate Hg at 1-3% use; Effect: Prevents low-ppb background from high-use

ingredients; typically keeps powder Hg in low single-
ug/kg range

o

Filter/Processing Aids

removal or tight specs commonly cuts finished Hg by 5—
20+ pg/kg when present

Analytical Program (Screening)
Qualify low-Hg DE/perlite; pre-rinse aids; minimize dose Use DMA-80 or CV-AAS/AFS (or digestion + ICP-MS);

LOQs <1 pg/kg (solids), <0.1-0.5 pg/L (liquids); test lot
composites with CRMs/spikes

Effect: Avoids incremental 0.1-0.3 pg/L contribution to

liguids when aids are a source

Effect: Low LOQs detect small drifts; composite sampling
smooths unit variability and supports SPC trending

Speciation (When Fish Present) No-Hg Instruments & Materials
Measure methylmercury (MeHg) by HPLC-CVAFS/GC-

Ban mercury thermometers/manometers; implement
ICP-MS for SKUs with fish; enforce species MLs and

breakage SOPs; replace legacy devices
internal safety margins

Effect: Removes rare but severe contamination events;
Effect: Confirms neurotoxic fraction; aligning species

choice + inclusion with MeHg data keeps finished Hg
within single-digit pg/kg targets

Cross-Contact Management

prevents sudden ppb-level spikes

Supplier Qualification
Physically segregate fish handling; schedule fish-

Require Hg on COAs for marine, seaweed, fish oil, premix
containing runs last; validated wet clean-down

lots; right to reject/blend; seasonal trend reviews
Effect: Prevents carryover of marine Hg into plant-based Effect: Systematically removes right-tail lots; reduces

finished-product fail risk by >80% where variability is

lines; typically moves non-fish items from detectable —
<LOQ

supplier-driven

o

Packaging & Utilities Hygiene

Process Validation (Liquids)
Audit air handling and lamp policies (no broken Validate that hot-fill/UHT loops with RO/IX water run at

fluorescents near open product); maintain closed <0.5 pg/L Hg across a hold; monitor start-up vs steady

transfers state
Effect: Eliminates uncommon airborne/fragment routes;

Effect: Confirms equipment does not introduce Hg;
keeps background at analytical noise

typical steady-state levels remain <0.2-0.3 pg/L with

good water

Mass-Balance Guard Band Rapid Root-Cause Playbook
Design formulations to <70-80% of the Hg limit on If Hg T with Ni/Fe/Cr stable — check water/processing
paper; set max inclusion for any marine inputs aids; if Hg T with marine change — ingredient; verify

Effect: Builds headroom for lot variability; reduces non- WIED SfpEEEiTen

conformance probability despite seasonal/source shifts Effect: Cuts investigation time; correct lever chosen on

first pass reduces excursions batch-to-batch

Analytical Trending & SPC

Leverage analytical data for statistical process control (SPC); monitor trends and establish control limits for Hg at critical

points.

Effect: Proactive identification of deviations; allows for early intervention and continuous improvement in Hg control.



