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The layer that is in direct contact with the food or bakerd gt a|iedferial
https://www.foodpackagingforupackgfpmghlth/foguhckagimgterials
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Food-Rackaging-Materal: Plastic

Dfferenpolymer based packaging materiaff i S
- monomaedise polymeritedugh £ )
polymerizatpocesses
- maye added, such as UV filters,
plasticizensd colorants.
PlyethyleiBE), \h
Higibensity Polyethylene (HDPE), .
Polyethyletieeephthalate (PET), |
yvinghloride (PVC),
Polystyrefits)
Polgarbonate (PC).
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: Intentlonal Adding Substances: |
Norintentlonal Adding Substance

POD® Additives

A Anyood contact material stotnglidase chemicals into the food at quantitie
harm human hdbl R CFR/ 4
g A Healtimpacts related to food packaging
(1) understatitk chemical composition of the packaging material and
(2) levelat which these compounds can partition into foodstuffs, a proce
L as migration.
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ATemperature of contact (chemical migration increases at higher temperatures)

AContact time (migration levels increase with time)

ASurfagevolumeatio

ATypef food (e.g., aqueous, acidic, alcoholic, fatty, dry; many chemicals preferak
acidic foods)

AType of FCM {gpg. of plastics)

AComposition of the FCM (e.qg., initial concentration of migrating substance in the

AType of contact (e.g., direct or indirect, solid or liquid food, presence of function:
limiting or preventing migration)

APhysiahemical properties of the migrating substance (e.g., volatility/vapor press

octandaolubi
AMobility of c
AKinetics anc

ity, polarity)
nemicals in FCM (e.g., impermeable, permeajle, porous materials

thermodynamics of the migration process (i.e., how fast and to wh:

transfer from the FCM into food)
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Foodype as defined Recommended Simula

iN21CFR76.1{) Table

Aqueolr®ods 10% Ethanol
AcidiEoods 10% Ethanol
Lowand Higihcoholic Foods 10 or 50% Ethanol
_ Fattyroods Foodill (e.g., corn oil), HB307,
g Migly8l.2, or others




Compion~Centaminants

Typical Migrants

Typical Uses

Plastic
bottle

PETp6lyethylen &

terephthalate)

AFormaldehyde [1]

AAcetaldehyde [1]

AAntimony [4, 15]

UV Stabilizers [3]

AAdipatés

APhthalates [16]
APolybrominabechethyles(&BDE) [4]

Soft drinks, CSD** (
use) [8]

PC (polycarbor

ABisphem®dl[14, 17]

AAntimony [4]
APolybrominat@dethylethéP8DE) [2, 4]
Adnonylphenol [17]

. https://www.f foodpackaglngfomm]mgﬁeplﬂw/fopdckagmgterlals/plastlcs/coamwnlnant

Repeated use water
bottles, baby feeding
bottles [14]
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21 CFR PagrRaronmeiRabgulations

21 CFR Part 58 Good Laboratory Pratioes fotuNies
21 CFR Part 70 Color Additives

21 CFR Part 71 ColorPetdions

% 21 CFR 170 Food Additives (includes Threshold Rferegyidettion
& Notificatigns

21 CFR 170.39 Threshold of Regulation
21 CFR 170.100 Premarket Notifications
21 CFR 171 Food Additive Petitions /
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21CFR74ndirect Food Add(Beesral

21CFR74.%hreshold of Regulation for Substances Used Articdesl Contact

21CFR7%Adhesives and Components of Coatings

21CFR76aper and Paperboard Components

21CFR7 Polymers

21CFR7&Adjuvants, Production Aids, and Sanitizers

4 21CFR79rradiation in the Production, Processing and Handling of Food

21CFR80rood Additives Permitted In Food Or In Contag&triWith Food On
Interim Bdzending Additional Study

21CFR8PricBanctioned Food Ingredients

21CFR8Substances Generally Recognized As Safe in food

21CFR84ubstances affirmed as GRAS in food
= | 21CFR86&ubstances affirmed as GRAS for use in food packaging
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21CFR77.10A@rylic and modified acrylicselanstigand rigid

21C
21C
21C
21C
21C
21C
21C
21C
21C
21C
21C

~R77.102@rylonitrile/butadiene/styp@hg e hitps://www.accessdata.fda.gov/scripts/c
CR77.120@llophane h/cfdocs/cfcfr/CFRSearch.cfiBCFRPart:
~FR77.1200osures with sealing gaskets for food containers
~R77.13EGhylerserylic acid copolymers

~R77.13Bhomenesins

~R77.13kthylenanyl acetate copolymers

~R77.13&Ehylenanyl acetatayl alcohol copolymers

~R77.13BAminate structures for use at tem@s@eges @nd above.
~R77.13R&minate structures for use at temperatliZésduptiva@bl@eg. F.
~R77.24P0enolic resins in molded articles

~R77.24R0lyethersulfarsns
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PART 175—INDIRECT FOOD ADDITIVES: ADHESIVES AND COMPONENTS OF COATINGS

Contents
Subpart A [Reserved]

Subpart B—Substances for Use Only as Components of Adhesives

§175.105 Adhesives.
§175.125 Pressure-sensitive adhesives.

Subpart C—Substances for Use as Components of Coatings

§175.210 Acrylate ester copolymer coating.
§175.230 Hot-melt stnppable food coatings.
§175.250 Paraffin (synthetic).
§175.260 Partial phosphoric acid esters of polyester resins.
NG 5175270 Poly(vinyl fluonde) resins.
”v"’ §175.300 Resinous and polymeric coatings.

| https [/www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.
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(3) Substances pemited for use In adnesives by ofher requizbons n s subchapter and substances named i b
subparaqrapn: Frovioed, however That any substance named n this paragraph and covered by a spectic requiaion n s
subchanter, must mest any speciications i such requlafon

—
Substances Limitations
\Abiet: acid
|Acetane
|Acetone-fomnakdehyde condensate (CAS Reg No. 2581804
JAcetone-{rez-omaldenyde resi
Fhenathiazine For use only as
polymerization-
control agent
! [Phenyl-E-naphinylaming (free of B-naphthylamine)
| |o-Phenylphenal Foruse as
prasenvative
anly.




$177.1670 Polyvinyl alcohol film.

Polyvinyl alcohol film may be safely
used in contact with food of the types

identified in §176.170(c) of this chapter,
table 1. under Types V, VIIL, and IX, in
accordance with fthe {following pre-
scribed conditions:

(a) The polyvinyl alcohol film is pro-
duced from polyvinyl alcohol having a
minimum viscosity of 4 centipoises

when a 4-percent aqueous solution is

| tested at 20 °C.

(b) The finished food-contact film for

. use In contact with Food Types V or

IX, when extracted with the solvent

' characterizing the type of food and
- under the conditions of time and tem-

perature characterizing 1ts intended
use as determined from tables 1 and 2
of §176.170(c) of this chapter, vields

of §176.170(c) of ]115 chapter, yi_elds
total extractives not to exceed 0.078
milligram per square centimeter (0.5

milligram per square inch) of food-con-
tact surface when tested by ASTM

method F34-76 (Reapproved 1980),
“Standard Test Method for Liguid Ex-
traction of Flexible Barrier Materials,”
which 1s incorporated by reference.
Copies may be obtained from the Amer-
ican Soclety for Testing Materials, 100

Barr Harbor Dr.. West Conshohocken.
Philadelphia, PA 19426-2959, or may be

examined at the National Archives and

. Records Administration (NARA). For

information on the availability of this




§ 177.1640 Polystyrene and rubber-modified polystyrene.

Polystyrene and rubber-modified polystyrene identified in this section may be safely used as components of articles
intended for use in contact with food, subject to the provisions of this section.

(a) Identity. For the purposes of this section, polystyrene and rubber-modified polystyrene are basic polymers
manufactured as described in this paragraph so as to meet the specifications prescribed in paragraph (c)
of this section when tested by the method described in paragraph (d) of this section.

(1) Polystyrene consists of basic polymers produced by the polymerization of styrene.

(2) Rubber-modified polystyrene consists of basic polymers produced by combining styrene-butadiene
copolymers and/or polybutadiene with polystyrene, either during or after polymerization of the
polystyrene, such that the finished basic polymers contain not less than 75 weight percent of total
polymer units derived from styrene monomer.

(b) Optional adjuvants. The basic polymers identified in paragraph (a) of this section may contain optional
adjuvant substances required in the production of such basic polymers. Such optional adjuvant
substances may include substances permitted for such use by requlations in parts 170 through 189 of
this chapter, substances generally recognized as safe in food, and substances used in accordance with a
prior sanction or approval.

(c) Specifications.

(1) Polystyrene basic polymers identified in paragraph (a)(1) of this section shall contain not more than
1 weight percent of total residual styrene monomer, as determined by the method described in
paragraph (d) of this section, except that when used in contact with fatty foods of Types IlI, IV-A, V.
VII-A, and I1X described in table 1 of § 176.170(c) of this chapter, such polystyrene basic polymers
shall contain not more than 0.5 weight percent of total residual styrene monomer.

] (2) Rubber-modified polystyrene basic polymers identified in paragraph (a)(2) of this section shall
v f contain not more than 0.5 weight percent of total residual styrene monomer, as determined by the
method described in paragraph (d) of this section.




d) Analytical method for determination of total residual styrene monomer content -

(1) Scope. This method is suitable for the determination of residual styrene monomer in all types of
styrene polymers.

(2) Principle. The sample is dissolved in methylene chloride. An aliquot of the solution is injected into a
gas chromatograph. The amount of styrene monomer present is determined from the area of the
resulting peak.

(3) Apparatus -

(i) Gas chromatograph. Beckman GC-2A gas chromatograph with hydrogen flame detector or
apparatus of equivalent sensitivity.

(i) Chromatograph column. One-quarter inch outside diameter stainless steel tubing (0.028 inch
wall thickness), 4 feet in length, packed with 20 percent polyethylene glycol (20,000 molecular
weight) on alkaline treated 60-80 mesh firebrick.

(iii) Recorder. Millivolt range of 0-1, chart speed of 30 inches per hour.

(4) Reagents. Compressed air, purified; helium gas; hydrogen gas; methylene chloride, redistilled; and
styrene monomer, redistilled.

(5) Operating conditions for the gas chromatograph.

(i) The column is operated at a temperature of 100 °C with a helium flow rate of 82 milliliters per
minute.

(i) The hydrogen burner is operated with 15 pounds per square inch of air pressure and 7 pounds
per square inch of hydrogen pressure.

‘ (i) The attenuation of the hydrogen flame detector is set at 2 x 102
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AGuidance for Industry: Preparation of Premarket Submissions f
Substances (Chemistry Recommendati@®s)/DECEMBER

AGuidance for Industry: Preparation of Food Contact Notification
Substances (Toxicology Recommen@aiahs) APRIL

AGuidance for Industry: Preparation of Food Contact Notification
MA200 @xicology

AGuidance for Industry: Preparing a Claim of Categorical Exclus
g EnvironmetssessmiemtSubmissicORSAN

nttps/www.fda.gov/regindbonyation/sefdapuidanc®cuments
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FDA Home? Packaging & Food Contact Substances?Food Ingredient & Packaging Inventories®Inventory of Effective Food Contact Substance (ECS) HotificationsOriginal

RVERISHFSEEfettive Food Contact Substance (FCS) Notifications

FCN No. 475
NatureWorks LLC

According to Section 409(h)(1)(C) of the Federal Food, Drug, and Cosmetic Act, food contact substance notifications (FCNs) are effective only for the
listed manufacturer and its customers. Other manufacturers must submit their own FCN for the same food contact substance and intended use.

Food Contact Substance: Polylactide (PLA) polymers containing from 6 to 16 weight percent D-lactic acid polymer units (High D PLA; CAS Reg.
Mo. 9051-89-2). The polymers will be manufactured and characterized as further described in the notification.

NatureWorks LLC

Notifier:

Manufacturer/Supplier: NatureWorks LLC

Intended Use: As a component in the manufacture of articles intended to contact food.

Limitations/Specifications: The FCS is intended to contact all types of food under Conditions of Use C through G, as described in Table 2.
Effective Date: Feb 11, 2005
National Environmental Policy Act (NEPA)*™ Submission: Environmental Assessment® (in PDF, 660 kB)
FDA Decision: Finding of No Significant Impact (FONS1)’
8

*See Food Types and Conditions of Use for Food Contact Substances®.

**More about Environmental Decisions® and Definitions of Environmental Terms10,

See also Inventory of Environmental Impact Decisions for Food Contact Substance Notifications11.
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Table 1-Cytotoxicity of the overall extracts or migrates of FCMs,/FCAs assessed with in vitro bioassays.

1A, Overview of the in vitro cytotoxicity bioassays used in FCMs/FCAs studies
Assay name Assay description References
Short! Full Main endpoint/interpretation Measurement principle
Rrd 5-Bromo-2-deoxyuridine (Brdl) Cell proliferation Cells are exposed and DNA replication, reflected in Brdl (Borenfreund and Puerner 1985)
DNA incorporation ncorporation into DNA during 5 phase, s assessed,
absence of an effect considered the hest outcome
(NA) Inhibition of boar Mitochondria function and energy Spermatozoa are exposed and their movement assessed; (Andersson and others 1998; Hoornstra
spermatozoon motility status, membrane damage complete inhibition considered toxic and others 2003]
CFA Colony-forming ability assay, or Cell proliferation Cells are exposed and their ability to grow and form (Munshi and others 2005)
clonogenic cell survival assay cellular colonies is assessed
LOH Lactate dehydrogenase (LDH) Cell viability, as affected by Cells are exposed and release of LDH is assessed; higher (Chan and others 2013)
release plasma membrane damage LDH release indicates distuption of plasma membrane
inegrity, characienstic of necrotic cells
MI Mitatic index (MI) Cell proliferation Ml s the percentage csl‘n:ells.undergmngmunms (division (Muehlbauer ang Schuler 2003
nfsnmanccell? this measure of cytotoxicity is
commonly used to determine the concentrations to
test then for genotoxicity
Microtox™ Vibrie fischeri bioluminescence Effects on oxidative metabalism, Inhibition of light emission by 2 bioluminescent bacteria (Bitton and Koopman 1992, Parvez and
inhibition, or Microtox® energy status Vibrio fischeri is measured; interpretation of results is others 2006)
complicated due to differences between bacterial and
mammalian systems
MTS 3-(4,5-Dimethylthiazal-2-+yl)-5- Cellviability and cel Mitochondria-denived dehydrogenases (for example, (Mosmann 1983, Berridge and Tan 1993,
53-carhummrhumhcnyl}- proliferation, reflected by succinate dehydrogenase] reduce tetrazolium salt Wang and others 2010)
(4-sulfophenyl)-ZH thanges in the number of compounds added to the cell culture medium into a
tetrazolium inner salt (MTS) functional mitochondria purple formazan product, which is then measured
reduction assay spectrophotometrically; changes in enzyme activity
MTT 3-{4,5-Dimethylthiazol- 21} are assumed to reflect changes in cell viability and cell
2, >-diphenyltetrazolium proliferation
bromide (MTT) reduction = a . . .. . :
assay | NnKisehidGrolandlandunckeVitral oxicifiestingf FoodontaddaterialStatefthe

Artand=utur€halleng€smprehenBegiewd-oo&cienemd-ooGafetyoll 2017
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assay © | E S N [Chaptér NVECIntvitto- Mar@malian Chromosomal Alekrati
Chapter I¥cC Mouse Lymphoma Thymidine Kinase Gené Mulakos AlsBary 1

&) In vivo for chromosomal damage using mammalian hérgatopofetid Eells
~Chapter I¥YdC Mammalian Erythrocyte Midrestucleus
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Nanocomposite

Campus de Rabanales, Cordoba, Spain

and Logistics (ITENE), Paterna, (Valencia), Spain
Published online: 19 May 2014.

Weight Evolution TABLE 2. Organ Weights (g) and Somatic Index (%) of the
Eo— Different Organs of Control Wistar Rats and Rats Exposed to
T PLA-Clay1 Extract for 90 d

Journal of Toxicology and Environmental Health, Part

Publication details, including instructions for authors and subscription information:

In vivo Toxicity Evaluation of the Migration Extract
of an Organomodified Clay-Poly(lactic) Acid

Sara Maisanaba®, Daniel Gutiérrez-Praena®, Maria Puerto®, Maria Llana-Ruiz-Cabello?, Silvia
Pichardo®, Rosario Moyano”, Alfonso Blanco®, Maria Jorda-Beneyto® & Angeles Jos®
? Area of Toxicology, Faculty of Pharmacy, University of Sevilla, Seville, Spain

b Department of Pharmacology, Toxicology and Legal and Forensic Medicine, Faculty of
Veterinary Medicine, University of Cordoba, Campus de Rabanales, Cordoba, Spain

© Department of Anatomy and Comparative Pathology and Anatomy, University of Cérdoba,

9 Area of Packaging Materials and Systems, Technological Institute of Packaging, Transport,

TABLE 2. Organ Weights (g) and Somatic Index (%) of the
Different Organs of Control Wistar Rats and Rats Exposed to

PLA-Clay1 Extract for 90 d

?‘4—— e e
o
i

Control, PLA-Clay1 extract,
mean £ 5D mean £ 5D

a 5 7
Weeks of exposure

Body Weight Gain (%)

6 & L]

Liver (g) 1312+£244 1243£083

_ Somatic Liver Index 283040  241£0.14
£ __% Kidneys (g) 3024063 2914022
2 "H“.‘ Somatic Kidney Index 0.65+0.11 0.57+0.05
i Lungs (g) 2754078  2.8440.39
e S — Somatic Lung Index 06+0.09  056+0.10

T T wedaremene 7 YT T Wl Spleen (g 1024017 1.10£0.14

FIGURE 1. Body weight (2) and body weight gain (b) of rais 8 Somatic Splenic Index 0.22+0.02 0.21+0.02
exposed to PLA-Clay 1 extract as beverage for 90 d. Results are .
Brain (g) 2.06+0.18 2.25+0.08

expressed as mean =+ SD.

Contral, PLA-Clay1 extract,

mean £ SD mean £ SD
Somatiz Brain Index 0.45 £ 0.05 0.44+0.03
Testes (g} 3.6640.75 4,2240.90
Somatic Testicle Index 0.79+£0.11 0.80£0.19
Intestine (g) 4,99+1.02 5.27+2.77
Somatic Intestine Index 1.104+0.37 1.00+£0.49
Heart [g] 1.82+0.12 1.78+0.20
Somatic Heart Index 0.4040.05 0.3440.04

Note. Results are expressed as mean = SD.
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Table 2
Migration values of different oligomers from food contact materials, Values have been converted t a uniform unit were possible,

Polymer sample Oilgomer Food simulant/ Conditions Quanti-fication  Migration ~ Literature
Liquid method value
Tinplate coated with polyester- — Cyclic oligoesters below 1000 Da 05% Ethanol 4 h/60°C ELSD 081 myldm (Schaefer, Ohm etal,
urethane type | D 047 mgldm’ 2004)
WVOMSD 055 mg/dm?
Tinplate coated with polyester- — Cyclic ohgoesters below 1000 Da 05 Ethanol 4 /60°C ELSD 046 mgldm’ (Schaefer, Ohm etal,
ohenalic type VD 036 mgldm’ 2004)
IVOMSD 043 mgldn?
Tinplate coated with polyester- — Cyclic olizoesters below 1000 Da 05% Ethanol 4 h/G0°C ELSD 015myidm’ (Schaefer, Ohm etal,
ohenalic type D 010mgldm’ 2004)
WOMSD 01 mgldm?
Nylon 6 film 15 ym Cyclic Nylon 6 cligomers n = 1-§ Water Lh/100°C LY 24mgldm’  (Barkby & Lawson, 1093)
Nylon 6 film 80 ym Cyclic Nylon 6 cligomers n = 1-§ Water Lh/100°C LY 85mg/dm’  (Barkby & Lawson, 1093)
Nylon 6/66 oven roasting Bag ~~ Nylon 6 oligomers n = 1-4; Nykn 66 (il 0mn WV 012 (Bealey et al, 199)
dligomersn = 1-2 176:C 10 mg/dm?

I fVrHegpe€Re/oogind R. Franz. Identification and quantification of oligomers as potential migrants in
materials with a fopos/sondensai&eviewrends in Food Science & TeQBOaRIG@1 30
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Sehemalie: diagramrof the-kRAd&xposure
Migration ﬁ

e *| Conc. In Food
| [cr
f; = food distribution factor
Conc. In
CF = consumption factor Daily Diet

intake

X 3kg

CEDI = cumulative estimated daily [
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‘ <M> = faqueuus (M aque::rus) + facid (M acid) + faLCDth (M alcc:hn:-L) + ffatty (M fatt:,r)

‘ NSATUIUAIAINLTN VWA SELREDIMSIUBINTS (DC) dnansalignsnail

DC = <M> x CF

‘ EDI = food consumption x DC

<M=2 NI Oé n N @edd Kagennr N o JnSRERKT §Jntr C
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'Tnr EOT nl J1 k& BMHNG ™ kEEamSHEEE BB [ Tr K

fr =  weight of a specific food type contacting a specific packaging material

weight of all food type contacting the same specific packaging material

A Consumption FcloN] T nEOLARL Nl T 81 EJI k&l E

e EF NI NKI nr JAENKT KK&n &l ijNgI NT Kk

CF = weight of food contacting a specific packaging material

weight of all packaged food
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TABLE Il - FOOD-TYPE DISTRIBUTION FACTORS ().

Package Category Food-Type Distribution (f;)
Aqueous' Acidic'® Alcoholic Fatty
A, General Glass 0.08 0.3 047 0.09
Metal- Polymer coated 0.16 0.35 0.40 0.08
Metal- Uncoated 054 0.25 0.0® 0.20
Paper- Polymer coated 0.55 0.04 0.0 0.40
Paper- Uncoated and clay-coated 0.57 0.01% 0.01® 0.41
Palymer 0.49 0.16 Ll 0.34
B. Polymer Polyolefing 0.67 0.01% 0.018 0.31
Palystyrene 0.67 L L 0.31
-impact 0.85 0.m® 0.04 0.10
nonimpact 0.51 0.0 0.0 047
Acrylics, phenolics, etc. 017 0.40 0.31 012
PYC 0.0 0.23 0.27 0.40
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TABLE |- CONSUMPTION FACTORS (CF)
Package Categary CF Package Category CF
A, General Glass 01 Adhesives 0.14
Metal- Polymer coated 017 Retort pouch 0.0004
Metak- Uncoated 0.03 Microwave susceptor 0.001
Paper- Polymer coated 0.2 Al Polymers® 0.3
Paper- Uncoated and clay-coated 01 Polymer 04
B. Polymer Polyolefing 0.35¢ VG 0.1
LDPE 0.12 igid/semirigid 0.05
LLOPE 0.06 Plasticized 0.05
-HOPE 0.13 PETI<! 0.16
PP 0.04 (ther Polyesters 0.05
Polystyrene 014 Nylan 0.02
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0.026
0.096

10% Lan1uad

50% Lan1uUaa
Miglyol 812 7.4

ATIUALLLNTTUVINLA AINEAT

<M> = faque-::us + f acid (M lﬂ%ethannl) + fal-:nh-::l (M ED%alcnhnL) + ffatty (M fatty)

31NM"151 food type distribution dM3UTEASUNEDMNT LWEonTAFUANNUUILULGT (LDPE)

faqueous = 0.67,  faca = 001,  facona = 0.01,  frny, = 0.31




<M> = (0.67+0.01) (0.026) + (0.01) (0.096) + (0.31) (7.4)

<M> = 231 fadnsu/Alansy

Usnaenshuunsusnanualuaminsynatiniiuilaa windu 2.31 dadniu/Alaniy

MNnTuALLAT DC lagi DC = <M> x CF

2INM1579 Consumption Factor A1 CF dm$u LDPE = 0.12 datandlaunuan azlé
DC =0.12 x 2.31

DC = 0.28 Jadnsu/Alansy (8119)

AIUUIEAUIEAT EDI 1A1n EDI = food consumption x DC

FDI = [3 flan3y (8113) /AW/3U] x [0.28 fadn3u/Alaniy (@19)] |
EDI = 0.84 daan3u/Au/iu H







