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ABSTRACE The use ofarticles in con= with$od involves both 
replatory andscienti$c considerations when establishing the status of 
the components under the hws udminismd by the Food and Drug 
Administrdtion (FDA). Tbzi paperfocuses on these conskihations by 
dhcussing the deJinition of u j o d  additive, the FDA; reguhtory 
fizzmework f0r substances used in jod-conlzzct urtkhs, und the 
purumeters uTedf0r testing the mdteriak to estublzih their FDA status. 
Tbepuper uko emmines emepng regulatory concepts being . 

developed ut the FDA, undpresents an overview of the hta necessu y 
to support a FoodAdditive Petition submitted to cleur u new food- 
contuct mt&l The muluution offood-contmt mdten2z.h involves 
legal; reguhtog und scient$% conshkrations; this paper concentrates 
on the scienti$c and technical comkhations. Atbougb legal 
definitions and replatoy conctpts are dzicussed these will receive 
only u cursory treummt. A more mbuwtive dkmsion of the 
pertinent hgul conctrpts Cdn befiund ehewhere (I). 

~ W O ~ ~ ~ i t i v e s ,  FDA,JSod mipution, rephtions, 
peciJications. 

Background 

The technical considerations for evalu- 
ating food-contact materials are de- 
pendent not only on scientific 
principles, but also on the FDA’s regu- 
latory framework. To provide a basis 
for discussion of the regulatory con- 
siderations, a brief review of the appli- 
cable legal definitions and concepts 
governing the use of such materials is 
appropriate. 

Secqon 409 of the federal Food, 
Drug, and Cosmetic Act (the Act) pro- 

hibits the use of a food additive unless 
the additive is used in conformity with 
a food additive regulation. Food addi- 
tive is defined in Section 201(s) of the 
Act as “any substance the intended 
use of which results, or is reasonably 
expected to result, directly or indi- 
rectly, in its becoming a component or 
otherwise affecting the characteristics 
of any food.” The term clearly includes 
not only substances that are inten- 
tionally added to foods, such as sweetr 
enem and flavors, but also those that 
are not intentionally added but come 
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into contact with and are reasonably 
expected to migrate to food. The lab 
ter, the so-called indirect food addi- 
tives, are a major focus of this paper. 

However, not all materials contact- 
ing food are food additives. Some sub- 
stances that are not considered 
additives are also not subject to FDA 
regulation as such. These substances 
fall into three categories: prior-sanc- 
tioned, generally recognized as safe 
(GRAS), or not reasonably expected 
to become components of food. 

Prior-sanctioned means that the 
substance can be used in accordance 
with a specific sanction or approval 
granted by an FDA or U.S. Depart- 
ment of Agriculture (USDA) letter or 
memorandum written prior to the en- 
actment of the Food Additives Amend- 
ment in 1958. Unfortunately, no master 
list exists for the materials covered. 

Many substances enjoyed a long 
history of safe use prior to the enact- 
ment of this amendment. These mate- 
rials were, thus, deemed GRAS. Since 
1958 additional substances have been 
considered GRAS. However, the sub- 
stances listed in the regulations by no 
means constitute all GRAS substant&. 

The last category of food-contact 
materials not considered additives are 
those not reasonably expected to be- 
come components of food. These may 
be so used without specific regulatory 
FDA approval or clearance. However, 
consideration of this concept requires 
additional attention regarding analyti- 
cal method sensitivity. 

When the Food Additives Amend- 
ment was enacted in 1958, analytical 
methods were generally capable of re- 
liably determining substances at con- 
centrations of a few parts per million 
(ppm). At that time, 1 ppm was a rea- 



I. FDA’s Conditions of Use 
I 1 

Condition Description 

A 
B Boiling-water sterilized 
C 
D 
E 

I F  

High temperature heat-sterilized (e.g., over 21 2°F) 

Hot-filled or pasteurized above 150°F 
Hot-filled or pasteurized below 150°F 
Room temperature-filled and stored (no thermal treatment in the container) 
Refrigerated storage (no thermal treatment in the container) 
Frozen storage (no thermal treatment in the container) 
Frozen or refrigerated storage: Ready-prepared foods intended to be reheated 
in the container at time of use 

sonable sensitivity to use when deter- 
mining if a substance should be consid- 
ered a food component. 

However, while the law remained 
unchanged, analytical chemistry has 
made great advances since 1958. 
Shortly after the enactment of the 
amendment, the ability to detect lower 
concentration levels began to raise 
more questions about what is consid- 
ered reasonably expected to become a 
component of food. To provide some 
guidance, a paper was presented by 
the FDA in 1969 at the National Tech- 
nical Conference of the Society of Plas- 
tics Engineers. Often referred to as 
the Ramsey Proposal (named after its 
author, Lessel Ramsey), it would have 
permitted by regulation the use, with- 
out the prior promulgation of an appli- 
cable food additive regulation, of 
substances that migrate to food in 
quantities no greater than 50 parts per 
billion (ppb). This regulation would 
have applied to all substances except 
those known to pose special toxicologi- 
cal concerns. Although never formally 
adopted by the FDA, the proposal‘s 
standards are still deemed scient& 
cally valid. 

Since 1969 we have relied on the 
Ramsey Proposal in establishing the 
appropriate analytical method sensi- 
tivity used to determine whether a sub- 
stance used in a food-contact article is 
reasonably expected to become a com- 
ponent of food. The 50-ppb sensitivity 
is considered a suitable benchmark in 
those cases where the substance would 
not pose a public health concern, or 
where the use of the substance is not 
expected to result in wide consumer 

exposure, such as in a container for 
milk or a carbonated beverage. In cases 
of toxicological concern or substances 
with wide consumer exposure, a 
method sensitive to 10 ppb or less is 
recommended. Carcinogens, heavy 
metals, pesticides, and other highly 
toxic substances obviously require 
separate study. 

The FDA is now moving toward 
adoption of a “threshold-of-regulation” 
policy with respect to food-contact 
materials. Under this policy, the Ad- 
ministration is expected to take the 
position that certain food-contact sub- 
stances may be exempt from the full 
review process in those cases in which 
available data indicate the potential for 
dietary exposure to those substances 
is extremely low (2). For example, 
when considering a substance for which 
no toxicological data are available, the 
presence of the substance at levels no 
greater than approximately 0.5 ppb 
should require no regulatory action (3). 
If safety data are available and indi- 
cate no health or safety concern, it 
may be possible to establish a thresh- 
old at exposure levels somewhat above 
0.5 ppb. 

Extraction testing 

Compliance testing 
vs. migration testing 
The food additive regulations clear sub- 
stances on a generic basis (i.e., based 
on chemical identity) rather than on a 
proprietary basis and often impose 
specifications to establish food-grade 
standards for the materials. These 
compliance specifications often take the 

form of extraction testing. However, it 
is only coincidence that some tests used 
to determine compliance with a regu- 
lation, often referred to as “end tests,” 
are similar to the more rigorous tests 
that establish substance migration into 
food. 

The compliance specifications, out- 
lining relatively easy and rapidly per- 
formed tests, are similar to quality 
control specifications. These tests are 
usually of short duration (generally less 
than two hours, although occasionally 
as long as 48 h) and typically only re- 
quire gravimetric analysis for total 
migration. The results are used to de- 
termine whether the material or ar- 
ticle passes a given specification and 
are not intended for assessing dietary 
exposure. 

Migration testing, on the other hand, 
is intended to simulate the intended 
conditions of package use. This type of 
testing, typically conducted over a 
longer period (10 days or more) than 
the compliance testing, virtually always 
requires analysis for one or more spe- 
cific potential migrants. The results 
are used to determine whether a sub- 
stance (either resin or adjuvant) is ex- 
pected to become a component of food 
and is therefore subject to the FDA’s 
jurisdiction as a food additive. If the 
substance is found to migrate, the re- 
sults can be used to ascertain its con- 
tribution to the human diet. 

Although the two types of testing 
are conducted under different condi- 
tions and are analyzed differently, they 
often have a common reference point- 
the FDA’s model of Conditions of Use, 
tabulatedin Title21, Section 176.170(c) 
of the Code of Federal Regulations 
(see Table I). The severity of a compli- 
ance test is often keyed to this table; 
the end test for paper and paperboard 
components is such an example. In ad- 
dition, this testing scheme was used as 
a basis for migration testing in the 
FDA’s Recommendations for Chem- 
istry Data for Indiyect Food Additive 
Petitions, issued in September 1988. 
Because of this common reference 
point, the two types of testing are of- 
ten incorrectly viewed as being inter- 
changeable. 
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The type of testing needed depends 
on the purpose to which the testing 
results will be applied. If a substance is 
specifically listed in a food additive 
regulation and testing is needed to de- 
termine compliance with the regula- 
tion, the end test must be satisfied. In 
this case, migration testing using the 
FDA's Recommendations does not 
determine whether the material meets 
the specification unless a correlation 
between the specification and the mi- 
gration test results has been estab- 
lished. 

If, on the other hand, a substance is 
not listed and a determination is needed 
on whether the substance mayreason- 
ably be expected to migrate to food, 
migration testing simulating the in- 
tended conditions of use is needed. In 
this case, specification testing is irrel- 
evant. 

Migration testing 
There is a logical approach to estab- 
lishing the FDA status of food-contact 
material. The first and most important 
step is to completely identify the sub- 
stance and its intended condition@) of 
use. This identification serves as the 
basis for the rest of the evaluation pro- 
cess. If the substance is specifically 
cleared by a food additive regulation, if 
it is GRAS for its intended use, or if its 
use is the subject of a prior sanction or 
approval, it may be used without prior 
action by or consultation with the FDA, 
provided it meets any necessary com- 
pliance specifications or tests. 

If, however, there is no applicable 
clearance for the substance, appropri- 
ate extraction studies must be designed 
and performed to simulate and, to some 
extent, exaggerate the intended condi- 
tions of use. The relevant parameters 
to be considered in designing the nec- 
essary migration tests are summarized 
below. 

Extraction samples. The extrac- 
tions may be performed using actual 
articles, portions cut from the articles 
(e.g., container walls), or test plaques. 
If test plaques are prepared, they 
should have a minimum thickness of 
0.020 in. If the substance is an adju- 
vant material added to a polymer or 
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11. FDA's general extraction testing conditions 

Condition 
of use Test conditions 

A 250°F for 2 h + 120°F for 10 days 
B 212°F for 2 h + 120°F for 10 days 
C Fill at 212"F, then hold at 212°F for 30 min + 120°F for 10 days 
D Fill at 150"F, then hold at 150°F for 30 min + 120°F for 10 days 
E 120°F for 10 days 
F 70°F for 10 days 
G 70°F for 5 days 
H 212°F for 2 h 

paper, it should be present at the high- 
est anticipated use level. A sufficient 
number of samples and controls should 
be prepared to permit replication of 
the analyses and to provide reliable 
results. 

Solvents. Because analyses of ac- 
tual foods may be difficult, the FDA 
recommends the use of food-simulat- 
ing solvents. The use of 8% ethanol as 
an appropriate simulant for aqueous, 
acidic, and low alcohol-content foods 
(up to 13% ethanol) is recommended. 

To simulate fatty foods, the FDA's 
primary recommendation is an edible 
oil such as corn oil or olive oil; as an 
alternative, synthetic triglycerides 
such as HB307 may be used. Another 
suitable alternative is Miglyol 812, a 
fractionated coconut oil (fatty acids 
composed of 55% C, and 45% C,,). If 
the use of a liquid fat poses analytical 
problems, an aqueous alcohol solution 
may be used as an alternative solvent. 
Depending on the nature of the sub- 
strate to be tested, the FDA recom- 
mends either 50% ethanol or 95% 
ethanol as an appropriate solvent. 

Volume-to-surface ratio. If actual 
articles will be extraction tested, they 
should be filled with the test solvent to 
the typical commercial level. If test 
plaques are used, the solvent volume- 
to-surface area ratio should reflect that 
of the article. As an alternative, 10 mL/ 
in? can be used; this is a general FDA 
recommendation. Other ratios may be 
appropriate, e.g., when testing sub- 
stances in repeat-use articles. 

Timehemperatme. The FDA rec- 
ommends that testing be conducted 
under the most severe use conditions. 

A frequently used lkting of c o m o n  
use conditions encountered in food 
packaging is shown in Table I. 

The FDA's recommended testing is 
performed by combining in one proce- 
dure the testing conditions that simu- 
late expected shelf life. Short-term 
accelerated testing at 120°F is consid- 
ered to adequately simulate migration 
that may occur over an extended pe- 
riod of time at room temperature. 
Table I1 is a summary of the FDA's 
recommended general extraction test- 
ing conditions used to simulate the 
tabulated conditions of use. It is im- 
portant to realize that this summary is 
general and is not intended to cover all 
possibilities. For example, other test- 
ing conditions are appropriate for re- 
peat-use articles, for some paper and 
paperboard articles, for microwaveable 
trays, and for oven-use trays. 

Analytical methodology. The ex- 
tracts should be analyzed at the end of 
the test period for the migrant(s) of 
interest. Any suitable analytical pro- 
cedure can be used to determine 
whether the substance is extracted by 
the test solvent. However, the analyti- 
cal method should be capable of detec- 
tion at the appropriate sensitivity, as 
discussed above. In the event that a 
method cannot reach this level of sen- 
sitivity directly, the sensitivity may be 
improved, for example, by evaporat- 
ing the ethanol extracts to dryness, 
dissolving the solid residue in a small 
amount of solvent in which these 
analytes are highly soluble (e.g., meth- 
ylene chloride), and analyzing the re- 
sulting concentrated solutions for the 
presence of the analyte. 



Validation. The methods of analy- 
sis must be validated to ensure that 
any work-up procedure does not af- 
fect the analysis and that other sub- 
stances present in the extract do not 
interfere with the analysis. To vali- 
date an analytical method, a control 
sample (i.e., one without the subject 
substance) can be extracted under the 
same conditions of time and tempera- 
ture and with the same solvent as the 
test samples. After removing the 
sample, the solvent should then be 
spiked by adding the potential 
migrant@ at a level equivalent to the 
detection limit. The solvent is then 
evaporated and worked up following 
the same procedure used for the 
sample. Alternatively, extracts ob- 
tained from replicate samples exposed 
to the same conditions of time and 
temperature, and exposed to the same 
solvent as the test sample, should be 
spiked with the analytes after removal 
of the sample and worked up following 
the same procedure. For nondetected 
analytes, validation requires that the 
added analyte be detected (quantita- 
tive recovery is not required) when it 
is known to be present by spiking at a 
level equivalent to the detection limit. 

If the analyte is found when the 
samples are tested, validation requires 
spiking to be conducted at three lev- 
els: at one half the quantity found, at 
approximately the quantity found, and 
at about two times the quantity found. 
In this case, recoveries should be rea- 
sonably quantitative and approxi- 
mately linear to validate the procedure. 

Report. A report should be pre- 
pared describing the samples used in 
the test, the analytical method used, 
and data obtained, including any data 
used to calibrate the method. The re- 
port should also contain copies of ap- 
propriate instrumental output. 

The petition process 

If it is determined that an additive is 
not currently regulated, GRAS, or 
prior-sanctioned, and that the addi- 
tive may be expected to migrate to 
food under the conditions of use, Sec- 
tion 409(b) of the Act permits petition- 

ing the FDA to issue a regulation pre- 
scribing the conditions under which 
the additive may be safely used. The 
Act sets forth the information required 
to support a Food Additive Petition, 
and the procedures and substantive 
parameters to be followed by the FDA 
in considering a petition. These infor- 
mation requirements and procedures 
are spelled out in greater detail in Part 
171 of the food additive regulations. 

Reduced to its fundamentals, a 
Food Additive Petition must describe 
a product, identify and estimate the 
quantities of any substances that will 
enter the diet, and demonstrate that 
these quantities are safe. Thus, there 
are several categories of information 
that must be supplied to the FDA to 
clear the use of a material in food- 
contact applications: (a) the composi- 
tion and method of manufacture for 
the substance, (b) its intended condi- 
tions of use, (e) the quantity of the 
substance likely to become a compo- 
nent of food under the intended condi- 
tions of use, (d) an estimate of the 
concentration of the additive in the 
human diet, and (e) any toxicology data 
relating to the safety of the intended 
use. In addition, information on the 
potential environmental impact of the 
manufacture, use, and disposal of the 
material must be submitted. 

Identity ofthe food additive 
A Food Additive Petition requires de- 
tailed information about the identity 
and composition of the product and 
how it is made. The petition should 
include the product’s structural and 
molecular formulas, Chemical Ab- 
stracts Service registry number and 
name, as well as other names (includ- 
ing the trade name by which the prod- 
uct is known), and an analytical method 
that may be used to identify the sub- 
stance. Any appropriate manufactur- 
ing specifications for the product 
should also be provided to show that 
adequate quality control procedures 
have been developed. These specifica- 
tions should primarily relate to the 
identity, purity, and safety of the prod- 
uct rather than to its technological util- 

ity and may include, for example, val- 
ues of minimum percent purity and/or 
limits on specific impurities such as 
by-products and unreacted starting 
materials. 

Amount of food additive 
proposed for use 
The FDA requires petitioners to de- 
scribe the conditions under which the 
additive wiU contact food and to pro- 
vide data on the quantity of substances 
likely to become components of food 
under the use conditions. Information 
on the product’s conditions of intended 
use should include identification of the 
concentration at which the material 
will be used, time and temperature 
conditions of use, and the types of food 
contacted. In the case of a polymer 
adjuvant, such as an antioxidant, the 
identity of the polymers in which it 
will be used is also needed. Identify- 
ing the exact conditions of use is a 
prerequisite to establishing specific 
extraction protocols used to determine 
the extent to which the product is likely 
to migrate to food in various applica- 
tions. 

IExpraction study data 
The same testing protocol that deter- 
mines whether a substance will mi- 
grate to food under the use conditions 
is pertinent for acquiring the extrac- 
tion data to support a Food Additive 
Petition. If, for example, detectable 
levels of a substance are found to mi- 
grate in an extraction test, the same 
data should be included in a petition. 

Amount of additive 
entering &e diet 
If migration of uncleared substances 
is expected based on the extraction 
studies, the amount of extractable spe- 
cies expected to enter the human diet, 
referred to as the estimated daily in- 
take (EDI), should be calculated. This 
value is based on the amount of addi- 
tive expected to migrate to food and 
the approximate fraction of the daily 
diet considered by the FDA to contact 
the material. 
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The intake of the additive is ex- 
pressed as a fraction of the overall 
human diet. The ED1 is obtained by 
dividing the fractional intake the aver- 
age daily intake of food, which is as- 
sumed to be 3000 g (including all liquids 
ingested). These calculations invari- 
ably represent a worst-case estimate 
of the dietary intake of the additive 
because they assume that the additive 
always migrates at the maximum lev- 
els found in the extraction studies, and 
that all food-contact materials of a 
given type are made using the sub- 
stance of interest. 

Intended physical or technical effect 
With regard to the product’s intended 
technical effect, the FDA merely re- 
quires that the petition list some use- 
ful properties of the substance. Any 
available technical literature may be 
submitted for this purpose. If possible, 
some data substantiating the techni- 
cal properties should be given along 
with a copy of the test method used to 
develop the data. 

Analytid procedure 
The petition should provide an ana- 
lytical procedure for determining 
whether the product complies with 
applicable composition or use level re- 
strictions. Thus, iflimits are proposed 
for the levels of specific components of 
a polymer, or if a maximum concen- 
tration of an adjuvant substance in the 
finished food-contact material is speci- 
fied, methods for ensuring compliance 
with these limits must be supplied 
along with data demonstrating the va- 
lidity of the methods. 

Safety  of the additive 
Depending on the identity and quan- 
tity of material that migrates, toxicol- 
ogy data may be required. These data 
can be in the form of studies under- 
taken by the petitioner or existing 
studies in the literature. The extent of 
toxicology required to clear a given 
substance depends on the nature of 
the material and the ED1 for the sub- 
stance, as determined from the ex- 
traction study. 
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In general, if the dietaxy concen- 
tration of an additive is less than 50 
ppb, the FDA requires only an acute 
toxicity study in rats. If the btake of 
the additive is above 50 ppb and below 
1 ppm, two 90-day feeding studies, one 
performed in a rodent species (usually 
rats) and one in a non-rodent species 
(usually dogs) are necessary. In addi- 
tion, in this intake range the agency 
generally requires an in utero stage in 
the rat study, which involves exposing 
unborn rats to the substance. Finally, 
if the dietary intake of the additive is 
above approximately 1 ppm, the FDA 
requires a full panoply of studies in- 
cluding two-year feeding studies, 
multi-generation reproductive studies, 
and other toxicological tests. These 
are usually prohibitively expensive for 
indirect additives, and can be avoided 
in most instances with suitably de- 
signed and executed migration stud- 
ies that limit the intended use. 

Environmental assessment 
Finally, the FDA requires an analysis 
of the potential environmental impact 
of the production, use, and disposal of 
the additive. This analysis should in- 
clude information on waste materials 
resulting from the manufacture, use, 
and disposal of the additive. In par- 
ticular, the petition should identify any 
waste streams produced by manufac- 
ture of the additive, the methods of 
treatment and disposal, and the quan- 
tities of substances ultimately released. 
The petition should also provide an 
estimate of the anticipated annual pro- 
duction volume for food-contact appli- 
cations. Finally, the petition should list 
any federal, state, or local environ- 
mental or occupational regulations af- 
fecting the manufacturing site, 
including emission, effluent, and work- 
place exposure limits applicable to spe- 
cific substances used or produced 
during manufacture of the material. 
Copies of pertinent plant operating 
permits, which demonstrate regula- 
tory compliance, must be provided. If 
available, information on the environ- 
mental fate of released substances, as 
well as data on the toxicity of these 

substances to water-, air-, or land-dwell- 
ing organisms, should be submitted. 

Further considerations 
The Center of Food Safety and Ap- 
plied Nutrition determines if adequate 
data have been submitted with a peti- 
tion. The management and review of 
petitions are handled by various divi- 
sions within the Office of Pre-market 
Approval. Once a substance is formally 
listed by the FDA in a food additive 
regulation, that clearance applies to 
any product meeting the specifications 
and use limitations found in the clear- 
ance. Unlike the licensing scheme used 
to provide drug and medical device 
approvals, food additive clearances 
apply generically to any product meet- 
ing the requirements of an applicable 
regulation. 
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