Appendix | — Technological Justification for Benzoates

Executive Summary

Adoption of an adequate benzoate levels is critically important for beverage formulations that
allow for product innovation, consumer choice and fair market competition while minimizing
market disruptions. Important factors include:

e Intrinsic, extrinsic and process-related factors affecting susceptibility of water-based
flavored drinks to microbial growth (examples are provided in the Detailed Comments
below);

e The multi-hurdle multi-component preservative systems — including sanitation -
employed by manufactures, where preservatives are only used at the lowest possible
levels necessary to maintain product integrity;

e The potential for unintended consequences when using levels of benzoates at
concentrations that are sub-lethal to the targeted microorganism (e.g., adaptation);

e The potential for inferior substitution in view of the superior performance afforded by
benzoates:

o Benzoates often are effective against organisms that are otherwise somewhat
tolerant to sorbate and vice versa. Sorbates cannot be used in place of benzoates.
However, in some formulations, sorbates and benzoates may be used in concert;

o Sorbates are less effective as antimicrobials. Sorbates’ degradation during the
product shelf life may generate off-notes. Sorbates’ lower solubility is likewise a
challenge during beverage production and may cause operational impediments in
fountain systems due to clogging of lines;

e Data on Minimum Inhibitory Concentration (MIC) of benzoic acid for common beverage
spoilage microorganisms demonstrate that protective levels — which vary with pH and
nutrient content — are at a minimum around 250 ppm for beverages with lower pH.
Benzoic acid anti-microbial activity is pH-dependent. To be an effective anti-microbial,
increased levels are needed for beverages with higher pH to ensure presence of adequate
levels of undissociated form.

e Impacts on smaller beverage manufacturers.

As pH increases, the active undissociated form of benzoates in beverages decreases resulting in
higher MIC in order to have the same functionality. A beverage with pH 4.3 and 500 ppm of
benzoic acid has approximately the same amount of undissociated benzoic acid (active form) as
a beverage at pH 3.5 with 250 ppm of benzoic acid. To compensate for losses in the active form
of benzoic acid at higher pH, an exception is needed for these beverages.

Concentrates have different requirements than ready-to-drink (RTD) beverages. Concentrates
are used in fountain systems and, due to the nature of the fountain business and the need for
extended preservation post-mix, a bag of concentrate — not typically kept under refrigeration —
may likely not all be consumed in a single day, depending on the number of customers visiting
the Quick Service Restaurant. In comparison, RTD beverages are usually consumed in a single
occasion. Ifthe RTD beverage is not consumed in a single occasion, the container is usually sealed
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and stored under refrigeration. The challenges associated with sorbate use are even more
pronounced in concentrates. Sorbates’ lower solubility causes clogging in fountain systems.
Thus, higher levels of benzoates are required to guarantee adequate operation of fountain
systems and microbiological stability of concentrates.

Detailed Comments

In commercial practice, water-based flavored drinks can be made unappealing or unpalatable by
the growth of various fungi and acid tolerant bacteria resulting in the condition commonly
referred to as “spoiled”.!/ Microbiological activity can occur in “still” and “sparkling”
(carbonated) beverages. Similarly, fountain syrups and some concentrates must also be
preserved. In order to prevent undesirable microbiologically induced changes, manufacturers
rely on sophisticated preservation systems — which consider the appropriate use of
antimicrobials such as benzoic acid or its salts (benzoates).?/3/%/>/

The use of benzoates and other preservatives minimizes economic loss for the consumer and
enhances convenience due to the reduced likelihood that the products will deteriorate and be
discarded. Additionally, beverages can be offered at more affordable prices due to the cost-
effectiveness of benzoates.

Benzoic acid occurs naturally in a number of foods including cranberries, prunes, cinnamon,
cloves, green gage plums, huckleberries, raspberries, currants and others.6/’/ The keeping quality
of these foods and their juices is in part attributed to their benzoic acid content.”/8/

Likewise, many water-based flavored drinks use benzoic acid or its various salts (commonly
referred to as benzoates) as part of a total preservation system. Benzoates are most effective as
preservatives in products with lower pH. Since the pH of water-based flavored drinks generally
range from2.5 to 4.6, benzoates are a particularly useful tool to assure quality of these
products.’/

Importantly, not all water-based flavored drinks contain benzoates. The need for benzoates is
determined by beverage matrix, processing, packaging and storage conditions and the ubiquitous
microflora of the environment, containers and ingredients. When used, benzoates maintain the
quality, stability and integrity of beverages as part of a multi-component multi-hurdle
preservative system.

Beverage susceptibility

Ensuring the safety and stability of today’s increasingly complex global ready-to-drink (RTD)
beverage landscape is paramount for manufacturers and microbiologists alike.'%/ Research and
development (R&D) cross-functional teams optimize formulations over a period of months to
years considering safety, sensory attributes and manufacturability.

Beverages support microorganism growth due to a multitude of factors. Intrinsic, extrinsic and
process-related factors must all be considered when selecting the optimal preservative
system./12/ Intrinsic factors influencing microorganism growth in beverages are formulation-
specific and may include pH, degree of carbonation, juice content and preservative systems.
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Although beverage pH determines the availability of benzoic acid active form, concentrations
required to avoid spoilage are particularly sensitive to beverage formulations as well. Extrinsic
factors may include climatic and transportation conditions, temperature and duration of food
storage, and packaging characteristics. Process-related factors may include changes in food
composition and in microbial populations that result from processing (e.g., thermal processing
such as pasteurization and resultant shifts from mixed microbial populations to populations of
heat-resistant microorganisms [thermophilic spore formers, thermoduric organisms, etc.]).

Cold-filled beverages, especially those stored in the absence of refrigeration, may require an
effective ingredient preservative. Use of an effective ingredient preservative may be necessary
even in cold-filled beverages without juice. “Cold-filled” describes a bottling process in which the
beverage is packaged into a container at ambient temperatures (or less) to preserve the integrity
of ingredients prone to heat-induced degradation (e.g., extracts). Cold-fill packaging is commonly
used for carbonated soft drinks and still beverages.

Concentrates may also require effective preservative ingredients. Concentrate bags are used in
fountain systems and, after opened, may not be consumed in one single day. Additionally, the
bags are not kept under refrigeration. Clearly concentrates are even more susceptible to
microbiological spoilage than ready to drink beverages due to longer and more intense exposure
to the environment. Therefore, additional protection against spoilage microorganisms may be
necessary.

In all cases and scenarios, the global beverage industry follows current Good Manufacturing
Practices (cGMPs) and only uses preservatives at the lowest levels necessary to maintain product

integrity.

Role of sanitation in processing

Preservatives are not substitutes for proper sanitation. The successful deployment of
preservatives is very much dependent on rigorous sanitation and cGMP-compliance.'3/ Proper
sanitation should ensure any initial bio-burden in beverages is exceedingly low. Sound sanitation
and cGMP-compliance are critical components of the multi-hurdle preservative system.

However, despite rigorous implementation of the best sanitation standards, hazard analysis and
control of critical points, it is not uncommon for a low numbers of microorganisms to be carried
into the beverage. This may happen due to absence of complete sterile ingredients (e.g., water,
syrup, juice) and environments (e.g., air, contact surfaces). A single microorganism entering a
beverage can result in spoilage in the absence of effective preservative agents. Thus,
antimicrobial preservatives are an important component of the multi-hurdle preservative
system. Targeted concentrations of antimicrobial preservatives should always be greater than
the Minimum Inhibitory Concentration (MIC). An equivalent or lower concentration enables
adaptive behavior among spoilage organisms that can result in the onset of permanent tolerance.
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Adaptation and Evolution

“Adaptive mechanism” is broadly understood as an evolutionary process in which organisms
“adapt” to possible stressors in a particular environment. Various spoilage organisms may exhibit
an “adaptive response” to both benzoic acid and sorbic acid in which successively transferred
cultures are able to grow in the presence of successively higher concentrations of the weak acid
preservatives.

The presence of preservatives (or disinfectants/antimicrobials) at sub-lethal concentrations may
have the unintended consequence of “adaptation” via selection of microorganisms with a series
of permanently fixed mutations leading to permanent evolutionary events.'*2/  Naturally
derived tolerance to sorbic acid through the presence of genes causing degradation of sorbic acid
to 1,3-pentadiene has long been a reason to employ benzoic acid in combination with sorbic
acid.??/?3/ Therefore, before committing to extreme reductions in maximum levels of
preservatives in beverages, microbiological and genetic studies at sub-lethal concentrations are
warranted and should be conducted.

Role of benzoic acid and its salts in beverages

Benzoates have a long history of safe use in foods. They are the preservatives of choice for soft
drink manufacturers due to their low toxicity, effectiveness against common beverage spoilage
microorganisms, stability, good solubility, lack of color and mild flavor.2/3/ As early as 1909, the
“harmlessness” of sodium benzoate as a food preservative was extensively verified in actual
human feeding studies performed by three independent research organizations under the
direction of the U.S. Secretary of Agriculture.?*/

Benzoic acid is effective against yeasts, molds and common soft drink spoilage bacteria. The
minimum inhibitory concentration (MIC) for benzoic acid varies according to the microorganism
and according to the composition and nutrient content of the test system (liquid media) or the
food or beverage. (Table 1). Additionally, variation on the MIC is observed for resistant yeasts
(Table 2).

When either benzoic acid or benzoate salts are added to an aqueous solution, both the
undissociated benzoic acid [HA] and the dissociated benzoate [A] are present.3/?°/ The
undissociated form of benzoic acid is largely, if not entirely, related to its anti-microbial activity.
Therefore, the undissociated form is also known as “active form”.

Table 1. Antimicrobial Spectrum of Benzoic Acid Against Selected Bacteria/Yeasts/Fungi. 2/

Microorganisms pH MIC (ppm)?
Bacteria
Lactobacillus sp. 4.3-6.0 300-1,800
Yeasts
Sporogenic yeasts 2.6-4.5 20-200
Asporogenic yeasts 4.0-5.0 70-150
Candida krusei - 300-700
Pichia membranefaciens - 700




Rhodotorula sp. - 100-200
Saccharomyces cerevisiae 4.0 600
Fungi
Aspergillus sp 3.0-5.0 20-300
Aspergillus niger 5.0 2,000
Byssochamys nivea 3.3 500
Penicillium citrinum 5.0 2,000
Penicillium glaucum 5.0 400-500

IMIC in ug/mL (ppm)

Table 2: Minimum Inhibitory Concentrations of Benzoic Acid for Yeasts 2/

Isolate® MIC (ppm)
Candida krusei 440
Hansenula anomala 223
Kloeckera apiculata 188
Kluveromyces fragilis 173
Saccharomyces cerevisiae 170-450
Saccharomyces ludwigii 500-600
Zygosaccharomyces bailii 600-1,300
Zygosaccharomyces bisporus 200-350
Zygosaccharomyces rouxii 242-330

b Most were isolated from spoiled foods that already contained preservatives. Isolates were grown at 25°C, pH 3.5.

Undissociated forms of antimicrobial organic acids are more hydrophobic and have increased
effectiveness as a direct antimicrobial agent.?®/ Hydrophobic acid molecules interact with the
lipid microbial cell wall to disrupt microbial activity. The hydrophobicity of undissociated acid
forms is typically measured by the logarithm of the octanol/water partition coefficient. Due to its
higher hydrophobicity, benzoic acid is the most potent food anti-microbial agent even in
comparison to sorbates (Table 3).

Table 3. Log (octanol/water partition coefficient) of undissociated organic acids. 26/

Organic Acid Preservatives Log (octanol/water partition coefficient)
Benzoic Acid 1.87
Sorbic Acid 1.70

The equilibrium between the undissociated (HA) and dissociated (A") benzoic acid is dependent
on pH. A formulation with pH 4.18 is found to contain equal concentrations of the dissociated
and undissociated species of benzoic acid (Figure 1). However, there is a 1:2 ratio of benzoic acid
(HA): (A") at pH 4.5 while as much as 94% HA exists at pH 3.0. Figure 1 clearly defines the effect
of pH on the concentration of the undissociated (active) form of benzoic acid.




Figure 1. Undissociated Benzoic Acid (Active Form) at Various pH Values. 2/
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Table 4 tabulates data in Figure 1 representing the ratios of undissociated and dissociated acid
for solutions with differing pH. These ratios enable calculation of the active form concentration.
For example, levels of the active form in a solution at pH 3.5 with 250 ppm of benzoic acid would
equate to levels in a solution with 475 ppm of benzoic acid at pH 4.3. For the same
microorganism, as pH increases the MIC for benzoic acid also increases (Table 5). Therefore, in
beverages with higher pH, levels of benzoates should be increased to compensate for losses in
the active form of benzoic acid. From a practical standpoint, the ability to reduce the equilibrium
pH of a beverage or food below approximately pH 2.8 is limited because the taste profile
generally becomes so tart/sour that it is no longer acceptable to consumers or suitable for
commercial sale.

Table 4. Undissociated Proportions of Benzoic at Various pH Ranges. 2/

Benzoic Acid

pH HA A

2.0 99.4% 0.6%
2.1 99.2% 0.8%
2.2 99.0% 1.0%
2.3 98.7% 1.3%
2.4 98.4% 1.6%
2.5 98.0% 2.0%
2.6 97.5% 2.5%
2.7 96.9% 3.1%
2.8 96.1% 3.9%
2.9 95.1% 4.9%
3.0 93.9% 6.1%
3.1 92.5% 7.5%
3.2 90.7% 9.3%
3.3 88.6% 11.4%
3.4 86.0% 14.0%
3.5 83.0% 17.0%
3.6 79.6% 20.4%

6




3.7 75.6% 24.4%
3.8 71.1% 28.9%
3.9 66.1% 33.9%
4.0 60.8% 39.2%
4.1 55.2% 44.8%
4.2 49.4% 50.6%
4.3 43.7% 56.3%

HA = Undissociated Form A" = Dissociated form

Table 5. Effect of Benzoic Acid on the Growth of Important Spoilage Yeasts at Different pH 2/

Maximum Concentration (mg/L) Allowing Growth
Yeast pH 2 pH3 pH5 pH7
Kloeckera apiculata NG2 NG2 750 1,200
Pichia membranefaciens NG2 NG2 750 1,200
Saccharomyces cerevisiae NG1 NG2 750 1,200
Zygosaccharomyces bailii NG1 NG2 1,200 NG1
Zygosaccharomyces rouxii NG1 NG2 750 1200

Note: NG1, no growth in absence of benzoic acid; NG2 - no growth in presence of 250 mg/L of benzoic acid.

Based on Tables 1, 2 and 5, MIC levels of benzoic acid adequate to perform preservative function
against various microorganisms for beverages with pH lower or equal to 3.5 range anywhere
between 20 — 250 ppm as benzoic acid. For beverages with pH higher than 3.5, increased levels
are needed. Considering the dissociation ratio for benzoic acid (Table 4), the adequate level of
protection for beverages with pH between 3.6 and 4.3 is 500ppm.

Sodium benzoate is usually preferred for use in beverages due to its great solubility. The sodium
salt of benzoic acid is approximately 240 times more soluble in water than benzoic acid.*'/ Also,
sodium benzoate has better solubility than potassium sorbate. While 1g of potassium sorbate is
soluble in 4.5ml of water, the same amount of sodium benzoate is soluble in 2ml of water. In
simple water solution, the different solubility of sodium benzoate and potassium sorbate may
not be that important. 27/28/ However, in complex formulations saturated with other ingredients
small differences in solubility have a major impact. This explains sodium benzoate’s better
performance during the manufacturing process of beverages generally and in concentrates
specifically. In addition, certain spoilage microrganisms of industrial significance (e.g.,
Glocunobacter spp. and certain Aspergillus spp.) are quite resistant to sorbate, thus limiting its
value as a stand-alone preservative agent.

Conclusion

Benzoates continue to be a particularly important part of optimal preservative systems for water-
based flavored drinks due to their safety, performance characteristics and minimal impact to
product taste. Using benzoates in beverages lengthens the shelf-life and minimizes unnecessary
food losses caused by microbial growth. The use of benzoates in concert with other “hurdles”
allows certain high acid (less than pH 4.6), shelf-stable beverages to be produced using lower cost
beverage processing equipment, which in turn expands their availability in developing countries
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and the jobs created by local manufacturing. Levels needed depend on the beverage type, degree
of carbonation, sensory properties, packaging and the inherent microbiological stability of a
particular beverage product. Different production environments, transportation conditions,
storage conditions, climatic conditions and national regulatory food additives frameworks all
contribute to the varying preservative systems and use levels around the world. Nevertheless,
only the lowest possible levels necessary to maintain product integrity are used.

Thus, the use of benzoates is advantageous in beverage products and technologically justified to
ensure preservation of beverage quality, enhanced beverage shelf-life and reduction in yeast,
molds and bacterial growth.
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Appendix |l - Market Penetration of Benzoate Containing Products
Methodology

The Beverage Marketing Corporation (BMC) culled market share data for the following markets in which the largest
proportion of benzoate-containing beverage products exist — U.S.A., Canada, Brazil and Mexico. Volume data in
millions of gallons were obtained for the entire liquid refreshment beverage (LRB) category which consists of the
following 10 beverage types:

e Diet carbonated soft drinks

e Regular carbonated soft drinks

e Juice drinks

e 100% juice

e Non-carbonated water-based flavored drinks
e Energy drinks

e Sports drinks

e RTD teas

e RTD coffees

e Bottled Water

The top selling brands within each “beverage type” - making up anywhere from 70-90% of the entire market
for that “beverage type” - were identified. An “all other” category was created within each “beverage type”
to capture the remaining beverages in the bottom 10-30% of the market. Determination of whether brands
contained or did not contain benzoates was based on:

e Ingredient label statements accessible on company websites;
e Canadean database;

e Mintel database; and

e Directly from companies.

The following worst-case scenario assumptions were made to create the below pie charts:

e Ambiguous “Other Private Label” entries were assumed to contain benzoates;

e Products that have been discontinued in 2016 were assumed to contain benzoates (for the purpose of
aligning with the 2015 market share data);

e Products for which information was not provided were assumed to contain benzoates (unless good
justification existed based on the other brands within the particular “beverage type” that no benzoates
are typically used in that category — e.g., 100% fruit juice);

e Within each market and within each “beverage type” category there is a list of brands that takes up about
80% or so of that market share and the remaining 20% or so is captured together as “All Other”. Thus, the
assumption was that the same distribution of benzoate-containing products seen for 80% of the market
would be the same for the 20% “All Other” entry;

e For “concentrates”, it was assumed the distribution of benzoate-containing products across relevant RTD
beverage types (i.e., CSDs, 100%fruit juice, juice drinks) in the respective markets was the same for the
“concentrates” category.



USA 2015 Refreshment Beverage Market
(27.8% consists of benzoate-containing products)

100% Juice

RTD Teas

Bottle Water

Concentrates/Mixes/
Frozen

Juice
Drinks

Concentrates/Mixes/
Frozen

Non-Carbonated Water
based Flavored drinks

i

Sports

Drinks

RTD Tea

RTD Coffee

E Energy Drinks

Category % LRB
Packaged Diet CSD containing benzoate 8.0
Packaged Reg CSD containing benzoate 10.0
Non-Carbonated Water Based Flavor Drinks containing benzoates 0.0
Energy Drinks containing benzoates 1.0
RTD Teas with benzoates 2.0
Concentrates/Mixes/Frozen** containing benzoate 5.0
Sub Total (benzoate only) 27.0
Packaged Reg CSD 10.0
Juice Drinks* 4.0
Non-Carbonated Water Based Flavor Drinks 1.0
Energy Drinks 0.0
Sports Drinks 4.0
RTD Tea 2.0
RTD Coffee 0.0
Concentrates/Mixes/Frozen** 6.0
Bottled water 36.0
100% Juice* 5.0
Sub Total (no benzoates) 72.0
Total Volume (benzoate + non-benzoate) 100.0

* Excludes concentrates
** Includes fountain CSDs, concentrate juices and juice drinks, and powdered fruit mixes
Source: Beverage Marketing Corp., Canadean

Please Note: Beverages with pH > 3.5 take up 1.71% of the LRB market



Canada 2015 Refreshment Beverage Market
(21% consists of benzoate-containing products)

Energy Drinks

100% Juice
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—p based Flavored drinks
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RTD Coffee |
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Please Note: Beverages with pH > 3.5 take up 2.40 % of the LRB market.

Category PRI

Packaged Diet CSD containing benzoate 8.0
Packaged Reg CSD containing benzoate 7.0
Juice Drinks containing benzoates 0.0
Energy Drinks containing benzoates 0.0
Sports Drinks containing benzoates 0.0
RTD Teas with benzoates 2.0
Concentrates/Mixes/Frozen** containing benzoate 1.0
Sub Total (benzoate only) 21.0
Packaged Diet CSD 0.0
Packaged Reg CSD 13.0
Juice Drinks* 7.0
Non-Carbonated Water Based Flavor Drinks 0.0
Energy Drinks 0.0
Sports Drinks 2.0
RTD Tea 2.0
RTD Coffee 0.0
Concentrates/Mixes/Frozen** 2.0
Bottled water 38.0
100% Juice* 11.0
Sub Total (no benzoates) 78.0

Total Volume (benzoate + non-benzoate) 100.0



Brazil 2015 Refreshment Beverage Market
(35% consists of benzoate-containing products)

100% Juice

Bottle Water

Concentrates/Mixes
/Frozen

Reg. CSD

Concentrates/ Jui
) uice
Mixes/Frozen Drinks

RTD Tea

< . >
sports Drinks Please Note: Beverages with pH > 3.5 take up 0.19% of the LRB market.
Brazil
Category % LRB
Packaged Diet CSD containing benzoate 1.0
Packaged Reg CSD containing benzoate 20.0
Juice Drinks containing benzoates 3.0
Non-Carbonated Water Based Flavor Drinks containing benzoates 0.0
Energy Drinks containing benzoates 0.0
Sports Drinks containing benzoates 0.0
RTD Teas with benzoates 0.0
Concentrates/Mixes/Frozen** containing benzoate 9.0
Sub Total (benzoate only) 34.0
Packaged Diet CSD 0.0
Packaged Reg CSD 13.0
Juice Drinks* 3.0
Non-Carbonated Water Based Flavor Drinks 0.0
Energy Drinks 0.0
Sports Drinks 0.0
RTD Tea 0.0
RTD Coffee 0.0
Concentrates/Mixes/Frozen** 6.0
Bottled water 41.0
100% Juice* 0.0
Sub Total (no benzoates) 65.0

Total Volume (benzoate + non-benzoate) 100.0



Mexico 2015 Refreshment Beverage Market
(152 consists of benzoate-containing products)

> Diet CSD
100% Juice i

Reg CSD

Non-Carbonated Water
based Flavored drinks

| Energv Drinks. Sports Drinks. RTD Teas

Concentrates/
Mixes/Frozen

Diet CSD
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Water
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—

Sports Drinks

—» RTD Teas

Concentrates/
Mixes/Frozen

Please Note: Beverages with pH > 3.5 take up 0.09 % of the LRB market.
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Cat Mexico
ategory % LRB

Packaged Diet CSD containing benzoate 0.0
Packaged Reg CSD containing benzoate 6.0
Juice Drinks containing benzoates 4.0
Non-Carbonated Water Based Flavor Drinks containing benzoates 0.0
Energy Drinks containing benzoates 0.0
Sports Drinks containing benzoates 0.0
RTD Teas with benzoates 0.0
Concentrates/Mixes/Frozen** containing benzoate 1.0
Sub Total (benzoate only) 14.0
Packaged Diet CSD 1.0
Packaged Reg CSD 26.0
Juice Drinks* 0.0
Non-Carbonated Water Based Flavor Drinks 0.0
Energy Drinks 0.0
Sports Drinks 0.0
RTD Tea 0.0
RTD Coffee 0.0
Concentrates/Mixes/Frozen** 3.0
Bottled water 51.0
100% Juice* 0.0
Sub Total (no benzoates) 85.0

Total Volume (benzoate + non-benzoate) 100.0



Japan 2015 Refreshment Beverage Market

(2.4% consists of benzoate-containing products)

CSD containing benzoate
Fruits&lJuice Drink containing benzoate
Lactic Drink containing...
Tea Drink containing benzoate
Coffee&Cocoa containing benzoate
Sports Drink containing benzoate
Others containing benzoate

Benzoate
(2.4% LRB)

Mineral&Bottled Water

Concentrated Lactic Drink

SoyBean Drink CsSD

Vegetahle Juice

Others

Sports Drink Fruits&Juice Drink

Lactic Drink

Coffee&Cocoa

Tea Drink
Category :
CSD containing benzoate 1.60%
Fruits&Juice Drink containing benzoate 0.44%
Lactic Drink containing benzoate 0.27%
Tea Drink containing benzoate 0.01%
Coffee&Cocoa containing benzoate 0.01%
Sports Drink containing benzoate 0.00% °
Others containing benzoate 0.06%
SubTotal (benzoate only) 2.39%
CSD 16.62%
Fruits&Juice Drink 8.40%
Lactic Drink 2.43%
Tea Drink 28.02%
Coffee&Cocoa 14.83%
Sports Drink 7.19%
Others 0.46%
Vegetable Juice 2.60%
SoyBean Drink 1.51%
Concentrated Lactic Drink 0.70%
Mineral&Bottled Water 14.85%
SubTotal (no benzoates) 97.61% Source: JSDA

Total Volume (benzoate + no benzoates) 100.00%
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Estimated Daily Intake of Benzoates from Non-Alcoholic
Beverages in the U.S., Canada, Mexico and Brazil Based on
Updated Reported Use Levels in 2016

1.0 INTRODUCTION

In 2014, the International Council of Beverages Association (ICBA) submitted brand-specific use
levels and dietary exposure estimates for benzoates in non-alcoholic beverages [Codex General
Standard for Food Additives (GSFA) Category 14.1] to the Joint FAO/MWHO Expert Committee
on Food Additives (JECFA) in response to a call for data to determine daily intake levels.

Use level information was provided for 6 countries in which the national maximum limit was
greater than 400 mg/L, and dietary exposure assessments were conducted for 4 of these
countries. These exposure assessment models utilized information on national consumption of
non-alcoholic beverages in each jurisdiction, along with the maximum reported - and in some
cases assumed - use level for each beverage category.

JECFA reviewed the exposure assessment models at the 80" meeting (JECFA, 2016), and
concluded that the exposure results submitted were not appropriate for assessment based on
the inclusion of maximum, rather than average, typical use levels. JECFA subsequently
conducted their own series of exposure assessments based on the FAO/WHO Chronic
Individual Food Consumption Database — Summary Statistics (CIFOCOss) database (only
beverages) and evaluated published estimates of total dietary exposure to benzoates (including
non-beverages use). The mean exposure levels from non-alcoholic beverages estimated using
the FAO/WHO CIFOCOss database, combined with average typical use levels of benzoates,
were determined to range between 0.1 and 4.1 mg/kg body weight/day, and the 95™ percentile
exposure levels ranged from 0.2 to 10.9 mg/kg body weight/day (notably the highest level was
estimated for the 97.5" percentile). Data from the published literature identified mean intakes of
0.04 to 1.5 mg/kg body weight/day, and 95" percentile intakes of 0.2 to 3.9 mg/kg body
weight/day from the total diet for the general population. When the consumers-only dataset
were considered, the mean intake estimates ranged from 0.1 to 6.8 mg/kg body weight/day, and
0.7 to 9.0 mg/kg body weight/day at the 95" percentile. As part of the evaluation, it was noted
by the Committee that the largest contributions to total estimated dietary exposure to benzoates
were from non-alcoholic beverages, up to 80% in Brazil.

Following on from the publication of this report and a recommendation to consider the feasibility
of reducing the maximum limit (ML) from beverages, the 48" Session of the Codex Committee
of Food Additives (CCFA48) applied an interim ML of 250 mg/L to category 14.1.4 Water-based
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flavoured drinks, including “sport,” “energy,” or “electrolyte” drinks and particulated drinks
(Codex Alimentarius Commission, 2016).

The ICBA has compiled an impact assessment of the anticipated effect of this reduction in the
ML — and any further hypothetical reductions — for water-based beverages in various markets
(please refer to ICBA’s comment in response to the First Circular). In addition, the use levels
submitted by members in 2014 have been reviewed and updated to align with current market
share data for the key product categories. The ICBA has organized a re-evaluation of exposure
to this food additive in four jurisdictions for which the national limits exceeded 400 ppm, and in
which there was determined to be significant market disruption to benzoate-containing
beverages at or below an ML of 250 ppm [United States (U.S.), Canada, Mexico and Brazil].
This was undertaken in order to incorporate updated use level information and more realistic
assumptions regarding potential exposure to this food additive. These refined exposure
assessments focus on the ‘average’ as opposed to the ‘maximum’ typical use level, and also
consider market share information, incorporating a factor to consider presence probability or
occurrence into the model (i.e., whether the additive is present in the specific beverage type).
More details on the individual models are discussed in Section 2.0, and the results for each
individual country are discussed in the sections thereafter.

The inclusion of up-to-date and brand-specific use level data for products which account for a
large proportion of the respective markets is recognized as a key strength of the current work.
While it is noted that in JECFA’s most recent assessment of benzoate exposure, described
above, utilized values for the average use level submitted by industry, these levels were not
weighted according to their market share within the regions of interest, and as such, use levels
for brands which are consumed infrequently contribute equally to the final exposure estimates
as products which have a higher market penetration. Furthermore, the CIFOCOss database is
comprised of summary statistics for ‘consumers only’. While the use of summary statistics from
the CIFOCOss database is a valuable screening tool for risk evaluation, it does not permit the
calculation of dietary exposure estimates at the level of the individual consumer to provide
information on the full distribution of intakes for a population group. Further, the inclusion of
summary statistics in the calculation of exposure does not permit the inclusion of a wide range
of potential use levels of a food additive within a food/beverage category. Indeed, based on the
benzoate use level collection efforts in 2016, the individual concentration data points received
from beverage manufacturers indicate a dispersed range of potential use levels even within a
single GSFA food category (i.e., 14.1.4 Water-based flavored drinks, including “sport”, “energy”,
or “electrolyte” drinks and particulated drinks).

Therefore, the work described herein is intended to provide a more accurate, up-to-date, and
sophisticated estimate of exposures to benzoates from the largest contributing sector,
non-alcoholic beverages, as a subsequent tier to the work conducted by JECFA at the 80™
meeting in 2015 (JECFA, 2016). The estimates described herein are intended to complement
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the estimates already published and to be considered in the context of establishing an ML for
benzoate use.

2.0 REFINED EXPOSURE MODELS

2.1 Updated Use Level Data

As mentioned in the Introduction, ICBA has re-examined use level data submitted to JECFA in
2014 and identified anomalies (issues included not converting uses to benzoate equivalents and
miscategorizing some of the beverage products — e.g., juice drinks placed under fruit juices
erroneously). As such, the program to collate benzoate use levels was re-initiated, focusing on
the category ‘water-based flavoured drinks, including “sport”, “energy”, or “electrolyte” drinks
and particulated drinks’ (Codex GSFA category 14.1.4) as well as 100% fruit juices. Market
share information was purchased by the Beverage Marketing Corporation (BMC) and Canadean
detailing the volume in millions of gallons of the top contributing brands for the following
‘water-based flavoured drink’ sub-categories:

Regular carbonated soft drinks;
Diet carbonated soft drinks;
Flavored water;

Fruit juice-based drinks;
Energy drinks;

Sports drinks;

Ready-to-drink (RTD) tea;

RTD coffee; and

100% juice?.

Use level data and information on pH was supplied for all branded products containing
benzoates by individual manufacturers, and complemented by Mintel datasets as needed. Data
(both market share and use level/pH) were specified for each jurisdiction. In instances where
brand-specific concentration information were not submitted to the ICBA, the market share for
the remaining brands for which there were concentration data available were re-distributed to
that particular product.

Table 2.1-2 summarizes the use level data collected for all non-alcoholic beverage categories in
2014 and 2016 for all 4 jurisdictions considered in the current dietary exposure assessment
(note: benzoate use levels were not gathered for Canada in 2014). It is noted that the focus of
the 2016 data collection was placed on categories 14.1.2.1 (Fruit juice) and 14.1.4
(Water-based flavored drinks) as occurrence data for the other beverage categories were

1 Although this is not one of the 14.1.4 sub-categories, fruit juices were determined to be a main contributor to
benzoate exposure based on 100% assumed occurrence (see 2014 report); however due to concern regarding
incorrect categorisation of these products in the 2014 data collection, it was deemed relevant to collate new data on
this beverage category.
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considered well understood based on the consensus of data collected in 2014 and
supplemented by correspondence with ICBA members and other databases (i.e., Mintel).

A similar range of use levels — with exceptions noted — were reported for category 14.1.4
(Water-based flavored drinks) in both of the data collection programs. Information on the pH of
beverages were included in the 2016 data collection efforts due to an expressed intent by the
ICBA to recommend that the maximum use of benzoates accommodate a higher limit of

500 mg/kg for beverages with a pH greater than 3.5. As such, the use levels of benzoates
received by ICBA members were stratified according to pH, where appropriate (as described in
the sections that follow, this information has been incorporated into the assessment models to
consider the impact of such a recommendation on anticipated exposure levels).

The most notable difference between the two data collection programs for any individual GSFA
food category was identified for category 14.1.2.1 (Fruit juice) in the U.S., wherein there were a
range of use levels reported in 2014, however in the 2016 data collection, only values indicating
non-occurrences were received. It is understood that this discrepancy was due to an incorrect
categorization of fruit juice-based drinks (falling under the remit of 14.1.4) as 100% fruit juices in
2014. Based on this, a use level of 0 ppm was considered appropriate and more accurate for
category 14.1.2.1 (Fruit juice) and concentrates thereof (14.1.2.3 Concentrates for fruit juice).

Use levels were not collated for categories 14.1.3.1 (Fruit nectar), 14.1.3.3 (Concentrates for
fruit nectars), and 14.1.3.4 (Concentrates for vegetable nectars) in 2016. Based on the general
consensus of the data available and correspondences with ICBA members, it was evident that
benzoate use within this category was uncommon and non-existent, even though uses were
reported for Brazil only in 2014 likely due to similar miscategorizations as noted above.

Use level data was not collated for category 14.1.5 (Coffee, coffee substitutes, tea, herbal
infusions, and other hot cereal and grain beverages excluding cocoa) in 2016, similar to the
general consensus of the 2014 data collection which indicated that benzoates are not used in
these product types. ICBA members confirmed that this was accurate of typical practices for
these product types.

Table 2.1-1 Summary of Use Level Data Gathered on Benzoates for Non-Alcoholic
Beverage GSFA Food Categories
Country GSFA Food Category Range of Reported Range of Typical
Use Levels (ppm)in | Reported Use Levels
2014 (ppm) in 2016
United 14.1.2.1 Fruit Juice 0to 229 0
States 14.1.2.3 Concentrates for Fruit Juice 0to 168 -
14.1.3.1 Fruit Nectar 0! -
14.1.3.3 Concentrates for Fruit Nectar 0! -
14.1.3.4 Concentrates for Vegetable Nectars na? -
International Council of Beverage Associations 10
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Table 2.1-1 Summary of Use Level Data Gathered on Benzoates for Non-Alcoholic
Beverage GSFA Food Categories

Country GSFA Food Category Range of Reported Range of Typical
Use Levels (ppm)in | Reported Use Levels
2014 (ppm) in 2016
14.1.4 Water-Based Flavored Drinks, including 0to 627 0 to 367 (pH<3.5); 150 to
“sport”, “energy”, or “electrolyte” drinks and 428.3 (pH>3.5)

particulated drinks

14.1.5 Coffee, Coffee Substitutes, Tea, Herbal 0 -
Infusions, and Other Hot Cereal and Grain
Beverages, Excluding Cocoa

Canada 14.1.2.1 Fruit Juice nc 0
14.1.2.3 Concentrates for Fruit Juice nc -
14.1.3.1 Fruit Nectar nc -
14.1.3.3 Concentrates for Fruit Nectar nc -
14.1.3.4 Concentrates for Vegetable Nectars nc -
14.1.4 Water-Based Flavored Drinks, including nc 0 to 314 (pH=<3.5); 11 to
“sport”, “energy”, or “electrolyte” drinks and 438 (pH>3.5)

particulated drinks

14.1.5 Coffee, Coffee Substitutes, Tea, Herbal nc -
Infusions, and Other Hot Cereal and Grain
Beverages, Excluding Cocoa

Mexico 14.1.2.1 Fruit Juice 04 0
14.1.2.3 Concentrates for Fruit Juice na* -
14.1.3.1 Fruit Nectar 0! -
14.1.3.3 Concentrates for Fruit Nectar na! -
14.1.3.4 Concentrates for Vegetable Nectars 0! -
14.1.4 Water-Based Flavored Drinks, including 0 to 368 0 to 300 (pH=<3.5); 142 to
“sport”, “energy”, or “electrolyte” drinks and 200 (pH>3.5)

particulated drinks

14.1.5 Coffee, Coffee Substitutes, Tea, Herbal 0 -
Infusions, and Other Hot Cereal and Grain
Beverages, Excluding Cocoa

Brazil 14.1.2.1 Fruit Juice na 0
14.1.2.3 Concentrates for Fruit Juice na 0
14.1.3.1 Fruit Nectar 0 to 339 0®
14.1.3.3 Concentrates for Fruit Nectar na -
14.1.3.4 Concentrates for Vegetable Nectars na -
14.1.4 Water-Based Flavored Drinks, including 0to 371 0 to 366 (pH=<3.5); 60
“sport”, “energy”, or “electrolyte” drinks and t0162 (pH>3.5)

particulated drinks

14.1.5 Coffee, Coffee Substitutes, Tea, Herbal 0 -
Infusions, and Other Hot Cereal and Grain
Beverages, Excluding Cocoa

GSFA = General Standard for Food Additives; na = not available (no data submitted by ICBA members); nc = not
collected (Canadian benzoate use levels was not gathered in 2014).

“.” = category not included in the 2016 use level data collection program (limited to categories 14.1.2.1 and 14.1.4).
1 A use level of 339 ppm was applied to this category for the 2014 intake assessment.

2 The maximum permitted level of 1,000 ppm was utilized for this category for the 2014 intake assessment.

3 Value was obtained in 2016.

4 A use level of 229 ppm was utilized for this category in the 2014 intake assessment.
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2.2 Updated Exposure Assessment Models

Table 2.2-1 below presents the main assumptions and data types for both the 2014 and 2016
exposure models for all four countries included in the current assessment. This identifies the
new assumptions incorporated into the models in order to obtain a more realistic estimate of
exposure by the population cohorts.

When conducting exposure estimates, three main types of methodology may be considered
based on the availability of chemical occurrence and food consumption data, namely
deterministic, distributional and probabilistic (Kroes et al., 2002; ILSI, 2011). Deterministic
models, apply a fixed, single concentration value (chemical occurrence) to fixed summary
statistics on food or beverage intake (food consumption). Distributional models apply a fixed,
single concentration value for a given commodity or food category (chemical occurrence), to
individual-based dietary consumption records (food consumption). Probabilistic models
consider variability in terms of both input parameters, namely utilizing individual substance
concentration values, with an assignment of a “presence probability” indicating the frequency of
that value being encountered (chemical occurrence), alongside individual dietary consumption
records accounting for the full range of population intakes (food consumption).

The exposure assessments conducted in 2014 were generally conservative in nature, and in
most instances focused on the maximum reported use level for each beverage category,
assuming that the food additive was always present (i.e., assuming 100% presence probability),
and as such were primarily distributional or deterministic in nature. The 2015 JECFA
assessments summarized in the introduction (JECFA, 2016) are presumed to have similarly
assumed 100% presence probability, whilst using average, rather than maximum use level. In
our 2016 refined assessment, however, two model types were conducted for the U.S., Canada
and Mexico: Probabilistic and Distributional. In Brazil, only Deterministic models were allowable
based on the absence of individual-based food consumption data and the availability of
summary statistics for food consumption data; a deterministic model was also conducted for
Mexico as summary statistics for beverage consumption were likewise published for this country
to complement the probabilistic and distributional assessments; however, it is noted that the
assessments based on the individual data are considered more realistic. The general concepts
that were incorporated into these updated intake assessments are summarized as follows:

¢ The ‘probabilistic’ models (U.S., Canada, Mexico) involved the application of a brand-
specific presence probability for all reported typical use levels of benzoates (including
zeros), based on brand market share, for each beverage category. This assessment
model may be considered the most representative of intakes by a non-brand loyal
consumer, wherein it takes into account the variability associated with benzoate usage in
beverages consumed as part of the diet. Each concentration point is assigned a
“presence probability” (in other words, a probability of occurrence) which can be tailored
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to represent market share. Taken together, this model type also allows for the
representation of a wide spectrum of benzoate use levels (including beverage brands
reporting no use of benzoates and those reporting an exceedance of the adopted Codex
interim 250 ppm use levels), with the probability of such beverages being consumed
reflective of the market share of these brands.

e The ‘brand-loyal’ models (distributional - U.S., Canada and Mexico; deterministic — Brazil
and Mexico) assumed consumers were brand-loyal to the highest-contributing beverage
category (i.e., the maximum typical use level was assigned a 100% presence
probability?) while concentrations of benzoates for the remaining beverage categories
were calculated using an average reported level, weighted by market share. To account
for these specific consumers who may be habitually consuming beverages with higher
benzoates due to preference and pre-established loyalty toward a specific product line,
the highest reported concentration of benzoates for the largest contributing beverage
sub-category was incorporated in this model, whereas the market-weighted mean
concentration was utilized for the remaining beverage categories.

This evaluation allows for the representation of all beverage brands and their reported
typical benzoate use levels (across the beverage categories), but also accounts for
potential brand-loyal consumers who have a tendency to consume the same beverage
brand and beverage product over long periods of time.

e The ‘deterministic maximum’ model (Brazil) applied the interim ML level of 250 ppm to all
beverage categories to determine the potential exposure based on the interim ML for
beverage types for which benzoates were reported to be used.

While it is noted that the models described above are intended to render a more
realistic/accurate estimate of actual benzoate intake from these beverage categories, it is noted
that the assessment models have retained a suitable level of conservatism based on the
following aspects:

e Although it is proposed that an ML of 250 ppm will be applied to products with a pH <3.5
(per the interim ML adopted by Codex), the ‘probabilistic’ models (U.S., Canada, Mexico)
incorporated all reported use levels — even if these values were higher than 250 ppm.
This produced intake estimates in the probabilistic models that were truly reflective of the
current situation without the enforcement of the ML.

2 In order to determine the top contributing category to total exposure, a preliminary assessment was conducted in
which the interim ML was applied to all 14.1.4 categories, and the main contributing category was identified for the
total population of interest.
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e In a similar manner, all reported use levels (including those which are higher than
250 ppm), were utilized to establish the market weighted average level applied to the
‘other’ categories in the ‘brand-loyal’ models (U.S., Canada, Mexico and Brazil).

o The ‘brand loyal’ models (U.S., Canada, Mexico and Brazil ) account for consumers
which may be repeatedly consuming beverages with the highest reported amount of
benzoate for the product category — irrespective of whether these reported values
accounted for a large proportion of the market. It is noted that brand loyal consumers
may equally be consuming beverages which contain a lower use level, or are benzoate
free, which is the more likely scenario given the predominant market share of benzoate-
free products (see individual graphs reporting the proportion of benzoate-containing
beverage in the following sections for each respective jurisdiction).

e Although the market-weighted average values were weighted to consider non-
occurrence in specific brands, the ‘brand loyal’ exposure models (U.S., Canada, Mexico
and Brazil) assumed 100% presence probability for all beverage categories in which
benzoates were reported to be used. The ‘deterministic maximum’ model (Brazil)
applied a maximum level to all beverage categories.
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Table 2.2-1 Summary of the Dietary Intake Assessment Models Used to Estimate Exposure to Benzoates from
Non-Alcoholic Beverages (2014 and 2016 Evaluations)
Country Assessment | Assessment Type Food Consumption Data Chemical Data
Year Concentration Values Used Presence Probability
United States | 2014 Distributional (Scenario 1) NHANES (individual subject data) | Maximum reported level for beverage | 100%
category
Probabilistic (Scenario 2) NHANES (individual subject data) | Brand-specific maximum reported Equal likelihood of
levels any level selected
2016 Probabilistic (Model 1) NHANES (individual subject data) | Individual brand-specific use levels Weighted according to
market share
Distributional Brand Loyal NHANES (individual subject data) | 1. Top contributing category: 100%, with the
(Model 2) Maximum reported level* exception of entire
2. Remaining categories: market- categories in which no
weighted average reported level benzoate use was
reported.
Canada 2014 Not included
2016 Probabilistic (Model 1) NHANES (surrogate consumption | Individual brand-specific use levels Weighted according to
data)? market share
Distributional Brand Loyal NHANES (surrogate consumption | 1. Top contributing category: 100%, with the
(Model 2) data) 2 Maximum reported level* exception of entire
2. Remaining categories: market- categories in which no
weighted average reported level benzoate use was
reported.
Mexico 2014 Distributional ENSANUT 2012 FFQ Maximum reported level for beverage | 100%
category
Deterministic ENSANUT 2012 24-hour recall Maximum reported level for beverage | 100%
(published values) category
2016 Deterministic Brand Loyal ENSANUT 2012 24-hour recall 1. Top contributing category: 1. Top contributing

(Model 1)

(published values)

Maximum reported level®
2. Remaining categories: market-
weighted average reported level

category: 100%

2. Non-occurrences
within a beverage
category: 0%

Probabilistic (Model 2)

ENSANUT 2012 FFQ

Individual brand-specific use levels

Non-occurrences
included in model,
weighted according to
market share

International Council of Beverage Associations
11 November 2016

15




Intertek

2008-2009

maximum reported level 2
2. Remaining categories: market-
weighted average reported level

Table 2.2-1 Summary of the Dietary Intake Assessment Models Used to Estimate Exposure to Benzoates from
Non-Alcoholic Beverages (2014 and 2016 Evaluations)
Country Assessment | Assessment Type Food Consumption Data Chemical Data
Year Concentration Values Used Presence Probability
Distributional Brand Loyal ENSANUT 2012 FFQ 1. Top contributing category: 1. Top contributing
(Model 3) maximum reported level® category: 100%
2. Remaining categories: market- 2. Non-occurrences
weighted average reported level included in model,
weighted according to
market share
Brazil 2014 Deterministic Household Budget Survey (POF) Maximum reported level for beverage | 100%
2008-2009 category
2016 Deterministic Maximum Household Budget Survey (POF) Maximum reported level for 100%, with the
2008-2009 categories reporting benzoate use* exception of entire
categories in which no
benzoate use was
reported.
2016 Deterministic Brand Loyal Household Budget Survey (POF) 1. Top contributing category: 1. Top contributing

category: 100%

2. Non-occurrences
within a beverage
category: 0%

ENSANUT = Encuesta Nacional de Salud y Nutricion; FFQ = food frequency questionnaire; NHANES = United States National Health and Nutrition Examination
Survey; POF = Pesquisa de Orcamentos Familiares.
Note: Assessments included in the current report are marked in green shade.
1 If the maximum reported level for the highest contributing beverage category exceeded 250 ppm, the value was restricted to the Codex adopted interim level of
250 ppm for beverages with a pH <3.5 (no such restriction was place on beverage with a pH >3.5), see individual sections for the specific values included in the

models.

2U.S. NHANES data were used as a surrogate to represent Canadian consumption patterns. Although Statistics Canada [as part of the Canadian Community
Health Survey - Nutrition (CCHS)] collates Canadian consumption patterns, these are not available for public use.
3 If the maximum reported level reported for the highest contributing beverage category exceeded 250 ppm, the value was restricted to 250 ppm for beverages (as

per the Codex adopted levels).
4 If the maximum reported level for any beverage categories exceeded 250 ppm, the value was restricted to 250 ppm (as per the Codex adopted levels).
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3.0 UNITED STATES

3.1 Food Consumption Survey Data

The current assessment of benzoate exposure was calculated using updated reported use
levels collated from members of the ICBA in conjunction with food consumption data included in
the U.S. National Center for Health Statistics’ (NCHS) National Health and Nutrition
Examination Surveys (NHANES) 2011-2012 (USDA, 2014; CDC, 2015). Calculations for the
mean and 95" percentile all-person (general population) and all-user (consumers only) intakes
were performed for all non-alcoholic beverage categories and the individual non-alcoholic
beverage sub-categories. Results are presented on a body weight basis (mg/kg body
weight/day) and as a proportion of the acceptable daily intake (% ADI) for benzoates (i.e.,

5 mg/kg body weight/day; JECFA, 1997) for the following population groups:

Toddlers and young children, 1 to 7 years;

Children and Adolescents, ages 8 to 17;

Adults aged 18 years and over; and

Total population (all age and gender groups combined; including infants under 1 year).

3.1.1 Survey Description

NHANES for the years 2011-2012 are available for public use and were the ones used by ICBA
in its 2014 JECFA submission. To ensure consistency between the 2014 and 2016
assessments and to facilitate the comparison of the results produced from both sets of
analyses, the 2011-2012 NHANES survey cycle was also used in the current 2016 assessment.
NHANES are conducted as continuous, annual surveys, and are released in 2-year cycles.
Each year approximately 7,000 people from 15 different locations across the U.S. are
interviewed, and approximately 5,000 complete the health examination component of the
survey. Any combination of consecutive years of data collection is recognized and used as a
nationally representative sample of the U.S. population. Two 24-hour dietary recalls
administered on 2 non-consecutive days are available from the NHANES 2011-2012 survey;
these data were used to generate estimates for the current intake analysis.

NHANES 2011-2012 survey data were collected from individuals and households via 24-hour
dietary recalls administered on 2 non-consecutive days (Day 1 and Day 2) throughout all

4 seasons of the year. Day 1 data were collected in-person, and Day 2 data were collected by
telephone in the following 3 to 10 days, on different days of the week, to achieve the desired
degree of statistical independence. The data were collected by first selecting Primary Sampling
Units (PSUs), which were counties throughout the U.S., of which 15 PSUs are visited per year.
Small counties were combined to attain a minimum population size. These PSUs were
segmented and households were chosen within each segment. One or more participants within

International Council of Beverage Associations 17
11 November 2016



Intertek

a household were interviewed. For NHANES 2011-2012, 13,431 individuals were selected for
the sample, 9,756 were interviewed (72.6%) and 9,338 were sampled (69.5%).

In addition to collecting information on the types and quantities of foods being consumed,
NHANES 2011-2012 collected socio-economic, physiological and demographic information from
individual participants in the survey, such as sex, age, height and weight, and other variables
useful in characterizing consumption. The inclusion of this information allows for further
assessment of food intake based on consumption by specific population groups of interest
within the total population. The sample design for NHANES 2011-2012 includes an oversample
of Asian Americans. However, sample weights were incorporated to allow estimates from these
subgroups to be combined to obtain national estimates that reflect the relative proportions of
these groups in the population as a whole (USDA, 2014; CDC, 2015).

3.1.2 Statistical Methods

Two exposure assessment models were employed for the assessment of intakes of benzoates
in the U.S. based on the data available:

1. Probabilistic model using all ‘typical’ reported use levels for each beverage product
having a specific likelihood of being consumed based on market share data (customized
“presence probability”), combined with individual food consumption data for the U.S.
population (Model 1 — ‘Probabilistic assessment’). A target number of 100,000
person-days was used for the probabilistic assessment®.

2. Distributional model using the highest ‘typical’ reported use level for the main
contributing beverage category (identified as regular carbonated soft drinks), and a
market-weighted mean of typical use levels for the remaining beverage categories,
combined with individual food consumption data for the U.S. population (Model 2 —
‘Brand loyal Deterministic assessment).

For both exposure assessments, consumption data from individual dietary records, detailing
beverages ingested by each survey participant, were collated and used to generate estimates
for the intake of benzoates by the U.S. population*. Estimates for the daily intake of benzoates
represent projected 2-day averages for each individual from Day 1 and Day 2 of NHANES 2011-
2012 data; these average amounts comprised the distribution from which mean and percentile
intake estimates were generated. Mean and percentile estimates were generated incorporating

3 In the NHANES 2011-2012 dataset, this is equivalent to approximately 7 iterations.

4 Statistical analysis and data management were conducted in DaDiet Software (Dazult Ltd., 2016). DaDiet Software
is a web-based software tool that allows accurate estimate of exposure to nutrients and to substances added to
foods, including contaminants, food additives and novel ingredients. The main input components are concentration
(use level) data and food consumption data. Data sets are combined in the software to provide accurate and efficient
exposure assessments.
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survey weights in order to provide representative intakes for the entire U.S. population.
“All-person” or “general population” intake refers to the estimated intake of benzoates averaged
over all individuals surveyed, regardless of whether they consumed beverage products
potentially containing benzoates, and therefore includes individuals with “zero” intakes (i.e.,
those who reported no intake of food products containing benzoates during the 2 survey days).
“All-user” or “consumers only” intake refers to the estimated intake of benzoates by those
individuals who reported consuming food products potentially containing benzoates, hence the
‘consumer only” designation. Individuals were considered ‘users/ consumers’ if they consumed
1 or more non-alcoholic beverages on either Day 1 or Day 2 of the survey.

Mean and 95™ percentile intake estimates based on sample sizes of less than 30 and 160,
respectively, may not be considered statistically reliable due to the limited sampling size (CDC,
2013). As such, the reliability of estimates for the intake of benzoates based on consumption
estimates derived from individual population groups of a limited sample size may be
guestionable. These values are marked with an asterisk in the relevant data tables.

3.1.3 Food Consumption Data

Food codes representative of the 7 GSFA beverages categories listed in Table 3.2-1 were
chosen from the NHANES 2011-2012 dataset (USDA, 2014; CDC, 2015). All food codes
included in the current intake assessment are listed in Appendix B. There was no reported
consumption of food category 14.1.3.4 Concentrates for Vegetable Nectars, therefore, food
codes for vegetable juices were selected to represent intakes of this food category.
Product-specific adjustment factors were developed based on data provided in the standard
recipe file for the Continuing Survey of Food Intakes by Individuals (CSFIl) 1994-1996, 1998
survey (USDA, 2000).

3.2 Concentration Data

Benzoate use levels (on a benzoic acid basis) and brand market share data for beverage
products currently available on the U.S. market were collated by the ICBA. All individual
brand-specific concentrations were input into the probabilistic assessment (Model 1), whereas
the market-weighted average use level and the highest reported benzoate use level for the main
contributing beverage category (regular carbonated soft drinks) were utilized for the
distributional intake assessment (Model 2).

Brand-specific benzoate use levels in each beverage category are trade secret and considered
privileged and confidential. The market-weighted averages and highest reported concentrations
of benzoate use in the beverage categories, utilized in the distributional intake assessment, are
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presented in the Table 3.2-1 below. With particular respect to maximum?® reported levels
summarized in the right-most column, use levels in beverages of pH <3.5 and >3.5 were
restricted as to not exceed 250 ppm (per the Codex adopted interim level for benzoates) and
500 ppm, respectively, if warranted. It was observed that no market-weighted average
concentration exceeded 250 ppm, even when factoring reported benzoate use levels over

250 ppm in certain brands. Therefore, industry-reported concentrations were not altered when
calculating the market-weighted average benzoate concentration.

It is further highlighted that a large proportion of the non-alcoholic beverage market had
indicated no benzoate use (i.e., 0 ppm), which is reflected in the market-weighted average
benzoate use level but may not be readily apparent looking at the aggregated data below. The
distribution of benzoate use among the non-alcoholic beverage industry is illustrated in

Figure 3.2-1 below.

Table 3.2-1 Weighted Average and Maximum Reported Use Levels of Benzoate in the
U.S., by Codex GSFA Food Category, as Utilized in the Exposure
Assessment Models

GSFA Food Category Benzoates Use Level (ppm)
Market-Weighted Highest Reported
Average Use Level Typical Level
14.1.2.1 Fruit Juice 0 0
14.1.2.3 Concentrates for Fruit Juice® 0 0
14.1.3.1 Fruit Nectar? 0 0
14.1.3.3 Concentrates for Fruit Nectar? 0 0
14.1.3.4 Concentrates for Vegetable Nectars?? na na

14.1.4 Water-based Flavored Drinks, including “sport”, “energy”, or “electrolyte” drinks and particulated drinks

Diet Carbonated Soft Drinks 196.7 367 (pH <3.5)
400.0 (pH >3.5)
Regular Carbonated Soft Drinks 183.5 311* (pH <3.5)
428.3 (pH >3.5)
Energy Drinks 110.9 430.5
Flavoured Water Drinks 3.8 196.5
Fruit Juice-Based Drinks, including concentrates 0 0
Ready-to-Drink Teas 67.1 196.0
Sports Drinks 0 0

5 Note: Values as reported by industry (including concentrations above 250 ppm) were included in the calculation of
the weighted ‘average’ values (see next paragraph).
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Table 3.2-1 Weighted Average and Maximum Reported Use Levels of Benzoate in the
U.S., by Codex GSFA Food Category, as Utilized in the Exposure
Assessment Models

GSFA Food Category Benzoates Use Level (ppm)
Market-Weighted Highest Reported
Average Use Level Typical Level
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, and 0 0
other hot cereal and grain beverages, excluding cocoa

GSFA = General Standard for Food Additives; na = not available; ppm = parts per million; U.S. = United States.
1 No values were collated for the fruit juice concentrate category in 2016, therefore values obtained for *14.1.2.1
Fruit juice’ were utilized based on feedback from ICBA members

2 Concentration data collected in 2014 (not included in 2016 data collection).

3 No data reported for this beverage category in 2014, data for other nectars were applied to this category.

4 Values were restricted to 250 ppm for beverages of pH < 3.5 based on the Codex adopted interim level, in the
‘brand-loyal model’ only for the main contributing category. In contrast, all available use levels were used in the
calculation of the market-weighted average use levels in this mode, and in the probabilistic model.

Figure 3.2-1 Distribution of Benzoate Use Among the Liquid Refreshment Beverage
Sector in the United States

Bottle Water

oncentrates/Mixes/
Frozen

——3| Non-Carbonated Water
based Flavored drinks

RTD Coffee ]]=

International Council of Beverage Associations 21
11 November 2016



Intertek

3.3 Food Survey Results

Estimates for the total mean and heavy-level (95" percentile) daily intake of benzoates from
non-alcoholic beverages, using a probabilistic model and a brand-loyal model, are presented in
Sections 3.3.1 and 3.3.2, respectively. Results are presented on a per kilogram body weight
basis (mg/kg body weight/day), and expressed as a proportion of the ADI (% ADI) for the
general population and consumers-only. Results for the estimated intake of benzoates from
each individual beverage sub-category in each age bracket are included as supplementary data
in Appendix A.

3.3.1 Model 1 - Probabilistic Assessment

Table 3.3.1-1 summarizes the estimated total intake of benzoates (mg/kg body weight/day;
% ADI) from all non-alcoholic beverages permitted to contain benzoates in the U.S. determined
using the probabilistic model.

The total mean and 95" percentile intakes among all ages were 0.5 and 2.2 mg/kg body
weight/day (10.3 and 44.2% ADI), respectively, when the general population was examined; and
0.5 and 2.3 mg/kg body weight/day (10.7 and 45.6% ADI), respectively, for consumers only.
The general population and consumer only intakes were similar among all age groups, ranging
between 0.4 to 0.6 mg/kg body weight/day (7.1 to 11.3% ADI) at the mean and 2.0 to 2.3 mg/kg
body weight/day (39.9 and 46.9% ADI) at the 95™ percentile.

The results presented in Appendix A.1 demonstrate that even when exposure levels are
examined by individual age groups and for specific beverage types, the ADI was not exceeded
by any population group.

Table 3.3.1-1 Summary of the Estimated Exposure to Benzoates from Non-Alcoholic
Beverages in the U.S. by Population Group (2011-2012 NHANES Data) -
Probabilistic Model

Population Group Age Number of General Population Consumer Only
Group individuals Exposure (mg/kg Exposure (mg/kg
(Years) surveyed?! bw/day) bw/day)
Mean g5t Mean g5t
(% ADI) | Percentile (% | (% ADI) | Percentile (%
ADI) ADI)
International Council of Beverage Associations 22

11 November 2016



Intertek

Table 3.3.1-1 Summary of the Estimated Exposure to Benzoates from Non-Alcoholic
Beverages in the U.S. by Population Group (2011-2012 NHANES Data) -
Probabilistic Model
Toddlers and Young lto7 1,241 0.4 2.1 0.4 2.1
Children (7.2) (42.1) (7.7 (42.6)
Other Children, Including | 8to 17 1,468 0.4 2.0 0.5 2.0
Adolescents (9.0) (39.9) (9.3) (40.1)
Adults 18 and 4,506 0.6 2.3 0.6 2.3
Older (11.0) (46.0) (11.3) (46.9)
Total Population All Ages 7,546 0.5 2.2 0.5 2.3
(10.3) (44.2) (10.7) (45.6)

ADI = acceptable daily intake; bw = body weight; NHANES = National Health and Nutrition Examination Survey;
U.S. = United States.

1 The probabilistic assessment was conducted using a target of 100,000 person-days; equivalent to approximately 7
iterations of NHANES.

Note: % ADI expressed as a percentage of 5 mg/kg bw/day, the group ADI expressed as benzoic acid which was
assigned at the forty-sixth meeting of the CCFA (JECFA, 1997).

3.3.2 Model 2 - Brand-Loyal Distributional Assessment

Table 3.3.2-1 summarizes the estimated total intake of benzoates (mg/kg body weight/day;

% ADI) from all non-alcoholic beverages in the U.S. population, assuming the “regular
carbonated soft drink” category contained the maximum level of benzoate use [428.3 ppm (for
beverages with a pH >3.5, represented by cream sodas and root beers) or 250 ppm (all other
regular carbonated soft drinks) per the Codex adopted interim level] with a weighted mean value
utilized for all other beverage categories (see Table 3.2-1).

In the general population, estimates of the mean and 95™ percentile benzoate intakes were 0.9
and 3.3 mg/kg body weight/day, respectively, among all ages (representing 17.3 and 65.6% of
ADI, respectively). The mean and 95" percentile intakes of benzoates were 0.9 and 3.4 mg/kg
body weight/day (18.1 and 67.6% ADI), respectively, among consumers-only. As with Model 1,
mean brand loyal (Model 2) consumer only intakes were similar among all population groups but
were higher than those determined using the probabilistic approach. Toddlers and young
children (1 to 7 years) were identified as having the highest 95" percentile all-user intakes of
any age group of 4.1 mg/kg body weight/day (82.4% ADI), whereas other children, including
adolescents, and adults had similar 95" percentile all-user intakes ranging between 3.2 to

3.5 mg/kg body weight/day (64.2 to 70.6% ADI).

When these results were dissected further, to investigate exposure by individual age groups for
each specific type of beverage (as described in Appendix A.2), the subset of toddlers and young
children (ages 1 to 7) that were identified to be consumers of regular carbonated soft drinks,
only, were observed to exceed the ADI at the 95" percentile (5.36 mg/kg body weight/day;
Table A.2-1). The exceedance was minor (7.2% ADI) but in the interest of further investigating
potential subpopulations that may exceed the ADI, this subpopulation of toddlers and young
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children was isolated. When examining toddlers and children that were specifically estimated to
have benzoate intakes greater than 5.0 mg/kg body weight/day on an individual level, this was
determined to be represented by 18 toddlers/young children out of a survey comprising of 1,241
toddlers and young children (i.e., 1.5%) and of 7,546 total (all ages) U.S. respondents (i.e.,
0.2%). These particular toddlers/children — only 1.5% of toddlers/children surveyed — slightly
exceed the ADI when they are assumed to habitually consume regular carbonated soft drinks at
the maximum benzoate use level of 428.3 ppm (for cream sodas and root beers) or 250 ppm for
all other regular carbonated soft drinks. In the overall context of the total NHANES survey, the
exceedance by such a small proportion of the population (i.e., 0.2%) does not serve as an
appropriate basis for risk assessment and risk management decisions. Therefore, the overall
estimated 95™ percentile of consumption among toddlers and young children, of 4.1 mg/kg body
weight/day (Table 3.3.2-1 below), is considered the more relevant figure and is more
representative of “usual” intakes by this young population group.

Table 3.3.2-1 Summary of the Estimated Exposure to Benzoates from Non-Alcoholic
Beverages in the U.S. by Population Group (2011-2012 NHANES Data) -
Brand Loyal Model
Population Group | Age Number of General Population Exposure | Consumer Only Exposure
Group individuals (mg/kg bw/day) (mg/kg bw/day)
(vears) surveyed Mean 95" Percentile | Mean 95" Percentile
(% ADI) (% ADI) (% ADI) | (% ADI)
Toddlers and lto7 1,241 0.7 4.0 0.8 4.1
Young Children (14.9) (80.8) (16.1) (82.4)
Other Children, 8to 17 1,468 0.9 35 1.0 35
Including (19.0) (70.6) (29.7) (70.6)
Adolescents
Adults 18 and 4,506 0.9 3.2 0.9 3.2
Older (17.6) (63.8) (18.1) (64.2)
Total Population All Ages 7,546 0.9 3.3 0.9 3.4
(17.3) (65.6) (18.1) (67.6)

ADI = acceptable daily intake; bw = body weight; NHANES = National Health and Nutrition Examination Survey;
U.S. = United States

3.3.3 Percent Consumers of Individual Beverage Categories

Estimates for the mean and 95™ percentile daily intakes of benzoates from each individual non-
alcoholic beverage category are summarized in the tables included in Appendix A, for both the
probabilistic and the brand-loyal distributional models. The total U.S. population (i.e., all ages)
was identified as being significant consumers of regular carbonated soft drinks (40.7%), fruit
juice-based drinks (18.3%) and diet carbonated soft drinks (17.7%). As mentioned in

Section 2.2., the brand loyal model applied the highest reported use levels for regular
carbonated soft drinks [428 ppm (beverages with pH >3.5, represented by cream sodas and
root beers) and 250 ppm (remaining regular soft drink types) per the Codex adopted interim
level] to all consumption events of these beverages, whilst applying the market-weighted
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average level to all other beverage types. When the percent consumers of regular carbonated
soft drinks was investigated according to individual population groups (recall that an individual is
considered a consumer of the beverage in question if it was consumed at least once on either of
the 2 survey days), adolescents were identified to have the highest percent consumers of
regular carbonated soft drinks, at 55.8%, followed by adults at 39.5%. Toddlers and young
children had the lowest percent consumers, at 33.8%.

3.3.4 Contribution of Individual Beverage Categories to Total Mean Intakes

As benzoate use was reported to be “0” in GSFA categories 14.1.2, 14.1.3, and 14.1.5 - i.e.,
juices, nectars, coffee/tea, respectively - no sources of benzoate exposure was modelled from
beverages belonging to these categories (i.e., all intakes originated from the consumption of
products classified under GSFA category 14.1.4). Within the arbitrary subcategories of 14.1.4,
regular carbonated soft drinks contributed 59.1% to overall total mean benzoate intakes in the
probabilistic intake model (0.5 mg/kg body weight/day as presented in Table 3.3.1-1; Model 1)
and to 75.8% of total mean intakes in the brand loyal distributional model (0.9 mg/kg body
weight/day as presented in Table 3.3.2-1; Model 2) among all ages. Within toddlers and young
children, specifically being identified as potentially having higher intakes than the rest of the
population groups examined, regular carbonated soft drinks accounted for 83.1% of total mean
benzoate intakes by this population group in the probabilistic intake model (0.4 mg/kg body
weight/day, see Table 3.3.1-1) and to 94.1% of total mean intakes in the brand loyal
distributional model (0.7 mg/kg body weight/day, see Table 3.3.2-1).

3.4 Conclusions for U.S. Intakes

The current exposure assessments have evaluated the intakes of benzoates from non-alcoholic
beverages among the U.S. population based on individual food consumption data from the
NHANES 2011-2012. Intake data are presented in terms of general population and consumers
only for individual age groups and for the total U.S. population on a bodyweight basis, and as a
percentage of the ADI (5 mg/kg body weight/day; JECFA, 1997). Two models were developed
for investigating benzoate intakes: the first was a probabilistic model, taking into consideration
all individual brand-specific concentration levels submitted by ICBA members and brand market
share data for the U.S.; the second was a conservative “brand-loyal” model which considered
specific consumers who may habitually consume the same benzoate-containing beverage
which is assumed to contain benzoates at the maximum reported use level of all data submitted
for the U.S. market (capped at 250 ppm for beverages pH <3.5 per the Codex adopted interim
level for benzoates and set at 428 ppm — the highest reported use level — for beverages

pH >3.5).

The first model is expected to provide realistic estimates of mean and heavy-level intakes of the
additive by non-brand loyal consumers, as brands having a larger proportion of market share
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are incorporated into the model with a presence probability directly reflecting the market share.
The second model estimated the intakes for brand-loyal consumers, under the hypothetical
scenario that they are consuming regular carbonated soft drinks containing the highest amount
of benzoates reported (428 ppm in beverages with a pH >3.5 based on the highest reported use
level; and 250 ppm in all other regular carbonated soft drinks based on the Codex adopted
interim level for benzoates), while also consuming other non-alcoholic beverage categories,
which contain benzoates at a market-weighted average level.

In summary, when each individual concentration value and market share data were
incorporated into a probabilistic exposure assessment (Model 1), the mean and 95" percentile
intakes of the total population were calculated to be 0.5 and 2.2 mg/kg body weight/day (10.3
and 44.2% ADI), respectively. In consumers only, the mean and 95" percentile intakes among
all ages were 0.5 and 2.3 mg/kg body weight/day (10.7 and 45.6% ADI), respectively. Total
benzoate intake did not exceed the ADI in any age bracket examined (see Appendix A.1).

With regard to Model 2 (brand-loyal), the total population intakes were 0.9 and 3.3 mg/kg body
weight/day at the mean and 95" percentile (17.3 and 65.6% ADI), respectively, when the
general population was considered (i.e., including individuals who did not consume
non-alcoholic beverages). Among consumers only, the mean and 95" percentile intakes were
0.9 and 3.4 mg/kg body weight/day (18.1 and 67.6% ADI), respectively, for all ages combined.
Toddlers and young children were identified to have the highest heavy-level exposure (i.e., at
the 95" percentile) when all beverage types were considered, at 4.1 mg/kg body weight/day
(82.4% ADI).

4.0 CANADA

4.1 Food Consumption Survey Data

National consumption data are collated by Statistics Canada as part of the Canadian
Community Health Survey - Nutrition (CCHS). However, this information is not released to the
public and therefore was not available for the current intake assessment. Given the relative
similarity between U.S. and Canadian diets, the U.S. NHANES food consumption data® were
used as a surrogate to examine exposure to benzoates by this population group.

As such, the same probabilistic and brand-loyal models described in Section 3.1 for the U.S.
market above were applied for the Canadian assessment here; however, Canada-specific
benzoate concentration values and beverage market share data were incorporated.

6 See Section 3.1.1 for the complete survey description for the NHANES 2011-2012 dataset.
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4.2 Concentration Data

As with the previously described assessments, benzoate use levels (on a benzoic acid basis)
and market share data for the Canadian market were collated by the ICBA. Individual
brand-specific concentrations and market share data were input into the probabilistic
assessment (Model 1) whereas the market-weighted average use level and the highest reported
use level for the highest contributor, regular carbonated soft drinks’, were used in the
brand-loyal distributional intake assessment (Model 2). As with the U.S. assessments,
brand-specific benzoate use levels and market share data were collected by the ICBA and are
considered privileged and confidential. The market-weighted averages and highest reported
concentration of benzoate use in the GSFA beverage categories, utilized in the brand-loyal
distributional intake assessment, are presented in the table below. Specifically for the highest
contributing category, regular carbonated soft drinks, instances in which the maximum reported
use levels exceeded 250 ppm (in beverages of pH <3.5), the maximum level was restricted to
250 ppm based on the Codex adopted interim level (no such restriction was applied to
beverages with a pH >3.5 as no reported levels exceeded 500 ppm). For the other beverage
types, similar restrictions were not applied and no market-weighted average benzoate
concentration values exceeded these limits. The proportion of benzoate-containing
non-alcoholic beverages on the Canadian market is illustrated in Figure 4.2-1 below.

7 Regular carbonated soft drinks were further divided into beverages expected to contain a pH >3.5 (cream sodas
and root beers), and all other regular carbonated soft drinks (having a typical pH of £3.5). In the brand-loyal
distributional model, the maximum limit of 250 ppm was applied to regular carbonated soft drinks with pH <3.5
whereas the highest reported level of 438 ppm was applied to regular carbonated soft drinks with pH>3.5.
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Table 4.2-1 Weighted Average and Maximum Reported Use Levels of Benzoate in
Canada, by Codex GSFA Food Category

GSFA Food Category Benzoates Use Level (ppm)
Market-Weighted Highest Reported
Average Use Level Typical Level
14.1.2.1 Fruit Juice 0 0
14.1.2.3 Concentrates for Fruit Juice! na na
14.1.3.1 Fruit Nectar? na na
14.1.3.3 Concentrates for Fruit Nectar? na na
14.1.3.4 Concentrates for Vegetable Nectars? 3 na na
14.1.4 Water-based Flavored Drinks, including “sport”, “energy”, or “electrolyte” drinks and particulated drinks
Diet Carbonated Soft Drinks 167.3 235 (pH = 3.5)
690 (pH > 3.5)
Regular Carbonated Soft Drinks 71.3 250* (pH < 3.5)
438 (pH > 3.5)
Energy Drinks 108.5 250*
Flavoured Water Drinks 0 0
Fruit Juice-Based Drinks, including concentrates 0 0
Ready-to-Drink Teas 55.6 91.1
Sports Drinks 0 0
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, and 0 0

other hot cereal and grain beverages, excluding cocoa?

GSFA = General Standard for Food Additives; na = not available; ppm = parts per million.

1 No values obtained for the fruit juice concentrates category, therefore values obtained for *14.1.2.1 Fruit juice’ were
utilized based on feedback from ICBA members.

2The 2014 U.S. use level data were utilized for the fruit nectar categories here (as the latter were not included in the
2016 data collection effort).

3 No data reported for the vegetable nectar category in the U.S. in 2014, thus data for other nectars were applied to
this category.

4 Values were restricted to 250 ppm for beverages of pH < 3.5 based on the Codex adopted interim level, in the
‘brand-loyal model’ only for the main contributing category. In contrast, all available use levels were used in the
calculation of the market-weighted average use levels in this mode, and in the probabilistic model.
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Figure 4.2-1 Distribution of Benzoate Use Among the Liquid Refreshment Beverage
Sector in Canada
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4.3 Food Survey Results

Estimates for the total mean and heavy-level (95" percentile) intakes of benzoates from non-
alcoholic beverages, using the probabilistic and brand-loyal models, are presented in Sections
4.3.1 and 4.3.2, respectively. As indicated in Section 4.1, the estimated intakes for the
Canadian population were calculated using U.S. food consumption data (NHANES) as a
surrogate dataset, combined with benzoate usage data specific to Canada. Results are
presented on a per kilogram body weight basis (mg/kg body weight/day), and expressed as a
percentage of the ADI (% ADI) for the general population and consumers-only. Results for the
estimated intake of benzoates from each food sub-category for each age bracket are included
as supplementary data in Appendix C.

4.3.1 Model 1 - Probabilistic Assessment

Table 4.3.1-1 summarizes the estimated total intake of benzoates (mg/kg body weight/day;
% ADI) from non-alcoholic beverages in Canada.
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The mean and 95™ percentile intakes by the total population (all ages) were 0.4 and 1.7 mg/kg
body weight/day, respectively, for both the general population and when consumers only were
examined (equivalent to 7.4 to 7.7% and 34.5 to 35.0% ADI, respectively). Results were similar
among the individual age groups, with mean results ranging from 0.2 to 0.4 mg/kg body
weight/day (4.5 to 8.3% ADI), and 95™ percentile values ranging from 1.6 to 1.8 mg/kg body
weight/day (32.5 to 36.2% ADI).

The results presented in Appendix C.1 demonstrate that even when exposure levels are
examined by individual age groups and for specific beverage types, the ADI was not exceeded
by any population group.

Table 4.3.1-1 Summary of the Estimated Exposure to Benzoates from Reported Use
Levels in Beverages in the Canadian Population Group (2011-2012
NHANES Surrogate Data) - Probabilistic Model
Population Group Age Number of General Population Consumer Only Exposure
Group Individuals Exposure (mg/kg bw/day) (mg/kg bw/day)
(Years) Surveyed?! 95
Mean 95" Percentile Mean Percentile (%
(% ADI) (% ADI) (% ADI) 0
ADI)
Toddlers and Young 1to7 1,241 0.2 1.6 0.2 1.6
Children (4.5) (32.5) (4.9) (32.5)
Other Children, 81to 17 1,468 0.3 1.7 0.3 1.8
Including (6.5) (33.6) (6.7) (35.4)
Adolescents
Adults 18 and 4,506 0.4 1.7 0.4 1.8
Older (8.1) (35.0) (8.3) (36.2)
Total Population All Ages 7,546 0.4 1.7 0.4 1.7
(7.4) (34.5) (7.7 (35.0)

ADI = acceptable daily intake; bw = body weight; NHANES = United States National Health and Nutrition Examination
Survey.

! The probabilistic assessment was conducted using a target of 100,000 person-days; equivalent to approximately 7
iterations of NHANES.

Note: % ADI expressed as a percentage of 5 mg/kg bw/day, the group ADI expressed as benzoic acid which was
assigned at the forty-sixth meeting of the CCFA (JECFA, 1997).

4.3.2 Model 2 - Brand Loyal Distributional Assessment

Table 4.3.2-1 summarizes the estimated total intake of benzoates (mg/kg body weight/day;

% ADI) from all non-alcoholic beverages in the Canadian population, assuming that Canadians
are brand-loyal consumers of regular carbonated soft drinks containing the highest
concentrations of benzoates (438 ppm for beverages with a pH >3.5 according to the highest
reported level and 250 ppm for other regular carbonated soft drinks based on the Codex
adopted interim limit), utilizing the market-weighted average for all other categories.

On a body weight basis, the mean and 95" percentile of intakes of benzoates by the general
population of all ages were 0.8 and 3.2 mg/kg body weight/day (16.8 and 64.4% ADI),

International Council of Beverage Associations 30
11 November 2016



Intertek

respectively. Among consumers-only, the mean and 95" percentile of intakes for all ages were
0.9 and 3.4 mg/kg body weight/day (17.6 and 67.2% ADI), respectively. In general, the
estimated mean intake of benzoates across the age groups examined was approximately

1 mg/kg body weight/day. The highest 95™ percentile intake estimate was identified in toddlers
and young children of 4.1 mg/kg body weight/day (82.8% of the ADI). Among this population
group (aged 1 to 7 years), 33.8% of individuals reported consumption of a regular carbonated
soft drink at least once over the 2 survey days (see Section 4.3.3).

When these estimates were investigated further - to examine exposure from each specific
subcategory of beverage (as described in Appendix C.2) - those toddlers and young children
(ages 1 to 7) identified as heavy consumers of regular carbonated soft drinks specifically (the
brand-loyal category) were observed to have 95™ percentiles of benzoate intakes of 5.36 mg/kg
body weight/day (107% ADI; Table C.2-1)8. As previously indicated for the U.S. (Section 3.3.2),
the actual number of individuals expected to exceed the ADI using this model is quite low, at
only 19 toddlers and children of the 1,241 toddlers and young children surveyed (i.e., 1.5%) and
of the total 7,546 participants of NHANES (i.e., 0.2%). It is not appropriate to use these
estimates corresponding to a small proportion of the population for risk assessment and risk
management decisions. The overall 95" percentile estimate for this age category, of 4.1 mg/kg
body weight/day, would be the most relevant estimate.

Table 4.3.2-1 Summary of the Estimated Exposure to Benzoates from Range of
Reported Use Levels in Beverages in the Canadian Population Group
(2011-2012 NHANES Surrogate Data) - Brand Loyal Distributional Model
Population Group Age Group Number of General Population Consumer Only
(Years) Individuals Exposure (mg/kg Exposure (mg/kg
Surveyed bw/day) bw/day)
Mean 95t Mean g5t
(% ADI) | Percentile (% | (% ADI) | Percentile (%
ADI) ADI)
Toddlers and Young 1to7 1,241 0.7 4.0 0.8 4.1
Children (14.6) (80.8) (15.8) (82.8)
Other Children, 8to 17 1,468 0.9 3.6 1.0 3.6
Including Adolescents (18.8) (72.2) (19.5) (72.2)
Adults 18 and 4,506 0.9 3.1 0.9 3.1
Older (17.0) (62.0) (17.5) (62.8)
Total Population All Ages 7,546 0.8 3.2 0.9 3.4
(16.8) (64.4) (17.6) (67.2)
ADI = acceptable daily intake; bw = body weight; NHANES = United States National Health and Nutrition Examination
Survey.

Note: % ADI expressed as a percentage of 5 mg/kg bw/day, the group ADI expressed as benzoic acid which was
assigned at the forty-sixth meeting of the CCFA (JECFA, 1997).

8 Exposure levels for all other population groups, even when focusing on individual beverage types, did not exceed
the ADI (see Tables C.2.1 to C.2.3).
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4.3.3 Percent Consumers of Individual Beverage Categories

Estimates for the mean and 95" percentile daily intakes of benzoates from each individual
non-alcoholic beverage category are summarized in the tables included in Appendix C for both
the probabilistic model and the brand-loyal distributional model. Based on the use of the
NHANES 2011-2012 dataset to represent food consumption patterns anticipated in the
Canadian population, the proportion of consumers was the same as those reported in

Section 3.3.3 for the U.S.: 40.7% of all surveyed individuals® reported consumption of regular
carbonated soft drinks, followed by fruit juice-based drinks (18.3%) and diet carbonated soft
drinks (17.7%).

4.3.4 Contribution of Individual Beverage Categories to Total Mean Intakes

In a similar manner to the U.S. assessment, the exposure to benzoates is based entirely on
water-based flavored drinks (GSFA category 14.1.4) due to benzoate reported use patterns
(i.e., a reported use of “0” in juices — and as applied to nectars - and in coffee drinks). Regular
soft drinks contributed 50.4% to overall total mean benzoate intakes in the probabilistic intake
model (0.4 mg/kg body weight/day as presented in Table 4.3.1-1; Model 1) and to 78.3% of total
mean intakes in the brand loyal distributional model (0.8 mg/kg body weight/day as presented in
Table 4.3.2-1; Model 2) among all ages. Within toddlers and young children, specifically being
identified as potentially having higher intakes than the rest of the population groups examined,
regular carbonated soft drinks accounted for 86.7% of total benzoate intakes in the probabilistic
intake model (0.2 mg/kg body weight/day; Table 4.3.1-1) and to 95.8% of total mean benzoate
intakes in the brand loyal distributional model (0.7 mg/kg body weight/day; Table 4.3.2-1).

4.4 Conclusions for Canadian Intakes

The Canadian benzoate exposure assessment utilized country-specific benzoate concentration
use level information and branded beverage market-share data; however, due to a lack of
publicly available Canadian food consumption data, the United States NHANES 2011-2012 food
consumption data were used as a surrogate and may anecdotally be an additional layer of
conservatism added to the Canadian model. As with the intake assessment described in
Section 3.0, two models were employed. The first model was a probabilistic assessment, taking
into consideration all individual brand-specific concentrations reported and the market share of
those brands. The second model was a “brand-loyal” scenario in which it was assumed that
consumers may be habitually consuming a specific benzoate-containing beverage which has a
high reported use level of benzoates. As noted in Section 2.2, the regular carbonated soft drink
category was selected as the brand-loyal category based on the contribution of these products
to total beverage intakes (mL/day) among the total population; however, it is noted that

9 Adolescents reported the highest percent consumers of regular carbonated soft drinks (55.8%), followed by adults
(39.5%) and toddlers and young children (33.8%).
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beverages containing the maximum benzoate concentration incorporated into this model does
not necessarily make up a large proportion of the market share.

In the first probabilistic model, the mean and 95™ percentile intakes of the general population
and consumers only were calculated at 0.4 and 1.7 mg/kg body weight/day (7.4 to 7.7% ADI
and 34.5 to 35.0% ADI), respectively. The probabilistic model predicted that no age groups
would exceed the ADI when concentrations of benzoates in beverages were incorporated at
presence probabilities directly reflecting the market share. In the second, conservative
brand-loyal model, the mean and 95" percentile of benzoate intakes among the general
population were estimated to be 0.8 and 3.2 mg/kg body weight/day (16.8 and 64.4% ADI),
respectively. Among consumers-only, the mean and 95" percentile was 0.9 and 3.4 mg/kg
body weight/day (17.6 and 67.2% ADI), respectively, when all age groups were considered.

As with the U.S. assessment conducted with NHANES, the 2-day average benzoate intake
estimates generated in this study were considered to represent suitably conservative estimates
of actual long-term benzoate intakes within upper percentile groups, especially in the case of
the estimates rendered in the brand-loyal model in which exposures from regular carbonated
soft drinks were incorporated at the maximum use level (for which a large proportion of the
market share was reported to not contain benzoates).

5.0 MEXICO

Estimates of benzoate exposure were calculated using reported use-levels collated from ICBA
members in conjunction with food consumption data from the most recent Instituto Nacional de
Salud Publica (INSP) Encuesta Nacional de Salud y Nutricion 2012 (ENSANUT) (INSP, 2012a).
This survey gathered dietary consumption data using two different methods — a 24-hour recall
and a semi-quantitative food frequency questionnaire (FFQ). Both of these data sources have
been utilized to determine benzoate exposure by the Mexican population.

Initially, calculations for mean and 95" percentile benzoate intakes were determined using food
consumption data collated via the FFQ obtained from INSP. The results are presented on a per
person and per kilogram body weight basis for the following population groups:

Toddlers and young children, 1 to 7 years;

Children and Adolescents, ages 8 to 17;

Adults aged 18 years and over; and

Total population (all age and gender groups combined).

The original food consumption data collected using the 24-hour recall method was not publicly
available, therefore information from the published literature regarding caloric beverages was
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additionally used to calculate benzoate intakes for children (aged 1 to 19 years) and adults
(aged 20 years and older)!° (Stern et al., 2014).

5.1 Food Consumption Survey Data

ENSANUT 2012 is the fourth cross-sectional survey conducted by the INSP since 1988. Field
work was conducted between October 2011 and May 2012. This was a nationally
representative, probabilistic household survey, with a multistage stratified sample design,
representative of urban rural strata and all states (Romero-Martinez et al., 2013). There was an
over-representation of lower socioeconomic status households in order to increase the accuracy
of the estimates for this group. The sampling frame was constructed using information from the
Census of Population and Housing 2005, supplemented by a list of newly created locations
identified by the National Census of Population and Housing 2010. The aim of the survey was
to characterize the health and nutritional status of the Mexican population (INSP, 2012b).

The survey incorporated 50,528 households (response rate of 87%), in which 96,031 individual
guestionnaires were applied in different age groups. These individual surveys contained a
range of information regarding health and nutritional parameters. In addition, dietary information
was obtained for a subsample of the population using 2 sources - a semi-quantitative food
frequency questionnaire (11% of the population; 1 in 6 subjects by population group), and a
24-hour recall (13% of the population). Diet information gathered using the food frequency
guestionnaire utilized a validated questionnaire, consisting of a closed list of foods for which the
number of days consumed per week, humber of times per day, portion size, number of portions
consumed during the 7 days prior to the interview was recorded for each item on the survey.
The questionnaire was answered by the parent or caregiver of young children (Mundo-Rosas et
al., 2014).

In order to generate intake estimates from the FFQ, the data reported on the questionnaires
was employed to generate an average daily intake of each of the beverages. The number of
portions consumed daily was averaged according to the number of days/week the subject
reported consuming a particular food; this permits an assessment of the “usual” intake of
foods/beverages over a relatively long period of time (Kroes et al., 2002). To generate the daily
intake in mL, the average daily portion size was multiplied by the benchmark established within
the FFQ of 120 mL for young children and 240 mL for older children, teenagers, and adults.
The food consumption data were then merged with the available demographic and
anthropometric data in order to generate estimates for individual age and gender groups on a
per person and a per kilogram body weight basis.

10 Age categories were fixed according to brackets established by the study authors. As such, subpopulation groups
could not be matched to JECFA age brackets as with the FFQ data.
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In addition to the FFQ included in the ENSANUT survey, a single 24-hour diet recall
guestionnaire was administered to a subpopulation of the respondents. These data are not
publicly available for use; however data on beverage intakes as measured by this questionnaire
has been reported in the scientific literature (Stern et al., 2014). These data are employed to
generate an estimate of the acute per capita intakes for children (defined as individuals aged 1
to 19 years) and adults (defined as individuals 20 years of age and older).

5.1.1 24-Hour Recall

The summary statistics on beverage consumption published by Stern et al. (2014) were
categorized on a per capita (general population) and per consumer (consumers only) basis for
various non-alcoholic beverage groups. Each of the beverage categories reported in this paper
were matched with the GSFA beverage categorization in order to select the most appropriate
concentration level to apply to intake estimates. All beverages except for plain water, milk and
milk beverages, and alcoholic beverages were included in the estimation of intakes.

5.1.2 Food Frequency Questionnaire Data

Food codes representative of the 7 GSFA beverages categories were selected from the
ENSANUT 2012 FFQ dataset (INSP, 2012a). All food codes included in the current intake
assessment are listed in Appendix E. No food codes corresponding to energy drinks were
identified; however, it is noted that benzoate use has been reported in this sector. Due to the
nature of the available food codes in the ENSANUT FFQ, food codes representative of fruit and
vegetable juices, concentrates, and nectars were merged. Furthermore, no codes
representative of vegetable juices or concentrates were identified.

5.1.3 Statistical Methods

Three exposure assessment models were employed for the assessment of benzoate intakes in
Mexico based on the two sources of consumption data available for ENSANUT:

1. Brand-loyal deterministic exposure assessment with 24-hour recall data: Summary
statistics regarding beverage consumption from the 24-hour recall component of
ENSANUT was used in combination with the highest reported ‘typical’ use level for the
main contributing category (regular carbonated soft drinks —a 250 ppm cap per the
Codex adopted interim ML for beverages with pH<3.5) and the market-weighted average
benzoate concentration for the remaining beverage types. As data are not available on
an individual basis, only a deterministic evaluation is possible (Model 1 - Brand Loyal
Deterministic 24-hour recall).

2. Probabilistic exposure assessment with FFQ data: all brand-specific ‘typical’ benzoate
concentrations were applied with specific likelihood of being consumed based on market
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share data to individual food consumption data for the Mexican population from the FFQ
(Model 2 - Probabilistic FFQ Assessment).

3. Brand-loyal distributional exposure assessment with FFQ data: The highest reported
‘typical’ use level for the main contributing category (regular carbonated soft drinks — a
250 ppm cap per the Codex adopted interim levels for beverages with pH<3.5'%) and the
market-weighted average benzoate concentration for the remaining beverage types was
applied to individual food consumption data for the Mexican population (Model 3 - Brand
Loyal Distributional FFQ Assessment).

5.2 Concentration Data

Country-specific benzoate use levels (on a benzoic acid basis) and branded beverage market
data for the beverage categories of interest were collated by the ICBA. All individual brand-
specific benzoate use level concentrations were input into the probabilistic assessment

(Model 2), whereas the market-weighted average use level and highest reported benzoate use
level for the main contributing beverage category (regular carbonated soft drinks — a 250 ppm
cap per the Codex adopted interim levels for beverages with pH<3.5'?) were utilized for the
deterministic assessment (Model 1) and the distributional brand-loyal intake assessment
(Model 3).

As with other jurisdictions, a large proportion of non-alcoholic beverages were reported not to
contain benzoates (see Figure 5.2-1).

11 Due to the limited food codes available in ENSANUT, only one code for “regular soda” was identified. As such, the
adopted interim ML of 250 ppm benzoates was applied to this single code. No use levels exceeding 250 ppm in
regular carbonated soft drinks of pH >3.5 were reported for this jurisdiction.

12 No benzoate use levels exceeding 250 ppm were reported for beverages of pH >3.5 in the regular carbonated soft
drink category.
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Table 5.2-1 Weighted Average and Maximum Reported Use Levels of Benzoate in
Mexico, by Codex GSFA Food Category

GSFA Food Category Benzoate Use Level (ppm)
Market-Weighted Highest Reported
Average Use Level Typical Level
14.1.2.1 Fruit Juice 0 0
14.1.2.3 Concentrates for Fruit Juice! Na na
14.1.3.1 Fruit Nectar? 0 0
14.1.3.3 Concentrates for Fruit Nectar® Na na
14.1.3.4 Concentrates for Vegetable Nectars? 0 0
14.1.4 Water-based Flavored Drinks, including “sport”, “energy”, or “electrolyte” drinks and particulated drinks
Diet Soft Drinks 168.2 299
Regular Carbonated Soft Drinks 37.3 2994
Energy Drinks 101.6 300
Flavored Water Drinks 172.2 205
Fruit Juice-Based Drinks, including concentrates 89.3 247
Ready-to-Drink Teas 73.5 197
Sports Drinks 0 0
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, and 0 0

other hot cereal and grain beverages, excluding cocoa?

GSFA = General Standard for Food Additives; na = not available; ppm = parts per million.

1 No values were collated for the fruit juice concentrate category in 2016, therefore values obtained for ’14.1.2.1 Fruit
juice’ via ICBA members were applied to the fruit juice concentrate category.

2 Concentration data collected in 2014 for the fruit and vegetable nectar categories were applied here.

3 As no data were reported for the fruit nectar concentrates category in 2014, the 2014 data on fruit nectars were
applied here.

4 Values were restricted to 250 ppm for beverages of pH <3.5 based on the Codex adopted interim level, in the
‘brand-loyal model’ only for the main contributing category (no use levels exceeding 250 ppm were reported for
regular carbonated soft drinks of pH >3.5 in this jurisdiction). In contrast, all available use levels were used in the
calculation of the market-weighted average use levels in this mode, and in the probabilistic model.
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Figure 5.2-1 Distribution of Benzoate Use Among the Liquid Refreshment Beverage
Sector in Mexico
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5.3 Food Survey Results

Estimates based on the summary statistics rendered from the 24-hour food consumption data
are presented in Section 5.3.1 (Deterministic Model 1). Estimates for the total daily intakes of
benzoates based on the FFQ data are provided in Sections 5.3.2 (Probabilistic Model 2) and
5.3.3 (Brand-Loyal Distributional Model 3). All results are presented on a per kilogram body
weight basis (mg/kg body weight/day). Detailed results regarding the estimated intake of
benzoates from each food category in each age bracket for the latter two models are included
as supplementary data in Appendix D.

5.3.1 Model 1 - Deterministic Assessment (24-Hour Recall)

Tables 5.3.1-1 and 5.3.1-2 below summarize the consumption estimates of individual beverage
categories as reported by Stern et al. (2014), categorized according to GSFA beverage groups.
The percent consumers, along with the per capita (general population) and consumer only
consumption figures for each beverage type are available for children (aged 1 to 19 years) and
adults (aged 20 years and over). The general population intakes from each individual beverage
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category were summed in order to generate an estimate of the cumulative intake of benzoates
from non-alcoholic beverages in children and adults.

For the consumer-only consumption figures from ENSANUT, there are no summary statistics
available for ‘total beverage’ consumption by consumers, only the individual figures presented
below. When the individual beverage consumption figures (mL/day) were summed, the
resulting consumers-only total beverage consumption estimates were determined to be
equivalent to 4.36 L/day for children and 5.09 L/day for adults. These figures, which relate only
to non-water beverages, were considering to be unrealistic, particularly considering the Budget
Method assumption regarding the theoretical maximum level of total non-milk beverages
beverage consumption of 0.1 L per kg body weight (equivalent to 4.4 L of non-milk beverages
for a 44.2 kg child; or 8.0 L on non-milk beverages) (WHO, 2009). Further, the percent
consumers of the individual beverage categories ranged between 0.5 to 37.7% for children
(Table 5.3.1-1) and 1.9 to 42.0% for adults (Table 5.3.1-2). As such, the possibility that an
individual would consume at least one beverage from each category is highly unlikely. On this
basis, the principles of the methodology employed in exposure assessments based on summary
statistics - including the European Food Safety Authority (EFSA) Comprehensive Food
Consumption Database (EFSA, 2011a) - were incorporated to obtain an estimate of ‘high level
benzoate exposure. This approach assumes that a person may be reasonably assumed to be a
heavy consumer of one food/beverage category and an average consumer of the remaining
food/beverage categories. It is noted that the approach established by the EFSA
Comprehensive Food Consumption Database utilizes the highest 95" percentile consumer only
estimate for the ‘heavy consuming’ category, combined with the total population (i.e.,
considering non-consumers) mean intakes for the remaining categories; however 95" percentile
estimates were not available in the Stern et al., (2014) publication, as such, the highest
‘consumer’ intake (identified as “caloric soda”) was summed with the general population intake
for the remaining categories. Thus, the exposure results described in this section may be
considered an upper estimate for consumer-only intake as part of the preliminary tier
(deterministic) assessments for Mexico. Further details on the intakes by high consumers
calculated using individual consumption data from the ENSANUT FFQ survey are described in
Sections 5.3.2 and 5.3.3.

In order to generate estimates of intake on a body weight basis, anthropometric data from the
ENSANUT database were employed to generate mean body weights for children aged 1 to 19
years and adults aged 20 years and older. Based on the available data, the mean body weight
of children was calculated at 44.2 kg and the mean body weight of adults was calculated at
80.8 kg. These body weights were utilized to assess the daily intakes on a mg/kg body weight
exposure levels for benzoates.

The interim ML of 250 ppm was applied to the consumption values for the largest contributing
category in which benzoates was reportedly used (“Caloric soda”), and the market-weighted
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average concentration was applied to all other categories. An individual is assumed to be
brand-loyal to caloric soda beverages whilst consuming ‘average’ or typical levels all other

beverage types (Model 1).

Amongst the general population, the total intake of benzoates from all beverage categories was
estimated to be 1.2 mg/kg body weight/day; 24.1% ADI) in children aged 1 to 19 years

(Table 5.3.1-1). When summating the consumer-only intake of the highest available
contributing category (i.e., caloric soda) with the mean intakes from the remaining beverage
categories for the general population, the estimated consumer-only intake of benzoates among
children aged 1 to 19 years was 2.4 mg/kg body weight/day (or 48% ADI). As previously noted,
the total benzoate intake estimate among the consumer-only population was calculated by
presuming that a person is a high consumer of one non-water beverage category and an
average consumer of the remaining beverages since total beverage consumption figures are not

available from the 24-hour recall phase of the 2012 ENSANUT study.

Aged 1 to 19 Years (2012 ENSANUT 24-Hour Recall Data)

Table 5.3.1-1 Summary of the Estimated Exposure to Benzoates in Mexico by Children

GSFA Beverage General Population Exposure Consumers Only Exposure
E:?g or Category Beverage Estimated % Consumer | Beverage Estimated
gory Category Benzoate S Category Benzoate
Intake Exposure Level Intake Exposure Level
(mL/day) mg/day | mg/kg (mL/day) mg/day mg/kg
bw/day bw/day*
* (% ADI)
(% ADI)
14.1.2 100% natural 10.6 0 0 3.0 347 0 0
Fruit Juice | fruit and
vegetable
juice
Fruit and 54.9 0 0 18.9 290 0 0
Vegetable
Drinks
14.1.4 Flavored/Calo 19.2 3.3 0.1 4.5 430 74.0 1.7
Flavored ric Water
Drinks .
Fruit Water 131 11.7 0.3 23.8 551 49.2 1.1
Caloric Soda’ 131 32.8 0.7 37.7 348 87.0 2.0
Low Calorie 28.5 4.8 0.1 8.3 342 57.9 1.3
Soda
Sports and 3.1 0.3 <0.1 0.5 586 59.5 13
Energy Drinks
Other 5.0 0.4 <0.1 3.3 150 11.0 0.2
Beverages
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Table 5.3.1-1 Summary of the Estimated Exposure to Benzoates in Mexico by Children
Aged 1to 19 Years (2012 ENSANUT 24-Hour Recall Data)
GSFA Beverage General Population Exposure Consumers Only Exposure
Eg?g or Category Beverage Estimated % Consumer | Beverage Estimated
gory Category Benzoate S Category Benzoate
Intake Exposure Level Intake Exposure Level
(mL/day) mg/day | mg/kg (mL/day) mg/day mg/kg
bw/day bw/day*
* (% ADI)
(% ADI)
14.1.5 Caloric Coffee 62.4 0 0 21.7 287 0 0
Coffee and Tea
Plain Coffee 41.4 0 0 11.6 358 0 0
and Tea
Milk-Based 13.7 0 0 4.3 317 0 0
Atole
Water-Based 12.3 0 0 3.5 355 0 0
Atole
Totals 53.3 1.2 107.5? 2.4?
(24.1%) (48%)

Source: Stern et al. (2014).

bw = body weight; cons = consumers; ENSANUT = Encuesta Nacional de Salud y Nutricién.

* A mean body weight of 44.2 kg was utilized to estimate benzoate intake on a per kilogram body weight basis.
1 |dentified as the highest contributing beverage category to benzoate intakes.

2 Value calculated by summing the intakes from the highest contributing food category and the mean general
population exposure values for the remaining categories.

When considering adults aged 20 years and older, the total general population intake of
benzoates from all beverage categories was estimated to be 0.9 mg/kg body weight/day
(17.9% ADI) (Table 5.3.1-2). Among adults, the estimated consumer-only intake of benzoates
was calculated to be 1.7 mg/kg body weight/day (34% ADI or 141.4 mg/day on an absolute
basis).

Table 5.3.1-2 Summary of the Estimated Exposure to Benzoates in Mexico by Adults
Aged 20 Years and Older (2012 ENSANUT 24-Hour Recall Data)
GSFA Beverage General Population Exposure Consumers Only Exposure
Eg?: or Category Beverage Estimated % Beverage Estimated
gory Category Benzoate Cons Category Benzoate
Intake Exposure Level Intake Exposure Level
(mL/day) mg/day mg/kg (mL/day) mg/day | mg/kg
bw/day* bw/day*
14.1.2 100% natural 19.8 0 0 4.1 482 0 0
Fruit fruit and
Juice vegetable juice
Fruit and 23.3 0 0 6.9 337 0 0
Vegetable
Drinks
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Table 5.3.1-2 Summary of the Estimated Exposure to Benzoates in Mexico by Adults
Aged 20 Years and Older (2012 ENSANUT 24-Hour Recall Data)
GSFA Beverage General Population Exposure Consumers Only Exposure
Eg?g or Category Beverage Estimated % Beverage Estimated
gory Category Benzoate Cons Category Benzoate
Intake Exposure Level Intake Exposure Level
(mL/day) mg/day mg/kg (mL/day) mg/day mg/kg
bw/day* bw/day*
14.1.4 Flavored/Caloric 16.9 2.9 0.0 3.6 470 80.9 1.0
Flavored Water
Drinks .
Fruit Water 138 12.3 0.2 21.9 630 56.3 0.7
Caloric Soda? 201 50.3 0.6 42.0 478 119.5 1.5
Low Calorie 344 5.8 0.1 8.3 415 70.3 0.9
Soda
Sports and 5.7 0.6 <0.1 1.0 555 56.4 0.7
Energy Drinks
Other 3.4 0.2 <0.1 2.0 174 12.8 0.2
Beverages
14.1.5 Caloric Coffee 129 0 0 37.6 342 0 0
Coffee and Tea
Plain Coffee and 93.9 0 0 22.9 410 0 0
Tea
Milk-Based Atole 15.6 4.5 324
Water-Based 21.4 4.5 474
Atole
Total 72.1 0.9 141.42 1.72
(17.9%) (34%)

Source: Stern et al. (2014).
bw = body weight; cons = consumers; ENSANUT = Encuesta Nacional de Salud y Nutricion.
* A mean body weight of 80.8 kg was utilized to estimate benzoate intake on a per kilogram body weight basis.
! |dentified as the highest contributing beverage category to benzoate intakes.
2 Value calculated by summing the intakes from the highest contributing food category and the mean general
population exposure values for the remaining categories.

5.3.2 Model 2 - Probabilistic Assessment (FFQ)

Table 5.3.2-1 summarizes the estimated total intake of benzoates (mg/kg body weight/day;
% ADI) from the full range of reported benzoate use levels from non-alcoholic beverages in
Mexico when calculated using individual-based data from the FFQ.

The total mean and 95" percentile intakes were estimated to be 0.5 and 2.5 mg/kg body
weight/day, respectively (9.8 to 10.5% and 49.1 to 51.0% of the ADI, respectively), irrespective
of whether the general population or consumers only were examined. The general population
and consumer only intakes were similar among all age groups, ranging between 0.4 to

0.9 mg/kg body weight/day (7.7 to 17.0% ADI) at the mean and 2.0 to 3.7 mg/kg body
weight/day (39.7 to 74.2% ADI) at the 95" percentile.
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The results presented in Appendix D.1 demonstrate that even when exposure levels are
examined by individual age groups and for specific beverage types, the ADI was not exceeded
by any population group.

Table 5.3.2-1 Summary of the Estimated Exposure to Benzoates from Reported Use
Levels in Beverages in Mexico by Population Group (2012 ENSANUT FFQ
Data) - Probabilistic Model
General Population Exposure Consumers Only Exposure
Population gge |Nl$m bder <|>f (mg/kg bw/day) (mg/kg bw/day)
Group oup naiviauas M 95t p il M 95t p il
(Years) | Surveyed? ean ercentile ean ercentile
(% ADI) (% ADI) (% ADI) (% ADI)
Toddlers and 1to7 1,678 0.8 3.7 0.9 3.7
Young (16.0) (74.0) (17.0) (74.2)
Children
Other 8to 17 2,525 0.6 2.9 0.6 3.0
Children, (12.2) (57.4) (12.9) (59.0)
Including
Adolescents
Adults 18 and 3,194 0.4 2.0 0.4 2.1
Older (7.7) (39.7) (8.3 (41.4)
Total All 7,397 0.5 2.5 0.5 2.5
Population Ages (9.8) (49.1) (10.5) (51.0)

bw = body weight; ENSANUT = Encuesta Nacional de Salud y Nutricién; FFQ = food frequency questionnaire.
1 The probabilistic assessment was conducted using a target of 100,000 person-days; equivalent to approximately 13
iterations of the ENSANUT FFQ.

5.3.3 Model 3 - Brand-Loyal Distributional Assessment (FFQ)

Table 5.3.3-1 summarizes the estimated total intake of benzoates (mg/kg body weight/day;

% ADI) from non-alcoholic beverages in Mexico, considering the interim ML of 250 ppm adopted
by Codex within regular carbonated soft drinks® and the market-weighted average use levels
among the remaining categories.

In the general population, estimates of the mean and 95™ percentile benzoate intakes were

1.2 and 4.3 mg/kg body weight/day among all ages (representing 24.8 and 86.2% of ADI),
respectively. The mean and 95" percentile intakes of benzoates were 1.3 and 4.4 mg/kg body
weight/day (26.4 and 88.6% ADI), respectively, among consumers-only. As with Model 2,
toddlers and young children were identified as having the highest mean and 95™ percentile
all-user intakes of any age group, at 1.7 and 5.3 mg/kg body weight/day (33.4 and 105.4% ADI),
respectively. Those brand-loyal toddlers and young children slightly exceeding the ADI who are
assumed to be habitual consumers of regular carbonated soft drinks containing the maximum
amount of benzoates at 250 ppm correspond to 75 toddlers/children out of 1,678
toddlers/children surveyed (i.e., 4.5%) and out of all 7,397 respondents surveyed (i.e., 1%) in

13 No regular carbonated soft drinks of pH >3.5 had a reported use level exceeding 250 ppm in this jurisdiction,
further, no food codes were available which represented these beverage types.
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ENSANUT and represent a conservative scenario. Estimated intakes among consumers in the
other age groups ranged between 1.2 and 1.6 mg/kg body weight/day (23.2 and 31.0% ADI) at
the mean, and 4.0 and 4.8 mg/kg body weight/day (79.4 and 96.2% ADI) at the 95" percentile.

The results presented in Appendix D.2 demonstrate that even when exposure levels are
examined by individual age groups and for specific beverage types, the ADI was not exceeded
by any population group.

Table 5.3.3-1 Summary of the Estimated Exposure to Benzoates from Reported Use
Levels in Beverages in Mexico by Population Group (2012 ENSANUT FFQ
Data) - Brand-Loyal Distributional Model
Population Group Age Group Number of General Population Consumers Only
(Years) individuals Exposure (mg/kg Exposure (mg/kg
surveyed bw/day) bw/day)
Mean 95t Mean g5t
(% ADI) Percentile (% ADI) Percentile
(% ADI) (% ADI)
Toddlers and Young 1lto7 1,678 1.6 5.1 1.7 5.3
Children (31.4) (101.6) (33.4) (105.4)
Other Children, 8to 17 2,525 15 4.8 1.6 4.8
Including Adolescents (29.4) (96.0) (31.0) (96.2)
Adults 18 and 3,194 1.1 3.8 1.2 4.0
Older (21.6) (76.0) (23.2) (79.4)
Total Population All Ages 7,397 1.2 4.3 1.3 4.4
(24.8) (86.2) (26.4) (88.6)

ADI = acceptable daily intake; bw = body weight; ENSANUT = Encuesta Nacional de Salud y Nutricion; FFQ = food
frequency questionnaire

5.3.3 Proportion of Consumers of Individual Beverage Categories (FFQ Assessments)

Estimates for the mean and 95™ percentile daily intakes of benzoates from each individual non-
alcoholic beverage category are summarized in the tables included in Appendix D, for both the
probabilistic and the brand-loyal distributional models. The total Mexican population (all ages)
was identified as being significant consumers of regular carbonated soft drinks (73.7%), fruit
juice-based drinks (38.3%) and flavoured water drinks (17.3%). It is noted that in the brand
loyal model, the 73.7% consumers of regular carbonated soft drinks were selected to be
brand-loyal to regular carbonated soft drinks containing the maximum benzoate levels of

250 ppm per the Codex adopted interim level.

14 The proportion of consumers among toddlers and children, other children and adolescents, and adults were 72.6%,
76.8%, and 72.8%, respectively. Due to the limited food codes available in the ENSANUT survey, it is noted that only
one food code was available to represent all “regular sodas”.
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5.3.4 Contribution of Each Beverage Category to Total Intakes (FFQ Assessments)

As benzoate use was reported to be “0” in GSFA categories 14.1.2, 14.1.3, and 14.1.5 - i.e.,
juices, nectars, coffee/tea, respectively - these particular beverages did not contribute benzoate
intakes in the various models created (i.e. all intakes originated from the consumption of
products classified under GSFA category 14.1.4). Within the arbitrary subcategories of 14.1.4,
regular soft drinks contributed 43.7% to overall total intakes in the probabilistic intake model
(Model 2) and to 72.5% of total intakes in the brand loyal distributional model (Model 3) among
all ages. Within toddlers and young children, specifically being identified as potentially having
higher intakes than the rest of the population groups examined, regular carbonated soft drinks
accounted for 19.6% of total mean benzoate intakes in the probabilistic intake model (which
includes the full spectrum of reported benzoate use levels in the model) and to 62.8% of total
intakes in the brand loyal distributional model (having only the interim ML of 250 ppm
represented in the model for regular CSDs, with a market-weighted average for all other
categories).

54 Conclusions for the Intakes of Benzoates in Mexico

The current exposure assessment has assessed intakes among the Mexican population using
actual use level data reported by members of the ICBA for beverages combined with summary
statistics for the 24-hour diet recall (Model 1) and individual food consumption data from the
ENSANUT 2012 FFQ (Models 2 and 3).

Utilizing the 24-hour recall data (Model 1), the mean general population estimate of benzoate
intakes was 1.2 (24.1% ADI) among children (1 to 19 years) and 0.9 mg/kg body weight/day
(17.9% ADI), among adults (20+ years). These general population estimates are based on a
model in which the interim Codex ML of 250 ppm was applied to the consumption value for the
largest contributing category (“Caloric soda”), and the market-weighted mean benzoate use
level was applied to all other categories, thereby assuming an individual may be brand-loyal to
caloric soda beverages, whilst still consuming all other beverage types. Due to the absence of
total non-alcoholic beverage consumption estimates among consumers only, the consumer-only
total mean was derived by summating the intakes from the highest contributing beverage
category, caloric soda, with the mean consumption of the remaining beverage categories
among the general population. The estimates of consumer only exposure among children aged
1 to 19 years and among adults aged 20 years and older employing this method were 2.4 mg/kg
body weight/day (48% ADI) and 1.7 mg/kg body weight/day (34% ADI), respectively.

Every brand-specific benzoate use level and branded beverage market share was incorporated
in the probabilistic assessment utilizing consumption data derived from the FFQ phase of the
ENSANUT study (Model 2). The assessment rendered mean and 95" percentile consumer-only
estimates of 0.5 and 2.5 mg/kg body weight/day among all ages (10.5 and 51.0% ADI),
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respectively. A third model was conducted, which mirrored Model 1 above, in that individuals
were assumed to be brand-loyal to the highest contributing beverage category of regular
carbonated soft drinks; however, individual food consumption data from the FFQ was leveraged
to produce estimates of intake, as opposed to 24-hour recall summary statistics in the case of
Model 1 (providing a more realistic estimate of exposure on an individual level). The mean and
95™ percentile consumer-only estimates were calculated as 1.3 and 4.4 mg/kg body weight/day
among all ages (26.4 and 88.6% ADI), respectively. The ADI was marginally exceeded at the
95™ percentile of consumption among toddlers and young children, with intakes reaching

5.3 mg/kg body weight/day (105.4% ADI) in this age group, assuming individuals in this age
group were heavy consumers of regular carbonated soft drinks containing benzoates at the
interim ML of 250 ppm with a 100% presence probability.

6.0 BRAZIL

6.1 Food Consumption Survey Data

6.1.1 Survey Description

Food consumption data in Brazil was based on summary statistics reports generated from the
Pesquisa de Orcamentos Familiares (POF; Household Budget Survey; 2008-2009), a
household income and expenditure survey designed to be conducted every 5 years by the
Instituto Brasileiro de Geografia e Estatistica (IBGE). Within the 2008-2009 Household Budget
Survey, a National Dietary Survey (Inquérito Nacional de Alimentacao) was intended to collect
data on individual dietary intake. The IBGE presented an analysis of the food consumption
among individuals aged 10 years or over in Brazil on a per capita basis (IBGE, 2014). Each
respondent surveyed was instructed to complete records of all food and beverages consumed
(except water) inside and outside of the house for 2 non-consecutive days in both urban and
rural areas for 24 hours. The methodology was based on additional sources, which included the
Table of Reference Measures for Food Consumed in Brazil, Tables of the Nutritional
Composition of food Consumed in Brazil, both resulting from the 2008-2009 POF, as well as
technical and scientific publications (IBGE, 2014). It should be noted that most of the data were
transcribed from documents originally provided in Portuguese (POF, 2011).

The POF consisted of 2 stages following geographical and statistical stratification of the primary
sample units (PSU) using the 2000 Brazilian Demographic Census (Souza et al., 2013). The
PSUs were selected in the first stage with probability proportional to the number of residences in
each sector. Based on simple random sampling in each stratum, a subsample of sectors was
selected (Souza et al., 2013). In the second stage, households were selected based on simple
random sampling and without replacement in each of the PSUs. To ensure that all of the
geographic and socio-economic strata were represented, the primary sample units were
assessed throughout the 12 months of the survey (four 3-month periods) (Souza et al., 2013).
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The response rate of the POF was 60.7%, equivalent to 55,970 households. A subsample of
the households (25%; n=13,569) was randomly selected to provide food consumption data,
which was equivalent to approximately 34,003 individuals (Souza et al., 2013; IBGE, 2014).

Individuals reported all foods and beverages consumed, including portion sizes, over 2
non-consecutive days using food records (Souza et al., 2013). If the survey respondent was
unable to complete the food record, another resident in the household or someone indicated by
the survey respondent completed the food record on their behalf. Data were stored in a
specifically designed program which comprised of approximately 1,500 food and drink items
from the 2002-2003 POF database, the program also contained methods of preparation and
pre-defined portion sizes. Summary statistics were published for these pre-determined food
and beverage items, and estimates pertaining to the intake of any beverage types which were
deemed relevant were extracted for the current analysis. The following beverage items were
selected:

e Juices, refreshments, juice powder reconstituted
o Soft drinks

e Soft drinks (diet/light)

e Other nonalcoholic beverages

e Coffee

e Tea

The data presented in this section is based on reported values for percent consumption and
average per capita (general population) intakes of the above-listed beverage categories by
participants of the POF survey.

6.1.2 Statistical Methods

Two exposure assessment models were employed for the evaluation of intakes of benzoates in
Brazil.

1. Deterministic exposure assessment using a maximum benzoate use level of 250 ppm
(the interim ML adopted by Codex). It is noted that the nature of the beverage
consumption data available is not amenable to building in considerations to account for
market share, nor beverage categories in which only a subsector had reported benzoate
use. Thus, the calculated benzoate intakes are considered an overestimate of actual
exposure by this population group.

2. Deterministic brand loyal assessment: Beverage categories were assumed to contain
benzoates at a market-weighted average, with the exception of the highest consumed
beverage category, “juices/refreshments/juice powder reconstituted”, to which a
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benzoate concentration level of 250 ppm was applied across the entire category in spite
of the fact that only “refreshments” (and not juices or juice powder) were reported to
contain benzoates.

In both models, the total cumulative exposure level for benzoates has been determined by
summing the exposure value for each individual beverage category.

6.1.3 Food Consumption Data

As mentioned above, data were only available for aggregated, pre-determined beverage
categories for Brazil from the POF. For the largest contributing category,
“juices/refreshments/juice powder reconstituted”, it is noted that the concentration data
submitted for GSFA categories 14.1.2.1, 14.1.2.3,14.1.3.1, and 14.1.3.3 (i.e., juices and
nectars) indicate that no benzoates are used in these product types (see Section 6.2).
However, benzoate use was reported for fruit-flavored drinks and juice drinks (falling under
GSFA category 14.1.4). Due to the nature of the POF categorizations, it was considered
appropriate to apply the worst-case presence of 250 ppm benzoate use to the
“juices/refreshments/juice powder reconstituted” category in order to capture potential exposure
from these beverage products. This is a conservative assumption. Fruit-flavoured drinks would
account for only a proportion of the reported consumption for this broader beverage category
(see Appendix G for the full food code list that was included in the POF evaluation).

6.2 Concentration Data

Concentration data on benzoate use levels in non-alcoholic beverages (on a benzoic acid basis)
were collated by the ICBA with the aid of the Brazilian Association of Soft Drink and
Non-Alcoholic Beverages (ABIR). A market-weighted average benzoate use level was
determined based on country-specific and brand-specific use levels and brand market share in
Brazil. The highest reported concentration of benzoate use in Brazil was identified for each
beverage category, and in instances where the industry-reported maximum exceeded

250 ppm?*®, the value was lowered so as to not exceed these levels based on the interim ML
established by Codex. Due to the inherit limitations of a deterministic exposure assessment
(i.e., application of one fixed concentration to a fixed consumption value) and the large
assortment of beverage types encompassed in the summary consumption statistics available for
Brazil (see ‘POF food category’ types listed in Table 6.3.1.1-1 and 6.3.1.1-2) , as noted above, it
was determined to be most appropriate to apply the interim ML of 250 ppm to the large
aggregate beverage categories representative of category 14.1.4 in Model 1; or to
“‘Refreshments, Juices powder reconstituted” in Model 2. Further, the models presented herein

15 Beverages with a pH >3.5 represented less than 1% of the market share; thus, a limit of 250 ppm was considered
most appropriate for this model.. Further, no consumption data was available for beverages which may have a pH
greater than 3.5 in the POF.
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assumed 100% presence probability, whereas, it is noted that the majority of products are
reported to not contain benzoates (see Figure 6.2-1).

No market-weighted mean concentrations of benzoate use levels exceeded 250 ppm and
therefore, individual concentrations submitted to the ICBA were not altered when calculating the
market-weighted mean values (see Table 6.2-1).

Table 6.2-1 Weighted Average and Maximum Reported Use Levels of Benzoate in
Brazil, by Codex GSFA Food Category

GSFA Food Category Benzoates Use Level (ppm)
Market-Weighted Highest Reported
Average Use Level Typical Level
14.1.2.1 Fruit Juice 0 0
14.1.2.3 Concentrates for Fruit Juice! 0 0
14.1.3.1 Fruit Nectar? 0 0
14.1.3.3 Concentrates for Fruit Nectar® 0 0
14.1.3.4 Concentrates for Vegetable Nectars* na na

14.1.4 Water-based Flavored Drinks, including “sport”, “energy”, or “electrolyte” drinks and particulated drinks

Diet Carbonated Soft Drinks 185.6 2975
Regular Carbonated Soft Drinks 82.7 297°
Energy Drinks 144.0 366°
Flavoured Water Drinks 0 0
Fruit Juice-Based Drinks, including concentrates 75.6 339°
Ready-to-Drink Teas 66.0 2715
Sports Drinks 38.5 2635
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, and 0 0

other hot cereal and grain beverages, excluding cocoa®

GSFA = General Standard for Food Additives; na = not available; ppm = parts per million.

1 No values were collated for the fruit juice concentrate category in 2016, therefore values from '14.1.2.1 Fruit juice’
via ICBA members were applied here.

2Value was based on feedback from ICBA members.

3 No values were collated for fruit nectar concentrate category; therefore, values from '14.1.3.1 Fruit nectar’ were
applied here.

4No data were reported for the vegetable nectar concentrate category in 2014, thus data for other nectars were
applied here.

5 Values were restricted to 250 ppm for all beverage types due to the nature of the aggregated beverage
consumption statistics available for Brazil; No use levels exceeding 250 ppm were reported for beverages of pH >3.5
in this jurisdiction.

6 Levels reflected here correspond to data collected in 2014.
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Figure 6.2-1 Distribution of Benzoate Use Among the Liquid Refreshment Beverage
Sector in Brazil

100% Juice

M

Sports Drinks

6.3 Food Survey Results

Estimates for the daily intakes of benzoates from the two deterministic models employed are
presented in Sections 6.3.1 (maximum benzoate use levels of 250 ppm) and 6.3.2 (brand-loyal
assessment). Results are expressed in terms of per capita (general population) mean and
heavy level (90" percentile, not 95" percentile as the latter was not available) intakes, stratified
across the total population, gender (males/females), and age brackets (teenagers, adults and
elderly adults). Since Brazil collected consumption data for individuals 10 years and older, an
evaluation for toddler/children as defined by JECFA (i.e., 1 to 7 years) was not possible.
Weighted mean body weight estimates were derived from the median body weights reported by
the POF, and the population statistics of the study, in order to calculate a weighted average
body weight. The full calculation is provided in Appendix F. These values were used to
calculate the average per capita intake figures on a per kilogram body weight basis, and
expressed as a proportion of the ADI.
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6.3.1 Model 1 - Deterministic Assessment at 250 ppm Benzoate Use

Because POF summary data are arranged according to mean and 90™ percentiles of intake (as
explained above), and stratified among population groups therein, estimates of mean and 90th
percentile intake of benzoates are presented separately in Sections 6.3.1.1 and 6.3.1.2,

respectively.

6.3.1.1 Mean Intake

Tables 6.3.1.1-1 and 6.3.1.1-2 summarize the estimated total general population mean intake of
benzoates, stratified by gender and age groups, respectively, calculated using the deterministic

maximum model.

The total mean general population intakes of benzoates within the total population (all ages and
genders) were calculated to be 0.97 mg/kg body weight/day (19.5% ADI). The calculated
intakes for the two gender groups were nearly identical on a body weight basis at 1.0 mg/kg
body weight/day (20.1% ADI) for males and 0.95 mg/kg body weight/day (18.9% ADI) for

females (Table 6.3.1.1-1).

Table 6.3.1.1-1

Reported Percent Consumption and Average Per capita Consumption
of Beverage Categories and Calculated Exposure to Benzoates by the
Total Population and Split by Gender (POF 2008-2009) — Deterministic
Maximum Model

GSFA Food Category

POF Food Category

Reported Food

Calculated Exposure to

Category Benzoates
Intakes
% cons | g/day | (mg/day)* | mg/kg bw/day
(9% ADI)?
Total Population
14.1.2.1 Fruit Juice Juices 39.8 145.0 36.3 0.57
14.1.2.3 Concentrates for Fruit Juice
14.1.3.1 Fruit Nectar
14.1.3.3 Concentrates for Fruit Nectar
14.1.3.4 Concentrates for Vegetable
Nectars
14.1.4 Water-based Flavored Drinks, Refreshments, juice
including “sport”, “energy”, or powder reconstituted
“electrolyte” drinks and particulated
drinks
14.1.4 Water-based Flavored Drinks, Soft drinks 23.0 94.7 23.7 0.37
including “sport”, “energy”, or . Y
“slectrolyte’ drinks and particulated Soft drinks (diet/light) 1.6 5.5 1.4 0.02
drinks Other nonalcoholic 0.8 2.7 0.7 0.01
beverages
Coffee 79.0 215.1 0 0
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Table 6.3.1.1-1

Maximum Model

Reported Percent Consumption and Average Per capita Consumption
of Beverage Categories and Calculated Exposure to Benzoates by the
Total Population and Split by Gender (POF 2008-2009) — Deterministic

GSFA Food Category

14.1.5 Coffee, coffee substitutes, tea,
herbal infusions, and other hot cereal
and grain beverages, excluding cocoa

POF Food Category

Reported Food
Category
Intakes

Calculated Exposure to
Benzoates

% cons

g/day

(mg/day)*

mg/kg bw/day
(% ADI)?

Tea

6.0

31.3

0

0

Total mean general population intakes?®

62.0

0.97
(19.5%)

Males

14.1.2.1 Fruit Juice

14.1.2.3 Concentrates for Fruit Juice

14.1.3.1 Fruit Nectar

14.1.3.3 Concentrates for Fruit Nectar

14.1.3.4 Concentrates for Vegetable
Nectars

Juices

14.1.4 Water-based Flavored Drinks,
including “sport”, “energy”, or
“electrolyte” drinks and particulated

drinks

Refreshments, juice
powder reconstituted

38.8

151.8

38.0

0.56

14.1.4 Water-based Flavored Drinks,
including “sport”, “energy”, or
“electrolyte” drinks and particulated

drinks

Soft drinks

24.8

112.2

28.1

0.41

Soft drinks (diet/light)

1.3

5.2

1.3

0.02

Other nonalcoholic
beverages

1.0

3.2

0.8

0.01

14.1.5 Coffee, coffee substitutes, tea,
herbal infusions, and other hot cereal
and grain beverages, excluding cocoa

Coffee

78.7

222.3

Tea

4.3

26.8

Total mean general population intakes (male)?

68.1

1.00
(20.1%)

Females

14.1.2.1 Fruit Juice

14.1.2.3 Concentrates for Fruit Juice

14.1.3.1 Fruit Nectar

14.1.3.3 Concentrates for Fruit
Nectar

14.1.3.4 Concentrates for Vegetable
Nectars

Juices

14.1.4 Water-based Flavored Drinks,
including “sport”, “energy”, or
“electrolyte” drinks and particulated

drinks

Refreshments, juice
powder reconstituted

40.7

138.7

34.7

0.58
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Table 6.3.1.1-1 Reported Percent Consumption and Average Per capita Consumption
of Beverage Categories and Calculated Exposure to Benzoates by the
Total Population and Split by Gender (POF 2008-2009) — Deterministic
Maximum Model

GSFA Food Category

POF Food Category

Reported Food

Calculated Exposure to

Category Benzoates
Intakes
% cons | g/day | (mg/day)! | mg/kg bw/day

(% ADI)?
14.1.4 Water-based Flavored Drinks, Soft drinks 21.2 78.4 19.6 0.33
including “sport”, “energy”, or . -
“electrolyte’ drinks and particulated Soft drinks (diet/light) 1.8 5.8 15 0.02
drinks Other nonalcoholic 0.7 2.2 0.6 0.01

beverages

14.1.5 Coffee, coffee substitutes, tea, | Coffee 79.3 208.4
herbal mfusmns, and other h_ot cereal Tea 76 355
and grain beverages, excluding cocoa
Total mean general population intakes (female)? 56.3 0.95

(18.9%)

% cons = percent consumption of food category; ADI = acceptable daily intake; GSFA = Codex General Standard
for Food Additives; POF = Pesquisa de Or¢camentos Familiares (Household Budget Survey).
1 Calculated as: [reported consumption] x [benzoate use level]. See Table 6.2-1 for concentrations utilized.

2 See Appendix F for calculation of weighted mean body weight per age group (63.6 kg for total population; 67.9

kg for males and 59.5 kg for females).

3 Calculated as: the sum of individual intakes calculated for each POF food category.

Estimates for mean general population intakes also were presented with stratification for age
category available from the POF, namely teenagers (ages 10 to 18 years), adults (ages 19 to

59 years), and elderly adults (ages 60 years and older). The POF did not have age

stratification, or indeed consumption data, for brackets younger than 10 years of age. The
highest estimated cumulative mean exposure to benzoates were identified in teenagers on a
body weight basis, at 1.34 mg/kg body weight/day (26.7 % ADI), which remained a very small
fraction of the ADI even when considering the maximum benzoate use level of 250 ppm in all
beverage categories. The mean adults and elderly general population intake amounts were
estimated to be 0.94 mg/kg body weight/day (18.8% ADI) and 0.55 mg/kg body weight/day
(10.9% ADI), respectively (Table 6.3.1.1-2).
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Table 6.3.1.1-2 Reported Percent Consumption and Average Per capita Consumption
of Beverage Categories and Calculated Benzoate Intakes by
Teenagers, Adults, and Elderly Adults (POF 2008-2009) -
Deterministic Maximum Model
GSFA Food Category POF Food Category Reported Food Calculated Benzoate
Category Intakes Intakes
% cons | g/day | (mg/day)! | mg/kg bw/day
(% ADI)?
Teenagers
14.1.2.1 Fruit Juice Juices 43.7 167.8 42.0 0.75
14.1.2.3 Concentrates for Fruit Juice
14.1.3.1 Fruit Nectar
14.1.3.3 Concentrates for Fruit
Nectar
14.1.3.4 Concentrates for Vegetable
Nectars
14.1.4 Water-based Flavored Drinks, | Refreshments, juice
including “sport”, “energy”, or powder reconstituted
“electrolyte” drinks and particulated
drinks
14.1.4 Water-based Flavored Drinks, | Soft drinks 28.2 123.7 30.9 0.56
including “sport”, “energy”, or : o
“slectrolyte’ drinks and particulated Soft drinks (diet/light) 1.2 4.1 1.0 0.02
drinks Other nonalcoholic 0.5 1.5 0.4 0.01
beverages
14.1.5 Coffee, coffee substitutes, Coffee 62.8 166.7
tea, herbal mfu_snons, and other hot Tea 34 10.4
cereal and grain beverages,
excluding cocoa
Total mean general population intakes (teenagers) 74.3 1.34
(26.7%)
Adults
14.1.2.1 Fruit Juice Juices 40.3 147.4 36.9 0.54
14.1.2.3 Concentrates for Fruit Juice
14.1.3.1 Fruit Nectar
14.1.3.3 Concentrates for Fruit
Nectar
14.1.3.4 Concentrates for Vegetable
Nectars
14.1.4 Water-based Flavored Drinks, | Refreshments, juice
including “sport”, “energy”, or powder reconstituted
“electrolyte” drinks and particulated
drinks
14.1.4 Water-based Flavored Drinks, | Soft drinks 23.7 98.2 24.6 0.36
including “sport”, “energy”, or . Y
“slectrolyte’ drinks and particulated Soft drinks (diet/light) 1.7 6.3 1.6 0.02
drinks Other nonalcoholic 1.2 3.0 0.8 0.01
beverages
Coffee 82.2 222.8 0 0
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Table 6.3.1.1-2 Reported Percent Consumption and Average Per capita Consumption
of Beverage Categories and Calculated Benzoate Intakes by
Teenagers, Adults, and Elderly Adults (POF 2008-2009) -
Deterministic Maximum Model
GSFA Food Category POF Food Category Reported Food Calculated Benzoate
Category Intakes Intakes
% cons | g/day | (mg/day)! | mg/kg bw/day
(% ADI)?
14.1.5 Coffee, coffee substitutes, Tea 5.9 34.4 0 0
tea, herbal infusions, and other hot
cereal and grain beverages,
excluding cocoa
Total mean general population intakes (adults) 63.7 0.94
(18.8%)
Elderly
14.1.2.1 Fruit Juice Juices 31.3 100.2 25.1 0.38
14.1.2.3 Concentrates for Fruit Juice
14.1.3.1 Fruit Nectar
14.1.3.3 Concentrates for Fruit
Nectar
14.1.3.4 Concentrates for Vegetable
Nectars
14.1.4 Water-based Flavored Drinks, | Refreshments, juice
including “sport”, “energy”, or powder reconstituted
“electrolyte” drinks and particulated
drinks
14.1.4 Water-based Flavored Drinks, | Soft drinks 11.4 35.1 8.8 0.13
including “sport”, “energy”, or : o
“slectrolyte’ drinks and particulated Soft drinks (diet/light) 1.4 3.8 1.0 0.01
drinks Other nonalcoholic 1.2 3.0 0.8 0.01
beverages
14.1.5 Coffee, coffee substitutes, Coffee 86.6 246.9
tea, herbal mfugons, and other hot Tea 10.0 160
cereal and grain beverages,
excluding cocoa
Total mean general population intakes (elderly) 35.5 0.55
(10.9%)

% cons = percent consumption of food category; ADI = acceptable daily intake; GSFA = General Standard for
Food Additives; POF = Pesquisa de Or¢camentos Familiares (Household Budget Survey).
1 Calculated as: [reported consumption] x [benzoate use level]. See Table 6.2-1 for concentrations utilized.

2 See Appendix F for calculation of weighted mean body weight per age group (55.63 kg for teenagers; 67.83 kg

for adults; and 65.11 kg for the elderly).
3 Calculated as: the sum of individual intakes calculated for each POF food category.

6.3.1.2

90™ Percentile Intake

Intakes at the 10", 50" and 90™ percentile were reported for a number of POF food categories
for males and females separately (a 95™ percentile figure was not available for use and no other
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population sub-groups were analyzed!®). The percentile distribution was calculated taking into
account the intra-individual consumption variability using information from 2 days to selected
food groups. The 90™ percentile consumption is presented for the categories ‘Juices’ and ‘Soft
Drinks’, as shown in Table 6.3.1.2-1. As mentioned in Section 6.2, benzoates are reported not
to be used in fruit juices. As such, high level exposures to benzoate from soft drinks alone are
considered herein. The 90™ percentile exposure level for males and females from soft drinks is
estimated at 1.07 and 0.93 mg/kg body weight/day, respectively, equivalent to 21.4 and 18.6%
ADI.

Table 6.3.1.2-1 Reported 90" Percentile Consumption for Beverage Categories for
Males and Females (POF 2008-2009) and Calculated Intakes of
Benzoates - Maximum Use Levels

GSFA Food Category POF Food Reported 90" Calculated 90t

Category Percentile Food Percentile Benzoate

Category Intakes Intakes
g/day mg/day! | mg/kg bw/day
(% ADI)?

Males
14.1.2.1 Fruit Juice Juices 293.3 0 0
14.1.4 Water-based Flavored Drinks, Soft Drinks 290.6 72.7 1.07
including “sport”, “energy”, or “electrolyte”
drinks and particulated drinks

Total 90t percentile intakes (males) 72.7 1.07
(21.4%)

Females

14.1.2.1 Fruit Juice Juices 273.6 0 0

14.1.4 Water-based Flavored Drinks, Soft Drinks 222.1 55.5 0.93

” o«

including “sport”, “energy”, or “electrolyte”
drinks and particulated drinks

Total 90™ percentile intakes (females) 55.5 0.93
(18.6%)

ADI = acceptable daily intake; GSFA = Codex General Standard for Food Additives; POF = Pesquisa de Or¢gamentos
Familiares (Household Budget Survey)

1 Calculated as: [reported consumption] x [benzoate use level]. See Table 6.2-1 for concentrations utilized.

2 See Appendix F for calculation of weighted mean body weight per age group (67.9 kg for males and 59.5 kg for
females)

6.3.2 Model 2 - Deterministic Brand Loyal Assessment

A brand-loyal deterministic assessment was developed by first establishing the main

contributing category, which for this particular jurisdiction was identified to be the beverage
aggregate comprising of “Juice/refreshments/juice powder reconstituted”. This differs from
other jurisdictions, in which regular carbonated soft drinks were selected as the brand loyal

16 Heavy-level consumption for age brackets were not reported in the POF publication and therefore no further
estimates of heavy-level intakes in the Brazilian population based on POF statistics were feasible.
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category. This difference is presumed to be due to the broad categorization system available
for the POF summary statistics. The maximum benzoate use level of 250 ppm per the Codex
adopted interim level for benzoates was assigned to this beverage category, whilst using the
market-weighted mean benzoate concentrations among the other POF beverage categories.

The 90" percentile calculation for the deterministic (non-brand-loyal) assessment presented in
Section 6.3.1.2 above was based on the application of the interim ML to the available
consumption data for ‘soft drinks’ and assignment of 0 ppm to ‘juices’. Based on the limited
nature of the summary statistics for high level intakes (i.e., only available for ‘soft drinks’ and
‘juices’), the identical approach would be taken for a ‘brand loyal’ individual. As such ‘high level
intakes are not duplicated in this section. Only the mean benzoates exposure level is presented
for the brand-loyal model below.

6.3.2.1 Mean Intake

Tables 6.3.2.1-1 and 6.3.2.1-2 summarize the estimated total general population mean intakes
of benzoates, stratified by gender and age groups, respectively.

When considering a market-weighted mean benzoate concentration and a maximum use level
of 250 ppm among “Juice/refreshments/juice powder reconstituted”, the total mean general
population exposure for the entire population group (all ages and genders), and when split by
gender, was 0.71 mg/kg body weight/day (14.3% ADI).

Table 6.3.2.1-1 Reported Percent Consumption and General Population
Consumption of Beverage Categories and Calculated Exposure to
Benzoates by the Total Population and Split by Gender (POF 2008-
2009) - Brand-Loyal Assessment

GSFA Food Category POF Food Reported Food Calculated Exposure to
Category Category Intakes Benzoates

% cons g/day (mg/day)* | mgl/kg bw/day
(% ADI)?

Total Population

14.1.2.1 Fruit Juice Juices 39.8 145.0 36.3 0.57

14.1.2.3 Concentrates for Fruit
Juice

14.1.3.1 Fruit Nectar

14.1.3.3 Concentrates for Fruit
Nectar

14.1.3.4 Concentrates for
Vegetable Nectars

14.1.4 Water-based Flavored Refreshments, juice
Drinks, including “sport”, “energy”, powder reconstituted
or “electrolyte” drinks and
particulated drinks
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Table 6.3.2.1-1

Reported Percent Consumption and General Population

Consumption of Beverage Categories and Calculated Exposure to
Benzoates by the Total Population and Split by Gender (POF 2008-
2009) - Brand-Loyal Assessment

GSFA Food Category POF Food Reported Food Calculated Exposure to
Category Category Intakes Benzoates
% cons g/day (mg/day)* | mglkg bw/day
(% ADI)?
14.1.4 Water-based Flavored Soft drinks 23.0 94.7 7.8 0.12
Drinks, including “sport”, energy”,  I"g ¢ qrinks 16 5.5 1.0 0.02
or “electrolyte” drinks and (diet/light)
particulated drinks 9
Other nonalcoholic 0.8 2.7 0.2 <0.01
beverages®
14.1.5 Coffee, coffee substitutes, Coffee 79.0 215.1
tea, herbal |nfu_5|ons, and other hot Tea 6.0 313
cereal and grain beverages,
excluding cocoa
Total mean per capita intakes* 45.3 0.71
(14.3%)
Males
14.1.2.1 Fruit Juice Juices 38.8 151.8 38.0 0.56
14.1.2.3 Concentrates for Fruit
Juice
14.1.3.1 Fruit Nectar
14.1.3.3 Concentrates for Fruit
Nectar
14.1.3.4 Concentrates for
Vegetable Nectars
14.1.4 Water-based Flavored Refreshments,
Drinks, including “sport”, “energy”, juice powder
or “electrolyte” drinks and reconstituted
particulated drinks
14.1.4 Water-based Flavored Soft drinks 24.8 112.2 9.3 0.14
Drinks, including “sport”, "energy”, g ¢ grinks 13 5.2 1.0 0.01
or “electrolyte” drinks and (diet/light)
particulated drinks 9
Other nonalcoholic 1.0 3.2 0.3 <0.01
beverages®
14.1.5 Coffee, coffee substitutes, Coffee 78.7 222.3
tea, herbal mfugons, and other hot Tea 13 6.8
cereal and grain beverages,
excluding cocoa
Total mean per capita intakes (male)* 48.4 0.71
(14.3%)
Females
14.1.2.1 Fruit Juice Juices/refreshments/ 40.7 138.7 34.7 0.58
14.1.2.3 Concentrates for Fruit Juice pqwder
; reconstituted
Juice
14.1.3.1 Fruit Nectar
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Table 6.3.2.1-1

Reported Percent Consumption and General Population

Consumption of Beverage Categories and Calculated Exposure to
Benzoates by the Total Population and Split by Gender (POF 2008-
2009) - Brand-Loyal Assessment

GSFA Food Category POF Food Reported Food Calculated Exposure to
Category Category Intakes Benzoates
% cons g/day (mg/day)* | mglkg bw/day
(% ADI)?
14.1.3.3 Concentrates for Fruit
Nectar
14.1.3.4 Concentrates for
Vegetable Nectars
14.1.4 Water-based Flavored Refreshments,
Drinks, including “sport”, “energy”, juice powder
or “electrolyte” drinks and reconstituted
particulated drinks
14.1.4 Water-based Flavored Soft drinks 21.2 78.4 6.5 0.11
Drinks, including "sport’, *energy”,  ["gi e qrinks 18 58 11 0.02
or “electrolyte” drinks and (diet/light)
particulated drinks 9
Other nonalcoholic 0.7 2.2 0.2 <0.01
beverages®
14.1.5 Coffee, coffee substitutes, Coffee 79.3 208.4
tea, herbal |nfu_5|ons, and other hot Tea 76 355
cereal and grain beverages,
excluding cocoa
Total mean per capita intakes (female)* 42.4 0.71
(14.3%)

% cons = percent consumption of food category; ADI = acceptable daily intake; GSFA = Codex General Standard
for Food Additives; POF = Pesquisa de Orcamentos Familiares (Household Budget Survey).
1 Calculated as: [reported consumption] x [maximum or weighted average reported use level per food category].
See Table 6.2-1 for concentrations utilized.
2 See Appendix F for calculation of weighted mean body weight per age group (63.6 kg for total population; 67.9

kg for males and 59.5 kg for females).

3 The use level applied to the “Other non-alcoholic beverage” POF category was an average weighted value
considering all beverage categories not otherwise considered, i.e., energy drinks, sports drinks, RTD teas and

RTD coffees.

4 Calculated as: the sum of individual intakes calculated for each POF food category.

When the exposure estimates were determined according to age group, namely teenagers
(ages 10 to 18 years), adults (ages 19 to 59 years), and elderly adults (ages 60 years and
older), the highest estimated cumulative mean exposure to benzoates were identified in
teenagers on a body weight basis, at 0.95 mg/kg body weight/day (19.1% ADI), which remained
a very small fraction of the ADI even when considering the maximum benzoate use level of
250 ppm for the main contributing beverage category in addition to weighted average levels for
all other beverage types. The mean general population intake amount adults and elderly were
estimated to be 0.68 mg/kg body weight/day (13.7% ADI) and 0.44 mg/kg body weight/day
(8.9% ADI), respectively (Table 6.3.2.1-2).
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Table 6.3.2.1-2

Reported Percent Consumption and Average Per capita Consumption
of Beverage Categories and Calculated Benzoate Intakes by
Teenagers, Adults, and Elderly Adults (POF 2008-2009) - Brand-Loyal

Assessment
GSFA Food Category POF Food Category Reported Food Calculated Benzoate
Category Intakes
Intakes
% cons | g/day | (mg/day)! | mgl/kg bw/day

(% ADI)?

Teenagers

14.1.2.1 Fruit Juice Juices 43.7 167.8 42.0 0.75

14.1.2.3 Concentrates for Fruit Juice

14.1.3.1 Fruit Nectar

14.1.3.3 Concentrates for Fruit Nectar

14.1.3.4 Concentrates for Vegetable

Nectars

14.1.4 Water-based Flavored Drinks, Refreshments, juice

including “sport”, “energy”, or powder reconstituted

“electrolyte” drinks and particulated

drinks

14.1.4 Water-based Flavored Drinks, Soft drinks 28.2 123.7 10.2 0.18

including “sport”, “energy”, or : o

“slectrolyte’ drinks and particulated Soft drinks (diet/light) 1.2 4.1 0.8 0.01

drinks Other nonalcoholic 0.5 1.5 0.1 <0.01

beverages®

14.1.5 Coffee, coffee substitutes, tea, Coffee 62.8 166.7

herbal mfusmns, and other h_ot cereal Tea 34 10.4

and grain beverages, excluding cocoa

Total mean general population intakes (teenagers) 53.1 0.95
(19.1%)

Adults

14.1.2.1 Fruit Juice Juices 40.3 147.4 36.9 0.54

14.1.2.3 Concentrates for Fruit Juice

14.1.3.1 Fruit Nectar

14.1.3.3 Concentrates for Fruit Nectar

14.1.3.4 Concentrates for Vegetable

Nectars

14.1.4 Water-based Flavored Drinks, Refreshments, juice

including “sport”, “energy”, or powder reconstituted

“electrolyte” drinks and particulated

drinks

14.1.4 Water-based Flavored Drinks, Soft drinks 23.7 98.2 8.1 0.12

including “sport”, “energy”, or . Y

“electrolyte’ drinks and particulated Soft drinks (diet/light) 1.7 6.3 1.2 0.02

drinks Other nonalcoholic 1.2 3.0 0.2 <0.01

beverages?®

14.1.5 Coffee, coffee substitutes, tea, Coffee 82.2 222.8

herbal mfusmns, and other hpt cereal Tea 59 344

and grain beverages, excluding cocoa
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Table 6.3.2.1-2 Reported Percent Consumption and Average Per capita Consumption
of Beverage Categories and Calculated Benzoate Intakes by
Teenagers, Adults, and Elderly Adults (POF 2008-2009) - Brand-Loyal

Assessment
GSFA Food Category POF Food Category Reported Food Calculated Benzoate
Category Intakes
Intakes
% cons | g/day | (mg/day)! | mgl/kg bw/day
(% ADI)?
Total mean general population intakes (adults) 46.4 0.68
(13.7%)
Elderly
14.1.2.1 Fruit Juice Juices 31.3 100.2 25.1 0.38
14.1.2.3 Concentrates for Fruit Juice
14.1.3.1 Fruit Nectar
14.1.3.3 Concentrates for Fruit Nectar
14.1.3.4 Concentrates for Vegetable
Nectars
14.1.4 Water-based Flavored Drinks, Refreshments, juice
including “sport”, “energy”, or powder reconstituted
“electrolyte” drinks and particulated
drinks
14.1.4 Water-based Flavored Drinks, Soft drinks 114 35.1 2.9 0.04
including “sport”, “energy”, or : o
“slectrolyte’ drinks and particulated Soft drinks (diet/light) 1.4 3.8 0.7 0.01
drinks Other nonalcoholic 1.2 3.0 0.2 <0.01
beverages®
14.1.5 Coffee, coffee substitutes, tea, Coffee 86.6 246.9
herbal mfusmns, and other h_ot cereal Tea 10.0 160
and grain beverages, excluding cocoa
Total mean general population intakes (elderly) 28.9 0.44
(8.9%)

% cons = percent consumption of food category; ADI = acceptable daily intake; GSFA = General Standard for
Food Additives; POF = Pesquisa de Or¢amentos Familiares (Household Budget Survey).

1 Calculated as: [reported consumption] x [maximum or weighted average benzoate use level per food category].
See Table 6.2-1 for concentrations utilized.

2 See Appendix F for calculation of weighted mean body weight per age group (55.63 kg for teenagers; 67.83 kg
for adults; and 65.11 kg for the elderly).

3 The use level applied to the “Other nonalcoholic beverages” POF category was an average weighted value
considering all beverage categories not otherwise considered, i.e., energy drinks, sports drinks, RTD teas and
RTD coffees.

4 Calculated as: the sum of individual intakes calculated for each POF food category.

6.4 Conclusions on Brazilian Intakes

This exposure assessment estimated intakes of benzoates among the Brazilian population,
calculated from reported benzoate use level data and summary statistics from the POF
2008-2009 for individual beverage categories. A conservative approach was taken in the
selection of maximum levels (i.e., Codex adopted interim ML of 250 ppm) for the deterministic
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evaluations. A fixed concentration was required for the consumption figure representing a large
aggregate of beverage types (i.e. “juices, refreshments, and juice powder reconstituted”), of
which only a very small portion would be expected to contain benzoates. In the maximum
deterministic scenario (Model 1), all beverage categories which may contain benzoates were
assigned a concentration of 250 ppm (i.e. all POF beverage categories with the exception of
coffee and tea). It is noted that the large share of the Brazilian beverage market does not
contain benzoates (see Figure 6.2-1); however, due to the limitations of the POF food
consumption data (wherein the consumption categories are very aggregated) and the
availability of only general population intakes, it was considered appropriate to take a
conservative approach to capture all potential benzoate-containing beverage products that may
be represented by a POF beverage category. This is particularly notable for fruit juices (and
concentrates) and nectars (and their concentrates) with a reported use of benzoates was “0”.
However, given the nature of the broader POF food category, namely “juices, refreshments,
juice powder reconstituted”, the use levels for ‘fruit-juice based drinks’ and ‘non-carbonated
water based flavoured drinks’- capped at 250 ppm per the Codex adopted interim levels - were
therefore applied to this POF category. This will result in an overestimate of the intakes, as a
proportion of the consumed volume (i.e., those related to fruit juices and nectars) will not contain
benzoates. This approach was carried over in both the maximum use level model (Model 1)
and the brand-loyal model (Model 2) as this large beverage aggregate - with the potential to
contribute highest to benzoate intakes - was selected as the brand loyal category.

Following on the reporting format available for beverage consumption in the POF, results are
presented in terms of mean exposure for the general population for the entire cohort and by age
and gender as well as 90" percentile intakes for males and females (heavy consumption
statistics broken down by age brackets are not available). When considering exposure to
beverages containing a maximum benzoate concentration of 250 ppm across all beverages,
with the exception of coffees and teas (Model 1), the total mean general population intakes of
benzoates within the total group surveyed (10 years+) was determined to be 0.97 mg/kg body
weight/day (19.5% ADI). Mean and 90™ percentile intakes were presented for males and
females (90" percentile intakes only calculated considering ‘Soft Drinks’). Among males these
were 1.0 mg/kg body weight/day (20.1% ADI) and 1.07 mg/kg body weight/day (21.4% ADI),
respectively. Among females, the mean and 90™ percentile intakes were 0.95 mg/kg body
weight/day; 18.9% ADI) and 0.93 mg/kg body weight/day; 18.7% ADI), respectively. The
differences in beverage categorization and reporting of the mean and 90™ percentile beverage
consumption data within the POF report resulted in mean and heavy percentile estimates that
are almost identical, as illustrated here. This in fact is an artifact of the presentation of the
beverage consumption data publicly available in Brazil. That is, the mean and 90" percentile
consumption estimates, while based on the same survey, are prepared independently of one
another. The mean benzoate exposure levels are based on a summation of mean values for a

number of beverage categories (i.e., “refreshments, juice powder, reconstituted”, “soft drinks”,
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“soft drinks (diet/light), “other nonalcoholic beverages”) and the corresponding use levels,
whereas the 90" percentile values were calculated based on intakes of “soft drinks” alone.
Empirical evidence indicates that, in general, 95" percentiles of consumption can be estimated
at approximately 3 times the mean (WHO, 1985). On this basis, considering the Deterministic
Maximum model (Model 1) and a proxy for heavy-level consumption to complement the 90™
percentile figure from the POF, the 95™ percentile may be considered to be 2.91' mg/kg body
weight/day (58.2% ADI) among all ages, 3.00 mg/kg body weight/day (60.0% ADI) in males, and
2.85 mg/kg body weight/day (57.0% ADI) in females. Among individual age groups, the highest
mean general population intake of benzoates on a body weight basis was estimated at

1.34 mg/kg body weight/day (26.7% ADI) among teenagers. The mean general population
intakes of benzoates in the remaining age groups (i.e., adults and elderly adults) were
determined to be 0.94 and 0.55 mg/kg body weight/day (18.8 and 10.9% ADI), respectively. No
heavy-level consumption data were available by age group in the POF summary statistics.
Using the same proxy as above, the 95™ percentile of benzoate intake among teenagers, adults,
and elderly adults may be estimated at 4.02 mg/kg body weight/day (80.4% ADI), 2.82 mg/kg
body weight/day (56.4% ADI), and 1.65 mg/kg body weight/day (33.0% ADI), respectively. No
exceedances of the ADI were identified when using this proxy for 95" percentiles of
consumption at the maximum anticipated benzoate inclusion levels (based on the Codex
adopted interim ML of 250 ppm).

When the assessment was adjusted to consider the mean intake values for all beverage
categories, except the ‘juices/refreshments/juice powder reconstituted’ (which was the highest
consumed beverage category in Brazil), i.e., Model 2, the mean exposure level was calculated
to be 0.71 mg/kg body weight/day (14.3% ADI) for all individuals and when split by gender.
When the exposure estimates were determined according to age group, the highest estimated
cumulative mean exposure to benzoates were identified in teenagers on a body weight basis, at
0.95 mg/kg body weight/day (19.1% ADI). The mean general population intake amount adults
and elderly were estimated to be 0.68 mg/kg body weight/day (13.7% ADI) and 0.44 mg/kg body
weight/day (8.9% ADI), respectively (Table 6.3.1.1-2). As mentioned previously, it was not
possible to determine heavy- level intakes at the 95™ percentile specifically for brand-loyal
individuals based on the availability of summary statistics for “soft drinks” alone. Thus, the
aforementioned approach is used as a proxy for heavy-level intakes within different age
brackets resulting in theoretical intakes of 2.13 mg/kg body weight/day (42.6% ADI) for the total
population; when split according to age group, estimated exposures to benzoate were
calculated to be 2.85 mg/kg body weight/day (57.0% ADI) for teenagers, 2.04 mg/kg body
weight/day (40.8% ADI) for adults, and 1.32 mg/kg body weight/day (26.4% ADI) for elderly.

In summary, based on the estimated benzoate intakes from beverages - calculated from
maximum usage level data and food consumption data from the Brazilian POF (2008-2009), i.e.,

17 Example: Calculated as 0.97 mg/kg body weight/day x 3 = 2.91 mg/kg body weight/day.
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Model 1 - mean intakes for the total population, teenagers, adults and elderly were below the
ADI for this additive. The estimated intakes at the mean and heavy-level (90" percentile) do not
exceed 27% of the ADI based on data from the POF; or 80.4% of the ADI for this population
group when a proxy ratio of 3-fold between the mean and 95" percentile was utilized. When
industry-reported benzoate use levels were taken into account (i.e., market-weighted average
benzoate concentration), but still considering potential brand loyalty (for
“juices/refreshments/juice powder reconstituted”), i.e., Model 2, the 95™ percentile intakes were
slightly decreased across all population groups, with the highest exposure level calculated at
57% of the ADI. It is important to note that these calculations do not relate to toddlers and
children (1 to 7 years), who typically have higher intakes on a body weight basis than other
population groups (EFSA, 2011b). Furthermore, the results presented by the IBGE do not
consider consumers only. Intakes by beverage consumers are likely to be slightly higher than
the values presented herein. However, this assessment can be considered a conservative
estimate of intakes as all non-alcoholic beverages permitted to contain benzoates were included
in the assessments of intake, with no account for actual occurrence levels in these products.

7.0 OVERALL CONCLUSIONS

In the interest of refining the exposure estimate for benzoates, building on the 2014 industry-
submitted data and the 2015 JECFA evaluation, the ICBA commissioned an updated intake
assessment for four jurisdictions believed to be “worst-case” scenario jurisdictions relative to
benzoate dietary exposure that would help identify the ceiling for safe benzoate uses in
beverages globally. The refined intake assessment incorporated updated benzoate use level
data and more realistic models for estimating dietary intake by incorporating factors to account
for the “representativeness” of reported benzoate uses, based on market share. Realistic
estimates of exposure are essential to enabling effective risk management decisions and
contributing to transparent risk communication. Moreover, refining the JECFA conservative
intake estimate is a notion fully endorsed by the WHO’s Principles and methods for the risk
assessment of chemicals in food (WHO, 2009). Specifically, it states:

“Refinements could include more defined information about the
foods that are consumed (less conservative assumptions about
the amounts consumed, the concentrations of the chemical in
the foods, impact of processing and food preparation, etc.), or
more complex exposure assessment models can be
employed that allow more realistic simulation of consumer
practices.” (emphasis added - see Section 6.3.5 Refined dietary
exposure assessments (probabilistic distributional analyses) and
Figure 6.1, EHC 240, reproduced below)
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Fig. 6.1. Stepwise approach to obtaining realistic dietary exposure
assessments

Importantly, the assessment conducted by JECFA in 2015 used summary statistics for
consumption data for specific beverage categories available in the CIFOCOss database to
evaluate exposure to benzoates. As previously mentioned, while the CIFOCOss database is a
valuable screening tool for producing deterministic estimates of dietary exposures to certain
substances, a more sophisticated model incorporating more complex considerations such as
market share and brand loyalty may be warranted to render more accurate and relevant
estimates of intake for a food additive (e.g., benzoates which have a wide range of reported use
levels within the specific subclasses of GSFA food category 14.1.4). Furthermore, as
described in Section 2.2, the 2014-submitted assessment utilized maximum, as opposed to
average, reported use levels, which was deemed by JECFA to be unsuitable.

Country-specific benzoate use levels (on a benzoic acid basis) were collected from all ICBA
members for the U.S., Canada, Mexico and Brazil, specifically for those brands collectively
contributing over 80% of the market share (in most instances) for each beverage type (e.g.,
regular carbonated soft drinks). These jurisdictions — the “worst-case” scenario jurisdictions —
were selected primarily based on national standards set higher than 400 ppm and for which a
significant market disruption was anticipated based on ICBA first circular comments (using the
Codex adopted interim ML of 250 ppm established by the CCFA48 as the threshold). ICBA
members were requested to submit benzoate use level information based on all GSFA
beverage categories to which benzoates are permitted for use (including 100% fruit juices)
according to market share, with special emphasis on category 14.1.4 Water-based flavored
drinks, which was further organized into general subcategories:
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e 14.1.2.1 Fruit Juice

o 14.1.2.3 Concentrates for Fruit Juice

e 14.1.3.1 Fruit Nectar

e 14.1.3.1 Concentrates for Fruit Nectar

e 14.1.3.4 Concentrates for Vegetable Nectars

o 14.1.4 Water-Based Flavored Drinks [further divided into general subcategories:]
o Regular carbonated soft drinks

Diet carbonated soft drinks

Flavored water drinks

Fruit juice-based drinks

Energy drinks

Sports drinks

Ready-to-drink (RTD) teas
o RTD coffees

e 14.1.5 Coffee, Coffee Substitutes, Tea, Herbal Infusions, and Other Hot Cereal and

Grain Beverages, Excluding Cocoa

O O O O O

The most recent benzoate use level data collection indicated that, in general, benzoates were
not broadly used in fruit juices (and concentrates thereof), fruit and vegetable nectars (and
concentrates thereof), or coffee, coffee substitutes, tea, herbal infusions, and other hot cereal
and grain beverages (as defined in GSFA 14.1.5) across these jurisdictions. Furthermore,
market share data were received for these countries, detailing the volume in millions of gallons
for top-selling beverage brands in the non-alcoholic beverage sector (to include those making
up in most cases over 80% of the market share for each beverage type identified above under
GSFA 14.1.4). Market share data also demonstrated that the majority of the overall liquid
refreshment beverage market did not contain benzoates (benzoate-containing products were
reported to penetrate 27.8% of the U.S. market; 21.0% in the Canadian market; 35.0% of the
Brazilian market; and 15.0% of the Mexican market; see individual Sections for this information).

New dietary exposure estimates were generated from refined intake models, taking into account
market share information and brand loyalty, two concepts that were previously not integrated
into either industry’s 2014 benzoate intake estimates or JECFA’s 2015 assessment. A tiered
approach to exposure assessments is recommended to maximize limited resources (WHO,
1985, 2009). As such, the current series of assessments may be considered a second ‘tier’ of
exposure models for benzoates for ‘high impact’ regions based on actual industry reported use
levels, providing more realistic intake estimates to the more conservative approaches
undertaken in 2014 and 2015. Both probabilistic and distributional modeling were applied in
most cases when the beverage consumption data was available (e.g., individual level
consumption data). Probabilistic modelling accounts for variability in the benzoate use level,
including presence probability based on market share information. Distributional models
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account for brand-loyalty among heavily consumed beverage types and market-weighted
average concentrations for other categories. The details of these models are summarized in the
points below:

¢ In the probabilistic models, all reported use levels (including those above the Codex
adopted interim ML of 250 ppm), including non-occurrences, were incorporated into the
model with a specific probability of being consumed that directly mirrored the market
share of the beverage product.

¢ In the brand-loyal models, the scenario in which a consumer with specific beverage
preferences may be a habitual consumer of one product line was analyzed. Although
products with benzoate occurrences represent a relatively low portion of the overall
market (see Figures 3.2-1, 4.2-1, 5.2-1, and 6.2-1), this model assumes the worst case
in which an individual is loyal to a product containing the highest reported benzoate use.
The remaining beverage categories were assumed to contain a market-weighted mean?®
concentration of benzoates. For all markets except Brazil, the largest contributing
beverage category was regular carbonated soft drinks. Due to the atypical aggregation
of beverage categories in Brazil, the largest contributing beverage category was
“refreshments” (the “juices/refreshments/juice powder reconstituted” aggregate). In
consideration of the Codex adopted interim maximum level of 250 ppm for beverages of
pH <3.5 (and the proposed 500 ppm for beverages of pH >3.5), a restriction was placed
on the brand-loyal category for those products below pH 3.5 so as to not exceed these
levels (i.e., for regular carbonated soft drinks in all jurisdictions and for
“juices/refreshments/juice powder reconstituted” in Brazil); no such restriction was
placed on beverages with a pH >3.5, as no reported use levels exceeded the limit of
500 ppm.

In the U.S., beverage consumption data from NHANES were retrieved and food codes were
matched as closely as possible to the GSFA categories. Beverages that fall within GSFA
category 14.1.4 had reported benzoate use levels which ranged from 0 to 430.5 ppm. In the
probabilistic model (Model 1), all reported individual benzoate concentration data points were
incorporated into the exposure model, and were matched with a presence probability that
directly reflected the market share of that product. The general population groups had a mean
and 95" percentile intake of 0.5 and 2.2 mg/kg body weight/day among all ages (10.3 and
44.2% ADI), respectively. In consumers only, the mean and 95™ percentiles of intake among alll
ages across age groups were similar, at 0.5 and 2.3 mg/kg body weight/day (10.7 and 45.6%
ADI), respectively. The highest intakes on a body weight basis were identified in adults, with a
reported mean and 95" percentile intake of 0.6 and 2.3 mg/kg body weight/day, respectively;
the heavy-level (95" percentile) estimates did not exceed 46.9% of the ADI. In the brand-loyal

18 The market-weighted mean is an average concentration of benzoate use, weighted according to market share.
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model (Model 2), a fixed concentration for regular carbonated soft drinks was established, with a
100% presence probability assumed. The highest benzoate use was set at 428.3 ppm (for
cream sodas and root beers assumed to have a pH >3.5) and 250 ppm (for all remaining
regular carbonated soft drinks with pH<3.5); the market weighted mean was applied to all other
categories. The mean and 95" percentiles of intake in the general population for all ages was
estimated to be 0.9 and 3.3 mg/kg body weight/day (17.3 and 65.6% ADI), respectively. Among
consumers only in this scenario, again the mean and 95™ percentiles of intake were similar at
0.9 and 3.4 mg/kg body weight/day (18.1 and 67.6% ADI). Among the age brackets, the highest
estimates for the mean were identified in other children and adolescents (age 8 to 17 years) at
1.0 mg/kg body weight/day (19.7% ADI), and at the heavy-level 95" percentile, the highest
estimate was identified in toddlers and young children at 4.1 mg/kg body weight/day, equivalent
to 82.4% of the ADI'®. These estimates suggest that even in the worst-case in which a toddler
or child is brand-loyal to a product line containing the maximum reported levels of benzoates
among beverages with pH<3.5 and is chronically consuming this beverage, the cumulative
exposure is not expected to result in intakes exceeding the ADI. All of the above suggest that
the extreme outliers among toddlers/children using the most conservative assumptions do not
have an estimated daily intake that is cause for concern.

In Canada, the same models were employed as above, whilst using country-specific benzoate
use level data and branded-beverage market share information; however, due to the lack of
publicly available food consumption data in this region, the NHANES dataset from the U.S. was
used as a surrogate source of dietary information for Canada. As with the U.S. market,
benzoates were reported to not be used in GSFA food categories corresponding to fruit juice
(and concentrates), fruit and vegetable nectar (and concentrates) and coffee drinks. Within the
subcategories of GSFA 14.1.4, the use levels ranged from 0 to 438 ppm. In the probabilistic
model (Model 1), both the general population and consumer only mean and 95™ percentile
intakes were estimated to be 0.4 and 1.7 mg/kg body weight/day among all ages (7.4 to 7.7%
and 34.5 to 35.0% ADI), respectively. Within the consumer only dataset, the highest mean and
95" percentile intakes were identified in adults, at 0.4 and 1.8 mg/kg body weight/day,
respectively; heavy-level (95" percentile) intake was equivalent to 36.2% of the ADI for this
population group. In the brand-loyal model (Model 2), consumers of regular carbonated soft
drinks were assumed to be exposed broadly to both the maximum benzoate concentration of
438 ppm (for beverages such as cream sodas and root beers with pH>3.5) and 250 ppm based
on the Codex adopted interim level (remaining regular carbonated soft drinks); the market
weighted mean was applied to all other categories. Under this assumption, the general
population was estimated to have intakes of benzoates at the mean and 95" percentile level of
0.8 and 3.2 mg/kg body weight/day (16.8 and 64.4% ADI). On a consumer only basis, the total
mean and 95" percentile intake among all ages was estimated to be 0.9 and 3.4 mg/kg body
weight/day (17.6 and 67.2% ADI). The highest mean intake estimate was identified in other

19 The ADI of 0 to 5 mg/kg bodyweight/day was assigned at the forty-sixth meeting of the CCFA (JECFA, 1997).
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children (including adolescents) at 1.0 mg/kg body weight/day, and the highest heavy-level
(95" percentile) intake estimate was identified in toddlers/young children of 4.1 mg/kg body
weight/day (equivalent to 82.8% of the ADI).

Both aggregate (24-hour dietary recall) and individual-level (FFQ) food consumption data were
available in Mexico, allowing for deterministic, probabilistic, and distributional models to be
employed. For the 24-hour dietary recall data, a brand-loyal deterministic model (Model 1)
leveraged the summary statistics on beverage consumption in Mexico published by Stern et al.
(2014), combined with a use level of 250 ppm (interim ML adopted by Codex) for regular
carbonated soft drinks (no food codes were available for and no use levels exceeding 250 ppm
were reported for regular carbonated soft drinks of pH > 3.5), and the market-weighted
averages of the remaining beverage categories were employed, again with the conservative
assumption that individuals will be habitually consuming regular carbonated soft drinks with the
highest benzoate use level (Model 1). For the FFQ data, the approach in establishing a
probabilistic and brand-loyal distributional model was identical to that of the U.S. and Canada.
Again, all individual reported benzoate use level data points were entered in the probabilistic
model (Model 2) with a presence probability that directly reflected the market share of the
branded beverage product. In the brand-loyal distributional model (Model 3), the FFQ data
were combined with the benzoate use levels established in the brand-loyal model described for
Model 1 above. In Mexico, reported benzoate use was “0” for the GSFA categories
corresponding to fruit juices (and concentrates), fruit nectar (and concentrates), concentrates for
vegetable nectars, and coffee, coffee substitutes, tea (as defined by GSFA 14.1.5). Among the
GSFA category 14.1.4, the reported use levels ranged from 0 to 300 ppm?°. In the brand-loyal
deterministic model (Model 1), the estimated benzoate intake level among the general
population was estimated to be 1.2 mg/kg body weight/day in children aged 1 to 19 years and
0.9 mg/kg body weight/day in adults aged 20 years and older (24.1 and 17.9% ADI). Due to a
lack of total consumer-only beverage estimates from the published 24-hour recall data, the
consumer-only intakes from the highest contributing beverage category, caloric soda, was
summated with the general population intakes from the remaining beverage categories. This
approach rendered an estimated benzoate intake of 2.4 mg/kg body weight/day in children aged
1 to 19 years (48% ADI) and 1.7 mg/kg body weight/day in adults aged 20 years and older (34%
ADI). When considering the probabilistic model (Model 2), mean and 95™ percentiles of intake
in the general population and consumer only dataset were 0.5 and 2.5 mg/kg body weight/day
(9.8 t0 10.5, and 49.1 to 51.0% ADI), respectively, for all ages. Among the consumers only
dataset, the highest mean and 95" percentile among the age categories was identified to be in
toddlers/young children aged 1 to 7 years old, having a mean and 95" percentile intake of 0.9
and 3.7 mg/kg body weight/day, respectively. This heavy-level intake among this age group

20 Consistent with the approaches in the other brand loyal models, the maximum benzoate use level for the regular
carbonated soft drink subcategory was restricted to 250 ppm. None of the beverages making up the larger share of
the Mexican market were reported to have pH >3.5 and therefore did not have to be factored into this assessment.

International Council of Beverage Associations 69
11 November 2016



Intertek

was equivalent to 74.2% of the ADI. In the brand-loyal distributional model (Model 3), the
general population mean and 95™ percentile benzoate intake was estimated at 1.2 and

4.3 mg/kg body weight/day (24.8 and 86.2% ADI), respectively, whereas in the consumer only
dataset, this was estimated to be 1.3 and 4.4 mg/kg body weight/day (26.4 and 88.6% ADI),
respectively. Among consuming toddlers/young children, the mean and 95" percentile intakes
were estimated to be 1.7 and 5.3 mg/kg body weight/day; as such, heavy consumers were
estimated to exceed the ADI by 0.3 mg/kg body weight/day (or 5.4%). No exceedance of the
ADI were observed in other age groups (i.e., older children, adolescents and adults), indicating
that this pattern is not observed in older individuals. Those brand-loyal toddlers and young
children slightly exceeding the ADI corresponds to 75 toddlers/children out of 1,678
toddlers/children surveyed (i.e., 4.5%) and out of all 7,397 respondents surveyed (i.e., 1%) in
ENSANUT. Considering the assumptions built into the brand loyal model, i.e., that these
individuals are assumed to be habitual consumers of regular carbonated soft drinks containing
the maximum amount of benzoates at 250 ppm and average consumers of all other non-
alcoholic beverages at 100% presence probability?, the slight excursion above the ADI is not
considered to be a cause for concern .

Lastly, in Brazil, the absence of publicly available individual-level beverage consumption data
resulted in the use of summary statistics reports generated from the POF Household Budget
Survey. As the published data are fixed and only available on an aggregate level, a
deterministic approach had to be taken in which a single benzoate concentration was applied to
each beverage category included in the POF publication. Due to the presentation of the
summary statistics, two models were developed - a maximum use deterministic model (applying
a 250 ppm use level across all categories in which benzoates have reported use); and a brand-
loyal deterministic model (applying a maximum benzoate use level to the highest consumed
aggregated beverage category - “juices/refreshments/juice powder reconstituted” - and a
market-weighted mean concentration for the remaining categories). None of the beverages that
make up the larger share of the Brazil market was reported to have pH >3.5. Further, there
were no food codes available in the POF which specifically corresponded with such products.
Therefore, these use levels were not factored into this assessment. In Brazil, reported use
levels of benzoates in relevant beverages within 14.1.4 GSFA category exceeded 250 ppm.
Reported uses of “0” were submitted for the remaining GSFA beverage categories. Using the
maximum use model (Model 1), cumulative intakes of benzoates across all beverage categories
in the general population were far below the ADI. In the general population, the mean intake
was estimated to be 0.97 mg/kg body weight/day (19.5% ADI) among all ages and genders.
Among the strata available in the POF publication (i.e., individuals 10 years and older), the
highest mean intake was identified in teenagers, with an estimate of 1.34 mg/kg body

21 In the Mexican market, benzoate-containing beverages only represent 15.0% market share of the entire liquid
refreshment beverage market (Figure 5.2-1)
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weight/day (equivalent to 26.7% of the ADI). When considering the 90" percentile estimates??,
the heavy-level consumption of beverages resulted in intakes of benzoates of no more than
1.07 mg/kg body weight/day (males) and 0.93 mg/kg body weight/day (females). At the highest
estimate, exposures equivalent to only 21.4% of the ADI was attained. Noteworthy is that the
95" percentile beverage consumption figures are not available from the POF publication. Using
a proxy for the 95" percentile consumption, a supplementary estimate of heavy-level
consumption was calculated as 2.91 mg/kg body weight/day (58.2% ADI) among all ages, and
up to 4.02 mg/kg body weight/day (80.4% ADI) in teenagers (identified as having the highest
exposure within the strata examined). When considering the brand-loyal deterministic model
(Model 2), the mean intakes among the general population were 0.71 mg/kg body weight/day
(14.3% ADI) among all ages and genders combined, and when split into males and females.
Among the strata available in the POF publication, the highest mean intake was identified in
teenagers, with an estimate of 0.95 mg/kg body weight/day (equivalent to 19.1% of the ADI).
Using a proxy for the 95™ percentile consumption, a supplementary estimate of heavy-level
consumption was calculated as 2.13 mg/kg body weight/day (42.6% ADI) for the total population
(all age groups and genders), 2.85 mg/kg body weight/day (57.0% ADI) for teenagers,

2.04 mg/kg body weight/day (40.8% ADI) for adults, and 1.32 mg/kg body weight/day (26.4%
ADI) for elderly.

As a general consideration, when interpreting additive intake data, as noted by JECFA and re-
iterated in Renwick and Walker (1993): “...Because in most cases, data are extrapolated from
life-time animal studies, the ADI relates to life-time use and provides a margin of safety large
enough for toxicologists not to be particularly concerned about short-term use at exposure
levels exceeding the ADI, providing the average intake over longer periods does not exceed it
(WHO, 1987)" (emphasis added). This concept should be taken into account, especially when
assessing potential exceedances observed at the 95" percentile intakes among toddlers and
children, which represent heavy-level exposures at a certain life stage (1 to 7 years) and are not
observed when considering mean estimates in older age groups (7+ years).

The intake estimates described herein are intended to build upon the assessment conducted
and submitted by the ICBA in 2014 and JECFA'’s 2015 intake estimates to benzoates. Use
levels have been updated and corrected and branded beverage market share data have been
incorporated into the assessments. These models were designed to represent the realistic
scenario with representative use level information based on the market landscape as applied to
the probabilistic models and the worst-case brand-loyal consumer scenario at the 95" percentile
to ensure a thorough review of the range of estimated daily intakes. This more refined
assessment should be leveraged in any risk management decision. The strength of these
approaches is the use of market share data to accurately and reliably distribute with appropriate
weight the benzoate use level information across the beverage categories and subcategories.

22 |t is noted that 95™ percentile beverage consumption figures are not available from the POF publication.
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This approach differs from the assessments conducted by industry in 2014, and by JECFA in
2015, in which fixed concentrations (the maximum reported level in the 2014 assessment; and
the average reported level in the 2015 assessment) were applied across the entire beverage
category or use levels were given equal probability of being used within the assessment. The
focus of this assessment has been primarily on individual-based data, where available, to
provide individual consumption patterns of beverages, unlike JECFA’s 2015 assessment in
beverages which was based on CIFOCOss summary statistics. For all jurisdictions except
Brazil, individual-based data were available to achieve this.

Based on the food consumption datasets utilized; the updated and corrected benzoate use
levels; market share data received for the U.S., Canada, Brazil, and Mexico — the “highest
impact” markets; and, the worst-worst-case brand-loyal toddler/children consumer at the 95
percentile, estimates for the intake of benzoates from non-alcoholic beverages do not present a
safety concern under current conditions of use.
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Appendix A
Supplementary Results of the United States Benzoate Intake
Assessments
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Appendix A.1

Probabilistic Model 1

Table A.1-1 Estimated Exposure to Benzoates from Individual Beverages Categories by Toddlers and Young Children

(Ages 1to 7 Years) Within the U.S. — Model 1 (2011-2012 NHANES Data) (number of individuals sampled =

1,241)

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

cocoa

and other hot cereal and grain beverages, excluding

Mean 95t Percentile Mean 95t Percentile

All 100 0.36 2.10 0.39 2.13
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 11.2 <0.01 na 1.05 1.97

Energy Drinks 0 0 0 0 0

Flavored Water Drinks 5.7 0.02 na 0.09 0.87

Regular CSD 83.1 0.30 2.06 0.88 291

RTD Teas* <0.1 na na na na
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink;
U.S. = United States.

* Indicates an intake estimates that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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individuals sampled = 1,468)

Table A.1-2 Estimated Exposure to Benzoates from Individual Beverages Categories by Other Children Including
Adolescents (Ages 8 to 17 Years) Within the U.S. — Model 1 (2011-2012 NHANES Data) (humber of

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

bw/day)

and other hot cereal and grain beverages, excluding
cocoa

Mean 95t Percentile Mean 95t Percentile

All 100 0.45 1.99 0.47 2.01
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 12.5 0.06 0.37 0.64 1.82

Energy Drinks 0.3 <0.01* na 0.19* 1.05*

Flavored Water Drinks 0.7 <0.01 na 0.02 na

Regular CSD 86.5 0.39 1.88 0.70 2.44

RTD Teas* <0.1 na na na na
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink;

U.S. = United States

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Table A.1-3 Estimated Exposure to Benzoates from Individual Beverages Categories by Adults (Ages 18 Years and
Older) Within the U.S. — Model 1 (2011-2012 NHANES Data) (humber of individuals sampled = 4,506)

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

bw/day)

Mean 95t Percentile Mean 95t Percentile
All 100 0.55 2.30 0.57 2.34
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD 45.3 0.25 1.52 1.18 3.53
Energy Drinks 1.0 0.01 na 0.58 1.00
Flavored Water Drinks 0.5 <0.01 na 0.03 na
Regular CSD 53.2 0.29 151 0.74 2.38
RTD Teas <0.1 <0.01 na 0.09 0.57*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink;

U.S. = United States.
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Table A.1-4 Estimated Exposure to Benzoates from Individual Beverages Categories by the Total Population (All Ages)
Within the U.S. — Model 1 (2011-2012 NHANES Data) (number of individuals sampled = 7,546)

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

bw/day)

and other hot cereal and grain beverages, excluding
cocoa

Mean 95t Percentile Mean 95t Percentile

All 100 0.51 2.21 0.54 2.28
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 39.2 0.20 1.36 1.14 3.29

Energy Drinks 0.8 <0.01 na 0.53 1.00

Flavored Water Drinks 0.9 <0.01 na 0.04 na

Regular CSD 59.1 0.30 1.61 0.74 2.45

RTD Teas <0.1 <0.01 na 0.05 0.55*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink;

U.S. = United States.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Appendix A.2 Brand-Loyal Distributional Model 2

Table A.2-1 Estimated Exposure to Benzoates from Individual Beverages Categories by Toddlers and Young Children
(Ages 1to 7 Years) Within the U.S. — Model 2 (2011-2012 NHANES Data) (n = 1,241)

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

bw/day)

and other hot cereal and grain beverages, excluding
cocoa

Mean 95t Percentile Mean 95t Percentile

All 100 0.74 4.04 0.80 4.12
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 4.8 0.04 na 0.93 1.74*

Energy Drinks 0 0 0 0 0

Flavored Water Drinks 1.1 0.01 0.05 0.04 0.08

Regular CSD 94.1 0.70 3.98 2.07 5.36

RTD Teas <0.1 <0.01* na 0.23* 0.22*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink;

U.S. = United States.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Table A.2-2 Estimated Exposure to Benzoates from Individual Beverages Categories by Other Children Including
Adolescents (Ages 8 to 17 Years) Within the U.S. — Model 2 (2011-2012 NHANES Data) (n = 1,468)

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

bw/day)

and other hot cereal and grain beverages, excluding
cocoa

Mean 95t Percentile Mean 95t Percentile

All 100 0.95 3.53 0.98 3.53
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 6.2 0.06 0.39* 0.67 1.56*

Energy Drinks 0.3 <0.01* na 0.35* 0.63*

Flavored Water Drinks 0.4 <0.01 0.02 0.02 0.07

Regular CSD 92.7 0.88 3.46 1.58 4.27

RTD Teas 0.4 <0.01* na 0.35* 0.35*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink;

U.S. = United States.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Table A.2-3 Estimated Exposure to Benzoates from Individual Beverages Categories by Adults (Ages 18 Years and
Older) Within the U.S. — Model 2 (2011-2012 NHANES Data) (n = 4,506)

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

bw/day)

and other hot cereal and grain beverages, excluding
cocoa

Mean 95t Percentile Mean 95t Percentile

All 100 0.88 3.19 0.90 3.21
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 28.5 0.25 1.56 1.18 3.24

Energy Drinks 0.5 <0.01 na 0.43 0.80*

Flavored Water Drinks 0.2 <0.01 0.01 0.02 0.05

Regular CSD 70.7 0.62 2.76 1.57 4.48

RTD Teas 0.1 <0.01* na 0.32* 0.508
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink;

U.S. = United States.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Table A.2-4 Estimated Exposure to Benzoates from Individual Beverages Categories by the Total Population (All Ages)
Within the U.S. — Model 2 (2011-2012 NHANES Data) (n = 7,546)

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

bw/day)

and other hot cereal and grain beverages, excluding
cocoa

Mean 95t Percentile Mean 95t Percentile

All 100 0.87 3.28 0.90 3.38
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 23.4 0.20 1.31 1.14 3.17

Energy Drinks 0.4 <0.1 na 0.42 0.81*

Flavored Water Drinks 0.3 <0.01 0.02 0.02 0.06

Regular CSD 75.8 0.66 2.90 1.61 4.59

RTD Teas 0.1 <0.01* na 0.33* 0.49*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink;

U.S. = United States.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Appendix B
Representative NHANES Food Codes Selected for the United States
and Canadian Intake Assessments
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Representative 2011-2012 NHANES Food Codes Selected for the United States and
Canadian Intake Assessments

14121

11552200
11553000
11553100
61201020
61201220
61204000
61204200
61204600
61207000
61207200
61210000
61210220
61210250
61213000
61213220
61213800
61213900
63420100
63420110
63420200
64100100
64100110
64100200
64104010
64104600
64105400
64116020
64120010
64121000
64124020
64126000
64132010
64132500
64133100
64134000
95342000

International Council of Beverage Associations

Fruit Juice

Orange Julius

Fruit smoothie drink, made with fruit or fruit juice and dairy products
Fruit smoothie drink, NFS

Grapefruit juice, NS as to form

Grapefruit juice, canned, bottled or in a carton

Lemon juice, NS as to form

Lemon juice, canned or bottled

Lemon juice, frozen

Lime juice, NS as to form

Lime juice, canned or bottled

Orange juice, NFS

Orange juice, canned, bottled or in a carton

Orange juice, with calcium added, canned, bottled or in a carton
Tangerine juice, NFS

Tangerine juice, canned

Fruit juice blend, including citrus, 100% juice

Fruit juice blend, including citrus, 100% juice, with calcium added
Fruit juice bar, frozen, orange flavor

Fruit juice bar, frozen, flavor other than orange

Fruit juice bar, frozen, sweetened with low calorie sweetener, flavors other than orange
Fruit juice, NFS

Fruit juice blend, 100% juice

Fruit juice blend, with cranberry, 100% juice

Apple juice

Blackberry juice

Cranberry juice, 100%, not a blend

Grape juice

Papaya juice

Passion fruit juice

Pineapple juice

Pomegranate juice

Prune juice

Strawberry juice

Watermelon juice

Fruit smoothie drink, made with fruit or fruit juice only (no dairy products)
MonaVie acai blend beverage
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Adjusted for a fruit juice content of 50%

92307500
92307510

14.1.2.3

61201620
61210620
61210720
61210820
61213620

14.1.3.1

64200100
64201010
64202010
64203020
64204010
64205010
64210010
64213010
64215010
64221010

14.1.3.4

73105010
74301100
74301150
74303000
74303100
74304000
75132000
75132100
75200700
78101000

Half and Half beverage, half iced tea and half fruit juice drink (lemonade)
Half and Half beverage, half iced tea and half fruit juice drink (lemonade), low calorie

Concentrates for Fruit Juice

Grapefruit juice, frozen (reconstituted with water)

Orange juice, frozen (reconstituted with water)

Orange juice, frozen, not reconstituted

Orange juice, frozen, with calcium added (reconstituted with water)
Tangerine juice, frozen (reconstituted with water)

Fruit Nectar

Fruit nectar, NFS

Apricot nectar

Cantaloupe nectar

Guava nectar

Mango nectar

Peach nectar

Papaya nectar

Passion fruit nectar

Pear nectar

Soursop (Guanabana) nectar

Concentrates for Vegetable Nectar

Carrot juice

Tomato juice

Tomato juice, low sodium

Tomato and vegetable juice, mostly tomato

Tomato and vegetable juice, mostly tomato, low sodium
Tomato juice with clam or beef juice

Mixed vegetable juice (vegetables other than tomato)
Celery juice

Aloe vera juice

Vegetable and fruit juice blend, 100% juice, with high vitamin C plus added vitamin E
and vitamin A
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14.1.4

Diet Soft Drinks

92400100
92410315
92410320
92410350
92410370
92410400
92410420
92410520
92410560
92410620
92410720
92411610

Energy Drinks

92650000
92650005
92650200
92650205
92650210
92650700
92650705
92650800
92650805
92651000
95310200
95310560
95310750
95310800
95312400
95312500
95312550
95312600
95312700
95312800
95312900

Soft drink, NFS, sugar-free

Soft drink, cola type, reduced sugar

Soft drink, cola-type, sugar-free

Soft drink, cola-type, decaffeinated, sugar-free
Soft drink, pepper-type, sugar-free

Soft drink, pepper-type, decaffeinated, sugar-free
Cream soda, sugar-free

Soft drink, fruit-flavored, sugar free, caffeine free
Soft drink, fruit flavored, caffeine containing, sugar-free
Ginger ale, sugar-free

Root beer, sugar-free

Cola with fruit or vanilla flavor, sugar-free

Red Bull Energy Drink

Red Bull Energy Drink, sugar-free
Monster Energy Drink

Mountain Dew AMP Energy Drink
Mountain Dew AMP Energy Drink, sugar-free
Rockstar Energy Drink

Rockstar Energy Drink, sugar-free
Vault Energy Drink

Vault Zero Energy drink

Energy drink

Full Throttle Energy Drink

NOS Energy Drink

SoBe Energize Energy Juice Drink
Vault Energy Drink

Monster Energy Drink, Lo Carb
Mountain Dew AMP Energy Drink, sugar-free
No Fear Energy Drink, sugar-free
Red Bull Energy Drink, sugar-free
Rockstar Energy Drink, sugar-free
Vault Zero Energy Drink

XS Energy Drink
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Flavored Water Drinks

92510650
92511010
92530410
92541010
92542000
92550610
92550620
92552000
92552010
92560000
92416010
94100300
92410110
92410250

Tamarind drink, Puerto Rican (Refresco de tamarindo)

Fruit flavored drink (formerly lemonade)

Fruit flavored drink, with high vitamin C

Fruit flavored drink, made from powdered mix

Fruit flavored drink, made from powdered mix, with high vitamin C

Fruit flavored drink, low calorie, with high vitamin C

Fruit flavored drink, low calorie

Fruit flavored drink, made from powdered mix, low calorie, with high vitamin C
Fruit flavored drink, made from powdered mix, low calorie

Fruit-flavored thirst quencher beverage

Mavi drink

Water, fruit flavored, sweetened, with high fructose corn syrup and low calorie sweetener
Carbonated water, sweetened

Carbonated water, sweetened, with low-calorie or no-calorie sweetener

Fruit Juice-Based Drinks

92431000 Carbonated juice drink, NS as to type of juice

92432000 Carbonated citrus juice drink

92433000 Carbonated noncitrus juice drink

92510610 Fruit juice drink

92510720 Fruit punch, made with fruit juice and soda

92510730 Fruit punch, made with soda, fruit juice, and sherbet or ice cream

92511250 Citrus fruit juice drink, containing 40-50% juice

92512050 Frozen daiquiri mix, from frozen concentrate, reconstituted

92512090 Pina Colada, nonalcoholic

92512110 Margarita mix, nonalcoholic

92513000 Fruit flavored frozen drink

92530510 Cranberry juice drink or cocktail, with high vitamin C

92530610 Fruit juice drink, with high vitamin C

92530950 Vegetable and fruit juice drink, with high vitamin C

92531030 Fruit juice drink, with thiamin (vitamin B1) and high vitamin C

92550030 Fruit juice drink, low calorie, with high vitamin C

92550040 Fruit juice drink, low calorie

92550110 Cranberry juice drink or cocktail, low calorie, with high vitamin C

92550350 Light orange juice beverage, 40-50% juice, lower sugar and calories, with artificial
sweetener

92550400 Vegetable and fruit juice drink, low calorie, with high vitamin C

92550405 Vegetable and fruit juice drink, low calorie, with high vitamin C plus added vitamin E
and vitamin A

92552020 Fruit juice drink, reduced sugar, with thiamin (vitamin B1) and high vitamin C

92552030 Fruit juice drink, reduced sugar, with vitamin E
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92582100 Fruit juice drink, with high vitamin C, plus added calcium

92582110 Fruit juice drink, with thiamin (vitamin B1) and high vitamin C plus calcium
92582120 Fruit flavored drink, reduced sugar, with high vitamin C, plus added calcium
95341000 FUZE Slenderize fortified low calorie fruit juice beverage

Fruit-Flavored Concentrates and Mixes

92900100 Tang, dry concentrate*

92512040 Frozen daiquiri mix, frozen concentrate, not reconstituted*

92900110 Fruit-flavored beverage, dry concentrate, with sugar, not reconstituted*
92900200 Fruit-flavored beverage, dry concentrate, low calorie, not reconstituted*
92900300 Fruit-flavored thirst quencher beverage, dry concentrate, not reconstituted*

* Adjusted for not being reconstituted.
Ready-To-Drink Teas

Adjusted for a tea content of 50%

92307500 Half and Half beverage, half iced tea and half fruit juice drink (lemonade)
92307510 Half and Half beverage, half iced tea and half fruit juice drink (lemonade), low calorie

Regular Carbonated Soft Drinks

92400000 Soft drink, NFS
92410310 Soft drink, cola-type
92410330 Soft drink, cola-type, with higher caffeine
92410340 Soft drink, cola-type, decaffeinated
92410360 Soft drink, pepper-type
92410390 Soft drink, pepper-type, decaffeinated
92410410 Cream soda**
92410510 Soft drink, fruit-flavored, caffeine free
92410550 Soft drink, fruit flavored, caffeine containing
92410610 Ginger ale
92410710 Root beer**
92411510 Cola with fruit or vanilla flavor

** Further designated to have pH > 3.5.

Sports Drinks

92560100 Gatorade Thirst Quencher sports drink
92560200 Powerade sports drink

92565000 Fruit-flavored sports drink or thirst quencher beverage, low calorie
92565100 Gatorade G2 thirst quencher sports drink, low calorie

92565200 Powerade Zero sports drink, low calorie

92570100 Fluid replacement, electrolyte solution
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95320200 Gatorade Thirst Quencher sports drink

95320500 Powerade sports drink

95322200 Gatorade G2 Thirst Quencher sports drink, low calorie

95323000 Fruit-flavored sports drink or thirst quencher beverage, low calorie

94210100 Propel Water

94210200 Glaceau Water

94210300 SoBe Lifewater

94220200 Glaceau Water, low calorie

14.1.5 Coffee, Coffee Substitutes, Tea, Herbal Infusions, and Other Hot Cereal and Grain
Beverages, Excluding Cocoa

92101920 Blended coffee beverage, made with regular coffee, milk, and ice, sweetened

92101930 Blended coffee beverage, made with decaffeinated coffee, milk, and ice, sweetened

92100000 Coffee, NS as to type

92100500 Coffee, regular, NS as to ground or instant

92101000 Coffee, made from ground, regular

92101500 Coffee, made from ground, equal parts regular and decaffeinated

92101610 Coffee, espresso

92101630 Coffee, espresso, decaffeinated

92101700 Coffee, made from ground, regular, flavored

92101800 Coffee, Cuban

92101900 Coffee, latte

92101910 Coffee, latte, decaffeinated

92101950 Coffee, mocha

92101960 Coffee, mocha, made with soy milk

92103000 Coffee, made from powdered instant, regular

92104000 Coffee, made from powdered instant, 50% less caffeine

92105000 Coffee, liquid concentrate

92105010 Coffee, made from liquid concentrate

92111000 Coffee, decaffeinated, NS as to ground or instant

92111010 Coffee, decaffeinated, made from ground

92114000 Coffee, decaffeinated, made from powdered instant

92121000 Coffee, made from powdered instant mix, with whitener and sugar, instant

92121010 Coffee, made from powdered instant mix, presweetened, no whitener

92121020 Coffee and cocoa (mocha), made from powdered instant mix, with whitener,
presweetened

92121030 Coffee and cocoa (mocha), made from powdered instant mix, with whitener and low
calorie sweetener

92121050 Coffee and cocoa (mocha), made from powdered instant mix, with whitener and low
calorie sweetener, decaffeinated

92121040 Coffee, made from powdered instant mix, with whitener and low calorie sweetener

92130000 Coffee, regular, presweetened with sugar, pre-lightened

92130001 Coffee, decaffeinated, presweetened with sugar, pre-lightened
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92130005
92130006
92130020
92152000
92153100
92161000
92162000
92162005
92191100
92191200
92191250
92192000
92193000
92193020
92201010
92202010
92203000
92203110
92205000
92291300
92301000
92301060
92301080
92301100
92301130
92301160
92301180
92301190
92302000
92302200
92302300
92302400
92302500
92302600
92302700
92302800
92304000
92305000
92305010
92305040
92305050
92305090

Coffee, regular, with low-calorie sweetener, pre-lightened
Coffee, decaffeinated, with low-calorie sweetener, pre-lightened
Coffee, presweetened with sugar

Coffee and chicory, made from ground

Coffee, decaffeinated, with cereal

Cappuccino

Cappuccino, decaffeinated

Cappuccino, decaffeinated, sweetened

Coffee, dry instant powder, regular*

Coffee, dry instant powder, decaffeinated*

Coffee, dry, acid neutralized*

Coffee and cocoa (mocha) mix, dry instant powder with whitener, presweetened*

Coffee, dry instant powder, with whitener and sugar*

Coffee, dry instant powder, with whitener and low calorie sweetener*
Postum

Chicory

Cereal beverage

Cereal beverage with beet roots, from powdered instant

Rice beverage

Postum, dry powder*

Tea, NS as to type, unsweetened

Tea, NS as to type, presweetened with sugar

Tea, NS as to type, presweetened with low calorie sweetener

Tea, NS as to type, decaffeinated, unsweetened

Tea, NS as to type, presweetened, NS as to sweetener

Tea, NS as to type, decaffeinated, presweetened with sugar

Tea, NS as to type, decaffeinated, presweetened with low calorie sweetener
Tea, NS as to type, decaffeinated, presweetened, NS as to sweetener
Tea, leaf, unsweetened

Tea, leaf, presweetened with sugar

Tea, leaf, presweetened with low calorie sweetener

Tea, leaf, presweetened, NS as to sweetener

Tea, leaf, decaffeinated, unsweetened

Tea, leaf, decaffeinated, presweetened with sugar

Tea, leaf, decaffeinated, presweetened with low calorie sweetener

Tea, leaf, decaffeinated, presweetened, NS as to sweetener

Tea, made from frozen concentrate, unsweetened

Tea, made from powdered instant, presweetened, NS as to sweetener
Tea, made from powdered instant, unsweetened

Tea, made from powdered instant, presweetened with sugar

Tea, made from powdered instant, decaffeinated, presweetened with sugar
Tea, made from powdered instant, presweetened with low calorie sweetener
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92305110 Tea, made from powdered instant, decaffeinated, presweetened with low calorie
sweetener
92305180 Tea, made from powdered instant, decaffeinated, unsweetened

92305800 Tea, made from powdered instant, decaffeinated, presweetened, NS as to sweetener

92306000 Tea, herbal

92306020 Tea, herbal, presweetened with sugar

92306030 Tea, herbal, presweetened with low calorie sweetener

92306040 Tea, herbal, presweetened, NS as to sweetener

92306090 Tea, hibiscus

92306100 Corn beverage

92610010 Horchata beverage, made with almonds or other nuts and seeds

92611010 Oatmeal beverage, Puerto Rican

92611100 Oatmeal beverage with milk (Atole de avena)

92611510 Horchata beverage, made with rice

92611600 Horchata beverage, NFS

92613010 Atole (corn meal beverage)

92613510 Corn beverage with chocolate and milk (Champurrado, Atole de Chocolate)
* Adjusted for not being reconstituted.
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Appendix C
Supplementary Results of the Canadian Benzoate Intake
Assessments

International Council of Beverage Associations
11 November 2016

94



Intertek

Appendix C.1

Probabilistic Model 1

sampled = 1,241)

Table C.1-1 Estimated Exposure to Benzoates from Individual Beverages Categories by Toddlers and Young Children
(Ages 1to 7 Years) Within Canada — Model 1 (2011-2012 NHANES Surrogate Data) (number of individuals

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

bw/day)

cocoa

and other hot cereal and grain beverages, excluding

Mean 95t Percentile Mean 95" Percentile

All 100 0.23 1.63 0.24 1.63
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 13.2 0.03 na 0.79 1.81

Energy Drinks 0 0 0 0 0

Regular CSD 86.7 0.20 1.61 0.58 2.60

RTD Teas 0.1 <0.01* na 0.32* 0.32*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Table C.1-2 Estimated Exposure to Benzoates from Individual Beverages Categories by Other Children Including
Adolescents (Ages 8 to 17 Years) Within Canada — Model 1 (2011-2012 NHANES Surrogate Data) (number of
individuals sampled = 1,468)

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

bw/day)

Mean 95t Percentile Mean 95t Percentile
All 100 0.32 1.68 0.34 1.77
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD 15.3 0.05 0.34 0.56 141
Energy Drinks 0.6 <0.01* na 0.28* 0.34*
Regular CSD 84.0 0.27 1.65 0.49 2.16
RTD Teas <0.1 na na na na
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.

International Council of Beverage Associations
11 November 2016

96




Intertek

4,506)

Table C.1-3 Estimated Exposure to Benzoates from Individual Beverages Categories by Adults (Ages 18 Years and
Older) Within Canada — Model 1 (2011-2012 NHANES Surrogate Data) (number of individuals sampled =

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

bw/day)

and other hot cereal and grain beverages, excluding
cocoa

Mean 95t Percentile Mean 95t Percentile

All 100 0.40 1.75 0.41 1.81
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 56.0 0.23 1.38 1.06 3.05

Energy Drinks 0.9 <0.01 na 0.37 1.58

Regular CSD 43.1 0.17 1.07 0.44 1.58

RTD Teas 0.1 <0.01 na 0.12 0.37*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Table C.1-4 Estimated Exposure to Benzoates from Individual Beverages Categories by the Total Population (All Ages)
Within Canada — Model 1 (2011-2012 NHANES Surrogate Data) (humber of individuals sampled = 7,546)

Food-Use Category

% Contribution to
Total Mean Intake

General Population Exposure
(mg/kg bw/day)

Consumers Only Exposure (mg/kg

bw/day)

and other hot cereal and grain beverages, excluding
cocoa

Mean 95t Percentile Mean 95t Percentile

All 100 0.37 1.72 0.39 1.75
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 48.8 0.18 1.22 1.02 2.97

Energy Drinks 0.8 <0.01 na 0.36 1.58

Regular CSD 50.4 0.19 1.13 0.46 1.75

RTD Teas 0.1 <0.01* na 0.07* 0.37*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Appendix C.2 Brand-Loyal Distributional Model 2
Table C.2-1 Estimated Exposure to Benzoates from Individual Beverages Categories by Toddlers and Young Children
(Ages 1to 7 Years) Within Canada — Model 2 (2011-2012 NHANES Surrogate Data) (n = 1,241)
o General Population Exposure Consumers Only Exposure (mg/kg
Food-Use Category % Contribution to (mg/kg bw/day) bw/day)
Total Mean Intake - -
Mean 95t Percentile Mean 95" Percentile
All 100 0.73 4.04 0.79 4.14
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD 4.3 0.03 na 0.83 1.54*
Energy Drinks 0 0 0 0 0
Regular CSD 95.77 0.70 3.98 2.08 5.36
RTD Teas <0.1 <0.01* na 0.19* 0.18*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Table C.2-2 Estimated Exposure to Benzoates from Individual Beverages Categories by Other Children Including
Adolescents (Ages 8 to 17 Years) Within Canada — Model 2 (2011-2012 NHANES Surrogate Data) (n = 1,468)

. o General Population Exposure Consumers Only Exposure (mg/kg
Food-Use Category % Contribution to (mg/kg bw/day) bw/day)
Total Mean Intake - -
Mean 95t Percentile Mean 95t Percentile
All 100 0.94 3.61 0.98 3.61
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD 5.5 0.05 0.35* 0.59 1.38*
Energy Drinks 0.3 <0.01* na 0.34* 0.62*
Regular CSD 93.9 0.88 3.46 1.58 4.30
RTD Teas 0.3 <0.01* na 0.29* 0.29*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Table C.2-3 Estimated Exposure to Benzoates from Individual Beverages Categories by Adults (Ages 18 Years and
Older) Within Canada — Model 2 (2011-2012 NHANES Surrogate Data) (n = 4,506)
. o General Population Exposure Consumers Only Exposure (mg/kg
Food-Use Category % Contribution to (mg/kg bw/day) bw/day)
Total Mean Intake - -
Mean 95t Percentile Mean 95" Percentile

All 100 0.85 3.10 0.87 3.14
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 26.1 0.22 1.38 1.05 2.87

Energy Drinks 0.5 <0.01 na 0.42 0.78*

Regular CSD 73.3 0.62 2.76 1.58 4.48

RTD Teas 0.1 <0.01* na 0.26* 0.42*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Table C.2-4 Estimated Exposure to Benzoates from Individual Beverages Categories by the Total Population (All Ages)
Within Canada — Model 2 (2011-2012 NHANES Surrogate Data) (n = 7,546)
. o General Population Exposure Consumers Only Exposure (mg/kg
Food-Use Category % Contribution to (mg/kg bw/day) bw/day)
Total Mean Intake - -
Mean 95t Percentile Mean 95t Percentile

All 100 0.84 3.22 0.88 3.36
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks

Diet CSD 21.3 0.18 1.16 1.01 2.80

Energy Drinks 0.4 <0.01 na 0.41 0.79*

Regular CSD 78.3 0.66 2.90 1.61 4.59

RTD Teas 0.1 <0.01* na 0.27* 0.41*
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; na = not available; NHANES = National Health and Nutrition Examination Survey; RTD = ready-to-drink.
* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.
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Appendix D
Supplementary Results from the Mexican Benzoate Intake
Assessments (Food Frequency Questionnaire)
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Appendix D.1 Probabilistic Model 2

Table D.1-1 Estimated Exposure to Benzoates from Individual Beverages Categories by Toddlers and Young Children
(Ages 1to 7 Years) Within Mexico — Model 2 (2012 ENSANUT FFQ Data) (number individuals surveyed =

1,678)
Food-Use Category % Contribution to General Population Exposure Consumers Only Exposure (mg/kg
Total Mean Intake (mg/kg bw/day) bw/day)
Mean 95t Percentile Mean 95" Percentile
All 100 0.80 3.70 0.85 3.71
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD 0.1 <0.01 na 0.20 0.36*
Energy Drinks? na na na na na
Flavored Water Drinks 32.5 0.26 1.77 1.12 3.90
Fruit Juice-Based Drinks 47.8 0.38 2.22 1.00 3.70
Regular CSD 19.6 0.16 0.87 0.22 1.12
RTD Teas? na na na na na
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; ENSANUT = Encuesta Nacional de Salud y Nutricion; FFQ = food frequency questionnaire; na = not available;
RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.

1 No food codes representative for Energy Drinks were identified in the 2012 ENSANUT FFQ.

2 No food codes representative for RTD Teas were identified in the 2012 ENSANUT FFQ.
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Table D.1-2 Estimated Exposure to Benzoates from Individual Beverages Categories by Other Children Including
Adolescents (Ages 8 to 17 Years) Within Mexico — Model 2 (2012 ENSANUT FFQ Data) (number individuals
surveyed = 2,525)

Food-Use Category % Contribution to General Population Exposure Consumers Only Exposure (mg/kg
Total Mean Intake (mg/kg bw/day) bw/day)
Mean 95t Percentile Mean 95" Percentile
All 100 0.61 2.87 0.64 2.95
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD 0.4 <0.01 na 0.45 1.81
Energy Drinks? na na na na na
Flavored Water Drinks 37.7 0.23 1.40 0.90 3.32
Fruit Juice-Based Drinks 36.6 0.22 1.58 0.65 2.49
Regular CSD 25.3 0.15 0.92 0.20 1.22
RTD Teas? na na na na na
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; ENSANUT = Encuesta Nacional de Salud y Nutricion; FFQ = food frequency questionnaire; na = not available;
RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.

1 No food codes representative for Energy Drinks were identified in the 2012 ENSANUT FFQ.

2No food codes representative for RTD Teas were identified in the 2012 ENSANUT FFQ.
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Table D.1-3 Estimated Exposure to Benzoates from Individual Beverages Categories by Adults (Ages 18 Years and
Older) Within Mexico — Model 2 (2012 ENSANUT FFQ Data) (n = 3,194)

Food-Use Category % Contribution to General Population Exposure Consumers Only Exposure (mg/kg
Total Mean Intake (mg/kg bw/day) bw/day)
Mean 95t Percentile Mean 95" Percentile
All 100 0.38 1.99 0.41 2.07
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD 4.5 0.02 na 0.55 2.23
Energy Drinks? na na na na na
Flavored Water Drinks 23.3 0.09 0.65 0.69 2.20
Fruit Juice-Based Drinks 46.1 0.18 1.06 0.52 1.98
Regular CSD 26.0 0.10 0.69 0.14 0.88
RTD Teas? na na na na na
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; ENSANUT = Encuesta Nacional de Salud y Nutricion; FFQ = food frequency guestionnaire; na = not available;
RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.

1 No food codes representative for Energy Drinks were identified in the 2012 ENSANUT FFQ.

2No food codes representative for RTD Teas were identified in the 2012 ENSANUT FFQ.
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Table D.1-4 Estimated Exposure to Benzoates from Individual Beverages Categories by Total Population (All Ages)
Within Mexico — Model 2 (2012 ENSANUT FFQ Data) (n = 7,397)

Food-Use Category % Contribution to General Population Exposure Consumers Only Exposure (mg/kg
Total Mean Intake (mg/kg bw/day) bw/day)
Mean 95t Percentile Mean 95" Percentile
All 100 0.49 2.45 0.52 2.55
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD 2.4 0.01 na 0.54 1.97
Energy Drinks? na na na na na
Flavored Water Drinks 29.5 0.14 1.01 0.84 2.63
Fruit Juice-Based Drinks 43.7 0.21 1.31 0.62 2.48
Regular CSD 24.4 0.12 0.78 0.16 0.95
RTD Teas? na na na na na
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; ENSANUT = Encuesta Nacional de Salud y Nutricion; FFQ = food frequency guestionnaire; na = not available;
RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.

1 No food codes representative for Energy Drinks were identified in the 2012 ENSANUT FFQ.

2No food codes representative for RTD Teas were identified in the 2012 ENSANUT FFQ.
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Appendix D.2 Brand-Loyal Distributional Model 3

Table D.2-1 Estimated Exposure to Benzoates from Individual Beverages Categories by Toddlers and Young Children
(Ages 1to 7 Years) — Model 2 (2012 ENSANUT FFQ Data) (n = 1,678)

Food-Use Category % Contribution to General Population Exposure Consumers Only Exposure (mg/kg
Total Mean Intake (mg/kg bw/day) bw/day)
Mean 95t Percentile Mean 95" Percentile
All 100 1.57 5.08 1.67 5.27
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD <0.1 <0.01* na 0.21* 0.31*
Energy Drinks? na na na na na
Flavored Water Drinks 17.0 0.27 1.75 1.15 3.57
Fruit Juice-Based Drinks 20.1 0.32 1.66 0.83 2.40
Regular CSD 62.8 0.99 4.00 1.36 4.53
RTD Teas? na na na na na
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; ENSANUT = Encuesta Nacional de Salud y Nutricion; FFQ = food frequency questionnaire; na = not available;
RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.

1 No food codes representative for Energy Drinks were identified in the 2012 ENSANUT FFQ.

2No food codes representative for RTD Teas were identified in the 2012 ENSANUT FFQ.
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Table D.2-2 Estimated Exposure to Benzoates from Individual Beverages Categories by Other Children Including
Adolescents (Ages 8 to 17 Years) — Model 3 (2012 ENSANUT FFQ Data) (n = 2,525)

Food-Use Category % Contribution to General Population Exposure Consumers Only Exposure (mg/kg
Total Mean Intake (mg/kg bw/day) bw/day)
Mean 95t Percentile Mean 95" Percentile
All 100 1.47 4.80 1.55 4.81
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD 0.2 <0.01* na 0.43* 1.51*
Energy Drinks? na na na na na
Flavored Water Drinks 14.6 0.22 1.27 0.84 2.84
Fruit Juice-Based Drinks 13.7 0.20 1.24 0.59 1.74
Regular CSD 714 1.05 4.01 1.37 4.56
RTD Teas? na na na na na
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; ENSANUT = Encuesta Nacional de Salud y Nutricion; FFQ = food frequency questionnaire; na = not available;
RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.

1 No food codes representative for Energy Drinks were identified in the 2012 ENSANUT FFQ.

2No food codes representative for RTD Teas were identified in the 2012 ENSANUT FFQ.
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Table D.2-3 Estimated Exposure to Benzoates from Individual Beverages Categories by Adults (Ages 18 Years and
Older) — Model 3 (2012 ENSANUT FFQ Data) (n = 3,194)
Food-Use Category % Contribution to General Population Exposure Consumers Only Exposure (mg/kg
Total Mean Intake (mg/kg bw/day) bw/day)
Mean 95t Percentile Mean 95" Percentile
All 100 1.08 3.80 1.16 3.97
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD 1.7 0.02 na 0.57 2.33*
Energy Drinks? na na na na na
Flavored Water Drinks 7.9 0.09 0.63 0.65 1.89
Fruit Juice-Based Drinks 14.1 0.15 0.82 0.44 1.42
Regular CSD 76.4 0.83 3.56 1.13 3.90
RTD Teas? na na na na na
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; ENSANUT = Encuesta Nacional de Salud y Nutricion; FFQ = food frequency questionnaire; na = not available;
RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.

1 No food codes representative for Energy Drinks were identified in the 2012 ENSANUT FFQ.

2No food codes representative for RTD Teas were identified in the 2012 ENSANUT FFQ.
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Table D.2-4 Estimated Exposure to Benzoates from Individual Beverages Categories by Total Population (All Ages) —
Model 3 (2012 ENSANUT FFQ Data) (n = 7,397)

Food-Use Category % Contribution to General Population Exposure Consumers Only Exposure (mg/kg
Total Mean Intake (mg/kg bw/day) bw/day)
Mean 95t Percentile Mean 95" Percentile
All 100 1.24 4.31 1.32 4.43
14.1.2.1 Fruit Juice 0 0 0 0 0
14.1.2.3 Concentrates for Fruit Juice 0 0 0 0 0
14.1.3.1 Fruit Nectar 0 0 0 0 0
14.1.3.4 Concentrates for Vegetable Nectar 0 0 0 0 0
14.1.4 Water-based Flavored Drinks, including “sport”,
“energy”, or “electrolyte” drinks and particulated drinks
Diet CSD 1.0 0.01 na 0.55 2.09*
Energy Drinks? na na na na na
Flavored Water Drinks 11.2 0.14 0.93 0.81 241
Fruit Juice-Based Drinks 14.9 0.19 1.04 0.53 1.67
Regular CSD 72.5 0.90 3.60 1.22 4.12
RTD Teas? na na na na na
14.1.5 Coffee, coffee substitutes, tea, herbal infusions, 0 0 0 0 0
and other hot cereal and grain beverages, excluding
cocoa

bw = body weight; CSD = carbonated soft drinks; ENSANUT = Encuesta Nacional de Salud y Nutricion; FFQ = food frequency questionnaire; na = not available;
RTD = ready-to-drink.

* Indicates an intake estimate that may not be statistically reliable, as the sample size does not meet the minimum reporting requirement.

1 No food codes representative of Energy Drinks were identified in the 2012 ENSANUT FFQ.

2No food codes representative of RTD Teas were identified in the 2012 ENSANUT FFQ.
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Appendix E
Representative ENSANUT Food Codes Selected for the Mexican
Intake Assessments
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14.1.2.1 Fruit Juice

jugos naturales con azlcar
jugos naturales sin azlcar

14.1.3.1 Fruit Nectar

néctares de frutas o pulpa de frutas industrializados con az

14.1.3.4 Concentrates for Vegetable Juice

néctares de frutas o pulpa de frutas industrializados con az

14.1.4 Water-Based Flavored Beverages

refresco dieta

refresco normal

aguas de fruta natural con azlcar

aguas de fruta natural sin aztcar

bebidas o aguas de sabor industrializadas con azlcar
bebidas o0 aguas de sabor industrializadas sin aztcar

14.1.5 Coffee, coffee substitutes, tea, herbal infusions, and other hot cereal and grain beverages,

excluding cocoa

té o infusion:-azlcar agregada al té

té o infusion:-té sin azucar

café:-azucar agregada al café

café:-café sin azucar

café:-leche agregada al café (aparte de la reportada en p. |
café:-sustituto de crema agregada al café
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Appendix F
Calculation of Weighted Body Weights per Age Group in POF
2008-2009
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The median body weight was reported per age (years) from 10 years old to 75 years and over,
as provided by POF (POF, 2010) (see Table F-1 below). In considering the number of
individuals per age group, the reported body weight values were multiplied by the number of
individuals sampled per age group, and then averaged between male and female genders in
order to obtain a more accurate value of the average body weight per age group. These body
weights are used to calculate the average per capita consumption on a per kilogram body
weight basis, as discussed in Section 6.3 of the current report.

Table F-1 Reported Body Weight and Calculated Weighted Body Weight Values
Years Sample N Median Body Weight (kg)
Males Females Males ‘ Females
Teenagers
10 years 1,791 1,719 334 34.3
11 years 1,868 1,770 36.8 39.5
12 years 1,873 1,764 42.0 44.2
13 years 1,818 1,852 47.4 47.9
14 years 1,936 1,846 52.3 50.0
15 years 1,871 1,869 57.0 52.6
16 years 1,792 1,625 60.1 53.3
17 years 1,730 1,634 63.1 54.1
18 years 1,682 1,608 65.3 55.4
19 years 1,723 1,639 65.9 56.2
Total 18,084 17,326
Weighted Average, By Gender, Teenagers 52.1 | 36.7
Overall Weighted Average, Teenagers 50.4
Adults
Years Sample N Median Body Weight (kg)
Males Females Males Females
20 to 24 years 8,299 7,938 69.4 57.8
25 to 29 years 8,084 7,945 72.7 60.5
30 to 34 years 7,044 7,288 74.2 62.0
35 to 44 years 12,511 13,332 74.6 63.8
45 to 54 years 9,845 10,904 74.6 65.1
55 to 64 years 6,585 7,545 73.1 65.3
Total 52,368 54,952
Weighted Average, by Gender, Adults 73.2 62.7
Overall Weighted Average, Adults 67.8
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Table F-1 Reported Body Weight and Calculated Weighted Body Weight Values

Years Sample N Median Body Weight (kg)
Males | Females Males ‘ Females

Elderly Adults

Years Sample N Median Body Weight (kg)
Males Females Males Females

65 to 74 years 4,035 4,650 70.3 63.4

75 years up 2,229 2,847 66.8 59.2

Total 6,264 7,497

Weighted Average, By Gender, Elderly Adults 69.1 61.8

Overall Weighted Average, Elderly Adults 65.1
Weighted Average, Males Aged 10 to 75+ 67.9
Weighted Average, Females Aged 10 to 75+ 59.5
Weighted Average, Both Genders Aged 10 to 75+ 63.6
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Appendix G
Representative Pesquisa de Orcamentos Familiares (POF) Food
Codes for the Brazilian Benzoate Intake Assessments
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Pesquisa de Orcamentos Familiares (POF) Food Codes Selected to Represent
Beverage Categories for Brazilian Benzoate Intake Assessment Uses

Juices, Refreshments, and Juice powder reconstituted

BRO0401

BRO0402
BROT@02
BRO0403
BROTZ03
BRO04D4
a112am

BRO040E
BRODI0E
BROTI0E
BRO0407
BRO0A11

BROTI1Y

BRO040E
BRODA0G
BRODAT0
BROTL07
BROOL12
BROOA13
BROTI3
BROO414
BROTI14
BROO41E
BROOL1E

BROTIIE
BRO0417
gR00413
BROTIIE
BROTIT7
8E079M
8302402

g202402
8202403
BRO0ED
BRODEDZ
BRODGIZ
BRODGDS
BRODGDE
BRODGDE
211002
2211002
a211102

Sucos

Suco

Suco de abacaxi

Suco de abacaxi orgénico
Suco de acerola

Suco de acerala orgénico
Suco de beterraba

Suco de clorofila

Suco de cupuagl

Suco de goiaba

Suco de goiaba organico
Suco de laranja

Suco de laranja cenoura e beterraba

Suco de laranja cenoura e beterraba organico

Suco de laranja com banana
Suco de laranja e beterraba
Suco de laranja e cenoura
Suco de laranja organico
Suco de mam 4o

Suco de manga

Suco de manga org nico
Suco de maracuja

Suco de maracuji orginico
Suco de mel 4o

Suco de morango

Suco de morango orginico

Suco de pésssgo

Suco de pésssgo em calda

Suco de pésssgo em calda organico
Suco de pésssgo orgénico

Suco organico

Cajuina

Refrescos/sucos em pd reconstituido
Q-sueo

Crefresko

Refrasca

Refresco de caju

Refresco de grosalha

Refresca de laranja

Refresco de maracuja

Refresca de limao

Q-suco Fght

Crefresko light

Q-suco diet
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Intertek

Soft Drinks

8204002
2201202
2200102
8200202
B200E0E
8200302
8200002
8206402
82001
82003
820360
8200407
8200202
8201202
8201104

Refrigerantes

Afua tonica tradicional

Bidu tradicional

Coca-cola radicional

Fanta laranja tradicional

Fanta uva tradicional

Guarana tradicional

Minuano tradicion al

Paraguai refrigerants tradicional
Refrigarante de cola tradicional
Refrigarante de guarana tradicional
Refrigarante ndo especificado
Sprite refrigerante tradicional
Sukita tradicional

Tubaina tradicional

Mata tradicional

Soft Drinks (Diet/Light)

212002
2209002
2200702
2201602
B20TTOR
2207402
2201802
200102
22008m
22007M
22074
22016M
22076M
2r1200e

2@z
axe1ng

Refrigerantes diet/light

Agua tonica diet

Agua tonica light

Coca-cola light

Fanta laranja light

Fanta uva light

Guarana diet

Guarana light

Paraguai refrigerante light
Refrigerante de cola diet
Refrigarante de cola light
Refrigarante de guarana dist
Refrigarante de guarana light
Refrigarante de limdo dist
Refrigarante de quinino distético

Tubaina Fght
Mate light

Other Nonalcoholic Beverages

8206303
8206301
g2020M
g202002
22021
8203603
8202401

Cutras bebidas ndo alcodlicas
Gatorade

Bebida ensrgética

Caldo de cana

Garapa

Agua de cooo

Cevada

Lewédo de cerveja
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Intertek

Coffee

2r01302
8R01303
8r01304
8R01306
2x02602
2xea02
202
a2124am
221260

Tea

8212003
g212004
8202803
Ba02804
02806
A3
BA0E20

Café

Café

Café com leite

Café tipo expresso

Café tipo capuecing

Mescafs

Café solivel capuccing

Cafi& com farinha

Café capuccing soldvel Kght
Café capuccing soldvel aiet

Cha

Cha mate organico

Chimarr 4o orgdnico

Erva-mate

Chimarr &

Tarera

Cha (preto, camomil a, ervacidreira, capim-limdo, etc.)

Cha diet (preto, camomila, erva-cidreira, capim-limao, stc.)
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Abbreviations

ADI
ADME
AUC
CCFA
Cmax

CSAF
CSF
EFSA
EHC
FAO
FEMA
FSANZ
GRAS
HBGV
HED
i.p.
IPCS
IUR

i.v.
JECFA
LDso
LOAEL
NOAEL
NIH
OECD
PKinterCSAF
PKintraCSAF
POD
RCT
RfC
RfD
SCCP
UF

US EPA
US FDA
WHO
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Acceptable Daily Intake

Adsorption, Distribution, Metabolism, and Excretion
Area Under the Curve

Codex Committee on Food Additives

Maximum concentration of a drug achieved in a specified body compartment after the

drug's administration and before the administration of a second dose

Chemical-specific Adjustment Factor

Cancer Slope Factor

European Food Safety Authority

Environmental Health Criteria

Food and Agriculture Organization of the United Nations
Flavor & Extract Manufacturers Association

Food Standards Australia New Zealand

Generally Recognized as Safe

Health-based Guidance Value

Human Equivalent Dose

Intraperitoneal

International Programme on Chemical Safety
Inhalation Unit Risk

Intravenous

Joint FAO/WHO Expert Committee on Food Additives
Lethal Dose for 50% of Animals Tested

Lowest Observed Adverse Effect Level

No Observed Adverse Effect Level

National Institutes of Health

Organisation for Economic Co-operation and Development
CSAF for Interspecies Pharmacokinetic Differences
CSAF for Intraspecies Pharmacokinetic Differences
Point of Departure

Randomized Controlled Trial

Reference Concentration

Reference Dose

Scientific Committee on Consumer Products
Uncertainty Factor

United States Environmental Protection Agency
United States Food and Drug Administration
World Health Organization
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Executive Summary

Benzoic acid and its salts, particularly sodium and potassium benzoates, are commonly used as
preservatives in acidic foods, beverages, pharmaceuticals, and cosmetic products. Sodium benzoate is
also used as a therapeutic agent to treat urea cycle disorders and some neuropsychological conditions.

An acceptable daily intake (ADI) is a measure of the amount of a substance in food or drinking water that
can be ingested on a daily basis over a lifetime without an appreciable health risk. Historically, a total
uncertainty factor (UF) of 100 (10 for interspecies variability and 10 for intraspecies variability) has been
used for deriving an ADI from animal toxicity data. Another contributor to the total UF is the database
UF, which is used when there are substantial data gaps. In 2005, the International Programme on
Chemical Safety (IPCS) published guidelines for developing chemical-specific adjustment factors
(CSAFs) in place of default UFs. In these guidelines, IPCS suggested that based on empirical data:
(1) the default UF of 10 for interspecies variability could be subdivided into a factor of 4 for
pharmacokinetics and 2.5 for toxicodynamics, (2) the default UF of 10 for human variability could be
subdivided into two equal subfactors of 3.16, and (3) quantitative data could be used to derive CSAFs to
replace these default values. The Joint World Health Organization (WHO)/Food and Agriculture
Organization (FAO) Expert Committee on Food Additives (JECFA) has sub-divided UFs of 10 in several
prior evaluations.

In 2000, JECFA maintained its group ADI of 0-5 milligrams per kilograms of body weight per day
(mg/kg bw-day) for benzoic acid, its salts, and its precursor compounds based on a four-generation rat
study conducted in 1960 with a no observed adverse effect level (NOAEL) of 500 mg/kg bw-day, the
highest dose tested in the study. It then applied a total UF of 100 — 10 for database uncertainty and 10 for
interspecies variability. However, JECFA did not evaluate human variability, nor did it give a rationale
for not considering the intraspecies variability UF.

Many studies on benzoic acid and its salts have been conducted since the ADI was first derived, including
toxicity, pharmacokinetic, and clinical studies. It is striking that data from all these studies are consistent.
Collectively, they support lowering the UFs for deriving the ADI for benzoic acid and its salts.

The pharmacokinetics of sodium benzoate and benzoic acid are similar in rats and humans. Quantitative
comparisons of areas under the curve (AUCs) support a CSAF of 1.2 for interspecies variability in
pharmacokinetics. In addition, data from healthy adults and children with urea cycle defects support a
CSAF of 1.4 for human variability in pharmacokinetics.

The animal toxicity database for oral exposures to benzoic acid, its salts, and its precursor compounds
includes acute and chronic toxicity, reproductive/developmental toxicity, carcinogenicity, and
genotoxicity studies. These studies consistently report a lack of toxicity in several animal species at doses
up to 1,000 mg/kg bw-day. Human clinical data on sodium benzoate as a therapeutic agent provide
additional evidence supporting the lack of toxicity at comparable doses. This indicates that using the UF
for database uncertainty is not warranted in this case.

Clinical studies of sodium benzoate efficacy, which have not yet been considered by JECFA, demonstrate
that treatment with doses up to 500 mg/kg bw-day are well tolerated in humans, including neonates and
infants, with no apparent adverse effects. The highest human NOAEL of sodium benzoate, as suggested
by these clinical data, (500 mg/kg bw-day, equivalent to 423.7 mg/kg bw-day benzoic acid) is comparable
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to the rodent NOAEL of 500 mg/kg bw-day of benzoic acid, thus providing supporting evidence that the
UFs for interspecies differences and intraspecies differences in toxicodynamics could also be reduced or
possibly eliminated.

An evaluation of the currently available data on benzoate supports a total UF of 13: 1.2 for interspecies
variability in pharmacokinetics, 1.4 for human variability in pharmacokinetics, 2.5 for interspecies
differences in toxicodynamics, and 3.16 for human variability in toxicodynamics. The UF of 13, which is
based on robust data from the published literature, instead of the default value of 100, results in an ADI of
0-38 mg/kg bw-day.

GRADIENT ES-2

D:\ABA\ICBA\benzoates\Gradient\20170102-Appendix IV - Gradient Evaluation of Benzoate ADI.docx



1 Background

Benzoic acid is naturally produced by many plants, with high concentrations found in certain berries.
It inhibits the growth of mold, yeast, and some bacteria (Brul and Coote, 1999; Nair, 2001). Because of
this, benzoic acid and its salts, particularly sodium and potassium benzoates, are commonly used as
preservatives in acidic foods, beverages, pharmaceuticals, and cosmetic products (Nair, 2001;
JECFA, 2015, 2016). Sodium and, to a lesser extent, potassium benzoates are preferred for use in
beverages, rather than benzoic acid, because of their increased water solubility.

Benzoic acid, sodium benzoate, and potassium benzoate are considered safe by many regulatory agencies
around the world. For example, they are "generally recognized as safe” (GRAS) for current use in food
by the United States Food and Drug Administration (US FDA, 1973a,b, 2016), and Food Standards
Australia New Zealand (FSANZ) concluded that it is unlikely that the current levels of benzoates in foods
pose a risk to consumers, including children (FSANZ, 2016).

In addition to its use as a preservative, sodium benzoate is used in pharmaceuticals to treat urea cycle
disorders because it can bind amino acids (IOMC, 2000). Currently, there are three US FDA-approved
drugs that contain sodium benzoate as one of the main active ingredients (Ammonul®, a generic version
of Ammonul®, and Ucephan®), as indicated in the Drugs@FDA online database for US FDA-approved
drug products. Therapeutic doses of sodium benzoate can be as high as 250-500 milligrams per
kilograms of body weight per day (mg/kg bw-day), equivalent to 211.9-423.7 mg/kg bw-day benzoic
acid, and are up to two orders of magnitude higher than exposure levels from dietary intake
(IOMC, 2000). Notably, no serious side effects have been reported after therapeutic uses of sodium
benzoate (IOMC, 2000).

According to the Joint Food and Agriculture Organization of the United Nations (FAO)/World Health
Organization (WHO) Expert Committee on Food Additives (JECFA), the toxicity of benzoic acid and its
salts in rodents is low. Based on a four-generation study in rodents conducted in 1960 (Kieckebusch and
Lang, 1960), JECFA identified a no observed adverse effect level (NOAEL) of 500 mg/kg bw-day based
on the highest dose tested in the study. An uncertainty factor (UF) of 100 was applied to the NOAEL to
yield an acceptable daily intake (ADI) for benzoic acid, its salts, and its precursor compounds of
0-5 mg/kg bw.! This ADI first appeared in the sixth JECFA report in 1962. The basis of the UF was not
specified in this report (JECFA, 1962). The ADI was finalized in a 1996 JECFA assessment, in which the
rationale for applying a UF of 100 was again not given (JECFA, 1997). In 2000, JECFA maintained the
group ADI of 0-5 mg/kg bw-day and specified that the total UF of 100 included 10 for database
uncertainty and 10 for interspecies variability (IOMC, 2000). However, JECFA did not consider a UF for
human variability. It is unclear why this is the case, because, historically, a default UF of 100, based on a
factor of 10 for interspecies variability and another factor of 10 for intraspecies variability, has been used
when JECFA derives an ADI from a NOAEL based on animal toxicity data.

Recently, JECFA conducted a comprehensive dietary assessment on benzoates and determined that
high-end dietary exposures to benzoates in children, including toddlers and young children (1-7 years of
age) and other children (8-17 years of age), exceed the upper bound of the current ADI (5 mg/kg bw-day)
(JECFA, 2015, 2016). Based on this, the Codex Committee on Food Additives (CCFA) lowered the
interim maximum level of benzoates in beverages by more than 50% generally and by 75% in some

! Traditionally, JECFA has developed ADIs as ranges, from 0 to an upper limit.
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instances. However, the safety database on benzoic acid, its salts, and its precursor compounds has
expanded considerably since the ADI was developed in the early 1960s. Thus, we evaluated available
animal toxicity data, animal and human pharmacokinetic data, and human clinical data to determine
whether the UF of 100 is still justified, or whether the evidence supports reducing the total UF used to
derive the ADI. We found that the available evidence supports a revision of the total UF, which results in
a revised ADI of 0-38 mg/kg bw-day based on the available robust data in humans and rats.
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2 Risk Assessment Guidelines

Chemical risk assessment, defined as "the characterization of the potential adverse health effects of
human exposures to environmental hazards" (NRC, 1983), provides the scientific basis for many risk
management decisions pertaining to chemicals in food and the environment. Chemical risk assessment
involves the following four steps.

1. Hazard ldentification: To determine whether a particular chemical is causally linked to adverse
health effects.

2. Hazard Characterization/Dose-Response Assessment: To evaluate the relationship between
the magnitude of exposure to the chemical and the probability of the occurrence of the adverse
health effect.

Exposure Assessment: To estimate the level of human exposure to the chemical hazard.

4. Risk Characterization: To determine whether individuals exposed to the chemical in question
will experience adverse health effects by comparing the estimated exposure level to the value
obtained from the dose-response assessment, with an assessment of the magnitude of uncertainty.

Quantification of human health risks combines information regarding exposure with dose-response
information, as reflected in chemical-specific toxicity criteria. For chronic non-cancer effects, toxicity is
typically characterized using a health-based guidance value (HBGV). HBGVs are defined by the WHO
as "levels of human exposure considered to be ‘without appreciable health risk™ (IPCS, 2009, p. liii).
A specific reference dose (RfD) is established for chemicals that may be ingested or absorbed through the
skin, and a reference concentration (RfC) is established for chemicals that may be inhaled. For food
additives, the HBGV is commonly known as the ADI, as defined by the Environmental Health Criteria
(EHC) 240 Principles and Methods for the Risk Assessment of Chemicals in Food (IPCS, 2009).
For cancer, toxicity is typically characterized using a linear cancer slope factor (CSF) for a non-threshold
response resulting from oral and dermal exposures or an inhalation unit risk (IUR) factor for chemicals
that are inhaled. However, there is an ongoing debate about whether a threshold approach may be
pursued (e.g., Bolt, 2003; Lutz and Lutz, 2009; Bogen, 2016; Greim and Albertini, 2012a,b).

A number of authoritative scientific and regulatory bodies have published guidelines for risk assessment
(NRC, 1983; US EPA, 2002, 2004; IPCS, 2009). In 2009, the International Programme on Chemical
Safety (IPCS), a collaboration between three United Nations bodies — the WHO, the International Labour
Organization, and the United Nations Environment Programme — published EHC 240 guidelines on the
risk assessment of chemicals in food, such as food additives, pesticides, veterinary drug residues, and
contaminants (IPCS, 2009).

In line with other guidelines, the 2009 EHC 240 guidelines specify:

Evaluations of food additives by JECFA depend on studies performed with a chemical
substance or product of defined identity, purity and physical form. The safety assessment
is valid only for products that do not differ significantly in identity and quality profile
from the material used to generate the data used in the evaluation. (IPCS, 2009, p. xIv)
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For hazard identification, the 2009 EHC 240 guidelines state:

Study of the absorption, distribution, metabolism and excretion (ADME) of a substance
at an early stage of testing is important in aiding the selection of appropriate test species
and test doses for toxicity studies. Where possible, investigation of any qualitative or
quantitative differences in ADME between the test species and humans will provide
important information for characterization of the hazard. (IPCS, 2009, p. xlvii )

Regarding toxicity testing, the 2009 EHC 240 IPCS guidelines state:

The extent of toxicological testing required depends on the nature and use of the
substance under consideration... Short-term and long-term tests for general systemic
toxicity are usually conducted. These identify target organs for toxicity and may indicate
the need for additional or more specific testing (e.g. for neurotoxicity or
immunotoxicity). The effects of the test substance on a wide range of end-points
indicative of toxicity, including observational, functional, biochemical and pathological
end-points, are examined. Studies are typically conducted in two species, either a rodent
and a non-rodent species or two rodent species, and in both sexes, to maximize the
opportunity to find any effects. (IPCS, 2009, p. xlvii)

The 2009 EHC 240 guidelines also specify:

Testing should be conducted in a manner that best relates to human exposure scenarios.
Dose selection should take into account the anticipated human exposure, the frequency of
exposure and the duration of exposure. For substances present in foods, administration of
the substance in repeated-dose animal studies is usually by diet, gavage or
drinking-water. ldeally, the dose levels selected are such that toxic effects, but not death
or severe suffering, are produced at the highest dose level, with lower dose levels
producing graded responses and no adverse effects at the lowest dose level. The study
design should be adequate to determine a reference point for hazard characterization, also
known as a point of departure (POD), such as a no-observed-adverse-effect level
(NOAEL) or a benchmark dose (BMD), which is a dose producing a low but measurable
adverse response. (IPCS, 2009, p. xlviii)

With regard to human studies, the 2009 EHC 240 guidelines state:

Data from human studies are of potential importance in identifying and characterizing
hazards and evaluating the risks of food additives, contaminants and residues of
veterinary drugs and pesticides. The information may come from controlled experiments
in human volunteers, surveillance studies, epidemiological studies (e.g. ecological
studies, case—control studies, cohort studies, analytical or intervention studies) of
populations with different levels of exposure, experimental or epidemiological studies in
specific subgroups of people, or clinical reports (e.g. poisoning) or case-studies of
individuals. End-points may include examination of safety or tolerance, nutritional and
functional effects of foods or food components, the metabolism and toxicokinetics of the
substance, mode of action, possibly using biomarkers for effects identified in animal
studies, and adverse health effects from unintentional exposures (e.g. to a contaminant).
(IPCS, 2009, p. i)

GRADIENT

D:\ABA\ICBA\benzoates\Gradient\20170102-Appendix IV - Gradient Evaluation of Benzoate ADI.docx



To derive HBGVS, the 2009 EHC 240 guidelines state:

Health-based guidance values are derived from the dose-response assessment for the
most relevant end-point in the most relevant species. The first approach, which is the one
still most commonly used by JECFA and JMPR to derive health-based guidance values in
order to protect against effects considered to have a threshold, is to define the NOAEL or
sometimes a lowest-observed-adverse-effect level (LOAEL) as the POD. The other
approaches that have been used by JECFA and JMPR are to use the lower one-sided
confidence limit of the BMD (the BMDL) as the POD for the derivation of a health-based
guidance value or for calculation of a margin of exposure (MOE). (IPCS, 2009, p. liv)

To calculate an HBGV (e.g., the ADI for food additives), an overall adjustment or UF is usually applied
to the NOAEL or lowest observed adverse effect level (LOAEL) identified from toxicity studies to
account for, among other things, human variability as well as the inherent uncertainties when
extrapolating toxicity data from experimental animals to potential health effects in humans.
Conventionally, a total UF of at least 100 — 10 for interspecies variability and 10 for intraspecies
variability — has been used when an ADI is derived from animal toxicity data. Other UFs that are
sometimes applied when deriving an HBGV include the LOAEL UF, if a LOAEL is used as the point of
departure (POD) instead of a NOAEL, and the database UF, if there are substantial data gaps.

In 2005, IPCS published guidelines on chemical-specific adjustment factors (CSAFs), which allow the
use of specific data on species differences or human variability in either pharmacokinetics or
toxicodynamics to derive data-driven UFs in place of default factors, when possible (IPCS, 2005). Based
on empirical information, the IPCS CSAF guidelines indicate that the default UFs for interspecies
differences and human variability should be divided into pharmacokinetic and toxicodynamic
components. Briefly, pharmacokinetics describe the adsorption, distribution, metabolism, and excretion
(ADME) of a substance, whereas toxicodynamics generally describe the effect of a substance and its
mode of action. For the interspecies UF, IPCS indicates that the default value of 10 can be subdivided
into a factor of 4 for pharmacokinetics and 2.5 for toxicodynamics, and for human variability, the default
UF value of 10 can be subdivided into two equal subfactors of 3.16. The IPCS CSAF guidelines also
describe data requirements and considerations for the development of CSAFs for interspecies differences
and human variability in pharmacokinetics and toxicodynamics. JECFA has set a precedent for using
CSAFs. For example, it subdivided UFs of 10 in its evaluations of dioxins (JECFA, 2002) and
methylmercury (JECFA, 2004).

In the following sections, we review the current safety database on benzoic acid, its salts, and its
precursor compounds, which includes animal toxicity data, animal and human pharmacokinetic data, and
human clinical data, to determine whether the evidence supports reducing the UFs used to derive the ADI
for these related substances.
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3 Animal Toxicity Data

Benzoic acid and its salts have a long history of safe use as food additives. A number of scientific and
regulatory bodies, including JECFA, the Organisation for Economic Co-operation and Development
(OECD), the European Food Safety Authority (EFSA), the Flavor & Extract Manufacturers Association
(FEMA), and the European Commission Scientific Committee on Consumer Products (SCCP), have
conducted comprehensive assessments and safety profiles for benzoic acid, its salts, and some of its
precursor compounds, such as benzyl alcohol, benzyl acetate, and benzaldehyde (Adams et al., 2005;
EFSA, 2016; IOMC, 2000; JECFA, 1997; OECD, 2001; Nair, 2001; SCCP, 2005). We relied on these
assessments, particularly more recent ones (Adams et al., 2005; SCCP, 2005; EFSA, 2016), when
evaluating the current toxicity database. Because our safety evaluation of benzoic acid and its salts is
conducted in the context of food additives, we focused on oral exposure, with an emphasis on chronic
exposure. Below, we briefly summarize this evidence. Detailed evaluations and specific references can
be found in the aforementioned assessments (SCCP, 2005; Adams et al., 2005; EFSA, 2016).

The acute oral toxicity potential of benzoic acid and its salts is low. The LDso? for benzoic acid and its
salts ranges from 1,200-4,070 mg/kg bw in rats and mice in previous studies (SCCP, 2005; EFSA, 2016).

The available short-term and subchronic studies in rats and mice indicate that benzoic acid and its salts
have low toxicity and no marked target organ toxicity. No treatment-related adverse effects were
observed after oral exposure to benzoic acid or sodium benzoate for 10-90 days at concentrations of
1,000 mg/kg bw-day or below (SCCP, 2005; EFSA, 2016).

Regarding genotoxicity, some equivocal results have been observed in lower-quality in vitro studies
(e.g., with poor reporting, inappropriate controls, a lack of negative controls, and/or doses exceeding the
limit dose). However, these results were outweighed by the lack of genotoxicity established in several
robust, well performed, relevant in vivo studies. JECFA and other regulatory and scientific entities have
concluded that, taken together, the weight of the evidence indicates that benzoic acid and its salts are not
genotoxic (SCCP, 2005; EFSA, 2016).

Carcinogenicity studies in rats (up to 1,000 mg/kg bw-day for 2 years) and mice (approximately
5,900-6,200 mg/kg bw-day for their lifetimes) demonstrate that benzoic acid, its salts, and its precursor
compounds do not cause tumors in tested animals (SCCP, 2005; EFSA, 2016).

The developmental toxicity of benzoic acid and its salts has been evaluated in a number of studies in rats,
mice, hamsters, and rabbits (SCCP, 2005; EFSA, 2016). With few exceptions, these studies did not
report any developmental toxicity at the highest doses tested, and study-specific NOAELs range from
160-500 mg/kg bw-day. One study that reported developmental toxicity also reported severe maternal
toxicity after exposure to 1,875 mg/kg bw-day of sodium benzoate (equivalent to 1,589 mg/kg bw-day of
benzoic acid) via the diet, indicating that the developmental toxicity was likely a secondary effect.
This study reported a NOAEL of 1,310 mg/kg bw-day for sodium benzoate, equivalent to 1,110 mg/kg
bw-day for benzoic acid (Onodera et al., 1978, as cited in EFSA, 2016). Another study in rats exposed to
benzoic acid by gavage reported maternal and developmental toxicity at 450 mg/kg bw-day and a
NOAEL of 160 mg/kg bw-day (EPA, 1992, as cited in EFSA, 2016).

2 The LDso is the statistically derived single dose of a substance that can be expected to cause death in 50% of the animals tested
(Klaassen and Watkins, 2003).
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Only one multi-generation reproductive toxicity study of benzoic acid has been conducted (Kieckebusch
and Lang, 1960). In this study, three groups of 20 male and 20 female white rats were pair-fed for
8 weeks on a standard diet with either 0%, 0.5%, or 1% benzoic acid (equivalent to 0, 250, or 500 mg/kg
bw-day). The rats were fed ad libitum over four generations, with the first two generations fed for their
whole lifespan and the third and fourth generations autopsied after 16 weeks on the diet. No treatment-
related effects were observed for growth, fertility, lactation, or organ weights; there were also no
histopathological findings in organs at the highest dose tested. In addition, reproductive toxicity studies
of benzoic acid's precursor compounds (i.e., benzyl alcohol, benzyl acetate, and benzaldehyde) generally
indicated no toxicity at doses at or below 500 mg/kg bw-day (IOMC, 2000; SCCP, 2005).

The NOAEL of 500 mg/kg bw-day identified in Kieckebusch and Lang (1960) was selected by JECFA as
the POD for derivation of the ADI for benzoic acid and sodium benzoate (JECFA, 1997). JECFA applied
a UF of 10 for database uncertainty. Although most toxicity studies were conducted decades ago, as
discussed above, they consistently report a lack of toxicity for a variety of endpoints in several animal
species at doses up to 1,000 mg/kg bw-day. Human clinical data on sodium benzoate as a therapeutic
agent provide additional evidence supporting the lack of toxicity at doses comparable to the NOAELs
identified in laboratory animal studies (discussed in Section 5). Considering the collective evidence in
both experimental animals and humans, the UF for database uncertainty is not warranted.
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4 Pharmacokinetic Data in Humans and Experimental
Animals

After ingestion, benzoic acid is quickly absorbed and primarily metabolized in the liver by conjugation
with glycine, resulting in the formation of hippuric acid (Tremblay and Qureshi, 1993; Informatics, Inc.,
1972). In humans and rats, the conversion of benzoate to hippurate also takes place in the kidneys,
although to a lesser extent than it does in the liver (Tremblay and Qureshi, 1993). Benzoic acid is rapidly
converted to the intermediate, benzoyl-CoA, which is subsequently conjugated with glycine in a reaction
catalyzed by the enzyme glycine N-acyltransferase (Tremblay and Qureshi, 1993; Informatics, Inc.,
1972). Studies have shown that the formation of hippuric acid is limited by glycine availability, because
this pathway is saturated at high benzoate/benzoic acid doses (Tremblay and Qureshi, 1993; Informatics,
Inc., 1972; Adams et al., 2005). Benzoyl glucuronide, a minor metabolite of benzoic acid, is only seen in
humans after very high doses (>500 mg/kg bw) of sodium benzoate exposure (Informatics, Inc., 1972;
IOMC, 2000).

The EHC 240 risk assessment guidelines specify that the evaluation of qualitative and quantitative
differences in ADME between experimental animals and humans greatly informs hazard identification
and risk characterization (IPCS, 2009). EFSA (2016) concluded in its most recent assessment that the
available data on the ADME of benzoic acid and its sodium and potassium salts indicate sufficiently
similar patterns (after ingestion, benzoate salts are rapidly converted to benzoic acid in vivo due to the
acidic environment in the stomach), and thus read-across between substances is appropriate.

We evaluated the robust pharmacokinetic data available in humans and animals for benzoic acid, its salts,
and its precursor compounds to determine whether the pharmacokinetics of these compounds are
comparable in humans and animals, particularly rats,® and further explored whether the pharmacokinetics
are similar among humans. Based on this, we derived CSAFs to account for interspecies and intraspecies
differences in pharmacokinetics of benzoic acid and sodium benzoate.

4.1 Pharmacokinetics of Benzoic Acid and Its Salts in Humans

Sodium benzoate is used in pharmaceutical drugs, often with sodium phenylacetate, to treat urea cycle
disorders because it acts as an amino acid scavenger (IOMC, 2000). In addition to pharmacokinetic
studies of benzoic acid and sodium benzoate, clinical studies of therapeutic drugs containing sodium
benzoate, involving infants, children, and adults, have also provided robust pharmacokinetic information.
The pharmacokinetic data from these studies are described below.

Bridges et al. (1970) evaluated the urinary excretion of radiocarbon [**C]-labeled benzoic acid
administered orally (1 mg/kg bw) to two adult humans. They excreted all the [**C] within 24 hours and
entirely as hippuric acid. Similar results were observed by Simell et al. (1986), who evaluated the effects
of intravenous (i.v.) administration of 2 mmol/kg bw (approximately 288 mg/kg bw) sodium benzoate
plus L-alanine (6.6 mmol/kg) to five Finnish children aged 2.8-12.6 years (mean of 8.8) with a urea cycle
disorder (lynsinuric protein intolerance). The authors reported that peak plasma benzoic acid
concentrations of 5.1-6.2 mM were observed at approximately 2 hours following the infusion and that the

3 The current ADI is based on a NOAEL obtained from a study in rats (Kieckebusch and Lang, 1960).
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majority of administered benzoate was excreted as hippuric acid, with less than 2% excreted as
unchanged benzoate in the urine in 24 hours.

Two independent pharmacokinetic studies in healthy human volunteers were conducted with the drug
Ammonul (10% sodium benzoate/10% sodium phenylacetate) (US FDA, 2004a; MacArthur et al. 2004).4
In one study, 20 healthy adult volunteers were administered Ammonul via i.v. infusion at doses of
5.5 g/m? or 3.75 g/m? (approximately 150 or 100 mg/kg bw sodium benzoate, respectively®) for an initial
90-minute loading infusion followed by a 24-hour sustained infusion (US FDA, 2004a; MacArthur et al.,
2004).° Sodium benzoate demonstrated saturable elimination with decreased clearance with increased
dose. The authors also noted a greater than dose-proportional increase in both area under the curve
(AUC) and Cmax’ for benzoic acid. The AUC for the sodium benzoate metabolite (hippurate) increased
proportionally with dose, though the increase in Cmax Was less than dose proportional. The authors noted
no marked sex differences. In the second study, similar results were obtained for parent compounds and
metabolites with escalating dose (1, 2, and 4 g/m?) (US FDA, 2004a). The AUC and Cnmax for benzoic
acid increased in a greater than dose-proportional manner and hippurate AUC increased proportionally
with dose.

Kubota et al. (1988) evaluated benzoic acid and hippuric acid in the plasma and urine of one healthy
33-year-old male who consumed three oral doses of sodium benzoate in water (40, 80, and 160 mg/kg).
The authors did not detect benzoic acid in the urine after administration of any dose. In the subject's
plasma, Kubota et al. (1988) found that peak concentrations of benzoic acid occurred at 0.5, 1.5, and
2 hours, and observed peak plasma concentrations of hippuric acid levels at 1, 2, and 4.5 hours after
exposure to 0.04, 0.08, and 0.16 g/kg sodium benzoate, respectively. The investigators also found a
disproportionate increase in the plasma benzoic acid AUC, a proportional increase in the hippuric acid
AUC with increasing dose, and peak plasma and urinary excretion rates of hippuric acid independent of
dose levels. The investigators noted that these results indicate that the biotransformation of benzoic acid
to hippuric acid in the human body is saturable and non-linear.

Similar trends were observed in a later study by Kubota and Ishizaki (1991), who administered oral doses
of sodium benzoate (40, 80, or 160 mg/kg bw) at least 1 week apart to six healthy adult men (22-34 years
of age). As observed by Kubota et al. (1988), the AUC of plasma benzoic acid did not increase
proportionally with dose; the AUCs after 80 and 160 mg/kg bw sodium benzoate were 3.7- and 12.0-fold
greater, respectively, than the AUC after the lowest dose of 40 mg/kg. The mean AUC of hippuric acid
was approximately proportional to the sodium benzoate dose. The study also found that the rate of
biotransformation of benzoic acid to hippuric acid varied among subjects (17.2-28.8 mg/kg bw-hour),
with a mean value of 23.0 mg/kg bw-hour. The investigators suggested this rate is close to that obtained
after the daily maximum dose of 500 mg/kg bw-day sodium benzoate, which they noted is the
recommended dose for treatment of hyperammonemia in patients with inborn errors of ureagenesis.

Oyanagi et al. (1987) evaluated the pharmacokinetics of sodium benzoate in two patients: one 10-year-
old girl with partial ornithine transcarbamylase deficiency (“patient 1") and one 22-year-old man with
partial argininosuccinate synthetase and arginase deficiencies ("patient 2'"). The investigators observed
peak serum benzoic acid concentrations at 1 and 2 hours after the dose in patients 1 and 2, respectively.

4 Upon administration, phenylacetate conjugates with glutamine in the liver and kidneys to form phenylacetylglutamine, via
acetylation, and is then excreted by the kidneys. The metabolic process of phenylacetate is distinct from that of benzoate, so the
pharmacokinetic data of these two substances can be evaluated independently.

5 Based on a conversion factor (km) of 37 to convert doses units of mg/m? to mg/kg bw for adult humans (US FDA, 2005).

6 A dose of 5.5 g/m? caused severe emesis in first three patients; the dose was then reduced to 3.75 g/m? for the remaining
17 subjects.

7 Cmax is the maximum concentration of a drug achieved in a specified body compartment after the drug's administration and
before the administration of a second dose.
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Similar to the results observed in the studies discussed previously (i.e., US FDA, 2004a; MacArthur et al.,
2004; Kubota et al., 1988; Kubota and Ishizaki, 1991), the decrease in serum benzoate did not follow
linear elimination kinetics.

In a study of four neonates administered 3.5 mmol/kg bw-day (460 mg/kg bw-day) sodium benzoate via
i.v. injection, Green et al. (1983) found large inter-patient variability in benzoate metabolism, observing
an eight-fold range in serum benzoate concentrations (2.14-16.0 mmol/L) after sodium benzoate
administration for >24 hours. Mean serum benzoate and hippurate concentrations after >24 hours of
benzoate treatment were 7.38 + 6.39 mmol/L and 1.14 + 0.64 mmol/L, respectively, and 84% of the
administered benzoate was excreted as benzoate and hippurate in the urine (reviewed in Batshaw et al.,
2001). Serum ammonia and glycine concentrations remained within the normal range for all participants
throughout the study. The observed variability in benzoate metabolism may have been related to reduced
renal clearance or limited benzoate conjugation capacity in these neonates (Batshaw et al., 2001).

In a clinical study of children with inborn errors of urea synthesis, Brusilow et al. (1984) documented the
time course of plasma benzoate concentrations in two infants (aged 12 and 5 months) after receiving a
single dose of sodium benzoate (250 mg/kg bw) and sodium phenylacetate (250 mg/kg bw) via i.v.
administration. The plasma benzoate concentrations in these two infants rose quickly and peaked at
3.2mM and 2.5 mM at 1 and 2.7 hours, respectively, following i.v. infusion. Sodium benzoate appeared
to be completely metabolized within 10 and 20 hours of i.v. infusion, respectively. In addition, the high
plasma concentrations of glycine in these two infants at admission declined following benzoate treatment.

Lennerz et al. (2015) recently evaluated the effects of sodium benzoate on glucose homeostasis and
human metabolic profiles by administering "GRAS levels" (0.1% [490 mg] in a beverage) of sodium
benzoate to 14 overweight adults. The mean sodium benzoate dose administered was equivalent to
4.79 mg/kg bw (range: 3.8-5.9 mg/kg bw per dose) benzoic acid. The investigators observed a rapid rise
in plasma benzoate and hippurate levels with the peak concentration (Cmax Of approximately 2.5 and
87.5 ug/mL, respectively)® at 0.5 hours after consumption, and a decline to baseline levels by 2 hours for
both metabolites. Lennerz et al. (2015) also found that following consumption of a second glucose-
containing beverage with sodium benzoate, the rise in benzoate and hippurate was significantly
attenuated. The authors speculated that glucose may have down-regulated the uptake of benzoate in the
digestive tract and the clearance of plasma benzoate and hippurate. The authors also noted that the time
window of plasma measurements was narrow and may have missed the peak concentrations of these
metabolites. Given the limitations of this study, it is difficult to draw any firm conclusion with regard to
whether or not glucose may interfere with the uptake and clearance of benzoate. However, it is evident
that sodium benzoate had no significant effect on glucose homeostasis as measured by comparisons of
glucose and insulin levels with or without sodium benzoate exposure.

4.2 Pharmacokinetics of Benzoic Acid and Its Salts in Experimental Animals

Animal studies that provide robust pharmacokinetic information on benzoic acid, its salts, and its
precursor compounds are described below.

Bridges et al. (1970) studied the urinary excretion of radiocarbon [**C]-labeled benzoic acid administered
orally to various animal species. At a dose of 50 mg/kg bw, benzoic acid was excreted by rodents (rats,
mice, guinea pigs, golden hamsters, steppe lemmings, and gerbils), rabbits, cats, and capuchin monkeys
almost entirely as hippuric acid (95-100% of 24-hour excretion). This is similar to humans and rhesus
monkeys, in which 1 or 20 mg/kg bw benzoic acid, respectively, was excreted entirely as hippuric acid.

8 Cmax was obtained through analysis of published figures and the use of GetData software.
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Other species, such as the squirrel monkey, pig, dog, ferret, hedgehog, and pigeon, excreted a dose of
50 mg/kg bw benzoic acid as 80% hippuric acid and 20% benzoyl glucuronide and benzoic acid. Humans
and rats excreted about 99 and 100% of the original benzoic acid dose in 24 hours, respectively, whereas
many other species excreted less over the same period (e.g., rhesus monkeys excreted 47% in 24 hours).

Thabrew et al. (1980) confirmed the observations of Bridges et al. (1970), demonstrating that 99% of
[**C]-labeled benzoic acid administered to Wistar albino rats via intraperitoneal (i.p.) injection was
excreted as hippuric acid, with 75-90% of the [**C] excreted within 24 hours. These results were also
consistent with those of Kao et al. (1978), who evaluated benzoic acid metabolism in isolated kidney
tubules and liver hepatocytes from rats in vitro. The authors found that both liver and kidney cells are
capable of metabolizing benzoic acid in vitro, hippuric acid is the primary metabolite in both cell types,
and liver cells have a higher rate of hippuric synthesis and glycine conjugation of benzoic acid than the
kidney cells.

Simkin and White (1957) evaluated the effect of benzoate administration (via i.p. injection) on free
glycine levels in the blood, liver, and muscle, and urinary hippuric acid concentration in female rats and
rabbits fed a glycine-poor diet. Liver glycine fell to about 50% of the initial level within 0.5-1 hour after
dosage in rats; the relative magnitude of the change appeared to be independent of the size of the dose
(170-470 pumoles/100 g bw, or approximately 240-680 mg/kg bw?®). A smaller decrease in blood free
glycine levels (about 80% of the initial level) was also observed in rats; this effect was also unrelated to
dose level. The investigators observed hippuric acid excretion to be complete 4 hours after benzoate
administration in rats. Similar results for free blood glycine and hippuric acid excretion were obtained in
experiments with rabbits.

In a liver perfusion study, Schwab et al. (2001) evaluated hepatic uptake and metabolism of benzoate in
rats. The authors confirmed that benzoate is metabolized exclusively to hippurate and observed a plateau
of hippurate formation with increasing unbound plasma benzoate concentrations, indicating saturation of
benzoate conjugation. Similarly, Gregus et al. (1992) investigated glycine conjugation capacity by
administering sodium benzoate via i.v. injection (0.2-2 mmol/kg bw to rats) to evaluate changes in blood
levels of benzoate as well as blood and urinary levels of benzoylglycine, the glycine-conjugated
metabolite of benzoate/benzoic acid. In addition to confirming that benzoylglycine is the
"only significant" mechanism of benzoic acid elimination, the investigators observed a dose-dependent
decrease in the benzoate elimination rate and blood clearance with an unchanged volume of distribution
(Gregus et al., 1992). The blood concentration and urinary excretion rate of benzoylglycine also reached
maximal values with increasing sodium benzoate doses. Together, these findings indicate that
benzoylglycine formation is capacity-limited at higher doses. Thus, like other studies, the results from
both the Schwab et al. (2001) and Gregus et al. (1992) studies indicate that benzoic acid
metabolism/excretion is: (1) limited by glycine capacity, and (2) a saturable process at higher exposures.

9 Based on the molecular weight of sodium benzoate (144.11 g/mol) and the body weight of the albino rats, given in the study as
130-170 g (Simkin and White, 1957).
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4.3 Comparison of Human and Rat Pharmacokinetics of Benzoic Acid and Its
Salts

4.3.1 Qualitative Comparison

The ADME of benzoic acid and its sodium and potassium salts are sufficiently similar to allow
read-across between these compounds (EFSA, 2016). We used this approach in our analysis to compare
the pharmacokinetics of these substances in humans and laboratory animals.

After oral ingestion, benzoic acid and its salts are primarily metabolized in the liver by conjugation with
glycine, resulting in the formation of hippuric acid (Tremblay and Qureshi, 1993; Informatics, Inc., 1972).
In humans and most of the animal species studied (including rats), benzoyl glucuronide appears to be a
minor secondary metabolite.

Benzoic acid sometimes appears in its free form in urine (Informatics, Inc., 1972; Bridges et al., 1970;
Kao et al., 1978). The amount of benzoate excreted as hippuric acid is similar in rats and humans:
75-100% of benzoic acid is excreted as hippuric acid within 6-24 hours in both species (IOMC, 2000;
Bridges et al., 1970; Thabrew et al., 1980).

Largely due to the rapid metabolism and excretion, benzoate and benzoic acid do not accumulate in
humans (Bridges et al., 1970; Kubota et al., 1988; Kubota and Ishizaki, 1991) or rats (reviewed by
Informatics, Inc., 1972; FASEB, 1973; IOMC, 2000; OECD, 2001; JECFA, 1996; SCCP, 2005; EFSA,
2016).

At high exposures to benzoic acid and its salts (i.e., >400 mg/kg in rats and >160 mg/kg in humans),
hippuric acid formation can be limited by the availability of glycine, and the benzoyl glucuronide
metabolite appears after the depletion of glycine (Simkin and White, 1957; MacDermot et al., 1981,
Kubota and Ishizaki, 1991; reviewed in Tremblay and Qureshi, 1993 and Adams et al., 2005). However,
humans can produce enough glycine to conjugate approximately 1,300 mg of sodium benzoate per hour
(equivalent to 21.7 mg sodium benzoate/kg bw, assuming a standard adult body weight of 60 kg) or
1,500 mg benzoic acid per hour (equivalent to 25 mg benzoic acid/kg bw, assuming a standard adult body
weight of 60 kg) (Informatics, Inc., 1972; Bridges et al., 1970; Kubota et al., 1988).

In humans, peak plasma benzoic acid levels are reached 1-2 hours after oral ingestion of sodium benzoate
(Kubota et al., 1988; Kubota and Ishizaki, 1991). Similar quantitative information in rats is limited to the
administration of the benzoic acid precursor, benzyl acetate (500 mg/kg bw), via gavage (Yuan et al.,
1995, as cited in Adams et al., 2005). In the Yuan et al. (1995, as cited in Adams et al., 2005) study,
peak benzoic acid plasma levels were reached within 3 hours of administration.

The extensive pharmacokinetic data available in humans indicate that the biotransformation of benzoic
acid and its salts is a saturable process following Michaelis-Menten kinetics (Kubota et al., 1988; Kubota
and Ishizaki, 1991; MacArthur et al., 2004; reviewed in IOMC, 2000 and JECFA, 1996). This is
supported by studies showing that benzoic acid clearance increased disproportionately to the administered
dose (ranging from 40-160 mg/kg bw), while hippuric acid clearance was proportional to dose. In these
studies, peak plasma benzoic acid concentrations increased with increasing dose while peak hippuric acid
concentrations did not change. While the animal database is less robust than the human database, the
available evidence indicates that there is a similar saturable process for benzoate metabolism at high
exposures (i.e., >120 mg/kg bw) (Schwab et al., 2001; Gregus et al., 1992; Simkin and White, 1957,
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Bray et al., 1951). Overall, the general pharmacokinetic mechanisms of benzoic acid and its salts are
very similar in humans and rats (Table 4.1).

Table 4.1 Pharmacokinetics of Benzoic Acid and Its Salts in Humans and Rats

Endpoint Human Rat
Rate/Extent of Approximately 100% absorption after oral e  Approximately 100% absorption after oral
Absorption ingestion (e.g., Informatics, Inc., 1972; ingestion (e.g., Informatics, Inc., 1972;

IOMC, 2000)

IOMC, 2000)

Rate/Extent of
Metabolism

Rapidly and completely metabolized
(Informatics, Inc., 1972; IOMC, 2000;
Tremblay and Qureshi, 1993)

Peak plasma benzoic acid levels at 1-2
hours after oral administration (Kubota et
al., 1988; Kubota and Ishizaki, 1991)

Rapidly and completely metabolized
(lOMC, 2000; Bridges et al., 1970;
Thabrew et al., 1980)

Peak plasma benzoic acid levels 3 hours
after oral gavage administration (Adams
et al., 2005; JECFA, 1996)°

Metabolites and

Hippuric acid is the primary metabolite

Hippuric acid is the primary metabolite

Metabolic (Informatics, Inc., 1972; IOMC, 2000; (Bridges et al., 1970; Thabrew et al., 1980)
Enzymes Tremblay and Qureshi, 1993) e At high doses (>500 mg/kg),” benzoyl
At high doses (>500 mg/kg), benzoyl glucuronide is a secondary metabolite
glucuronide is a secondary metabolite (Adams et al., 2005; JECFA, 1996)
(Kubota and Ishizaki, 1991; JECFA, 1996) e  Metabolism driven by conjugation with
Metabolism driven by conjugation with glycine; saturable process at high doses
glycine; saturable process at high doses (i.e., >120 mg/kg) (Schwab et al., 2001;
(i.e., 2160 mg/kg) (Kubota et al., 1988; Gregus et al., 1992; Simkin and White,
Kubota and Ishizaki, 1991; MacArthur et 1957; JECFA, 1996)
al., 2004)
Rate/Extent of 75-100% excreted as hippuric acid within e  75-100% excreted as hippuric acid within
Elimination/ 6-24 hours (Kubota et al., 1988; Kubota 24 hours (Bridges et al., 1970; Thabrew et
Clearance and Ishizaki, 1991) al., 1980)
Notes:

(a) Data from study of F344 rats administered 500 mg/kg benzyl acetate via gavage (Yuan et al., 1995, as cited in JECFA, 1996).
(b) Data from studies of oral, subcutaneous, or intraperitoneal (i.p.) administration of benzyl acetate to rats (reviewed in Adams et

al., 2005 and JECFA, 1996).

4.3.2 Derivation of a CSAF for Interspecies Pharmacokinetic Differences (PKinterCSAF)

Studies that report pharmacokinetic data for benzoic acid and sodium benzoate in humans and rats
reported several quantitative parameters, such as AUC and Cmax, that are suitable for deriving a CSAF to
account for interspecies variability in pharmacokinetics (PKinwe:CSAF). We selected the AUC as the
primary kinetic parameter, as opposed to Ciax, because we are concerned with potential adverse effects
arising from chronic exposure, and because there is generally greater variability in AUCs than in Cpmax
values, leading to a more conservative assessment (IPCS, 2005). For both the human and animal data
discussed below, we present AUCs and dose-normalized AUCs (i.e., AUC/Dose).

To derive the PKinerCSAF, we used data from i.v. exposures to sodium benzoate in humans and rats,
because pharmacokinetic data from oral exposure are not available in rats. Also, oral absorption is rapid
and almost complete in both humans and rats. JECFA identified the POD from a chronic oral study of
rats, so this approach is likely conservative — oral exposure to sodium benzoate yields a slightly lower
internal dose compared to i.v. administration, because absorption in the digestive tract may not reach
100%.
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Two i.v. human pharmacokinetic studies were identified, from which an AUC for plasma benzoate could
be derived (i.e., the US FDA pharmacokinetic studies of Ammonul administered to healthy adults;
US FDA, 2004a). The administered i.v. dose of sodium benzoate was converted to an internal benzoic
acid equivalent dose for each group in each study, and then the dose-normalized AUCs were calculated
(Table 4.2).

Table 4.2 Internal Benzoic Acid Equivalent Doses and Areas Under the Curve for Humans
After Intravenous Administration of Sodium Benzoate

Numberof ~dministered BAED? AUC AUC/BAED
Subjects i.v. Dose (i) (ng*h/mL) Mean (SD) Reference
(g/m?) Mean (SD)

6 1 22.9 20.3 (3.6) 0.9 (0.2) US FDA
(2004a)°

6 2 45.8 114.9 (31.3) 2.5(0.7) US FDA
(2004a)°

6 4 91.6 562.8 (142.3) 6.1(1.6) US FDA
(2004a)°

17 3.75 85.9 564.6 (103.9) 6.6 (1.2) US FDA
(2004a)

3 5.5 126.0 1,599.1 (463.1) 12.6 (3.6) US FDA
(2004a)°

Notes:

AUC = Area Under the Curve; BAED = Benzoic Acid Equivalent Dose; i.v. = Intravenous; SD = Standard Deviation;
US FDA = United States Food and Drug Administration.

Shaded rows indicate the groups used in the AUC comparison in Table 4.4.

(a) Calculated internal sodium benzoate doses from reported i.v. doses with a conversion factor (km) of 37 to
convert doses units of mg/m?2 to mg/kg bw for adult humans (US FDA, 2005). Converted sodium benzoate to
benzoic acid equivalent doses based on the molecular masses of sodium benzoate (144.11 g/mol) and benzoic
acid (122.123 g/mol).

(b) US FDA Study 973600.

(c) US FDA Study 951603.

The animal pharmacokinetic study by Gregus et al. (1992) was the only study in rats with sufficient
guantitative pharmacokinetic data with which to calculate the AUCs for plasma benzoate. As with the
human data, we converted administered i.v. doses of sodium benzoate in rats to internal benzoic acid
equivalent doses. In addition, we further converted these doses to toxicologically equivalent doses in
humans (i.e., human equivalent doses [HEDs]) to account for inherent metabolic differences due to
different body sizes, using the generally accepted allometric scaling method of body weight scaling to the
% power'® (US EPA, 2011a; Rhomberg and Lewandowski, 2006). We then calculated dose-normalized
AUC:s by dividing the AUCs by the HEDs (Table 4.3).

10 As per United States Environmental Protection Agency (US EPA, 2011a) guidance: HED = Dose (mg) x (BWh/BWa)%*,
where BWh = 60 kg, the default adult human body weight, and BWa = 0.3 kg, the average rat body weight as reported in Gregus
et al. (1992).
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Table 4.3 Benzoic Acid Equivalent Doses, Body Weight-scaled Human Equivalent Doses, and Areas Under
the Curve for Rats After Intravenous Administration of Sodium Benzoate

h LTl Adi"“"“["-";:;ed BAED* HED" (p.g':li:;:mL) AIGRIED Reference
of Rats (mmol/kg) (mg/kg bw) (mg/kg bw) Mean (SD) Mean (SD)
5-8 0.2 24.4 6.5 10.4 (0.8) 1.6 (0.1) Gregus et al. (1992)
5-8 0.5 61.1 16.2 58.2 (6.3) 3.6 (0.4) Gregus et al. (1992)
5-8 1 122.1 32.5 239.5 (22.5) 7.4 (0.7) Gregus et al. (1992)
5-8 2 244.2 64.9 1,100.2 (89.2) 16.9 (1.4) Gregus et al. (1992)
Notes:

AUC = Area Under the Curve; BAED = Benzoic Acid Equivalent Dose; bw/BW = Body Weight; HED = Human Equivalent Dose;
i.v. = Intravenous; SD = Standard Deviation.

Shaded rows indicate the groups used in the AUC comparison in Table 4.4.

(a) Converted from mmol/kg bw to mg/kg bw based on the molecular mass of benzoic acid (122.123 g/mol).

(b) Converted to HEDs based on allometric scaling of BW3/4 (US EPA, 2011a; Rhomberg and Lewandowski, 2006).

(c) Calculated based on the formula: AUC = F*Dose/CL, where F = Fraction absorbed (1 for i.v. administration) and CL = Clearance
(in units of mL/kg*min) (Shen, 2013).

Converting the rat doses to HEDs is particularly important for this analysis, because there is a non-linear
relationship between administered dose and AUC, with greater-than-proportional increases in AUCs with
increasing benzoate doses in humans and rats. This is illustrated by the dose-normalized AUCs presented
in Tables 4.2 and 4.3, which are not constant even after they are adjusted for dose (constant AUCs would
be expected for substances with linear elimination kinetics). Dose-normalized AUCs are useful to
compare across studies in which the specific study doses are not identical, although when there are
apparent non-linearities in metabolism (as appears to be the case here), doses should be as close as
possible prior to normalization. Therefore, we selected dose-normalized AUCs at comparable internal
doses of benzoic acid from the US FDA human studies (US FDA, 2004a) and the rat study (Gregus et al.,
1992) to calculate the ratios of human and rat dose-normalized AUCs (Table 4.4).

Table 4.4 Comparison of Dose-normalized AUCs from Intravenous Administration of Sodium Benzoate
in Humans (US FDA, 2004a) and Rats (Gregus et al., 1992)

BAED in Humans®  HED in Rats® Mean AUCnorm Mean AUCnorm
(mg/kg bw) T in Humans in Rats Human AUCnorm/Rat AUCnorm
(ng*h/mL) (ng*h/mL)
22.9 16.2 0.9 3.6 0.3
45.8 32.5 2.5 7.4 0.3
85.9 64.9 6.6 16.9 0.4
Notes:

AUCnorm = Dose-normalized Area Under the Curve; BAED = Benzoic Acid Equivalent Dose; bw/BW = Body Weight; HED = Human
Equivalent Dose.

(a) Converted to benzoic acid equivalent doses.

(b) Converted to human equivalent doses by scaling the rat internal benzoic acid equivalent doses by BW3/4 (US EPA, 2011a;
Rhomberg and Lewandowski, 2006).

The interspecies pharmacokinetic UF default value of 4 is meant to address two different concepts:
the known differences across species that are due to differences in basal rates of metabolism (i.e., rodents
eliminate compounds faster than humans) and unusual and unanticipated differences when humans are
more sensitive than rodents even beyond the understood differences in metabolism (e.g., due to
differences in metabolic pathways or enzyme efficiencies). Scaling the doses in rats to human equivalent
doses according to the % power of body weight addresses known interspecies differences in metabolism
(Rhomberg and Lewandowski, 2006). Potential unusual and unanticipated differences in interspecies
metabolism can only be identified by evaluating the concentration-time profiles after administration of
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similar doses across species. If rodent doses are adjusted to human equivalent doses (by scaling dose to
the % power of body weight), and pharmacokinetic markers (e.g., the AUC) are the same (e.g., human
AUC/rodent AUC = 1), then it can be concluded that there are no unusual or unanticipated differences in
metabolic pathways and that the only interspecies difference is due to the known metabolic differences
related to body size. If the ratio of the rodent to human pharmacokinetic markers is less than 1
(e.g., human AUC/rodent AUC < 1), then the traditional % power body weight scaling is overly
conservative, and humans are likely to have better metabolic capacity than rodents (i.e., the UF should be
less than 4).

The ratios of the human to rat dose-normalized AUCs range between 0.3-0.4, indicating that for the same
adjusted dose (adjusted to account for basal differences in metabolism), rats are exposed to a higher
internal dose of benzoic acid. Moreover, because the ratio of AUC across species is less than 1, it appears
that the default pharmacokinetic UF of 4 is excessive. Because dietary exposures to benzoic acid and its
salts for most individuals are at the low end of the range of the human dose studies (which were studies of
pharmaceutical effects), we applied the ratio of 0.3 to the default pharmacokinetic UF of 4. The resulting
PKine®CSAF for benzoic acid and its salts is 1.2 (i.e., the default value of 4 multiplied by the
dose-normalized AUC ratio of 0.3). Although this CSAF was derived based on a small number of
available studies, it is consistent with the qualitative analysis discussed in Section 4.3.1 and summarized
in Table 4.1, which showed that the ADME of benzoic acid and its salts are very similar in humans and
rats.

4.4 Comparison of Age-related Differences in Pharmacokinetics of Benzoic
Acid and Its Salts

4.4.1 Qualitative Comparison

The available pharmacokinetic studies indicate that ADME patterns are generally similar in children and
adults (see Section 4.1). For example, US FDA (2004b) noted that peak plasma benzoate levels from
seven children (aged 3-26 months) following administration of 250-500 mg/kg bw of sodium benzoate
(equivalent to 212-424 mg/kg bw of benzoic acid) for 1-2 hours were qualitatively similar to those in
adults.

Neonates and infants may have a more limited capacity to metabolize benzoates compared to adults and
children older than 1 year of age. Some studies reported reduced glycine conjugation capacity in
neonates after i.v. exposure to benzoate (reviewed in Dorne et al., 2005), while other studies reported
capacities in neonates after oral exposure that are similar to those of adults (Gow et al., 2001). The wide
variability of benzoate metabolism in infants and neonates may be attributable to immaturity of the
acylation system in the liver and kidneys (Batshaw et al., 2001), because mitochondrial glycine
N-acyltransferase activity in the liver varied from 5-40% of peak activity between birth and 7 months of
age, and peak activity was observed by 18 months of age (Mawal et al., 1997, as reviewed in Batshaw et
al., 2001).

Some studies report older children (i.e., 1 year of age or older) have higher rates of metabolic clearance
compared to healthy adults for a number of metabolic pathways, including for glycine conjugation
(e.g., Dorne et al., 2005), but other studies report no significant differences among the mean rate of
glycine conjugation in children, healthy adults, or the elderly!! (e.g., Dorne et al., 2004; reviewed in

11 Dorne et al. (2004) stratified the age groups as follows: neonates (<1 month old), infants (>1 month to <1 year old), children
(>1 to <16 years old), healthy adults (16 to <70 years old), and elderly (healthy adults >70 years old).
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Badenhorst et al., 2013). The latter finding is supported by evidence indicating that adult-level kidney
filtration rates (and thus typical clearance rates as well) are achieved by approximately 7 months of age in
humans (Besunder et al., 1988).

Further, Dorne et al. (2005) analyzed metabolic pathway-related UFs for a number of compounds.
They determined that the UFs for the pharmacokinetic component of intraspecies variability for glycine
conjugation pathway were consistently less than the default value of 3.16 for children, younger adults,
and older adults. Specifically, they reported that the 99" percentile UFs for adults and children were 1.6
and 1.8, respectively.'?

Taken together, the evidence indicates that the metabolic capacity for benzoate may be limited in
neonates because of their immature acylation systems, but human variability in benzoate
pharmacokinetics is negligible after the age of 1 year.

4.4.2 Derivation of a CSAF for Intraspecies Pharmacokinetic Differences (PKintraCSAF)

Similar to the PKiye:CSAF, we derived a CSAF for human variability in pharmacokinetics (PKinraCSAF)
using dose-normalized AUCs in humans after i.v. exposure to sodium benzoate. For healthy adults, we
again relied on the US FDA studies (US FDA, 2004a) because they were the only studies that reported
AUCs for plasma benzoate for several dose groups. Quantitative pharmacokinetic data in children are
generally limited to those with severe genetic defects in urea synthesis. Because the therapeutic effect of
sodium benzoate is mediated by its normal metabolic process, we determined that children with inborn
errors of urea synthesis represent healthy children in the general population with regard to benzoate
pharmacokinetics. We calculated AUCs from three clinical studies of neonates, infants, and children that
reported time course plots of plasma benzoate (Green et al., 1983; Brusilow et al., 1984; Simell et al.,
1986), because these were the only studies of children from which AUCs could be derived. We converted
the administered doses of sodium benzoate to benzoic acid equivalent doses, and calculated the
dose-normalized AUCs by dividing the AUCs by the benzoic acid equivalent doses (Table 4.5).

12 This analysis was based on data from various substrates that undergo glycine conjugation and is not specific to benzoate.
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Table 4.5 Benzoic Acid Equivalent Doses and Areas Under the Curve for Healthy Adults and Children with
Inborn Errors of Urea Synthesis After Intravenous Administration of Sodium Benzoate

AUC
Subiect (Age Num!oer of Ad'ministered BAED? *h/mL AUC/BAED Reference
ject (Age) Subjects i.v. Dose (mg/kg bw) s\llllian ( SD; Mean (SD)
Adults 6 1g/m? 22.9° 20.3 (3.6) 0.9 (0.2) US FDA (2004a)°
(age not 6 2 g/m? 45.8° 114.9 (31.3) 2.5(0.7) US FDA (2004a)°
reported) 6 4 g/m? 91.6 562.8 (142.3) 6.1(1.6) US FDA (2004a)°
17 3.75 g/m? 85.9° 564.6 (103.9) 6.6 (1.2) US FDA (2004a)¢
3 5.5 g/m? 126.0° 1,599.1 (463.1) 12.6 (3.6) US FDA (2004a)¢
Neonates 4 3.5 mmol/kg 105.9¢ 1,765 (107.7) 16.7 (1.0) Green et al. (1983)
(3-7 days)
Infants 2 250 mg/kg 211.9 2,319.28(1,387.1) 10.9 (6.5) Brusilow et al. (1984)
(5-12 months)
Children 5 2 mmol/kg 244 .2°¢ 2,133.98 (218.9) 8.7 (0.9) Simell et al. (1986)
(2.8-12.6 years)
Notes:

AUC = Area Under the Curve; BAED = Benzoic Acid Equivalent Dose; bw = Body Weight; i.v. = Intravenous; SD = Standard Deviation;
US FDA = United States Food and Drug Administration.

Shaded rows indicate the groups used in the AUC comparison in Table 4.6.

(a) Converted to benzoic acid equivalent dose based on the molecular masses of sodium benzoate (144.11 g/mol) and benzoic acid
(122.123 g/mol).

(b) Converted from reported i.v. doses using a conversion factor (km) of 37 to convert doses units of mg/m2 to mg/kg bw for adult
humans (US FDA, 2005).

(c) US FDA Study 973600.

(d) US FDA Study 951603.

(e) Converted from mmol/kg bw based on the molecular mass of benzoic acid (122.123 g/mol).

(f) Calculated based on the formula: AUC = F*Dose/CL, where F = Fraction absorbed (1 for i.v. administration) and CL = Clearance
(in units of mL/kg bw*min) (Shen, 2013).

(g) Calculated from time course plots of plasma benzoate concentrations.

As discussed above, neonates and infants (i.e., children younger than 1 year old) may have a limited
capacity to metabolize benzoate because they have immature acylation systems in their liver and kidneys.
As reviewed by Batshaw et al. (2001), the neonates in Green et al. (1983) had impaired renal function and
clearance as well as limited benzoate conjugation capacity, due to their poor health status. The two
infants in Brusilow et al. (1984) were also significantly health-compromised. The levels given are quite
large compared to potential dietary intake. Healthy neonates and infants in the general population have
little, if any, potential dietary exposure to added benzoic acid or its salts, so their lower metabolizing rates
should not substantially contribute to uncertainties in deriving the ADI for benzoic acid and its salts.
Also, the JECFA dietary assessment for benzoate did not include children younger than 1 year old
(JECFA, 2015). For these reasons, we excluded the two studies in neonates and infants from our analysis
(Green et al., 1983; Brusilow et al., 1984).

Instead, we relied on the study by Simell et al. (1986), which evaluated children older than 1 year of age
with inborn errors of urea synthesis, to derive the PK;w.CSAF. As discussed above, these children likely
did not differ from healthy children in the general population with regard to their capacity to metabolize
benzoates. Simell et al. (1986) evaluated five children, ranging from 2.8-12.6 years old. Despite the
relatively small sample size and wide age range, there was not significant variability in the
dose-normalized AUCs, as evidenced by the small standard deviation, so we considered the
pharmacokinetic data in Simell et al. (1986) to be robust.
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While it is preferable to compare AUCs at similar administered doses, the doses in children were
considerably higher than those in adults. Therefore, we selected the highest three dose groups in adults
from the US FDA studies (US FDA, 2004a) and calculated a range of dose-normalized AUC ratios
(Table 4.6).

Table 4.6 Comparison of Dose-normalized AUCs from Intravenous Data in Adults (US FDA, 2004a) and

Children (Simell et al., 1986)

a: . . Mean AUCnorm in | Mean AUCnorm in
B‘L}rEan /'I?gﬁ;')'ts BA(Er:g';‘k‘g:h;w;e" Adults Children Child AUCnorm/Adult AUCorm
(ug*h/mL) (ng*h/mL)
91.6 6.1° 1.4
85.9 244.2 6.6° 8.7¢ 1.3
126.0 12.6¢ 0.7
Notes:

AUCnorm = Dose-normalized Area Under the Curve; BAED = Benzoic Acid Equivalent Dose; bw =Body Weight; i.v. = Intravenous;
US FDA = United States Food and Drug Administration.

(a) Converted from reported i.v. doses using a conversion factor (km) of 37 to convert doses units of mg/m2 to mg/kg bw for
adult humans (US FDA, 2005).

(b) US FDA Study 973600.

(c) US FDA Study 951603.

(d) Simell et al. (1986).

The child-adult ratios of dose-normalized AUCs ranged from 0.7-1.4, with a slight decreasing trend with
increasing adult benzoic acid equivalent dose; thus, 1.4 serves as a conservative estimate of PKinaCSAF
for deriving the benzoate ADI. That is, the pharmacokinetic component for human variability should be
reduced from the default value of 3.16 to 1.4. This conclusion is consistent with that of our qualitative
evaluation: that the ADME patterns of benzoic acid and its salts are similar between children and adults,
and that in general, the clearance rates of several important metabolic processes, including glycine
conjugation and kidney filtration, are comparable or higher in children than in adults.
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5 Clinical Data in Humans

In Section 4, we discussed human pharmacokinetic data for benzoic acid and its salts. In this section, we
discuss adverse effects reported in clinical studies of sodium benzoate treatment to address the
toxicodynamic UF. We found that adverse effects are observed only at doses similar to or higher than the
animal NOAEL. Because these studies were not designed specifically to focus on adverse effects, they do
not provide strong enough evidence to support specific UFs for interspecies and intraspecies (human)
variability in toxicodynamics. However, the results of these studies indicate that the UFs could be lower
than the default values, and that, because of this, the ADI can be considered conservative.

Studies in humans and laboratory animals demonstrate that benzoate metabolism to hippurate by glycine
conjugation in the liver and excretion in urine diverts nitrogen from urea production, and thus provides an
alternative pathway for the elimination of waste nitrogen (Tremblay and Qureshi, 1993). Because of this,
sodium benzoate has been used as a therapeutic agent to treat hyperammonemia (Tremblay and Qureshi,
1993). Sodium benzoate also inhibits D-amino acid oxidase, a flavoenzyme of peroxisomes in the central
nervous system, via benzoyl CoA, the common intermediate to hippuric acid for benzoate. Therefore, it
has been tested as a treatment for certain neuropsychological conditions (Lane et al., 2013). A number of
clinical studies are available on the efficacy and potential adverse effects of sodium benzoate treatment
for these conditions.

It is unclear why these clinical studies were not considered in previous safety assessments of benzoic acid
and its salts in food or in the derivation of the ADI. However, the 2009 EHC 240 risk assessment
guidelines encourage the use of human studies to inform hazard identification and risk characterization,
and these studies are informative with regard to oral exposure (IPCS, 2009). Thus, we conducted online
literature searches in PubMed, Scopus, and the US National Institutes of Health (NIH) clinical trials
database to identify clinical studies of sodium benzoate. We only considered studies with doses higher
than the current ADI and evaluated whether there were adverse effects at these higher levels.
These studies are presented in Table 5.1 and briefly discussed below.

Trijbels et al. (1974) and Batshaw et al. (1981, 1982) were among the first clinicians to report
observations from long-term sodium benzoate treatment in children with non-ketotic hyperglycinemia or
inborn errors of urea synthesis. Twenty-nine infants and small children (aged 1-42 months) were treated
with 100-300 mg/kg bw-day of sodium benzoate (equivalent to 84.7-254.2 mg/kg bw-day of benzoic
acid) for 7 months to 3 years. The therapeutic doses were effective at maintaining normal plasma
ammonia concentrations and were well tolerated. One adverse event was reported when a child was
accidentally given a dose of 792 mg/kg bw-day of sodium benzoate (equivalent to 671.1 mg/kg bw-day of
benzoic acid) for 2 days and became irritable and vomited. These symptoms resolved within 12 hours of
discontinuing the drug, and hepatic and renal functions and electrolyte balance all remained normal.
Two other children experienced vomiting and irritation after accidental exposures to 800 mg/kg bw-day
of sodium benzoate (equivalent to 677.9 mg/kg bw-day of benzoic acid); these symptoms ceased once the
drug was discontinued.

A number of additional case reports of children with inborn errors of urea synthesis also reported that
sodium benzoate therapy (either alone or in combination with protein restriction, L-carnitine
supplementation, sodium phenylacetate, or sodium phenylbutyrate) is effective at improving survival and
ammonia nitrogen removal (Brubakk et al., 1982; Mizutani et al., 1983; Takeda et al., 1983; Qureshi et
al., 1984; Van de Bor et al., 1984; Letarte et al., 1985; McCormick et al., 1985; Walter et al., 1992;
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Maestri et al.,, 1996). These children, including neonates, were treated with sodium benzoate at
200-500 mg/kg bw-day (equivalent to 169.5-423.7 mg/kg bw-day of benzoic acid, or 34-85 times the
current ADI) for several weeks to several years and did not experience any notable adverse events that
were related to the treatment. One case report indicated that a 9-month treatment with 410 mg/kg bw-day
of sodium benzoate (equivalent to 347.4 mg/kg bw-day of benzoic acid) in a 33-year-old woman was
effective at maintaining normal plasma ammonia concentrations and well tolerated without any adverse
effects (Call et al., 1984).

One clinical study compared the effects of sodium benzoate treatment in combination with protein
restriction and carnitine supplementation to those of protein restriction alone in children with inborn
errors of urea synthesis (Feoli-Fonseca et al., 1996). Add-on treatments of sodium benzoate at average
doses of 102 and 69 mg/kg bw-day (equivalent to 86.4 and 58.5 mg/kg bw-day of benzoic acid) for
2-98 months in 11 children were not associated with any adverse effects.

Sodium benzoate has also been evaluated as a therapeutic agent for acute hyperammonemia in neonates,
children, and adults. A number of case reports and case series indicated that sodium benzoate, either
alone or in combination with sodium phenylacetate, was effective in improving survival (Brusilow et al.,
1979, 1980; Batshaw and Brusilow, 1980; Kodama et al., 1981; Brusilow et al., 1984; Watson et al.,
1985; Sharp and Lang, 1987; Sakuma et al., 1992; Tuchman et al., 1992; Enns et al., 2007). The doses of
sodium benzoate ranged from approximately 90-500 mg/kg bw-day (equivalent to 76.3-423.7 mg/kg
bw-day of benzoic acid) and the duration of the treatment usually only lasted from 24 hours to a few days.
No treatment-related adverse effects were reported.

In addition to hyperammonemia, sodium benzoate has been used in several intervention studies, including
two randomized controlled trials (RCTs), for treating patients with chronic or acute hepatic
encephalopathy (Mendenhall et al., 1986; Uribe et al., 1990; Sushma et al., 1992). Patients were
randomized to either standard therapy for hepatic encephalopathy or approximately 80-140 mg/kg bw-day
of sodium benzoate, equivalent to 67.8-118.6 mg/kg bw-day of benzoic acid, that lasted from several days
to a few weeks. Sodium benzoate treatments in 58 patients were shown to be an effective treatment for
hepatic encephalopathy, and no treatment-related adverse events were observed in these studies.
In Sushma et al. (1992), some patients who received sodium benzoate experienced some gastrointestinal
symptoms, including vomiting and nausea, but these symptoms did not respond to a reduction in the
dosage of sodium benzoate, suggesting they were not treatment-related, and were controlled by the
administration of ranitidine.

Most recently, sodium benzoate was explored as a potential therapeutic agent for neuropsychological
conditions such as chronic schizophrenia and Alzheimer's disease in two RCTs of Asian populations
(Lane et al., 2013; Lin et al., 2014). These studies indicated that sodium benzoate treatments in
55 patients for 6-24 weeks were effective in treating and managing these two conditions, and no adverse
events were observed. The doses of sodium benzoate used in these trials, ranging from approximately
3.6-14.6 mg/kg bw-day (equivalent to 3.1-12.4 mg/kg bw-day of benzoic acid), were considerably lower
than those in previous clinical studies and comparable to the current ADI.

Together, these clinical studies demonstrate that sodium benzoate treatment at doses up to 500 mg/kg
bw-day (equivalent to 423.7 mg/kg bw-day of benzoic acid, or 85 times the current ADI) are well
tolerated in humans of all ages, with no apparent adverse effects. Observed toxicity, such as vomiting and
irritation, occurred at doses around 800 mg/kg bw-day and was transient and reversible once the exposure
was discontinued. The highest human NOAEL (423.7 mg/kg bw-day benzoic acid equivalent) and
LOAEL (677.9 mg/kg bw-day benzoic acid equivalent) of sodium benzoate, as suggested by these clinical
data, are comparable to the rodent NOAEL of 500 mg/kg bw-day of benzoic acid identified from animal
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toxicity studies, thus providing supporting evidence that the UF for interspecies differences in
toxicodynamics should be reduced or possibly eliminated.

Also, because a therapeutic use of sodium benzoate is to treat genetic disorders of urea synthesis, the
recipients of treatment are generally children — the population of interest in the most recent JECFA
assessment on benzoic acid and its salts. The therapeutic doses are generally higher and the treatment
durations are often longer in children than in adults. The clinical reports did not show that children are
more sensitive to the effects of sodium benzoate. Furthermore, the liver is the main organ that
metabolizes benzoic acid, so one could argue that individuals with impaired liver function may be a
sensitive population to the potential toxic effects of sodium benzoate. However, clinical intervention
studies conducted in patients with liver dysfunction showed that there were no treatment-related adverse
effects from doses of 5-10 g/day of sodium benzoate, equivalent to approximately 70-140 mg/kg bw-day
of benzoic acid. Observed NOAELSs in children with urea cycle defects and in individuals with impaired
liver functions are similar and are at least one order of magnitude higher than the current ADI of 5 mg/kg
bw-day, indicating that benzoate exposures at levels considerably higher than the current ADI do not pose
any health risk to potentially sensitive populations.

Collectively, this evidence supports the UF for human variability in toxicodynamics being reduced, but
the specific UF cannot be determined based on these data.
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Table 5.1 Characteristics of Clinical Studies of Sodium Benzoate

Study Study Population . - N. of BAED? Treatment . Treatment Adverse
Study . Patient Condition  Patients Treatment . Primary Outcome b

Design (Age) (mg/kg bw-day) Duration Successful?  Events

Treated
Trijbels et al. CR Female infant Non-ketotic 1 NaB 84.7-254.2 3 years Amino acids Yes None
(1974) (1 month) hyperglycinemia analyses, plasma
ammonia
Brusilow et al. CR Female Inborn errors of 1 NaB 132.2¢ 10 days Plasma ammonia, Yes None
(1979, 1980) (16 years) urea synthesis urinary nitrogen
Brusilow et al. (&) Children Hyperammonemic 4 NaB 169.5-296.6 24 hours Plasma ammonia Yes None
(1980) (11 months- coma
18 years)
Batshaw and Cs Children Inborn errors of 7 NaB 211.9-423.7 24 hours Plasma ammonia Yes None
Brusilow (1980) (1 month-17 years) urea synthesis
Batshaw et al. CS Infants Inborn errors of 2 NaB 213.7-244.2¢ 8-20 Plasma ammonia Yes None®
(1981) (1-6 months) urea synthesis months
Kodama et al. CR Female child Inborn errors of 1 NaB 79.7f 24 hours Plasma ammonia Yes None
(1981) (8 years) urea synthesis
Batshaw et al. (&) Infants Inborn errors of 26 NaB 211.9 7-62 Hyperammonemia Yes None8
(1982) (7-42 months) urea synthesis months episode, growth
Brubakk et al. CR Male neonate Inborn errors of 1 NaB 211.9 4 months Plasma ammonia Yes None
(1982) (2 hours) urea synthesis
Mizutani et al. CR Male child Inborn errors of 1 NaB + PA 211.9 9 weeks Plasma ammonia Yes None
(1983) (4.6 years) urea synthesis
Takeda et al. CR Girl Inborn errors of 1 NaB 169.5 13 months Plasma ammonia Yes None
(1983) (8 years) urea synthesis
Brusilow et al. Cs Children Inborn errors of 7 NaB + NaP 211.9-423.7 24 hours Plasma ammonia Yes None
(1984) (1-26 months) urea synthesis
Call et al. (1984) CR Woman Inborn errors of 1 NaB 347.4 9 months Plasma ammonia Yes None
(33 years) urea synthesis

Qureshi et al. CR Female Inborn errors of 1 NaB 211.9-317.8 9 months Plasma ammonia, Yes None
(1984) (15 years) urea synthesis urinary nitrogen
Van de Bor et al. CR Female infant Inborn errors of 1 NaB + NaP 211.9 8 months Growth Yes None
(1984) (7 months) urea synthesis
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N of

Study Study Population . - . BAED? Treatment . Treatment Adverse
Study . Patient Condition  Patients Treatment . Primary Outcome b
Design (Age) (mg/kg bw-day) Duration Successful?  Events
Treated
Letarte et al. CR Male child Inborn errors of 1 NaB 211.9 3 years Growth, plasma Yes None
(1985) (46 months) urea synthesis and urinary
nitrogen
McCormick et al. CR Neonate Inborn errors of 1 NaB 211.9 6 months Plasma ammonia Yes None
(1985) (2 days) urea synthesis
Watson et al. (&) Adults Hyperammonemia 1 NaB + NaP 105.8-211.6" 3 days Plasma ammonia Yes None
(1985) (23-47 years) secondary to
leukemia
Sharp and Lang CR Man Hyperammonemia 1 NaB 211.6" 1 day Plasma ammonia Yes None
(1987) (57 years) secondary to
leukemia
Sakuma et al. (& Neonates Transient 2 NaB 169.5 1 day Urinary nitrogen Yes None
(1992) (7-33 hours) hyperammonemia
Tuchman et al. CS Neonates Inborn errors of 2 NaB + NaP 211.9 4-7 days Plasma ammonia Yes None
(1992) (5-79 hours) urea synthesis
Walter et al. CR Male neonate Inborn errors of 1 NaB 423.7 3 weeks Plasma ammonia Yes None
(1992) (4 days) urea synthesis
Feoli-Fonseca cs Children Inborn errors of 11 A: A: 2-98 Carnitine No None
et al. (1996) (0.9-23.5 years) urea synthesis NaB + PR 86.4+24.2 months metabolism and
B: B: ammonia nitrogen
NaB + PR + 58.5+17.1 removal
Carnitine
Maestri et al. (& Female children Inborn errors of A: 11 A: NaB 211.9 A: Survival, Yes None
(1996) (1-17 years) urea synthesis B: NaB + 3.2 years’ hyperammonemic
B: 22 NaP + NaPB episodes, cognitive
B: measurements
3.7 years’
Enns et al. (2007) Cs Neonates, Hyperammonemia 299 NaB + NaP A:211.9 24 hours Survival of the Yes None
children, adults from urea-cycle episode of
defect B: 126.3' hyperammonemia
Mendenhall INT Adults Portal systemic 8 NaB + NaP 141.4" 7 days Portal systemic Yes None
et al. (1986) (mean age: encephalopathy encephalopathy
64 years) index
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N of

Study Study Population . - . BAED? Treatment . Treatment Adverse
Study . Patient Condition  Patients Treatment . Primary Outcome b
Design (Age) (mg/kg bw-day) Duration Successful?  Events
Treated
Uribe et al. RCT Adults Portal systemic 12 NaB 79.1" 2 weeks Portal systemic Yes None
(1990) (mean age: encephalopathy encephalopathy
58 years) index
Sushma et al. RCT Adults Acute hepatic 38 NaB 141.4" 11.6 days™ Survival, mental Yes None
(1992) (mean age: encephalopathy status, biochemical
35.6 years) measures
Lane et al. (2013) RCT Adults Chronic 25 NaB 12.4" 6 weeks The Positive and Yes None
(mean age: schizophrenia Negative
37.3 years) Syndrome Scale
(PANSS) total score
Lin et al. (2014) RCT Adults Amnestic mild 30 NaB 3.6-10.6" 24 weeks The Alzheimer's Yes None
(mean age: cognitive Disease
70 years) impairment or mild Assessment Scale-
Alzheimer's cognitive subscale
disease (ADAS-cog) score
Notes:

BAED = Benzoic Acid Equivalent Dose; bw = Body Weight; CR = Case Report; CS = Case Series; INT = Intervention Study; NaB = Sodium Benzoate; NaP = Sodium Phenylacetate; NaPB = Sodium
Phenylburitate; PA = Phenylacetic Acid; PR = Protein Restriction; RCT = Randomized Controlled Trial.

(a) Presented as benzoic acid equivalent.

(b) Adverse events related to the sodium benzoate treatment.

(c) Converted from reported dose with the reported body weight of 40 kg.

(d) Converted from reported doses with the molecular mass of benzoic acid (122.123 g/mol).

(e) No adverse effects at 252-288 mg/kg bw-day; irritation and vomiting after accidental exposure to 793 mg/kg bw-day for 2 days.

(f) Converted from reported dose with the average body weight of 31.8 kg for children (6 to <11 years old) (US EPA, 2011b).

(g) No adverse effects at 250 mg/kg bw-day; irritation and vomiting after accidental exposure to 800 mg/kg bw-day.

(h) Converted from reported doses with the standard adult human body weight of 60 kg (IPCS, 2009).

(i) Converted from reported doses with the molecular mass of benzoic acid (122.123 g/mol) and the standard adult human body weight of 60 kg (IPCS, 2009).

(j) Average duration for each treatment protocol.

(k) A forinfants and children (<20 kg).

(1) B for children (>20 kg) and adults, converted from reported intravenous (i.v.) doses with a conversion factor (km) of 37 to convert dose units of mg/m2 to mg/kg bw for adult humans (US FDA, 2005).
(m) Average duration for sodium benzoate treatment.

(n) Converted from reported dose with the reported average body weight of 68.6 kg for the treatment group.
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6 Conclusions

In 2000, JECFA identified a group ADI of 0-5 mg/kg bw-day for benzoic acid, its salts, and precursor
compounds based on a four-generation rat study conducted in 1960 with a NOAEL of 500 mg/kg bw-day,
and a total UF of 100: 10 for interspecies variability and 10 for database uncertainty. Many studies on
benzoic acid and its salts have been conducted since the ADI was first derived, including toxicity,
pharmacokinetic, and clinical studies. It is striking that data from all these studies are consistent.
Collectively, they support lowering the UFs for deriving the ADI for benzoic acid and its salts.

For example, the animal toxicity database for oral exposures to benzoic acid, its salts, and related
precursor compounds is extensive, and includes acute and chronic toxicity, reproductive/developmental
toxicity, carcinogenicity, and genotoxicity studies. These studies consistently report a lack of toxicity at
doses up to 1,000 mg/kg bw-day. Human clinical data on sodium benzoate as a therapeutic agent provide
additional evidence supporting the lack of toxicity at doses up to 500 mg/kg bw-day. This indicates that
the UF for database uncertainty is not warranted and should be changed to 1.

The pharmacokinetics of sodium benzoate and benzoic acid are nearly identical in humans and rats.
A quantitative comparisons of AUCs supports a CSAF of 1.2 for interspecies variability in
pharmacokinetics (in place of the default value of 4). In addition, data from healthy adults and children
with urea cycle defects support a CSAF of 1.4 for human variability in pharmacokinetics (in place of the
default value of 3.16).

Clinical studies of sodium benzoate in children and adults support reducing the UFs for interspecies and
intraspecies variability in toxicodynamics, but the data are not sufficient to derive specific CSAFs.
Therefore toxicodynamic components of the UFs for interspecies and human variability should remain at
their default values of 2.5 and 3.16, respectively, although we note that these default factors are
conservative.

Taken as a whole, the current safety database clearly supports a total UF of 13: 1.2 for interspecies
variability in pharmacokinetics, 1.4 for human variability in pharmacokinetics, 2.5 for interspecies
variability in toxicodynamics, 3.16 for human variability in toxicodynamics, and 1 for database
uncertainty, resulting in an ADI for benzoic acid and its salts of 0-38 mg/kg bw-day.
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