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’ FOREWORD

API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL

NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL,

STATE, AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED.

- AP1IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU-
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGA-
TIONS UNDER LOCAL, STATE, OR FEDERAL LAWS.

NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED
AS GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE
MANUFACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PROD-
UCT COVERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CON-
TAINED IN'THE PUBLICATION BE CONSTRUED AS INSURING ANYONE
AGAINST LIABILITY FOR INFRINGEMENT OF LETTERS PATENT. .
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EXECUTIVE SUMMARY

White minera] oils are viscous liquids derived from petroleum. They are complex
mixtures of saturated hydrocarbons including straight chain, branched, and ring -
structures, and molecules containing all three configurations. The relative
concentration of saturated ring structures (termed "naphthenes”) and straight or
branched chain structures (termed "paraffinic") in the oil will determine whether the oil
is identified as naphthenic or paraffinic in nature. The éhemical and physical
properties of white mineral oils are defined by a number of national and international
standard-setting groups dealing with food, medical and cosmetic specifications, as well
as by individual trade associations represénting particular applications. Approved uses
are identified by national regulatory agencies along with the material specifications set .
up for those uses.

A complex series of processing steps is necessary to produce white mineral oils with
the physical properties and the level of purity required. First, atmospheric and vacuum .
distillation are required to isolate fractions with the desired boiling range and viscosity.
Unwanted constituents, such as polar compounds, aromatics, and waxes are then
removed by soivent extraction and dewaxing. Hydrotreating or hydrogenation of the
oils may then be used to produce a finished lubricating oil base stock or with
additional treatment, white mineral oils. Two methods, separately or in combination,
are used to produce finished white mineral oils. The older method involves treating
the oil with fuming sulfuric acid (oleum) to sulfonate aromatics and polynuclear
aromatics, which are removed after neutralization. The more common method today,
two-stage hydrotréating, completely saturates all double bond containing compounds.
These treatments may be 'repeated' under different levels of severity until the desired
degrese of purity is attained. |

In February 1989, the United Kingdom Ministry of Agriculture, Fisheries and Food
(MAFF) recommended a ban on almost all direct food applications of mineral
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hydrocarbons including white mineral ail. This decision was based, in parnt, on the
results of two 90-day toxicity studies in rats conducted by Shell Research Limited
using white oils prepared by hydrotreatment and oleum treatment. These studies
‘demonstrated accumulation of oil in the mesenteric Iymph nodes and livers,
accompanied by micro-granuloma formation at the highest dose levels. . Other ammal
studles_ with white mineral oils have not shown such effects. A literature review
performed in developing this document revealed that absorption of white mineral oit
has been documented frequently in the past in both animals and humans There has
~ been no indication that such absorpt:on has had any adverse effect on humans
despite the many years white mineral oil has been used in pharmaceutical
preparations and food. |

Rtis the position of the work 'grbup that the rhajority of the data generated to date on
mineral oils indicate that current uses can be continued safely in direct and indirect :
food applications. ' '
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Section |
MINERAL OIL DEFINITIONS

For purposes of this discussion, the term "mineral oil" will refer to very hi'éhly refined
liquid hydrocarbons derived from petroleum distillates, which are used in medicine,
pharmaceutical applications, cosmetlc applications, food packaging applications, food
~ contact applications, and food itself. Other terms often used interchangeably with
mineral oil include "liquid petrolatum," "liquid paraffin,* "paraffin oil," "medicinal oil,”
medicinal white oil,” "white oil," "white mineral oil,” “food grade oil,” "food grade white
oil" and "technical white onl " The term mineral oil as used in this paper does not
include petroleum wax, petrolatum, lubricating base oils used in other applications, or
oil derived from shale (also sometimes referred to as "mineral oil").

Mineral oils are manufactured from either naphthenic or paraffinic type crude oils.
After initial processing in the refinery, they are intensely refmed to remove constituents
that |mpart color, odor, taste and potential toxicological properties. These constituents
include aromatics; olefins; and sulfur-, oxygen-, nitrogen-, and metal-containing
compounds. Additionally, they are made to comply with the purity requirements of the
countries in which they are marketed. They consist almost entirely of saturated
hydrocarbons and are manufactured in a variety of viscosity grades (viscosity being
defined as a measure of time for a fixed amount of liquid to flow by gravity through a .
caplllary or orifice under set conditions). Vnscos:ty grades are determined, in part, by
the distillation cut or boiling range initially used in processing. The distillation range
will also determine the carbon number and molecular weight range of the finished
product. The choice of either naphthenic or paraffihic crude- will determine the
- predominant nature of the hydrocarbon species in the final product: cycloparaffinic or
paraffinic hydrocarbon molecules. The number of molecular species present in a
~ mineral oil is in the thousands, given all the possible arrangements of carbon and
hydrogen atoms. ‘
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While mineral cils can vary in viscosity, distillation range, molecular weight, carbon
number and molecular arrangement, they are manufactured to comply with the
regulations set forth in the countries in which they are to be marketed. These
regulations begin to establish constraints on the fange of variability for mineral oils.
The following discussion will define mineral oils from the regulatory point of view.

The Toxic Subétances Control Act Substance Inventory and the European Core-
Inventory define white mineral oil as follows:

CAS Registry Number 8042-47-5 "- a highly refined petroleum mineral oil
consisting of a complex combination of hydrocarbons obtained from the
intensive treatment of a petroleum fraction with sulfuric acid or oleum, or
by hydrogenation, or by a combination of hydrogenation and acid
treatment. Additional washing and treating steps may be included in the
processing operation. It consists of saturated hydrocarbons

having carbon numbers in the range of C15 to C50."

The World Health Organization defines medicinal white oil as:

" - highly réﬁned, colorless oils free of all unsaturated compounds,
aromatic compounds and other constituents that influence color, odor,
taste and acceptability as a pharmaceutical and food grade material.”

While these definitions describe some of the processes invoived in the manufacture of
mineral oil and the type and size of hydrocarbon-molecules present, they do not
establish specific analytical or purity criteria for mineral oils.

Analytical criteria and purity are prescribed by the various world pharmacopeias and -
by government agencies which are responsible for food and drug safety. In many '
inétances, the analytical criteria and levels of purity are based on the end use
application. This is true in the United States. The United States Pharmacopeia
(U.S.P.), the National Formulary (N.F.), and the United States Cosmetic, Toiletry and

- Fragrance Association have established analyﬁcal criteria for mineral oils to be used in
medical, pharmaceutical and cosmetic applications. The United States Food and Drug
" Administration (FDA) has set analytical criteria for mineral oil to be used in food and in .
food applications (direct and indirect contact).
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The U.S. Pharmacopeia and National Formulary (U.S.P. XXIl and N.F. XVII)
requirements are found in Appe'ndix 1. U.S.P. Mineral Oil may be used as a laxative
(oral and rectal) and in pharmaceutical applications that involve ingestion of the
finished preparation, e.g., suspending agent. N.F. Light Mineral Qil or U.S.P. Topical
Light Mineral Oil may be used in pharmaceutical preparations approved for dermal

~ applications. |

The US Cosmetic, Toiletry and Fragrance Association (CTFA) requires mineral oils to
be free of foreign méterials; to be odorless at room temperature and after heating; to
meet buyer's specification for 'viséosity at 38°C; and to meet U.S.P. requirements for .
readily carbonizable substances, solid paraffins and polynuclear aromatic compounds.
Additionally, CTFA has established tests for water soluble acids and alkalis, sulfur and
sulﬁdeé, and has set limits for-lead (20 ppm), arsenic (3 ppm) and ash (0.005 percent
maximum). Mineral oils meeting t_hése requirements are suitable for use in a variety
of cosmetic and toiletry applications, e.g., baby oil and make-up base. '

The U.S. Food and Drug Administration has promuigated regulations defining criteria
for mineral oils approved for specified uses in either direct or indirect food contact.
Direct food contact mineral oils and their prescribed applications as set forth in 21

CFR 172.878 are found in Appendix 2. Thei regulations for indirect food contact (21
CFR 178.3620) are divided into four categories [(a) to (d)], each establishing analytical
criteria and designated uses. Appendix 3 contains the requirements for oils a, b, and c.

The above examples demonstrate the complexity of mineral oil requirements and
regulations in one country only. It is beyond the scope of this paper to try and
encompass the definitions that may be used in other countries around the world.

An important part of defining mineral oil is understanding the manufacturing processes
used to prepare them for distribution in commerce. The next section provides a basic
~description of the refining of mineral oils.
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Section I
MANUFACTURING AND PROCESSING

The manufacture of mineral. oils begins with the type of crude oil. While crude oils . -
vary widely in appearance and consistency around the world, ranging from light
brown, mobile liquids to black, viscous semi-solids, they all consist primarily of
hydrocarbons. The differences are due to the different proportions of the various
molecular typos and sizes of molecular species. |

Crude oils are usually divided into two broad categories: (1) paraffinic- (straight and
branched chain hydrocarbons) and (2) naphthenic- (cyclic hydrocarbons) base crude
oil. A third category of mixed-base crude is also sometimes used. .Either paraffinic or
naphthenic crude may contain predominantly light hydrocarbons with dissolved gases,
or may consist mostly of heavy hydrocarbons with little or no dissolved gas. Paraffin-
base crude‘sAconitain oaraffin- wax and consist mostly of paraffinic hydrocarbons.
Naphthenic-base crudes consist mostly of naphthones and little or no paraffin wax.
Both types of crude contain varying amounts of aromatic compounds.

The nature of the crude oil governs, to a certain extent, the nature of the products that
can be manufactured from it and their suitability for special applications. For example,
a naphthenic crude will be more suitable for the production of asphaltic bitumen, and a
paraffinic crude for wax. '

The refinery processes can be divided into three main categories: physical separation,
chemical conversion, and treating. Physical separation includes distillation (differences
in boiling points), absorption (differences in size or type of molecule), solvent
extraction (differences in solubility in a solvent), crystallization (differences iri melting
pointé), and adsorption (differences in adhesion to porous surfaces). Chemical
conversion includes reduction of molecular size (cracking), change of molecular
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~ structure (catalytic reforming) and increase in molecular size (alkylation). Finally,
treating includes a variety of processes designed to purify or otherwise bring the
material up to product specifications (hydrotreating and acid treating). The

manutacture of a mineral oil generally undergoes only two of the three major process
catégories:- physical separation and treating.

Crude oil is first sebarated into its main fractions by distillatioﬁ in the primary
distillation column (Figure 1). Here-the crude oil is heated to boiling at atmospheric
pressure and the various boiling range fractions are separated by fractional
condensation. This unit provides the lighter petroleum components, which go on to
other refinery processes to produce the components bf motor fuels (gasoline, jet fuel,
and diesel) and heating fuels (kerosine and fuel oils). Light lubricating oils, called
"mineral seal oils,” and other specialty oils can also be manufacturgd from
atmospheric distillates.

The_ fraction that will not boil at temperatures easily achieved at atmospheric
pressure, called atmospheric. reéiduum or "long residue;” is further distilled by vacuum
distillation (Figure 2). In this unit, higher témperatures can be reached under reduced
pressure. Distillates from this unit go on to produce feedstocks for other refinery units
(e.g., cracking units), bitumens, waxes and feedstocks for the manufactt._ure of
lubricating base oils. LubridatinQ base oils are the feedstocks for the production of
mineral oils. ' ' '

Lubricating base oil high-vacuum units are specifically designed to produce high-
quality distillate fractions for lube oil manufacture. Special preéautions are taken to
prevent thermal degrédation of the distillates produced. The distillates from this unit ’
are further processed by a variety of methods to producs the finished lubricating base
oils. These processes might include solvent extraction, hydrotreating, one of¢ several
dewaxing- methods, solvent deasphalting, acid treating, chemical neutralization, clay
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Simplified Flow Diagram of a Primary Crude Distillation Unit

Figure 1.
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Figure 2. Simplified Flow Diagram of a High Vacuum Distillation Unit
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treating or combinations of processes. Two of the most important of these processes
are solvent extraction and hydrotreating. '

Solvent extraction (Figure 3) is based on the use of a solvent that will preferentially
dissolve polar and aromatic compounds in the feedstock. After dissolution has
occurred, the solvent and solute, now called the "extract,” can be separated and
removed, leaving behind the undissolved phase, called the "raffinate.” The raffinate

- now consists primarily of saturated hydrocarbons, which are desirable for lubricating
base oils. The solvents most commonly used for lube oil extraction are furfural;
phenol and N-methyl-2-pyrrolidone, since they all have a high selectivity for aromatics.
The depth of solvent extraction can be controlled by 1) the solvent selected, 2) the
solvent-to-feed ratio, 3) the temperature of solvent extraction, and 4) the contact time
between solvent and feedstock. Solvent extraction in many instances may precede
additional processing steps, such as hydrotreating or acid treatment.

Hydrotreating is the process where either distillate feedstocks or raffinates are treated
with hydrogen at elevated temperatures and pressure in the presence of a catalyst
_(Figure 4). The feedstock is mixed with hydrogen-rich make-up gas. The mixture is
heated by heat exchange or furnace and enters a reactor containing catalyst. ‘ In the
reactor, sulfur and nitrogen compounds in the feedstock are converted to hydrogen
sulfide and ammonia, respectively. Olefins are saturated with hydrogeh and the
aromatics are bartially hydrogenatéd to naphthenes (saturated ring compounds). The
severity of hydrotreatment can be controlled by 1) the pressure of the hydrogen, 2) the
temperature of the reaction, 3) the type of catalyst, and 4) the contact time among the
hydrogen, feedstock and catalyst.

A third process of diminishing importance in the manufacture of lubricating base oils is
that of acid treatment. Because of its availability and versatility, sulfuric acid treatment
was for many years the most important refining process for mineral oils. For
conventional acid treatment of lubricant base oils, 98 percent strength sulfur mixed
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Figure 3. Simplified Flow Diagram of a Solvent Extraction Unit
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Figure 4. Simplified Flow Diégram of a Lube Hydrotreater |
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with the feedstock and agitated for a specified period of time. The intensity of the

treatment can be controlled by increasing 1) the strength of the acid, 2) the acid-to-

feedstock ratio, ‘3) the temperature of the acid, 4) the number of consecutive

treatments with acid, and 5) the contact time with the acid. The acid sludge is then
- separated. The treated feedstock is generally neutralized with calcium or sodium

hydroxide and then filtered over a clay bed (chemical neutralization and clay
treatment). | ‘

Lubricating base oils suitable for a variety of applications are manufactured from
vacuum distillates by one or more of the above processes (base oils derived from
paraffinic crudes will generally also undergo a dewa’xi‘ng process). Depehding on the
intensity of treatment, some 'lubricating. base oils, as produced, meet the requirements
for certain grades of mineral oil, while others may require additional treatment.

WHITE MINERAL OIL MANUFACTURE

U.S.P./N.F. or food grade white mineral oils are manufactured from selected
lubricating base oils by either severe hydrotreating or by intensive acid treatment with
fuming sulfuric acid (oleum) or anhydrous sulfuric aéid (SO). A combination of severe
hydrotreating and acid treatment is sometimes used in the processing as well.

n either the hydrotreating or acid treatment process the objective is to obtam a
nonreactnve saturated hydrocarbon liquid. Hydrotreating accomplishes the task by
reacting hydrogen with the undesirable unsaturated, largely aromatic compounds,
converting them to saturated hydrocarbons and rémo_ving sulfur and nitrogen. Sulfuric
acid reacts with the same components and converts them into compounds that can be

_extracted from the saturated hydrocarbons in the feedstock.



HYDROTREATING PROCESS

In the case of white oil production by severé hydrotreating, a two-stage process is

most often used. Flgure 5 is typical for two- stage hydrotreating processes used for

white mineral oil manufacturing.

The first stage consists of the following steps:

1)

2)

3).

4)

5)

A selected oil feedstock is pumped into the hydrotreating circuit
where it is pressurized and mixed with a high pressure hydrogen
gas stream. Pressure is typically greater than 2500 pounds per
square inch actual (psia). The gas/oil mixture is passed through
heat exchangers and heaters to raise the temperature to 250-375° C.

At the correct feed temperature and feed rate, the hydrogen/oil
mix is passed over the first-stage catalyst in a reactor.
Hydrodesulfurization, denitrification and saturation of aromatics
occur. The catalyst is chosen primarily for its ability to react

_hydrogen with sulfur and-nitrogen in the feedstock.

Effluent from the reactor is passed through the feed/product heat
exchanger and fed to a liquid/gas separation vessel, where ,
hydrogen flash-gas is removed from the oil. The hydrogen from

this separation is repressurized and blended with fresh make-up

hydrogen to use again in the reaction.

The oil is passed on to a second, lower pressure, quuid/gas
separator. The purge gas from this vessel is high in hydrogen
sulfide and ammoma content and must be cleaned before reuse or
disposal.

From the second gas/oil separation, the oil is sentto a
fractionation tower to remove the remaining dissolved gases and
to adjust the oil’s physical properties and volatility. With suitable
operating conditions, a technical white mineral oil meeting the

- requirements in 21 CFR 178.3620(b) or a type ¢ mineral oil

meeting 21 CFR 178.3620(c) requirements can be produced.

The second stage consists of the following steps:

1)

When medicinal or food grade white oil is desired, the product
from the first stage is pumped into the second stage circuit. The
oil is again pressurized and mixed with a high-pressure/high-purity-
hydrogen gas stream. Pressure is typically greater than 2500
psia. Temperatures may run from 100°C to 375°C depending on
catalyst choice. .
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‘Figure 5. Simplified Flow Diagram of a Two-Stage Hydrotreater
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2)

3)

The catalyst for the second stage is chosen for the hydrogen
activity needed to achieve complete aromatic-bond saturation.

 Feed rate and-temperature are adjusted to meet food or medicinal

grade white oil requirements for the limit of polynuclear aromatic
compounds and readily carbonizable substances.

Once the oil/gas separation is made in the second-stage circuit,
the oil meets food/medlcmal grade white oil purity (21 CFR
172.878).

ACID TREATING PROCESS
A schematic representing the production. of white mineral oil by oleum treatment is

presented in Figure 6. The process involves the following steps:

1)

2)

3)

4)

Feedstocks similar and many times identical to those used in two
stage hydrotreating are mixed with either fuming sulfuric acid
(oleum) or anhydrous sulfuric acid (SO,) through a proportioning

- system. The ratioc and temperature control are set to the

individual operating parameters of the manufacturer and are
typically based on laboratory evaluation of the feedstock. Typical
ratio is 1:6 acid:oil and temperature is 35-95°C. Contact time with
the acid is typically 1-30 minutes, but may be much longer.

The mixture of acid and oil is then moved to a gravity settling tank
or centrifuge where-the spent acid sludge is removed from the oil.
Spent acid sludge is a mixture of sulfuric acid and sulfonic acids
that is not oil soluble. Acid sludge is typically reclaimed as fuming
sulfuric acid or anhydrous sulfuric acid in an acid manufacturing
plant.

Acidified oil, a mixture of the treated feedstock oil and oil soluble
sulfonic acid, is then neutralized with sodium hydroxide or sodium
carbonate. This step can be a batch or a continuous operation
depending on the manufacturer's equipment.

Once neutralized, the resultlng sodium sulfonates are extracted
from the oil mixture using a polar solvent, typically an alcohol or
alcohol/water solution. Extraction can occur in batch or
continuous operating equipment, with the extracting solvent
carrying away the crude sodium sulfonate from the oil. The
extracted sodium sulfonates from each of the treatment steps are
typically accumulated, purified and marketed as sodium petroleum
sulfonates. :
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5) Traces of solvent are removed from the partially treated oil by
heating and distillation. At this point, the saturated hydrocarbon
content is higher than the initial level in the feedstock because of
the removal of the sulfuric acid reactants, resulting in an
intermediate oil.

6) Intermediate oil is reprocessed through steps 1-5 until all
unsaturated components have been removed from the oil. The
“number of times that reprocessing is necessary depends on how
.the lube base oil feedstock was processed and the quantity and
- type of nonsaturated components that are present in the
feedstock. Typically the number of treatments is 2-5.

7) When the quantity of nonsaturated components in the intermediate
oil is negligible, the oil is contacted with an adsorbent clay. This
can be accomplished by either percolation of the oil over a
relatively coarse mesh clay or by mixing a fine mesh clay into the
oil and then removal of the clay by filtration. The activated clay
will adsorb any residual moisture, extraction solvent and trace
quantities of aromatic hydrocarbons. At this point, the oil meets
the food/medicinal grade white oil requirements (21 CFR 172.878).

The use of oleum treatment for the manufacture of mineral cil has been declining
because of economic and environmental concerns. The use of severe hydrotreating
. has largely replaced oleum treatment for the production of mineral oil because it
overcomes these disadvantages. ‘

As noted earlier, many of the established specifications for mineral oils are set in
reference to their intended use; theretore, the various applications of mineral oils

become an important area for discussion.
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Section il
MAJOR USES OF MINERAL OILS

FOOD AND AGRICULTURE
The direct use of white mineral cil in food products in the U.S. is covered by federal
regulation 21 CFR 172.878. The regulation is shown in Appendix 2. Although a
variety of applications are cited, only a few invoive large volumes of white oils. White
| mineral oils are used in pan oils where they are usually mixed with vegetable oils. |
They are also used as "divider oils" to lubricate the blades of machines that slice
dough. White minerals oils and petrolatums are used in making "trough greases,”
which are sprayed on the interior of troughs.v Dough is allowed to ferment in the
troughs and the "trough grease” permits easy release when it is moved to the next |
operation. Bakery produr.ﬁts may contain up to 0.15% white mineral oil as a result of.
these applications. |

Another Iaige-scale‘application of white mineral oil in food products is its use as a dust
control agent for grain. The application was approved in 1983 by the FDA for grains
intended for human conshmption. The limitation is 0.02% white mineral cil on the
grains 'specified. This has proven to be a safe and practical method of COntrolling
grain dust. o E |

Smaller quantities of white mineral oils are used as defoamers in foods, on raw fruits
and vegetables, and in the manufacture of confectionary. Other applications permitted
in21 CFR 1 7x_2", regulations involve very little: white mineral oil in actual practice.

The applicaﬁéﬁs'q;ited above are for direct use in ‘f.o'od. To meset the regulations for
direct food additives, it is necessary that white oils be refined to meet certain purity
requirements specified in 21 CFR 172.878. These requirements establish Iimits on
polynuclear aromatic compounds (PNAs), readily carbonizable substances and sulfur.
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Polynuclear aromatic compounds are limited by the UV absorbance of a DMSO
extract from the oil being tested. Although this test does not determine actual
compounds, it effectively limits the total PNAs by speeifying-maximum absorbances
over wavelengths from 260nm to 350nm. The test and a description of its.
development are shown in Appendix 4. The Readily Carbonizable Substance Test
limits aromatics and other impurities in a white oil by specifying a maximum color
change when the oil is mixed wuth sulfuric acid. The test for sulfur hmrts mercaptans
and sulfides.

White mineral oils also find numerous»apprlications in food packaging and processing
facilities. The U.S. Department of Agricuiture (USDA) lists approved products for use
in meat and poultry plants. These are usually mineral oils meeting the 172.878
regulatlon or technical white oils meeting 178. 3620(b) The approved products are
- permitted for use as lubricants where “incidental food contact” may occur. This is the
USDA'’s H1 category. The coating of shell-eggs with mmeral oil is another application
that falls under the responsrblhty of the USDA.

Mineral oil is used in soybean oil extraction for the recovery of the extraction solvent.
The mineral oil does not contact soybean oil directly White oils-may also be used as .
heat transfer fluids and as hydraulic fluids in various food processors These are.
applications where there is normally no direct contact with food, but process engineers
build in a safety margin by using a "food grade oil.”

* Technical whlte mmeral oils are used in large volumes for dedustmg anlmal feed. A
specaf c regulation 21 CFR 573 680, must be met for this application. Another.
agricultural use of white oils i is in citrus sprays. They are typically applied as an
emuision to control scale msects spider mites, etc. This application is regulated by
the pesticide division of the Environmental Protectlon Agency (EPA) under the
Fungicide Insecticide and Rodenticide Act (FIFRA).
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FOOD PACKAGING MATERIAL _

The largest application of mineral oil in packagmg materials is in polystyrene. Thls
application generally makes use of high viscosity white oils at levels of 0.5 to 4.0% in
the polymer. The oil acts as an internal plasticizer that enables molders and extruders
to operate their machines efficiently. Examples of food packaging includes hamburger
half shells and beverage containers.

Styrene-rubber block copolymers also make use of significant amounts of mineral oil.
Some grades of these thermoplastic elastomers are oil extended and may be used in
food or medical applications.

Mineral oils may also find their way into polyethylene and polyethylene copolymers via
an indirect route. Ethylene compressors are lubricated with specially formulated
products that are based on white mineral oils. The amount of oil entering. polyethylene
products by this route is very small.

COSMETIC AND PHARMACEUTICAL

White mineral oils have been used in topical preparations for most of this ¢entury.
White mineral oil production began in the U.S. in the 1920s and the industry very
quickly foundrriariets in cosmetics and pharmaceuticals.

White mineral oils are excellent moisturizers and emolhents They are usedina
_multitude of cosmetic products. A few examples are listed below:

' Baby oils
-.Formulated creams and lotions

Bath oils

Lipsticks and lip gloss

Sunscreens and suntan oil

Make-up bases and removers -

Hair products



Cosmetic and pharméceutical companies require 'that white oils meet United States
Pharmacopeia/National Formulary specifications as well as the food additive

regulations. The monographs for Mineral Qil, U.S.P. and Light Mineral Oil, N.F. in the
current edition (U.S.P. XXII/N.F. XVII) are shown in Appendix 1.

All products meeting the U.S.P./N.F. requirements for Mineral Oil and Light Mineral Qil
also meet the most stringent FDA regulation, 21 CFR 172.878. The FDA purity tests -
-are the same as the U.S.P./N.F., and they are the same for both Mmeral Qil and Light .
Mmeral Qil. The differences in the two Mineral Qil categories are wscosnty and
specific grawty

In the pharmaceutical industry, white oils provide a convenient anhydrous base for
prescription and over-the-counter drugs. White oils may also be formulated into
creams or lotions containing active mgredlents

Mineral Oil, U.S.P. has been used as a laxative in the U.S. for more than 80 years
The questlon of interference with absorptzon of fat-soluble vitamins has been studied .
and debated in the literature. Although this has resulted in cautionary labellng
requnrements Mineral Oil, U.S.P. has been regarded as a safe and effective laxatlve o
| for adults.

. The U.S.P. has taken precautions to assure that only the hngher vnscosuty white oils
are used as laxatives. They require that nght Mineral Qil be labeled "not intended for
intemnal use.”" The primary concern with low viscosity oils is acmdental aspiration into
the lungs, which could result in chemical pneumonms

Veten‘nary produc_ts include applications similarv to those used in human

- pharmacsuticals. These mostly involve topical remedies, but mineral oils are also.
used in animal laxatives. One application, not permitted in humans, makes use of
Light Mineral Qil N.F. as an adjuvant in vaccines. The vaccines are primarily used in
poultry inoculations.
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OTHER APPLICATIONS

Mineral Oils are permitted in numerous applications involving indirect food contact. A
partial listing taken from Title 21 of the Code of Federal Regulations follows (Appendix 3).

173.340 Defoaming agents -
(White Mineral Qil conforming with 172.878 only)

175.105  Adhesives
- .175.210 Acrylate ester copolymer coatings

175.230 Hot melt strippable food coatings
' (White Mineral Qil conforming with 172.878 only)

175.300 Resinous and polymenc coatings
, (As surface Iubricants)

176.170 Components of paper and paperboard in contact wnth aqueous
and fatty foods

176.200 Defoammg agents used in coatings

177.1200  Cellophane ‘

177.2260  Fibers, resin-bonded

177.2600 Rubber articles intended for repeated use

177.2800  Textiles and textile fibers .

178.3570  Lubricants with incidental food contact

178.3740 Plasticizers in polymeric sub"stancesir

178.3910  Surface lubricants used in the ménufédure of metallic articles

179.45 . Packaging materials for irradiated foods
' (Mineral Oil conforming to 178. 3620(a) and (b) only)

Unless specnf cally noted, the regulat»ons permit oils meetlng parts (a) (b) and (c) of
178.3620.

Naphthenic d’ils;,m”eeting 21 CFR 178.3620(c) are used in large volumes in rubber ahd
adhesive formulations. The naphthenic character of these oils enhance their
compatibility with ‘amorphous polymers found in rubber and adhesives. The pu!p and
paper industry also uses large volumes of naphthenic and paraffinic oils as defoamers.
Many other applications exist for white mineral oils which do not require adherence to
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government regulations. Two lmportant examples are mentioned briefly. The
nonstammg and inert nature of white minerals oils makes them ideal lubricants in the
fiber industry. Significant volumes of white mineral oils are used pnmanly by synthetic
fiber manufacturers. Refrigeration systems such as heat pumps, require low-pour-
point white mineral oils for lubrication.



" Tables 1 through 4 list viscosities at

Section IV
TYPICAL MINERAL OIL PROPERTIES AND COMPOSITION

Mineral oil producers provided data to the American Petroleum Institute (API) on the -
lowest and highest viscosity paraffinic and naphthenic mineral oils supplied for direct
and indirect food contact applications. The information supplied included typical data
for physical pi'operties, composition, and impurities.

WHITE MINERAL OIL

Tables 1 through 4 present data on fully refined white mineral oils processed by
hydrogenation (H/H), acid treatment (A) or a combination of the two methods (H/A) to
meet the requirements of 21 CFR 172.878 and 178.3620(a). Tables 5 and 6 present
data on technical white oils [21 CFR 178.3620(b)] and mineral oils [21 CFR
178.3620(c)). | ' |

The. physical propérties of white mineral oils are fixed by boiling range and the ratio of
naphthenics to paraffinics. For a given boiling fange, a paraffinic oil would have a
lower viscosity, specific gravity, and refractive index than a naphth-enic oil. -ln many )
applications, however, oils are selected by viscosity rather than boiling range. For a
given viscosity, a paraffinic oil would have a higher viscosity index, boiling range and
molecular wéight. and a lower refractive index and specific gravity than a naphthenic
oil. Viscosity_in_dex is @ measure of change of viscosity with temperature. The higher
the viscosity index, the smaller the viscosity decrease as temperature increases;
40°C, 100°C, and 100°F. White mineral oil
viscosities are usually specified at 40°C. Viscosities at 100°C and 100°F are provided

~ for reference and for the calculation of compositional data (molecular weight and

carbon type).




Vlscosmes at 40°C ranged from 4.56 to 107 cSt for the paraffinic oils and from 7 42 to

73.5 ¢St for the naphthenic oils. Vuscosny md_ex ranged from 95 to 115 for the
paraffinic oils and from 60 to 89 for the naphthenic oils.

Flash point is valuable ln establishing safe handling and operating temperatures and
correlates with boiling range. Flash points ranged from 285 to 515°F for paraffinic oils
and from 285 to 420°F for naphthenic oils. '

Boiling ranges are reported uéing American Society for Testing Materials (ASTM) _
D2887, simulated distillation by gas chromatography ‘The boiling range covered
temperatures from 425 to 1189°F for paraffinic oils and 426 to 1018°F for naphthenic
o:ls Boiling range is directly related to molecular welght The average molecular
weight by ASTM D2502 ranged from 240 to 550 for parafflnnc oils and from 263 to 417
for naphthenic oils.

Carbon type analysns was done by ASTM D3238 ‘This method calculates the
percentage of naphthemc carbon atoms (C,,), paraffinic carbon atoms (C,), and
aromatic carbon atoms (C,) from the refractive index, density and molecular weight.
White mineral oils are virtually free of aromatics. However, because of th'e error of the
method, small values - often negatwe are obtained for C,. For Tables 1 through 5,
C, has been set at Zero, and any value obtained for C, has been lncluded in the C,,
result. '

All mineral ouls contam both naphthemc and paraffinic carbon; no oil is either 100% Cx
orC,. The hlghest C, value obtamed was 70%; the highest CN value obtained was 52%.

The nitrogen, sulfur, and heavy metals content of white mineral oils would be expected
to be extremely low. The values reported for these impurities were at or below the -

low ppm range. The variation in the data likely reflects dlfferences in the detection

limits for the dlfferent laboratories rather than differences in the lmpunty levels in the oils.
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Overall, the naphthenic types of white mineral oils supplied for food applications in the
U.S. had higher values for specific gravity and refractive index, and lower values for
viscosity index than the paraffinic types. However, the ranges of values for viscosity,
flash point, boiling range, and average molecular weight for the naphthenic types were
within the range of values reported for the paraffinic types for these same properties.

TECHNICAL WHITE MINERAL OILS

Table 5 presents data on technical white mineral oil meeting 21 CFR 178.3620(b). Oils
designated by reference numbers 17-22 are low-boiling products with a narrow boiling
range. OQils 23 to 25 are paraffinic oils, and oils 26 to-29 are naphthenic oils. The
properties of the latter two groups are very similar to the analogous fuliy refined white
mineral oils. Aromatics, sulfur, and nitrogen content are lbw. Technical white mineral
oils, however, are not required to meet the readily carbonizable substances test specified
- for fully refined white mineral oils, and have less stringent requirements for FDA ultraviolet
 absorbance. |

TYPE C MINERAL OIL ‘

Table 6 presents data for mineral oil meetmg 21 CFR 178.3620(c). These products have
physical properties similar to the more refined oils discussed earlier. Aromatics content is
elevated ranging from 0.6 to 7% C,. Nitrogen, rangmg from 10 to 350 ppm, and sulfur
ranging from 100 to 2900 ppm. are also higher.
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Table 1. Low Viscosity Paraffinic White Mineral Qils

Reference Number (1)

Method of Refining® HH
Visc., ¢St @ 40°C - 4.56
Visc., ¢St @ 100°C 1.62
Visc., SUS @ 100°F 41.8
Visc. Index NA®

- Specific Gravity @ 60°F - 0.8207
Refractive Index @ 20°C  1.4503

. Flash Point, °F , 285
Boiling R'ange,. °F
Initial 425
5% S 500
50% 575
95% 675
End Point 725
Avg. Molecular Weight 240
Carbon Type |
% Cy o . 339
% C, oL 66.1
Nitrogen, ppm <t
Sulfur, ppm <1
Heavy Metals, ppm |
 Arsenic ‘ <0.1
Cadmium. - - <0.1
Mercury ... <0:1
Lead . - <0.1

(@) H/H indicates two-stage hydrogenatlon

(1.1)

H/H
7
2.2

50

100

10.835
1.458

310

480
530
640
740
780
270

36
64

<l
<1

<0.1
<0.1
<0.1
<O 1. ‘

(2)

H/A
7.34
2.16
51.6

101 .

0.8358

1.4602

310

475
550
641

729
878
269.

35.7

- 64.3 .

0.5

<1

<0.1
<0.7
<0.1
<0.1

(3)

H/H
8.04
2.30

- 54.0

95
0.8505
1.4640
306

451
502
634
796
947
269

427
573

<t

<1

<1
<1
<1

H/A indicates hydrogenation. followed by ac:d treatment

A indicates acid treatment
(b) Not Applicable
(¢) No Data Available
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(4)

H/A

9.83
2.7
60.9
102
0.8579
1.4680
340

529

566

645
739
831
313

34

66
<2

NDA

<3
<2
NDA
<3

(5)

(6)

H/H H/H
12.4 12.8
3.0 3.12
71.3 73.6
96 108
0.8448 0.8406
1.4651 1.4640
385 365
480 524
581 600
716 ‘717
825 809
NDA® 887
356 328
30.4 33.9
69.6 66.1
<1 <1

<1 <1
<5 ppb <0.1
<0.1 <0.1
<44 ppb<0.1
<0.2 <0.1



Table 2. High Viscosity Paraffinic White Mineral Oils

Reference Number (7)
Method of Refining® H/H
Visc., ¢St @ 40°C 69.3
Visc., ¢St @ 100°C 8.72
Visc., SUS @ 100°F 360
Visc. Index 97

Specific Gravity @ 60°F  0.8673

Refractive Index @ 20°C 1.4640

Flash Point, °F 435
Boiling Range, °F |
Initial 640
5% 711
50% ’ . 865
95% 1002
End Point - 1018
Avg. Molecular Weight © 472
Carbon Type
% Cy 37.5
% C, - 625
Nitrogen, ppm o a
Sulfur, ppm <1
- _ Heavy Metals, ppm
Arsenic . - | h <1
Cadmiumg = - : <t
Mercurys o0 - <1
Lead = A <1

(7.1)

H/H

70

8.9
360
100
0.8700

- 1.476

480

720
780
900
1000
1060
480 -

32
68
<1
<1

(@) HMH indicates two-stage hydrogenation |
H/A indicates hydrogenation followed by acid treatment

(b) No Data Available

(8)

H/H
77.7
9.63
403

101
0.8676
1.4749
475

679
784
945

1031

NDA®

- 550

30.2.
69.8

<15

<5 ppb

<0.1
<44 ppb

- <0.2

H/H
92.1
11.0
478
104-
0.8697
1.4761
500

682
811
954
1086
1189

- 52§

30
70

<1
<1

<0.1
<0.1

- <0.1
<0.1

(10)

H/A
101
12.4
528
115
0.8690
1.4760

- 510

635
757
938
1055
1136
550

31
69

NDA
<2

<3
<2
NDA
<3

(11)

H/A

107
11.8
556

97 :
0.8745
1.4786
515

752
837
940
1030
1067
534

31.7

- 68.3

0.5
<1

<0.1

<0.1

- <0.1
- <0.1
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Table 3. Low Viscosity Naphthenic White Mineral Oils

Reference Number (12) - (13) (14)
Method of Refining®® H/H A ~ HH -
Visc., ¢St @ 40°C ' - 7.42 12.7 22.0
Visc., ¢St @ 100°C - 2.2 3.01 4.0
Visc., SUS @ 100°F NDA® 72.4 122
Visc. Index - . _NDA - 89 ' 60
Specific Gravnty @ 60°F 0.8665 0.8555
0.8816 : '
Refractive Index @ 20°C 1.4711 . 14677
1.4781 ‘ :
Flash Point, °F - 285 1345 - 355
Boiling_ Rangv e,. °F
Initial . 426 472 477
- 5% E . 474 ' . 548 564
50% ' : 604 ’ 687 718
95% . .. 706 T 830 851
End Point " NDA 927 934
Avg. Molecular Weight - 263 316 340
‘Carbon Type | |
% Cy o 52 38.9 4856
% C, o . 48 61.1 514
- Nitrogen, ppm 2 03 o«
Sulfur, ppm L <15 -~ <1 . <1
Heavy Metals, ppm | |
Arsenic , - <5 ppb | . <01 - <0.1
Cadmium:~ - - <0.1 <0.1 <0.1
Mercury <44 ppb <0.1 " <0.1

Lead , , - <0.2 _ <0.1 <0.1

(a) HH mdlcates two-stage hydrogenatlon
H/A indicates hydrogenation followed by acid treatment
A indicates acid treatment
(b) No Data Available
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Table 4. High Viscosity Naphthenic White Mineral Qils

 Reference Number (15)
Method of Reflnmg“’ H/H
Visc., ¢St @ 40°C '67.0

~ Visc., ¢St @ 100°C ‘ 7.4

' Visc., SUS @ 100°F 351
Visc. Index : 60
Specific Gravity @ 60°C 0.8911
Refractive Index @ 20°C 1.4833 .
Flash Point, °F 400

Boiling Range, °F
Initial 601

5% - 678
50% _ 799
95% - 912
End Point _ - 982
Avg. Molecular Weught 400
Carbon Type
% Cy, 476 .

% C | 52.4

P o
Nitrogen, ppm - , <1

Sulfur, ppm <«

Heavy Metals, ppm

Arsenic . . o <0.1
Cadmium - - _ <0.1
Mercury . - | . <0.1
Lead : . <0.1

(@) H/H indicates two-stage hydrogenation

(16)

H/A
73.5
7.93
385

63
0.8877
1.4831
420

614 -
720
817
936
1018
417

43.6
56.4

0.5

<1

<0.1
<0.1
<0.1
<0.1

H/A indicates hydrogenation followed by acid treatment
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Section V
REGULATORY HISTORY

Many of the food regulations for white mineral oil incorporate specifications from
national pharmacopeias. White mineral oil was first Ilsted in the U.S. Pharmacopeia in
1894. Monographs on white mineral oil were included in the British and other

- European pharmacopeias as early as 1914. '

The early pharmacopeias specified only physical properties, such as viscosity, specific

gravity and color. However, by 1940 purity criteria such as Readily Carbonizable
Substances began to be incorporated in white mineral oil monographs. Ultraviolet

- absorbance limits began to appear in whlte mineral oil monographs followmg the work
of Haenni and Hall in the 19608

U.S. REGULATIONS | )
Early governmental regulation of white mineral oil in food was done on a case-by-casa
basis for each application. The Food and Drug Admlmstratlon s Regulatory
Announcement 22, tem 265, dated April 18, 1918, permitted the use of "high grade
harmless mineral oil" as a "slab oil" or release agent for confectionary. In 1944, the
U.S. District Court of Idaho ruled that the use of ‘srn'all quantities of U.S.P. White
Mineral Qil as a binder for the salt coating of popcorn was acceptable.

On March 5, 1959, the Federal Food Additive Amendment to the Food, Drug and
Cosmetic Act was passed.' This regulation required that the FDA appfove all non-
nutritive substances directly or indirectly becofning a component of food through
manufacturing.",pvrocessing, preparing, or packing. Substances already in commercial
use were not affected by.the regulation until March of 1960.

The API, on behalf of the .U.S. manufacturers of white mineral oil, submitted petitions
. to the FDA requesting regulations permitting direct and indirect uses of white mineral
oil in food. After considerable discussion and work by both the API and the FDA, the
FDA, in 1964, issued regulations 121.1146 covering the direct uses and 121.2589
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covering indirect uses of white mineral oil in food. These regulations are the basis of

the current regulations 172.878 and 178.3620, respectively.

The original approved uses were:

1)

2)

3)

'4).

5)

6)

7)

as a release agent, binder, and lubricant in or on capsules
and tablets containing concentrates of flavoring, spices,
condiments, and nutrients intended for addition to food,
excluding confectionery; .

as a release agent, binder, and lubricant in or on capsules and
tablets containing food for special dietary use;

as a float on fermentation fluids in the manufacture of

‘vinegar and wine to prevent or retard access of air,

evaporation, and wild yeast contammatlon during fermenta-
tion;

‘in bakery products as a release agent and lubncant

in dehydrated fruits and vegetables. as a release agent;
in egg white solids, as a release agent; and
on raw fruits and vegetables, as a protective coating.

A number of uses have been approved since the issue of the regulations_in 1964.

New direct applications allow the use of white mineral oil:

1)
2)
3)
a)
5)
6)
7

8)

asa defoamer in food
in frozen meat asa component of hot-melt coatmg,
as a protective coat used in the curing of pickles;

“in molding starch used in the manufacture of confectlonary;-
asa release agent, binder in the manufacture of yeast; -

asan antidusting agent in sorbic acid for food use;

as a release agent and sealing and po’liShing agentv in the
manufacture of confectionary; and

" as a dust control agent for wheat corn, soybean barley, rice, rye,.

oats and sorghum.
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EUROPEAN REGULATIONS

Regulatlons on the use of white mineral il in food are not consistent among the
various European countries. For example, British regulations permit the use of white
mineral oil in many of the same applications permitted in the U.S., whereds the only
~direct use allowed by Waest Germany is the use of white mineral oil in chewing
compounds and snuff,

BRITISH REGULATIONS
n 1949, the British Ministryv of Foods issued the "Mineral Oil in Food Order” which
permitted up to 0. 2% mineral oil in food when used as a Iubricant. In 1964, the
"Mineral Hydrocarbons in Food Regulation” was enacted. This regulation included
petrolatum and wax as well as white mineral oil. The regulatlon as redrafted in 1966,
remains in effect today. ~ '

The British regulation prohibits the use of mineral hydrocarbons in food except for
certain specified applications. Permitted appllcatzons allow the presence of mineral
hydrocarbons in food as listed below:.

1) in dried fruit to a maxlmum of 0.5%;

2) in citrus fruitto a. maximum of 0. 1%

3) asa polnshmg/glazmg agent to a maximum of 0.2%;

4) as a lubricant/greasing agent in confectlonary to a maximum
of 0.2%;

5) in any food resultnng from the use of commodmes in items 1 to 4,

'6) | in chewmg compounds to'a maximum of 60%::

7) m the rind of any whole cheese product; and

8) . on the shells of whole eggs. '
In 1975, the British regulatlon was revnewed by the Food Addmves and Contammates
Commrttee (FACC).

The FACC recon'nmended' ,
1) that the FDA ultraviolet absorbance test for white mineral o:l be
-adopted for all mineral hydrocarbons;

~
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| 2) reductions in perrﬁitted levels of mineral hydrocarbons in dried fruit
' (from 0.5 to 0.25%), confectioning (from O. 2 to O. 1%) and chewing
compounds (from 60 to 15%); and

3) that the provision for 0.2% mineral hydrocarbon in food due to the use of
- lubricant/grease agents be limited to 0.1% in bread and 0.2% m table
jellies.

A proposal to modify the mineral hydrocarbon regulation to incorporate the FACC
recommendatlons was made in 1978. However, the. proposal was never adopted, and
the regulation remains as written in 1966.

In Febmery of 1989, the Ministry of Agriculture, Fisheries and Food (MAFF) proposed
to ban the use of mineral hydrocarbons in food except in chewing compounds and
food packaging materials, both of which were to be studied separately. MAFF's
justification of the proposed ban was that there was inadequate toxicological
mformatron on the mineral oils in use, and that recent toxrcologlcal studres (see

' Sectlon V) indicated toxicity down to very low doses:

MAFF has indicated that it has not been sweyed from its intended course by
arguments and toxicological information submitted in the comment period foliowing the
proposal. However the drafting of the regulatlon for the |mplementatron of the ban
'has been delayed and has not yet been submrtted to Parllament

JOINT FAO/WHO EXPERT-COMMITTEE ON FOOD ADDITIVES (JECFA)

Prior to 1976, at its 14th and 17th m_eeti_ng, JECFA had established an "ADI not
limited" for white mineral oil. This classification would limit food use only by good
manufacturing practice. At its 20th meeting in 1976, JECFA stated that insufficient
information was available for white oils produced by catalytrc hydrogenation
(hydrotreating). For thrs reason, JECFA issued an "AD! not specified” for oleum-
treated white mineral oils and did not classify hydrogenated white mineral oils.

At its 30th meeting in 1986, vJECFA allocated a “temporary ADI not specified” to white
mineral oils, but noted that safety data and 'speciﬂcations for hydrogenated oils were
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inadequate. In its 33rd meeting in 1988, after reviewing the Shell studies, JECFA

extended the "temporary ADI not specified” for mineral oil in use as lubricants and
release agents in food. JECFA also called for further studies to characterize these
materials by 1990. '




Section VI
REVIEW OF SHELL STUDIES

Shell Research Limited, Sittingbourne Research Centre (U.K.) conducted two 90-day
feeding studies using Fischer 344 (F344) rats to compare the toxicity of white mineral
oils of naphthenic origin, one prepared by oleum treatment and the other by the newer
hydrotreating process. The two oils tested were processed at different refineries and
were representative of oils currently supplied to the food industry. Samples of the two
~ oils were recently analyzed on behalf of API for physical properties and compositional
data. Table 7corrtpares the data for the two Shell test oils with data for low and high
viscosity paraffinic and naphthenic U.S. white mineral oils reported in Tables 1 through
4 in Section IV. The properties of the Shell test oils were welt within the ranges
reported for the naphthenic type U.S. w,hite mineral oils." There was a large difference
between the viscosities of the two oils tested which, probably reflected a significant
difference in average molecular weights. | ‘

In Shell's first study, male and female rats were exposed to each oil at concentrations
of 5000 ppm (0.5%), 10,000 ppm (1.0%), and 20,000 ppm (2.0%) in the diet.
Measurements of hematology, clinieal chemistry, and complete histopathology were
conducted. In the second study, only females Were exposed to dietary concentrations
of 10, 100., 500, 5000, 10,000 and 20,000 ppm. ‘In this study group, histopathological
examination was limited to liver and mesenteric Iyr'npﬁ nodes ‘with no hematological or
clinical chemical measuretnents made.

In the first study, histopathological examination at exposure termination revealed
effects in spleen,.'lymph ﬁodes, and liver. In males, the splenié lesions (capsular
- adhesions, capsular inflammatary cell infiltrates) wére present at all levels of oleum-
treated oil administration (0.5 to 2.0%).. In males fed hydrotreated oil, there were no

t The one exception to this is the Readily Carbonizable Substances test. The Shell Ondina €8
sampie failed this test. Shell reported that both test oils met national pharmacopeia and food
regulations at the time the feeding studies were conducted, which include the Carbonizable
Substances test. It is not known what caused the failure in the sample tested for the API;
however, the test is extremely sensitive, and the failure may have been caused by contamination
of the sample during storage or in transfer. )
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such lesions at the 1% dietary level and only a few at 0.5% and 2%. In females, the
splenic capsular lesions were scattered among all groups without any detectable dose
response. Additionally, hematopoietic effects in the spleen (red cell congestion,
erythropoiesis, and myelopoiesis) occurred in females at all treatment levels of the
oleum-treated oil. Only the femaie animals in the 2% hydrotreated oil group showed

. consistent, significant hematopoietic effects.

The only clear histopathological evidence of liver effects in male rats occurred in the
2% oleum-treated group, where focal Kupffer-cell hypertrophy and very slight

: multifocal granulomas were noted. However, in females liver granulomas occurred in
both studies at the 0.5% dletary level or abave, with greater incidences in the oleum-
treated group. No granulomas were seen with either oil below 0.5%. Males were not
used in the second study, since females were the more sensitive sex.

In the first study, male and female réts,exposed to all levels (0.5 to 2%) of both oils
showed granulomas, fat-like globules in granulomatous foci, and histiocytosis in
mesenteric lymph nodes. The mesenteric lymph nodes might be expected to be the
first collecting'organ for absorbed oil and, therefo're, may be the most sensitive organ
in detecting physiological reactions to mineral oil ingestion. In the second'study,

- frequent granulomatous macrophage syncytia were noted in one female rat after
administration of 100 ppm oleum'-tre_ated oil; at 10 ppm, no such lesions were seen.
Three out of five female rats givén 5000 ppm hydrotreated oil demonstrated this
lesion. No effects of this type were observed at doses below this level.

The effects ot dlétary whita mineral oil oh the hematological éystem were most
obvious in females given oleum-treated oil. These consisted of increases in white cell
count (WBC) and in the occurrence at all dose levels (0.5 to 2%) bf what was termed
a "hypochromic microcytic® anemia. Examination of the female hematolagy data
indicates that the anemia can best be termed normochromic normocytic since the
trends of red cell count, hematocrit and hematosis all proceed in the same direction.
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The cellular parameters, mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCEC) showed

absolutely no change with dose. Even at the highest dietary levels, the decreases |n _

hematologlcal values were not evidence of a compromised hematopoistic system.
Measurements of blood parameters were not done at levels below 0.5% distary
_concentration. Slight increases in WBC were seen in males at the 2% level, but no
other parameters were affected at high dietary levels. At high dietary levels, changes
in the hematological values may reflect the inflammatory responses occurring in the
liver and spleen (an accessory hematopoietic organ in rodents).

The increases in blood concentrations of liver enzymes (alkaline phosphatase,
aspartate aminotransferase, alanine aminotransferase, and gamma glutamyl
transpeptidase) in females at the 1% and 2% dietary levels of the oleum-treated oil .
are consistent with the histopathological findings of occasional necrotic foci in that ”
~organ. The absence of any increases at the 0.5% dietary level supports. the view thét
the Iiver granulomas do not lead to parenchymal cellular damage at this level. Serum.
enzyme evidence of such damage is less clear'in femalas exposed to the hydrotreated
oil and completely absent in males.

In summary, the effects of dietary administration of white oil to F344 rats appear to be
those expected from a poorly absorbed, insoluble liquid that is not metabohzed rapidly.
" It may be hypothesized that, above a certain lavel, this leads to cellular changes
associated with ingestion of oil by macrophages and formation of macrophage
' syncytia. At higher levels, this may progress. to frank granuloma formation, and when
high enoughvffc'vels are reached, cellular damage can occur leading to the -
histopathologic;él,. hematological and clinical chemical alte_fations seen in the Shell
studies. - '
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L/ 7Table 7. Low and High Viscosity U.S. White Mineral Qils vs. Shell Oils

Paraffinic Naphthenic _Shell Study
Re‘ference Number’ (1) (11) - {12) (16) WOM 24 Ondina 68
Method of Refmlng“” " HH  HA HH . HA A H/H
Visc., ¢St @ 40°C 456 107 742 735 26.2 - 68.4
Visc., ¢St @ 100°C 1.62 11.8 2.2 7.93 442 7.72
Visc., SUS @ 100°F 41.8 556 NDA® 385 136 358
Visc. Index . - NA® 97 NDA 63 60 - 68

Specific Gravity @ 60°F = 0.8207 0.8745 0.8655 0.8877 0.8746 0.8778
- Refractive Index @ 20°C  1.4503 1.4786 1.4711 1.4831 1.4758  1.4780
Flash Point, °F 285 515 285 420 NDA NDA

Boiling Range, °F \
Initial 425 752 426 614 520 654

5% - 500 837 474 ‘720 605 705
50% 575 940 604 817 724 818
95% . _ 675 1030 706 . 936 836 953
End Point 3 725 1067 - 1018 896 >1018
Avg. Molecular We:ght 240 534 = 263 417 341 422
Carbon Tyge | | ‘

%Cy ' 339 - 31.7 52 436 41.0 39.9

% C, : ' 66.1 . 68.3. 48 56.4 55.9 56.5
Nitrogen, ppm <1 <05 = 2 0.5 | <1 <1
Sulfur, ppm . <1 <1 <15 <1+ . 47 - 0.2
FDA UVA ‘ --—=-=-0.10 Max.--~----- 0.028 0.083

Carbonizable Substances = :--——---Must pass-—--—-- Pass - Fail

(a) HH indicates two-stage hydrogenation
H/A indicates hydrogenation followed by acid treatment
A indicates acid treatment
(b) No Data Available -
(c) Not Applicable: -
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Sectlon Vi
SUMMARY OF THE TOXICOLOGY OF MINERAL OILS

Shell Oil Company and Exxon Biomedical Sciences, Inc., have prepared detailed
review papers on the toxicology of mineral oils (Appendices 5 and 6, respectively).
Exxon’s review addresses all aspects of the current knowledge of mineral oil
toxicology and related biological effects. Most notably, the Exxon review presents
* extensive data on subchronic dietary and oral gavage 90-day toxicity studies on four
white mineral oils and a technical grade mineral oil. In addition to the Exxon data,
resuits from an ARCO-sponsored Qo-da‘y feeding study in rats is appended as
Appendix 7. Table 8 provides a comparison. of the properties of the oils tested by
Exxon, ARCO, and Shell, while Table 9 provides a summary aof the experimental
duﬁerences among these studies. Shell's literature’ revnew focuses primarily on the
current knowledge surrounding the granulomatous response noted in the 90-day
feeding studies conducted by Shell Research Limited. Summaries of the above
reviews and studies are presented below. The reader is directed to the reviews
appended here as Appendlx 5 and Appendlx 6 for more detaul

EXXON

Subchronic dietary and oral gavage 90-day toxnc:ty studies have been conducted by
Exxon on four white mineral onls and a technical grade mineral oil. Four of these oils
were paraffinic (one oleum-treated oil and three hydrogenated oils) and were .
evaluated in rats and dogs. at distary concentrations of 300 and 1500 ppm (w/w). No
toxicity was observed with any oil, and none of the oils appeared to accumulate in the
tissues of either species. Thus, the NOEL exceeded 1500 ppm in feed or dietary
consumption rates of approximately 125 mg/kg/day in rats and 52 mg/kg/day in dogs.

_ A fifth oil (medicinal grade) was an oleum-treated naphthemc product that was given
to rats by oral gavage at a dose of 4350 mg/kg, 5 days per week, for 90 da'ys.. No

- toxicity was observed; thus, the NOEL exceeded 4350 mg/kg/day. .

71
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White mineral oils and petrolatums have been tested in lifetime dietary feeding studies
in rats. . These studies also failed to establish any chronic toxicity or.carcinogenic
effects. The approximate NOELs exceeded 1200-6000 mg/kg/day in these studies.

NUfherous studies indicate that white mineral oils from either paraffinic or naphthenic
crude sources are not carcinogenic. These include studies conducted by the dermal
and inhalation routes of exposure as well as the dietary feeding studies discussed
above. - Further studies indicate that white mineral oils are neither mutagenic nor

developmental or reproductive toxicants.

The toxicity of teohnical mineral-hydrocarbons has also been characterized. The
technical mineral hydrocaroo'_ns discussed in the Exxon report are made by differentv
processes than the white mineral oils and are typically of lower average molecular
Weight; lower final boiling point, lower viscosity, and higher volatility. All Exxon studies
of technical mineral hydrocarbons were conducted by inhalation because this was |
considered to be the most relevant route of industrial human exposure. The specific
studies included subchronic (i.e., 90 day) inhalation, teratology, and dominant lethal .
studies as well as acute toxicity tests. |

None of the three tested techmcal mineral hydrocarbons produced evndence of acute
health hazards. There was no evsdence of cumulative toxncxty in rats exposed to vapor
concentrations of up to 900-1180 ppm, 6 hours/day, 5 days/week for-12 weeks, with-
the exceptlon of effects on the kldneys However, this specific renal effect, also
known as llght hydrocarbon nephropathy (LHN), is a phenomenon that occurs only in
male rats and is not considered to be a.toxic end point representing a human health
concern (Kloss and Bus, 1985: see Appendix 6 References). Of particular note was
the absence of pafhologic evidence of mineral hydrocarbon accumulation or specific
organ toxicity. Additionally, there was no evidence of testicular toxlc:ty or genetic
toxicity in. domrnant lethal studues which utilized the- same exposure levels. The lack of
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effect in the dominant lethal study also indicates that these products are. not male
reproductive toxins. Corroborative findings can be found in the published literature.

ARCO
ARCO sponsored a subchronic (90-day) feeding study in male and female albino rats
of the technical white mineral oil product Tufflo 6056 (Appendix '7). The study was
conducted by Industrial BIO-TEST Laboratories, Inc. (IBT). While the raw data are not
available and the study was not audited by ARCO, it is included here for the purpose
of completeness. |

The white oil Was fed to male and female albino rats (15/sex/group) at dietary
concentrations of 0 and 10, 000 ppm. Evaluations for toxicity included cllnlcal signs of
toxlcaty body. weight measurements, food consumption, hematology, clinical chemlstry,
urinalysis, and histopathology. Liver specimens were treated with asmium tetroxide, a .
stain for unsaturated lipids. All results for white-cil-treated- animals were considered
comparable to control Thus, under the condmons of this study, there was no

evidence of whute-oul-mduced toxicity.

SHELL - . _ ; :

Shell’s review of the literature shows that mineral oil hydrocarbons are absorbed from
the gastrointestinal tract; this absorption appears to be dependent upon molecular size
and structure. Straight-chain oompoi.mds are better absorbed than branched or cyclic
structures. Lower molecular weight (MW) compounds are better absorbed from the
gastromtestmal tract than higher MW compounds; petroleum waxes do not appear to
be absorbed. The absorbed oil is dlstnbuted to the liver, spleen, mesenteric lymph
nodes, and Iun'ge. The amount of mineral oil deposited and retained in the organs is
dependent on dose.

Mineral oul induces a state of hyperphagocytosus by the macrophages of the liver and-
lungs, which can lead to microgranulomatous changes:in these tissues. The hepatic
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granuiomas are composed primarily of Kupffer cells and/or macrophages with
infiltrating polymorphonuclear and mononuclear leukocytes. Pulmonary granulomas
consist of oil-containing macrophages, lymphocytes, and flbroblasts together with a
slight amount of collagen fibers.

‘Species differ greatly in their response to mineral oil; dogs and rats are sensitive to

the accumulation of white oil, while rabbits, hamsters, mice, and gerbils seem more
resistant to these changes. | '

Case studies of individuals using or misusing mineral oil reveal a pattern of structural
and functional cellular changes in the liver, lungs, spleen, and mesenteric lymph |
nodes. These changes have not been regarded as harmful in the. medical literature.

Hepatlc granulomatous reactlons have been evoked under a vanety of expenmental
conditions. Some involve reactions to metallic and other compounds. others invoive
oc_clus,lon of the hepatic vem, and yet athers relate to familiar pathogens.

The granulomatous reactions described abave are not considered to be toxicologically
significant to functional changes in the organs.

r



Table 8. Comparison of Properties of Oils Evaluated in the Exxon, ARCO & Shell Studies

Oil

Refining Method (5)

Oil Type .

Saybolt Color

Density (Kg/l. @ 15°C) -
Refractive Index, 20°C
Pour Point, °F

Visc., cSt @ 40°C

- Visc. Index

Boiling Range, °F

Initial
5%
10%
20%
50%
95%
End Point .
Avg. Molecular Weight

Carbon Type

% CN
% C,

% C

% H
Nitrogen, ppm
Sulfur, ppm
FDA UVA

EXXON

Marcol

82

H/H
Para.
+30
0.843
1.4642
10

- 145

104 -

592
633
653
680
745
838 -
883

" 368

34

66
85.79

14.2%

<t
0.4
0.03

Carbonizable Substances Pass

(1) CONCAWE data

EZL 550@
----- H/H-----
----- Para.---
+30 +30
0.866 0.864
1.4754 1.4749
10 10 '
67.5 68.2
101 103
736 754
801 815
828 842
862 873
918 923
990 991
1040 - 1027
514 - 521
36 34.

64 66

86.06 86.05

13.94 = 13.95

<1 <1

0.2 - 02

0.01 0.01 . .
Pass .

Pass

(2) CONCAWE data for product similar to anol 352

(3) ARCO data

(4) APl analysis of Shell oils

(5) H/H - Two-stage hydrogenation. A - Acid treatment

(6) Technical White Mineral Qil

a) No Data Available

ARCO

Tufflo®

6056

H/H
Para.
+30
0.872
1.4778
15
90.0.
100

594
797
844

~ NDA2

914
993 -

530

3t
69

NDA

'NDA

<10

0%

. P

N

O
SHELL Study
Ondina‘®
68 WOM 24

HH A
Naph. Naph.
+30 +30
0.8778 0.8746
1.4780 1.4758
-25 -30

- 68.4 26.2
68 60
654 520
705 605
727 631
756 662
818 724
953 836
>1018 896
422 341
39.9 41
56.5.  55.9

- 86.39 86.20
13.84 13.86
<t <1
0.2 4.7
0.083. 0.028
Fail Pass




5 ﬁable 9. Comparison of Shell, Exxon, and ARCO 90-Day Studies

Studies
Oil Type

Vis, ¢St
MW

Cp %"

C,%°

Process®

Grade

IBP, °F
BP 50%
FBP

" Rat .
Strain

.Feed
Conc.

Dose,

mg/kg/day

‘Regimen
Sacrifice
Stain

Qil in
organs

Shell

Naphthenic

25.6
352

69.2
415

41.0
55.9

39.9
56.5

ol hy.

Meet NP,
food regs.

520 654
724 818
896 1018

F-344

0.001, 0.01,
0.05, 0.5,
1, and 2%

0.6, 5.7, 29,
285, 580,
and‘ 1150

Daily 90 days

Exposure
termination

Sudan IV
at 2% level

Measured

“at 2%. Iev'er

Not measured

* Derived from lines plotted using CONCAWE data.

®% Naphthenic carbon atoms.
“% Paraffinic carbon atoms.

4 ol. = oleum treated, hy. = hydrotreated. -

- " Tech. .

594
914

993

JExxdn
Paraffinic Naphth.
(Gavage)
123 138 659 316 357
365* 368 518 423* 362°
34 35
66 65
o. hy. hy. hy. ol
Med. Med. Med. Tech. Med.
592 745
734* 745 921 811*  718°
883 1035
Long-Evans S-D
(Beagle Dogs)
0.03and 0.15%  gavage
Rats - 25 and 125 4350
Dogs - 10 and 52
Daily 91-99 days 5 days/wk
, ‘ . for 13 wks _
Exposure 14 days post-
termination termination
Oil Red O, None:
‘both levels .

Not measured

- §-D

1%
580(est.)

Daily 90
days

Exposure
termination

Osmium
Tetroxide

Not measured



Section VIl

SIGNIFICANCE OF THE SUBCHRONIC TOXICITY STUDIES
OF WHITE MINERAL OILS

The summary of the toxicology of food grade mineral oils in Section VI indicates that
these products have a low order of toxicity. A long history of safe use in humans '
supports this view. Howaever, there is some disparity in the reported study results,
specifically, between the Shell Sittingbourne and the Exxon studies. This section
attempts to identify factors that may have contributed to these different-findin’gs.

Protocols and test material diffe‘rences" between the Shell Sittingbourne and the Exxon -
studies are summarized in Table 9. Those protocol differences which appear
notéwonhy included sample preparatibn. dose, species/strain and exposure regimeﬁ.
: 'i‘he notable test material variables were crude type, process and viscosity.

’ .A There was a difference in sample preparation between the Shell and Exxon feeding
studies. Hexane was added to the Shell oils before mixing with the powdered feed.
The Exxon oil was added directly to the meal and mlxed Animals in both groups of
studies were sacrificed for htstopathologlcal examma’aon |mmed|ately after exposure.

The most important of the prdtocdl diﬂerencé's was clearly dose. The Shell studies
- covered a wider range of doses and included much higher concentrations than the
Exxon studies. . However, where there were similar concentratlons of oil in feed,
biological responses were observed only.in the Shell studies.

It is unknowr whether the strain differences in the rats used in the different tests could
have affected study‘ outcome. There are no data available to indicate whether these
strains are more or less sensitive with respect to foreign-body type granuioma
formation. - | |




The most pronounced difference in exposure regimens among the various mineral oil
studies was the use of oral gavage route, rather than feeding, in two of the Exxon
studies. In the oral gavage studies, the terminal sacrifices of the animals occurred 14
days, rather than immediately, after completion of dosing. These methodological -

differences would have affected study- outcome (compared to exposure via the feed)
but cannot be quantitated.

Regarding differences in the test materials, it is intuitive that differences in ,
hydrocarbon distribution (e.g., molecular size or weight) could result in differences in
absormption, distribution, nietabolism and elimination. Crude type, processing, and
viscosity, for example, could each affect the distribution of hydrocarbons present in a
product. However, the available information (summanzed in Table 9) is insufficient to

' determme whether cenam hydrocarbon species are indeed more Inkely to elicit

, granulomatous reactxons Thus, the cntlcal production variables, af any, also cannot be
|dent|ﬁed '

~ The Shell and Exxon studies appear to have been conducted according to the best
standards of the time and to have been interpreted objectively. From the information
available, it is not posslble to make a judgment concerning the causes of the dlfferent
' resuits obtained in the two series of studies.



Section I1X
APl WHITE MINERAL OIL WORK GROUP POSITION

Based on the information presented in this review, the' API White Mineral Oil
Workgroup has concluded: T

1)  The reviewed data indicate that, in general, mineral oils pose a low
potential for toxicity. Published and unpublished subchronic and chronic
studies of mineral oil conducted by feeding, oral gavage or inhalation
routes of exposure have been mostly without significant toxic effect.

2) Highly refined mineral oils derived from vacuum distillates have been
shown to be noncarcinogenic to experimental animals in lifetime skin
painting studies. '

'3j The reviewed genetic toxiéity-studies of highly refined  mineral oils
indicate that these materials are not genotoxic. '

4) The available animal data indicate that mineral oils do not pose a
developmental or reproduc_:tive risk. ‘

5) Mineral oil accumulation in the mesenteric lymph nodes, liver and :
spleens of humans is widely documented in the literature and is generally
- viewed as having no remarkable adverse effects on function or health.
Indeed, hepatic granulomatous reactions can be evoked in experimental
animals under a variety of circumstances, including the ingestion of high
lipid diets. : -

It is the position of the work group that the majority of the data generated to date on |
mineral oils indicate that they can continue to be used safely in both direct and indirect
food applications. ' |
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Mineral Oil

® Mineral Oil is a mixture of liquid hydrocarbons
obtained from petroleum. It may contain a suitable
stabilizer.

Packaging aad storage—Preserve in tight eonmners
Label it to indicate the name of any substance added
as a stabilizer, :

Specific grarity (341): between 0.8345 and 0.90S.

Viscosity (911)—It bas s kinematic viscosity of not less than
34.5 centistokes at 40.0°.
Neutrality—Boil 10 mL with an equal volume of alcobol: the
alcobol remains neutral to moistened litmus paper. '
R-dﬂymm%asuinaﬂuump-
pered test tube that previously has been rinsed with chromic acid
cleansing mixture (see Cleaning Glass Apparatus (1051 )), then
rinsed with water, and dried. Add § of sulfuric acid con-
tining from 94.5% 10 94.9% of HJSO.. and beat in a boiling
water bath for 10 minutes. After the test tube has been in the
. bath for 30 seconds, remove it quickly, and, while bolding the
stopper in place, give three vigorous, vertical shakes over an am-
plitude of about § inches. Re t every 30 seconds. Do not kee
the test tube out of the buf‘longcr than 3 seconds for eac
shaking period. At the end of 10 minutes from the time when

fmtmyadinthcnwbah.mthemmbe the Oil may
turn pink or yellow -

, but it remains coloriess, or shows a sli

.color, and the acid does not become darker the standard

colorpmdueedbymixinginssimihrmmbe3mLo”erri:

<hloride CS, 1.8 mL of cobaltous chioride CS, and 0.5 mL of

upric sulfate CS, this mixture being overisid with § mL of Min-
eral Qil (see Readily Carbonrizable Substances Test (271)).

Limit of rlyuchu compounds—

Methy! sulfoxide—Use methy] sulfoxide that has an absorb-
ance, compared to that of water, in a I-cm cell, not greater than
l.OntZ“nm.udthatMnoezmmhnwmymhin
the wavelength region up to 350 nm.

Standard solution—Di a suitable quantity of nsphths-
lene, accurately weighed, in isooctane, and dilute quantitatively

epwise with isooctane to obtain a solution Baving s con-
centration of 7.0 ug per mL. Determine the absorbance of this

noluuonmil-aawﬂathcmxiqumntbulﬂmyi&

~

A~
i shahcnwtziee

has been washed by being
with one-fifth its volume of MetAy! suifoxide. Use no lubricants .

other than water on the
with a suitable
sulfoxide, and shake the mixture vigorously for I minute. Allow
tosunduuﬁlthebvuhycbdar.mnsf«mlov«hycno
another 125-mL separator,.add 2 mL of a-hexane, and shake

50 om, with a
suitable botometer, using as the blank Metkyl sulfoxide
mtmwwdygubenshakéuﬁmlyfqlminu!eﬁm»
hexane in the ratio of $ mL of Methyl sulfoxide and 25 mL of
a-bexane. Thclhmbamnuyn\ﬂ&-ﬂiuthcmdﬁod

range is not greater than one-third of the absorbance, at 275 am,
of Sma!crr? '

solution,

Solid paraffia—Fill s tall, cylindrical, standard oil-sample bottle
of colorless glass of about 120-mL capacity with Minersl Oil that
has been dried previously in 2 beaker at 105° for 2 bours and
cooled to room temperature in a desiccator over silica gel. Insert
the stopper, and immerse the bottie in 3 mixture of ice and water
for 4 bours: the Oil is sufficiently clear that a black line 0.5 mm
in width, on a white background, Ktld vertically behind the bottle,
is clearly visible. ' v .

or use 8 tor equi
polymeric Sopeock.] Add 53 mL dquw‘

Appendix 1. USP and NF Mineral Oil Specifications .
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Light Mineral Oil
® Light Mineral Oil is a mixture of liquid hydro-

carbons obtained from petroleum. It tai
suitable stabilizer. m Tmay contain a

Specific gravity (341): between 0.818 and 0.880.

Viecesity (911)—It has 2 kinematic viscosity of not more than
335 at 40°, ‘

cen
w.wmmum«plmr
t meets the requirements of the

and Solid

compounds, 1
tests for Newtrality, Readily carbonizable substances, Limit of
polynuciear compounds

: » and Solid paraffin under Mineral Oil.

USP Xx11

Mineral Oil Enema
» Mineral Oil Enema is Mineral Oil that has been

_ suitably packaged.
- Packaging 28d storage—Preserve in tight, single-uait containers.

Speciflc gravity (341): between 0.845 and 0.905.

‘ (911)==1It has 3 ki tic viscosity of not |
Jvr?ﬂty oty-3 lhuun viscosity not less than

Nestrality—Boil 10 mL with n equal volume ‘of alcobol: the
llcoholmiumww i qlitmuspaper. -

Mineral Oil, Light—see Mineral Oil, Light NF

Topical Light Mineral Oil

® Topical Light Mineral Ol is Light Min al Oil
that has been':xiubly packaged. & . cf o

as & stabilizer, and label packa intended for direct use by th
pnblklomdiaulhgtithm.;mdedfaimemlm. Y e
Specific gravity (341): between 0.318 and 0.320. '

: M'(Dll):h‘oh.n 2 kinematic viscosity of not more than

335 .

» Readily carbosizable substances, aad Solid paraffia—
It meets the rl':zgiremcuu of the tests for Neurrality, Readily
carbonizable tances, and Solid paraffin under Minera! Oi].



§ 172.878

. §172.378 White mineral oil.

White mineral ofl may be safely used
in food in accordance with the fouow;
ing conditions:

(a) White mineral ofl is a mixture of
liquid hydrocarbons, essentially paraf-
finic and naphthenic in nature ob-
tained from petroleum. It is refined to
meet the following specifications:

(1) It meets the test requirements of
the United States Pharmacopeia XX
(1980) for re:dﬂ”z)y carbonizable sub-
stances (page . -

(2) It meets the test requirements of
USP. XVII for sulfur compounds
(page 400).

(3) It meets the specifications pre-
scribed in the “Journal of the Associa-
tion of Official Analytical Chemists,”
Volume 435, page 68 (1962), which is In-

21 CFR Ch. | (4-1-89 Editien)

corporated by reference, after corree-
tion of the ultraviolet absorbance for
any absorbance due to added antioxi-
dants. Copies of the material incorpo-
rated by reference are available from
the Division of Food and Color Addl-
tives, Bureau of Foods (HFF-330),
Food and Drug Administration, 200 C

St. SW.,, Washington, DC 20204, or

available for inspection at the Office
of the PFederal Register, 1100 L St
NW., Washington, DC 20408. ‘

(b) White mineral oil may contain '

any antioxidant permitted in food by
regulations issued In accordance with
section 409 of the Act, in an amount
not greater than that required to
produce its intended effect.

{c) White mineral ofl is used or in-
tended for use as follows:

Not 19 exceed Q1% g8 white solds.
Wring practies.

Not 19 encoes 0.084% of mest.

[ % an amount net 10 exceed goed mamsec-
teing practicn.
thuwhum
sl

12.hnmm“.““hﬁmdm_;:-wmlmdm

13. As an antidusting sgent in serdis acid for leed wee ..

mcosd
M.Au*..gu!ml.nﬂn“nﬁthlu“d t-nuumdm.

15. A8 2 dust conwel agent for wheat, cem. seybesn, Dariey, fea, 1ye, seta, | Aspled ot & level of no more hen 002
sergiasm, - orain,

(Secs. 201(s), 408, 73 Stat. 1734-1788 as

amended (21 US.C. 321(s), 348); secs. 409, .

T01(e), 708, TO Stat. 919 as amended, 72 Stat. -
1784-1788 as amended, 74 Stat. 399-407 as
amendad (21 U.S.C. 348, 3T1(e), 376))

(42 FR 14491, Mar, 15, 1977, as amended at
47 PR 8764, Mar. 2; 1982; 47 PR 11838, Mar.
19, 198% 48 FR 35738, Dec. 15, 1983; 49 FR
10108, Mar. 19, 1984) . :

§172388 Petrolatum.

Petrolatum may be safely used in
food, subject to the provisions of this
section. : .

(a) Petrolatum complies with the
specifications set forth in the United
States Pharmacopeia XX (1980) for
white petrolatum or in the National
l'omulqry XV (1980) for petrolatum.

92
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Appendix 3. FDA Specifications for Types (a), (b), and (c) Mineral Qils
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Food and Drug Administration, HHS

§ 178.3620

Substances

U .

Dnc suifide.

For une ot levels "ot 10 exceed 10 percant Dy weight of the

(b) The lubricants are used on f{ood-
processing equipment as a protective
antirust film, as a release agent on
gaskets or seals of tank closures, and
as a lubricant for machine parts and
equipment in locations in which there
is exposure of the lubricated part to
food. The amount used is the mini.
mum required to accomplish the de-
sired technical effect on the equip-

ment, and the addition to food of any -

constituent identified in this section
does not exceed the limitations pre-
scribed.

(¢) Any substance employed In the
production of the lubricants described
in this section that is the subject of a
regulation in Parts 174, 178, 176, 177,
178 and §179.48 of this chapter con-
forms with any apedﬂuﬂon in such
regulation.

mmxmouuxs.u-m
Rmxndtanom:muhc

For. PrDERAL
u‘rt.zs-:o.mzmuuoxcrnm“u-v

xmmm.mmuamumh
voluun. :

ll'l'!m Mcthyl :lneoddo-eoeouut oll

Methyl tlueoddreoeonut oﬂ utu
identified in § 172.81&(a) of this chap-
ter may be safely used as a processing -

tid(mt.erud)lnthcmnuuctmol_

stueh. including

industrisl starche--
modified complying with !178.3830-_'

intended!ormuseonpomt
ticlutweonucuood.

§178.3810 mmm Htotseng *=
resins, hydrogensted.

n-!-} - g

drop-softening point of '128°:t0"168°°C -
and s maximum P absorptiviE

meters, as determined b’ met.hoa

‘.l !lu(‘.

5L 017 °
liter per gram centimeter at 268 nino--:

titled "Der.erminzuon of Softening
Point (Drop Method)” and “Determi-
nation of Unsaturation of Resin 19717,”

which are incorporated by reference~

Copies are available from the Division

-of Pood and Color Additives, Bureau

of Foods (EFF-330), Food and Drug
Administration, 200 C St..SW., Wash-
ington, DC 20204, or avaﬂable for in-
spection at the Office of the Federal
Register, 1100 L St. NW., Washington,
DC 20408.

(b) The polyolefin film is produced
from olefin polymers complying with
§ 177.1520 of this chapter, and the av-
erage thickness of the film in the form
in which it contacts food does not
exceed 0.002 inch.

(42 FR 14609, Mar. ll.lm as smended at
(‘l’llu“'llllr 19. 1982]

llm -Mineral oil. *

M!nerﬂonmayboalelyusedua
component of nonfood articles intend-

-ed for use in contact with food, subject .

to the provisions of this section:
"(a) White mineral ofl meeting the
ns prescribed in § 172.878
otthhchapmmayheuuduacom-

this chapter. The use of white mineral
in or on food itself, including the
use of w hlum!ncuonulprotectm
mﬂngornlunucnt for food, 1s
subject to the provisions of § 172.878

"of this chapter. -

-{b) Technical white m.lncrn oll iden-

- tfled in paragraph (bX1) of this sec-
uonmybcuudupmvidadlnpm,

s~ (1) Technical white mineral ofl con- -
tend- _sists of specially refined

- nical white mineral ofl mcetl the fol-
lowing specifications: .
(f) Saybolt color 20 mlnhnnm as de-
by ASTM method D158-82,
“Standard Test Method for Saybolt

- 341
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§ 173.3620

Colox; of Petroleum Products (Sayboit f

Chromometer Method),” which is in-
corporated by reference. Copies may
be obtained from the American Socie-
ty for Testing Materials, 1918 Race
St., Philadelphia, PA 19103, or may be
examined at the Office of the Federal
Register, 1100 L St. NW., Washington,
DC 20408.

(i) Ultraviolet absorbance limits as
follows:

Maxirmun

sheory

Wavalengh () contmos

optical

pashiangth

200 w0 200 49
290 © 298 2
300 W 329 3
230 1 380 os

antioxidants shall meet the specified’.
ultraviolet absorbance limits after cor--

rection for any absorbance due to-the
antioxidants. The ultraviolet absor-
bance shall be determined by the pro-
cedure described for application to
mineral ofl under “Specification” on
page 66 of the Journal af the Associa-

" tion of Offictal Agricultural Chemists,

available from the Division of Pood
and Color Additives, Bureau of Foods
(HFPF-330), Food and Drug Adminis-
tration, 200 C St. SW., Washington,
DC 20204, ar available for inspection

at the Office of the Federal

1100- L St. NW., Washington, DC

20408), disregarding the last two sen-
umouhttproudmandmm
ing therefor the following: Determine

membumolthcmlnernonu-'

tract in a 10-millimeter cell in the
rmnmzw-asomﬂ.inclushe.eon-
puedtothcnlvenﬁconml.umcsb
sorbance 0 m exceeds 2.0 at
any point in range 280-350 mg, inclki-
sive, dilute the extract and the solvent
control, respectively, to twice their

volume with dimethyl sulfoxide and
remeasure the absorbance. Multiply
" the remeasured absorbance values by 32
to determine the absorbance of the
. mineral ofl extract per centimeter op~

tical pathlength.

21 CFR Ch. | (4-1-89 Editien)

(2) Technical white mineral oil may
be used wherever mineral oil is permit-
ted for use as a component of nonfocod
articles complying with §§ 175.105,
176.200, 176.210, 177.2260, 177.2600,
and 177.2800 of this chapter and
$4 178.3570 and 178.3910. )

¢3) Technical white mineral oil may
contain any antioxidant permitted in
tood by regulations Issued in accord-
ance with section 409 of the Act, in an
amount not grester than that required
to produce its intended effect. .

(¢) Minersl oil identified in para-
graph. (eX1) of this section may be
used 23 provided in paragraph (cX2) of
this section.

(1) The mineral oil consists of virgin
petroleum distillates refined to meet
the following specifications:

(1) Initial boiling point of 450°F mini-
muym.

(i) Color 5.8 maximum as deter-
mined by ASTM method D1500-82,
~Standard Test Method for ASTM
Color of Petroleum Products (ASTM
Color Scale),” which is incorporated
by reference. The availability of this
incorporation by reference is given in
paragraph (bX1X{) of this section. -

(iit) Ultraviolet absorbance limits as
follows as determined by the analyti-
cal method described in paragraph

(eX3) of this section:

Maxismen

absory

Waveiengh (o) Pl o

opticat

. pathiength
200 » 200 o7
70w 10 os
200 0 390 .04
305 19 400 00

(2) The mineral ofl may be used
wherever mineral oil is permitted for
use as & component of nonfood articles
complying with §§ 175.108 and 176.210
of this chapter and § 173.3910 (for use
only in rolling of metallic foll and
sheet .stock), §§176.200, 177.2260,
177.2600, and 177.2800 of this chapter.

(3) The snalytical method for deter--
mining ultraviolet absorbance limit is
as follows: . ‘

342
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GENERAL INSTRUCTIONS

Because of the sensitivity of the test, the
possibility of errors arising {from contamina-
tion is great. It is of the grestest importance
that all glassware be scrupulously cleaned
to remove all organic matter such as oil
grease, detergent residues, ete. Examine all

. glassware, including stoppers and stopcocks,
under uitraviolet light to detect any residu-
al fluorescent contamination. As s precau-
tionary measure it is recommended practics

with purified isooctane
immediately before use. No grease is to de
used on stopcocks or joints. Great care to
avoid contamination of ofl samples in han-
am:mwmmmotmcxmo-
ous material arising from inadequate pack-
aging is essential. Because some of the po-
lynuclear hydrocarbons sought in this test

are very susceptible to photo-oxidation, the

entire procedurs is o be carried out under
subdued light.

APPARATUS

Separatory funnels. 250-millfliter, 500-mil-
1fliter. 1,000-milliliter, and preferably 2,000-
_milllliter e;:lndt:. :gslppcd with tetrafluor-

glass hooks.
tude. 180 millimeters in

length, inside diamstes to be 15.7

3068 O—89——12

§ 178.3620

strument operating conditions for these ab-
sorbance measuremaents, the spectrophoto-
meter shall also mest the following per-
{ormance requirementss

Absorbancs repeatability, =0.01 at 0.4 ab-
sorbance.

Absorbancs accuracy® +0.08 at 0.4 .

‘ ’ absor

Wavelength accuracy, £1.0 millimicron.

Nitrogen cylinder. Water-pumped or
equivalent purity nitrogen In cylinder
equipped with regulator and valve to control
flowat S paig.

REAGENTS AND MATERIALS
Organic solvenis.  All soivents used

ol



§ 178.3620

centimeter path length cells compared to -

{sooctane as reference. The absorbance of
the solution of the solvent residue (except
for methyl alcohol) shall not exceed 0.01
per centimeter path length between 280 and
400 mu. For methyl alcohol this absorbance
value shall be 0.00.

Isooctane (2,2 4-trimethylpentanel Use
180 milliliters for the test described in the
preceding paragraph. Purify, if necessary,
by passage through a column of activated
silica gel (Grade 12, Davison Chemical Com-

pany., Baltimore, Maryland. or equivalent)’

ahouteomumcurstnlmt\‘.hm."«nw

Benaens, A.C.S. reagent grade. Use 150 mil-
Uliters for the test. Purify, if necessary, by
distillation or otherwise. .

Acelone, A.C.S. reagent grade. Use 200 mil-
liliters for the test. Purify, {f necsssary, by
distillation.

necessary, by )
Dimethil sulfozide. Spectrophotomstrie
grade (Crown

21 CFR Ch. | (4-1-89 Editien)

Sodium boroAydride. 98 percent.

Magnesium oride (Sec Sord 43, Food Ma-
chinery Company, Westvaco Division, dis.
triduted dy chemical supply firms, or equiv-
alent). Placs 100 grams of the magnesium
oxide in 3 large beaker, add 700 milltliters of
distilled water to make & thin siwTy, and
heat on a steam bdath for 30 minutes with
{ntermittent stirring. Stir well Initlally to
insure that all the adsorbent is completely
wetted. Using s Buchner funnel and a fliter
paper (Schleicher & Schuell No. 597, or
equivaient) of suitable diameter, {ilter with
suction. Continue suction until water no
longer drips from the funnel. Transfer the
adsorbent to A glass trough lined with alu-
minum foil (fres {rom rolling oil). Break up
the magnesia with a clean spsatuls and
spread out the adsorbent on the aluminum
foll in a layer about 1 centimeter to 2 cent!-
meters thick. Dry for 2¢ hours at 180° C =1°
C. Pulverizs the magnesia with mortar and
pestle. Sleve the pulverized adsorbent be-
tween 60-150 mesh. Use the magnesia re-
tained on the 180-mesh sieve.

Calils $4S. Johns Mansville Company, dis-
tomaceous earth, or equivalent.

Magnesium oxide-Celils 545 mizture (241}

Place the magnesium oxide (60-

- weight.
180 mesh) and the Celite 545 [n 2 to 1 pro-

the method: 3$ grams
of anhydrous sodium sulfate in s 30-miilili-
tar course, fri funne! or in s &5-

procedure as The ab-
sorbance Per centimeter pathlength follow-
ing extraction stage should not
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0.02 in the wavelength range from 280 mu to
400 mu; the absorbance per centimeter
pathlength following the compiets proce-
dure should not exceed 0.02 in the wave-
lerigth range from 280 mpu to 400 ma. If In
either spectrum the characteristic benzene
peaks in the 2350 mu-260 mu region are
present, remove the benzene by the proce-
dure under “Organic solvents” and record
absorbance again.

Place 300 milliliters of dimethyl sulfoxide
in a l-liter separatory funnel and add 78
milllliters of phosphoric acid. Mix the con-
tents of the funnei and allow to stand for 10
minutes. (The reaction between the sulfox-
ide and the acid is exothermic. Release pres-
sure after mixing. then keep funnel stop-
pered.) Add 150 miililiters of isooctane and
shake to pre-equilibrate the solvents. Draw

off the individual layers and stors in glass-

stoppered {lasks.
Weigh a 20-gram sample of the ol and
transfer to 1 500-milliliter separatory funnel

containing 100 milliliters of pre-equilibrated
sulfoxide-phosphoric scid mixture. Com-

plete the transfer of the sample with small
portions of preequilibrated iscoctane to give
s total volume of the oil and solvent of 75
milliliters. Shake the funnel vigorously for 2
minutes. Set up thres 250-millilitar separs-
tory funnels with each containing 30 millili-
ters of pre-equilibrated isooctans. Aftar sep-

_aration of liquid phases, carefully draw off

-

aquaous separatory
funnel (preferably 3-liter) and repeat

extraction with $0 millfliters of isooctane.
Draw off and discard the aqueous layer.

- §178.3620

through the sodium sulfate. Then wash the
second and first separatory funnels succes-
sively with a 20-milliliter portion of iscoe:’
tane and pass the solvent through the

|

meter layers. After the sddition of esch
layer, level off the top of the adsorbent with

o
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a flat glass rod or metal plunger by pressing
down firmly until the adsorbent is well
packed. Loosen the topmoast {ew millimeters
of each adsorbent layer with the end of a
metal rod before the addition of the next
layer. Continue packing in - this manner
until all the 14 grams of the adsorbent is
added to the tube. Level off the top of the
adsorbent by pressing down firmly with a
flat glass rod or metal plunger to make the
depth of the adsorbent bed approximately
12.5 centimeters in depth. Turn off ‘the
vacuum and remove the suction flask. Pit:

(Caution: Do not allow the liquid level to
recede below the adsorbent level at any
time.) Remove the reservoir and decant the
S.milliliter isooctane concentrate solution
onto the column and with slight pressurs
sgain allow the liquid level to recede to
barely above the adsorbent level. Rapidly

pounds. Collect the eluate in a clean l-liter
separatory funnel. Allow the column to
drain untfl most of the solvent mixture is
removed. Wash the sluats three times with

21 CFR Ch. 1 (4-1-89 Edition)

paratory funnel with two additional 20-mil-
liliter portions of benzene which are also {il-
tered through the sodium sulfate. Add 1
millliter of n-hexadecane and completely
remove the benzene by evaporation under
nitrogen, using the special procedure to
eliminate benzene as previously described
under “Organic solvents.” Quantitatively
transfer the residue with isooctane to a 200-
milliliter volumetric flagsk and adjust to
volume. Determine the absorbance of the
solution in the l-centimeter pathlength

- cells compared to isooctans as reference be:

tween 250 mu-400 mu. Correct for any ab.
sorbance dertved from the reagents as deter-
mined by carrying out the procedure with-
out an ofl sample. If either spectrum shows
the characteristic benzene peaks In the 250

mp-280 mp region, evaporate the solution to

remove benzene by the procedure under
“Organic solvents.” Dissolve the residue,
transfer  quantitatively, and adjust to
volume in isooctane in & 200-milliliter volu-
metric flask. Record the absorbance again.
If the corrected absorbancs does not exceed
the limits proposed in this paragraph. the

off meets the proposed ultraviolet absor.
bance specifications.

(d) Mineral oil identified In para-
graph (dX1) of this section may be

" used as provided In paragraph (dX2) of

this
" (1) The mineral ofl consists of virgin
petroleum distillates refined to meet

»thc following specifications:

(1) Distillation endpoint at 760 milli.’

_ meters pressure not to exceed 371° C,

with a maximum residue not to exceed
2 percent, as determined by ASTM
method D86-82, “Standard Method for
Distillation of Petroleum Products.”
which is Incorporated by reference.
The availability of this fncorporation
by reference is. given In paragraph

(BX1X{1) of this section. )
. (I1) Ultraviolet absorbance limits as
follows as determined by the method

‘described In paragraph (dX3) of this

Mo

_ absord

Wavelong®h pm) conterianer

. oplicat

pathiength

200 0 2% 3
33009 19 1.2
320 » 30 ]
00 » 400 3




Appendix 4. UV Absorbance Test for Food-Use Approved White Mineral Oils
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'GLOCl\tR, ET Al.: REFERENCE FERTULIZER CHECK SAMPLES .

'\ll of the nnalytical methods which were

evaluaied produce results biased above the
tme value. They should be studied and the
canees of the high resuits eliminated.

Rermnexces
(1) Gelirke. €. W.. and Wood, F. L., Applica-
tion of Ion Ezchange lo Flame Spectro-
plmlumclry and Determinalion of Potas-
sinm - in. Fertilizers. Univorsity of Missouri
Research Bulletin No. 633, June, 1957.

59

(2) Perrin, C. H., J. Am. Oil Chemists’ Soc.,
34,400 (1957). )

(3) Perrin, C. H., This Journal, 41, 758 (1958).

(4) Youden. W. J, Industrinl Qualily Control, -

15, 24 (May, 1951).

(5) Youden, W. J., Graphic Emluatxon of
Analytical Results. Procecdings Confer-

ence on Chemieal Control Problems. Spon-.

sored by National Plant Food Institute,
pp. 1-15 (October 15, 1959).

(6) Youden, W. J,, Anal. Chem,, 32, 23A (De-

cember, 1960).

FOOD ADDITIVES

A More Sensluve and Selecuve Ultravmlet Absorpnon Cnterxon

-for Mineral Oil*

~ By EDWARD 0. HAENNI, FRANK L. JOE, Jr, JOHN W. HOWARD, and RUDOLPH

P

L LEIBEL? (Division of Food, Food and Drug Administration, Washington 25, D.C.)

One of the major concerns in the regula-

~tion, of ,food additives under the Food
v %oldxm-es Amendment to the ‘Food, Drug,

and’ (o-tmehc Act is the potential contamina-

_.tioh of food by some camnomw polynu-
© el hyitrocarbone which may be present in

wblifives of petroleum ongm The first food
ablirive petition to require evaluation of this
prblem ‘involved migration of mineral oil
from a packaging material to meat at a level

~ of about 200 ppm. The miveral oil specifica-
ton mgxested by the petitioner was inade-
quate, and_in 1950, Haenni and Hall (1) :
propored a tentative “direct ultnnolﬂ- ab-

sorption criterion. This specification was s

napil. practical test designed to. limit the:

‘Poesibility of .any potentially enmnogemc

he oil. The speuﬁcntm has been adopted
oficially (2) to_coatrol the. quality of oil

permitred under extension of 3 number of

wes of food additives pending issuance of
regulations, or until January 1, 1962

< ¢ Prowented  at the* Suenté -Hith Ammal
Mesting of the Axaorintiva of Heinl A{firul-
maal-{ lu-musbl. Oct. =Nar. 1, 1061, at
ington. 1.0,

f‘l‘c mimrary xtudmk employee,

adequatc for lox m;nnon levels, but. the
test is quite _r_qm.cm'l in excluding from
food additive use many US.P. and NF. cils

..eonhin.ing appreciable quantities of similar
aromatie hydrocarbons that absorb strongly, -

but. are inconsaquential. In 1959, Drueckery,,

Schmal, and Preussman (3) proposed a direct
fluorescence test designed to detect the pres-

. ence of bma(a)pyrm, 3-methyl cholan-

threne, or dibenz(sh)anthracene down to 03

- ppm in mineral oil. Eowever, the fluorescence

test is unsatisfactory for several reasons. Not

only is ‘the claimed sensitivity dependent on - -

the absence of self-quenching or of any fluo-

rescence-quenching substances, but the pres- - '
ence of such substances may render the test-

_entirely invalid. The test is not at all selee- .
polynuelear hvdrocarbom being present in

txve, and although the three ‘aforementioned
carcinogens show relatively strong _fluores-
cence, the fuorescence of other hydroearbons

ofmmshonsnutmpofmmuu,, co
‘spectral charactetistics, and excitation max-

_..."ima. For example, Sawicki, Hauser, and Stan-
The sennnuh' of the Harnm-llall test u .

ley (4) reported activation and fluorescence

; 'maxima "sad thﬂrmtemuauwenuthe g
ultraviolet absorbasices for over forty po(v

: nuclear hydrocarbons meludmg the major. .,

4 camnogcu.‘ Tl.;'c _q.gpvauon maxima ranged

-
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from 257 to 437 mp, the Anoreseence maxima
ranged from 321 to 308 my (with about two-
thirds in the invisible ranee), and the fuores-

cence intensiries varied over a 450-fold range.

The ultraviolet absorptivities of these hydro-
carbons above 260 mp, however, varied by
less than one tenth of the range of the fluo-
rescence intensities.

Although the sensitivity of the Haenni-
Hall test is nut gnite as great as that of the.
fuorescence test, the nltmviolet abeorption
parameter ig nof subject to the vagaries of
fluorescence phenomena. Tt permitted design
of the test to limit to a maximum of 5 ppm
any oi nineteen representative hydrocarbons
(trievelic to pontacyclic) ; seven of these, in-
cluding the three potent ones cited above in
the fiunrcscence test, could be limited to a
maximam of 1 ppm:’ . N

Accordingly, it was our purpos¢ to improve
the sensitivity an, selectivity of the Haenni-

Hall test while retaining its simplicity as far .’

as possible. We consider that such simplieity
tends to improve consumer protection, for a
simple practical test not only encourages the
users of food additives to maintain adequate
quality -control testing, but it also enables
regulatory agencies to give. more thorough

coverage in enforeing such specifications. To.

accomplish our purpose we tought a solvent
for condented polynurlear - hydrocarhons
which might ' preferentially ‘extract these
hydrocarbons from the aliphatic and simpler
aromatic constituents of mineral oils.! A pre-

liminary study of possible ‘solvents showed . -
dimethyl sulfoxide (5) to be'the selvent of -

choice.. Preliminary work aleo indicated that - calculate the equivalent hydrocarbon ‘conicen B ;-'

dilution of the oil before extraction facilitated-
* phase separation and reduced the amount of
‘background material extracted. Dilution with
an equal volume of purified- hexane was
‘found adequate. Under thess ‘conditions it

follows from the principle of distribution .
equilibria of 3 solute betweery.two immiscible..
- solvents that in the abéence of polymeriza- -

changes in the soluts:.
LR W

tion or like associative

B s et C ' i \
C= T

. 2 k3 + -t [ L PPN
-.(K . ;.-Vl)..‘",.,. .o

C* = concentration of solute in extraction

. solvent; - <. ¥ e

JOURXNAL oF THS A0AC. (Vol. 45, No. 1, 1962 fs) 3
- . ) . . 'l-"'.'."';‘{?: ‘.
C,. = concentration of solute in oil; - ~-Lo 5000
K = distribution ratio (concentration in ex-'A3
. .+ *+ traction solvent/concentration in sam-3

" ple solution) i mpady 2

¥, = volume of extraction solvent; :
¥, = volume of sample solution, -~

~ cedure the extract was backwashed with 2'ml;

8
Sy
E
e
s
g‘.
o
5
e
~»
§
i
.0
£
=

.1if we determine ‘A, experimentally :foria;i

. then the sensitivity of
.- carbon involved. - -

...report. Each hydrocarbon ‘was'added at}ai}

g3
s

The ultraviolet absorption test thntyuldx ;
_the maximum sensitivity with a minimum of J
operations i one which attains a maximumy

_ concentration of the constituents sought in'a i

single extraction of the sample. For a maxi-Ml:
mum sensitivity, ¥, should be at a minimum'¥

The minimum practicable volume was con-33%"
sidered to he 3 mi. Preliminary work showed 33{:
that & 23 ml sample of oil should be ample 34’
to yield the sensitivity (0.3 ppm) proposed’3f

by Drueckery, et ol. (3). Asa generalvpré_o '

- washed extract, them: - :
.C0=k‘4' :'-r- d
.. where k is a constant for a given hydrocarigv
:bon which includes its absorptivity and theg
: relevant. dirtribution constants in the extrac-3f.
-tion process. If the absorptivity is based on3
1 mg/L concentration for 1 em' path, thea 3

“oil for any selected limit value of A, Henteyq

tration for any selected Limit value of A7
~This equivalent concentration for. the’ Loty
~valve of 0.10 for 4, adopted inthis_test?3i¥

the test for. the h

sengitivity of the test at a limit valde
_of A, equal to 0.10 has been determined’ firs:
.+ thirty-six polynuclear hydrocarbons*in e ¥

. cordance with.the conditions outlined aboﬁ :

~and by the procedurs at the ex‘xd".o{.}'_t,h%:

. level of 03 ppm to a light grade of mineruli:
«.oil. To demonstrate that the test is applica:

o o X o

. the value of C, is & measure in partsiperik
~.million (mg/L) of that hydrocarbon To- thek



ble to all relevant gra.drs of oil, it was re-
peated in the case of seven hydrocarbons
xith the heavy and extra heavy grades.

. Table 1, Group I, shows the results for all

of the hydrocarbons available to us at this
ume that have been shown conclugively to
produce tumors on testing in animals. The

. 1able also includes (Group 113 values for
some hydrocarbons which have been reported -
; to b carcinngenic on the basis of tosts con-.

adered tn he passibly inconclusive for-one
or more of a number of reasons. No evalua-
tion of the adequacy of the tests indicated
a¢ negative (Group 110 has heen made.
The new .test has bheen applied {Table 2)
10 twenty-two refinced mineral oils, including
the eight available sampies of thirteen used
n development of the Hacnni-Hall  test.
Nearly ail of the US.P. or NF. oils were

.+ purchased on the retail market, and they

represent sixteen different hranda.

: Discussion
(AL least one of the oils (Sample 6) which
tiled the new test contained a substantial

E ~oncentration of BHT as an antioxidant and
“ the othews miay, have contaimed BIIT or other

Jutioxidants at high_enough concentration to-
. B tpeit failure, Tocopheral, the only anti-
"sidant “permittedl (masimum. 10 ppm) in
. USP..or NX.F. bils until the last revisions,
. .loes not enuse interfcrenee in the new test,

« it is not extracted from the sumple solu-

son by dimethyl sulfoxide. However, the.

arrent oifirial drug compendia permit use
of upepecifies] “auitable stabilizers” in mineral
ol without reference to-a limiting coricentra-
tioa. The new test is intended to control
the quality of mineral oil in. food additive
e, Current petitions for such uss do not
include requests for use of, antioxidants in

-sherodl, 90 that their potential interference is
" aet.relevant to the new proposed eriterian

‘The full significunce of the single mini-

_ mem-volume estraction procedure devised

for our purpoee is not obvious. Equation

- {1) was developed to show clearly that this

 technique. vields a naximum concentration
of the polynuciear and hence maximum ab-

- mchance, i.c. sensitivity. It i« an apparent
*. mrndox that this same technique also ex-

_a more than 3-fold inc:
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tracts the minimum proportion of the poly-
nuclear from the sample. However, because
of the relatively enormous concentrations of

‘simpler aromatics that are potentially pres-

ent in oil, this technique still yields the
highest obtainable ratio. of polynuclear to
simpler aromatic in the extract. Referring
to equation (1), it is apparent that C will be

& maximum when(;f‘i'{;') is 3 minimum.
, s .
The masimum reasonable limit for 3 is 1

and its uitimate limiting value = 0. For low
values of X (sinpler aromatics) even at the

limit -‘1-,7 — 0, C cannot exceed a fraction
of C,, but for higher values of K (more
highly condensed polynuclears), C can be a
multiple of C,. For example it may be pre-
dicted with confidence that the K value will
not exceed 2 for the alkyl substituted aroma-
tics (monoeyclic and dieyelic) and for the
hydroaromatics present in a typical refined
white oil (boiling point minimum abont
300° C) at a level of 600 ppm. From equation
(1) it is readily calculated that the concen-
tration of thenuomu:s in «the first di-

Waﬂfondlutnqt (%,‘:-f'sa)wmb.

- not over 500 ppm.-If the ofl also contained

03 parts ppm -of (ah)anthracene
(K ~ 18), the first extract will contain 4
concentration of 0.96 ppm of the carcinogen,
more t! in eoncentration.
Even for 0.3.ppm of 3-methyl cholanthrene
with the relatively low K value of 55, al-
though the first extract will.contain only

“about 35% of the total carcinogen, its con-

centration (032 ppm) will be almost double
that in the oil. and its proportion to the -
simpler aromatics will be double that in the
oil. It would require repetition of the extrac-
tion 7 times to recover 93¢ of-the 3-methyi
cholanthrene, and its proportion to the sim-

. pler aromatics would then beonly slightly -

greater than that in the cil, In addition the

total extract would contsin over two-thirds. -
of the simpler aromatic content of the oil, .

[y

sample. It would accordingly be necessary to-
apply other separation techniques, such as

chromatography, to achieve the sarge order N

of sensitivity provided by the simple new -

teat. It is toue thaﬁ greateryspecificity could

-

LI Y
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e @ achieved, and we are now -exiending
mch teehniques to the identification and de-
termination of specifie polynnelear hydroear-
bons in refined petrolenm waxes and in other
potential food additive materials of petro-
lewm origin.

The new proposed specification-for mineral
oil ix given at the end of this report. The
reazone for atating the limiting aborbnnqe
in the speeification in tenns of a standard
referenee absorbanee have been adequately
diseussed in the earlier paper (13, The
change in wavelength range adopted in the
new test (260 my to 350 mg) ix made pos.
sible by the fact that uneder the conditions of
thiz test the simpler aromaties in the il
giving rise {0 strong alwarhanee hetween 260
aml 20 mu have heen revdueed.to very low
concentrations in the extraet. By extension
of the wavelongth to ax luw as 260 my, the
major maxima of the chry<enes, anthracenes,
awtd some ather eompminls ean be utilized, =0
that it i not nocessury 1o extend the mnge
ahove 330 mye, a= in the Haenni-Tlall tent, to

- attain .the desired sensitivity for these sub.
stances. o

Dr. Philippe Shabik kindly provilded ue

with a preliminary sununary of. hie evalua-

tion of the avuilable Jdata on animal testz of

thase polyevelie aromatic hydmearhons re-
ported 1o imduee tumors, We have usd this

information and other swurees in clawsifying

these arul the ather hydroearbons lncluded
in Table 1. We finel that they eam he classi
fisl as the following structural types (ins
clwling. the alkyl subwtitution prlucis) in
onler of deerrasing number of reprenenta-
“tives: henz(alanthracene (191, cholanthrene

(7), benzo(alpyrene (3), acc-benz(alanthra- -

cones ather than cholanthrene (3), benzo(e)<
phenanthrene (3), eyclopentenohenz(a)an-
. thracene (3), dibenzopyrene (2), aml henzo.
flueranthene (2), plus the single carcinogens,
5,6-dimethylchieysene, dibenz(ah)anthracene,
benzo (gichrysene, cvclopenteno-aceanthrene,
and 1,2,3,8«lihenzofiunrene. Group I, Tablel,

includes at least one member of all except one -

(benzofluoranthene) of the above eight clasees
of more than one number an in addition ine

chilen theve of the five single types, Ganp 1T, -
Table 1, inchules 2 benzoilworanthene, We

wish to emphasize heee that De, Shiabik i in

JOURXAL OF THE A0a.c. (Vol. 45, No. 1, 1960 |

ceonthl gt into a food from such oil would

i

no way committed by our use of his informa-
tion to the classifications in Table 1.
2,7 5,9-Tetrahyvilro-1H-cyciopent (j) acean-
thrylene is the only hydrocarhon in Groupl,
Table 1, for which the sensitivity of the tes!
exceeds 03 ppm. Only 16,17-dihydro-17- 3
methyl-13H-cyelopenta(a) phenanthrene  sig- ¥
nificantly exceeds 0.3 ppm. It should also be s
emphasized that nearly all of the carcinogenis ¥
hyrrocarbons in Table 1 represent synthetic}
rompottmds which have not been identified s}
petrodetmt produets, Neither 2,75 9-tetrahy- &
dro-11I-evelopent (j)-aecanthryvlene nor 16,17 E-
dihydro-17-methyl-13H-exvelopenta (aiphea g
anthrene ha< Been found in petroleam. Aly
of these hydrearbons are presented solely W
illusteate the onler of sensirivity of the pro
poeeil test for o wide representative raopf
of careinogenie hydrocarhon structuees and
relatesl steveture<. It is nor suggested thaf
carcinogenie  hydroearbons have heen ol
portes] in refined white mineral oil, or are bf;
Ine expeetesd in such oil or will be tolerats
in il of fomd adiditive grade. 3
The teandts (Table 2) of the examinaty
of 1wenty-two refinml mineml ails o _
steate the imprroved] sebeenvire of the anf
e~ a3~ compans! with the Haenni-11400 8
Thee mavnm vl of mineral ot jermit
tend as o Jod bditive & 1300 ppm 1f
oil w1 wsenl moets the new specificarun, itig
resomabide to ronchule that the maxi
cuntent of the above hydrocarbons

of the nnler of 1 ppb or less.- Although
questionably eareinogenie 18,17 dibiyvdro-
methyl-151T eyclopentalaiphenanthrene, |
present alone, conld excewd this level, it bek
not been found in petroleum, and thereip ..
only an infinite<imal probabilicy of its preg
ence in the absence of other hydrorarbe
for which the test ix far mnce sensitive.
Summary and Conclusions

An ultraviolet abeormption criterion i
minceral oils has certain advantages as ccad:
parcd to a fluorescenee eriterinn.

A new practical test basel on the ulnfl
violet absorption of a single dimothyl =23
oxitle extract of mincral oil has been shods
10 bhe more renwitive aml more sclective e
ths Haenni-lall roet, 5 .

The oew text limits to a maximum of
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Tahle 2. Comparative results by "aem\i-lln" test and new test
on representative mineral oils )

B
.

.

the quantity of any of a wide range of
< pelyouelear liyiroearbons which could he
1 present in a mincral ol meeting the specifica-

"m Eighteen of twenty-two refined mineral

" alls representing sixtecn brands tested parzed

! the specification. = At least some of those
i failing the test contained interfering anti-
axidants, '
At the. indieated sensitivity (0.3 ppm) of

Haenani-Hall Teat Absorbanee of Ol g.\'n Test \bsorhance of F.atraer
1 nun 10 mam 10 mme ! 10 mun T
Remple Nous 2 ime 295-200 min 300~-400 me ' 21'@-:\:.0 me
I2xtra Heavy Uil
» - v - —— o o— A l -
1 0.16 0.14 0.11 Paw | 0.01 Pasa
2 0.16 0.0v 0.04 " Pam ‘ 0.13 Fail
3 0.09 0.14 0.11 Paes |, 012 Fail
4 0.27 0.19 0.15 Pasen i 0.0 Pass
5 0.21 0.17% 0.14 Pas ¢ 0.UM Pass
G 0.77 1.18 0.93 Faitl | 030 Fail
T ‘ 0.5 0.62 0.30 “ail Poooams Pt
- Heavy Uil ;
-gqan 1 o 0.22 . 0.16 Pams | 0 Pase
9 : 0.03 01v 0.12 Pass -~ . 0.UI Paass
10 S 9§ 0.1 0. Fail 0.04 Pass
1@ | K >3 4 2.3 Fail : LK Paxa
12 0.37 0.62 0.30 Fail = . 0.10 Pass
By 0.2 0.1 0.34 Fail 0.04 Pasa
14 (3 - 0.0 1.79 1.46. Fail 0.0l Paxs
SooB@m i 0.55 0.3 0.44 Fail ; .03 Pass
Light Oit
| ! : . : : -e=
L 16 X TR B1 0.14 Paw | 0.04 Pase
Py 4 012 0 - 0.6 0.13 Pam ; O.01 Pass
¥ 18 0.14 0.13 0.12 Pars- 0.01 Pass
# 1w | o8 0.10 0.08 - Pae | oot Pase
T 2@ | L7 >2.4 >%4 Fat- | o Fail
§~_ Nn (9) .. 0.70 1.16 0.94 . Fail ‘ 0.0t Pase
! ! 0.7 0.28 0.2% Fal  }  0.06. Pass
{'roulpulmt ‘ - n. b 18
1 Total failing | 1 ! , 3
3 )
?:i wmummuhwmmmhmvdlwuam_m
£
o

the test on the oil, the curn=pomling wensi-
tivity on a fond proluet containing the maxi-
mum permitted oil ablitive (1500 ppu)
woukl be of the onder of 1 ppb of any of the
polynuclars tested. 10 use of an vil neilts in
contamination of a food produet with any
carcinogenic hydrocarbon, ach nse i prus
hibited umder the Food Additives Amemd-
ment. -
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SPECIFICATION

Speetrophatometric Measurements

All measirements are made in an ultraviolet
speetrophotameter in optiral cells of 10 mm
length- aiwd in the wavelength mnge of 260-
350 mg. under the mme instrumental condie
tioaw. The standanl refereace ahworbanee i
e alworbanees-al 203 ma of a standand refere
enee solntion of naphihalene (Natimal Burean
of Standanie  Sundanl Material - No, 57 or
euivalent in purity) runtzining 3 eneeatme
tion of 70 me/l. in puriied ieoctane, meas.

unal amainst iso-oetane of the: mme mwetmi

purity in 10 mm evils, (This alworbunce will
he approximately 0.30.)

Solrents .

(a) Normel hezane ~Pure grude, having an
ultraviolet light abeorbance not exreeding 0.10

‘f.lowntoz'.’l)mplh@mmom«m

to 260 mp. The purity shall be such that the
“solvent control” as defined under. Pracedure
shall have an alworbanee curve. compared 1o

waier showing no extrancown imypurity peaks.

aml nu alworbanee exreeding that of dimethyl
ailfoxide comparml lo. water at any wave-
Jength in the mnge 260-350 mx inelusive. If

- nerewery to obtain the proseribed purities the

hesane may be pamed through activated silica

. (B) Dimethyl sulfogide ~Pure grade. clear,
water white, 909% dimethyl sulfoxide. mp.

-

JOURNAL OF THE A.04L. (Vol. 43, No. 1, 152

18>, with an abworbance curve comparrd
water not exrverling 1.0 at 264 mp and showiae
no eximncous impurity peaks in the wave
Tength mnge up to 330 ma. The reagent should
be stored in glass-sioppered bottles, as it »
verr hygroseopic and will react with sonx
metnl containers in the presence of air.

Apparatus

Glassestope-rord sepamtory funncls. 123 mi
mpacity.  ruquipped  with  tetrafluoroethylen
polymer stopeocks or other suitable stopenek.
which will not contaminate the solvents used

Procedure

Transfer 23 mi of the mineral oil and 25 o0
hexane ta a separatory funnel and mix. Al
3.0 mi dinwthyl sulfoxiie and shake the mic
ture vigorowsiy for at lenst 1 minute, Al
1o stanel until the lower layer is clear. Com-
pletely tmnsier the lower layer to a separaton

. funnel, skl '2 ml hexane, and shake the mix’

ture vigorously. Allow to stand until th
lwer lnver is clear. Diaw off the lower lave
designated as “minernl oil extract.” Shake 3
ml dimethyl sulfoxide with 25 ml hexw
vigoronsly for at least 1 minute in 2 eparate
funnel. Albwe to stand until the lower lagr
is rlinr aml draw off this layer, designated

ssalvent éonttol” Delermine the absorbag..
of the mineral oil exteact in a W mm eell &
the moge 260-330 mg. inchwive, compareld .
the rolvent rontrol. The abrotbanve of t-
mineral 0il extmet shall not exevesl that of il
solsont control at- any waveleaxth in &

spevifil rngs hy more than one-third of th

standard referenre abworbance.
.t Rereagxees

(1) Haeani. K. O, and Hall, Marie A. T»
Jourwal, 43, 92 (1960).

(2) Fedeml Register, September 6, 1061
F.R. S04,

(3) Druerkery, H., Schmal, D.. and Preusema:
R.. Arzweimiltel-Froeach. 9, 600 (1959).

(4) Zawicki. E. Hawer. T. R. and Staole
T. W. Interm. Jir Pollution J, 2, 7
{1960). : .

(3) Haenni. ¥.. O. Howanl. J. W, and Jou. |
1. Jr. Thia Journal, 48, 67 (1962).

M\
s



va
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TOXiCOLOGICAL OVERVIEW OF HYPERPHAGOCYTIC GRANULOMA
ASSOCIATED WITH MEDICINAL WHITE OIL AND RELATED MATERIALS

TECHNICAL SUMMARY

In a study by Shell's Sittingbourne Research Centre in which rats
were fed medicinal white oil as part of the diets, inclusion oil
droplets and microgranulomatous changes were found in the liver,
spleen and mesenteric lymph nodes. - These observations prompted
the present review of the available literature on '
microgranulomatous changes especially as related to white mineral
0il and related materials. :

White mineral oil is a highly refined petroleum derivative
consisting of a complex combination of saturated

hydrocarbons, having carbon numbers predominantly in the Cy
through C,, range, obtained from the intensive treatment of
a petroleum fraction with sulfuric acid and oleum, or by
hydrogenation, or by a combination of hydrogenation and acid
treatment. Additional washing and treating steps may be
included in the processing operation. Mineral oils are.of
variable composition depending on the distillation range of
the petroleum fractions used. Mineral oil is also known as
liquid petrolatum. For food purposes, usually liquid
petrolatum or liquid paraffin are. employed which consist
essentially of n-alkanes and some cyclic paraffins. It is
important to note that the chemical composition of mineral
oils differ substantially from that of vegetable oils '
which comprise a mixture of saturated and unsaturated fatty
acids and glycerides. o

. . [ 3
- Petrolatum is a complex combination of hydrocarbons obtained
as a semi-solid from dewaxing paraffinic residual oil. It
consists primarily of saturated crystalline and liquid
hydrocarbons having carbon numbers predominantly greater

thangca.

e ; W is a complex combination of hydrocarbons
obtained from petroleum fractions by solvent
‘crystallization, solvent deoiling or by the sweating
process. It consists predominantly of straight chain
hydrocarbons having carbons numbers predominantly greater
than C,. ' : '



White o0il and liquid petrolatum are widely used throughout the
" world for purposes ranging from cosmetic to medicinal. Mineral
0il hydrocarbons are absorbed from the gastrOLntestlnal tract:;
this absorption appears to be molecular size- and structure-
dependent. Straight-chain compounds are better absorbed than
branched or cyclic structures. Lower molecular weight (MW)
compounds are better absorbed from the gastrointestinal tract
than hlgher MW compounds; extremely high MW compounds such as
those in petroleum waxes do not appear to be absorbed. The
absorbed oil is distributed to the liver, spleen, mesenteric
lymph nodes and lungs. _

Mineral oil induces a state of hyperphagocytosis by the
macrophages of the liver and lungs which can lead to
microgranulomatous changes in these tissues. The hepatic
granulomas are composed primarily of Kupffer cells and/or
macrophages with infiltrating polymorphonuclear and mononuclear
leukocytes. Pulmonary granulomas consist of oil-containing
macrophages, lymphocytes and flbroblasts, together with a slight
amount of collagen: fibers.

Specmes differ greatly in their response to mineral oil; dogs and
rats are sensitive to the accumulation of white o0il while
rabbits, hamsters, mice and gerblls seem more re51stant to these
changes.

. No pathological lesions were found in rats fed several types of
waxes for two years.

Case studies of individuals'u51ng Oor misusing mineral oil reveal
' a pattern of structural and functional cellular changes in the
liver, lungs, spleen and mesenteric lymph nodes. Accumulation of
mineral oil hydrocarbons in human liver, spleen and. lymph nodes
under conditions of prolonged and/or excessive exposures, has
been well documented although it has not been regarded as
harmful.

Hepatic granulomatous reactxons have been evoked under a variety
of experimental conditions: some involve reactions to metallic

and other compounds, others involve occlusion of the hepatlc vein.

and yet others ‘relate to- famlllar pathogens._
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TOXICOLOGICAL OVERVIEW OF HYPERPHAGOCYTIC GRANULOMA
ASSOCIATED WITH MEDICINAL WHITE OIL AND RELATED MATERIALS

SECTION I: THE PROCESS OF GRANULOMAGENESIS

Granulomagenesis appears to be a commonly encountered biolegical
process. = According to Guckian and Perry (1966), up to 10% of
liver biopsy specimens in general hospitals reveal granulomatous
lesions, and according to Fauci and Wolff (1976), 13-36% of liver
granulomas are of unknown etiology. ‘ :

The term "granuloma" as used in the scientific literature

is ambiguous at best. However, the key histologic pattern is one
of a focal aggregation of macrophages commonly containing
phagocytized particulates. Granulomatous reactions may be
classified as hyperphagocytic granulomas and immunogenic
granulomas, and the precise histological changes seen are the
‘result of two distinct biological processes (Boros and Warren,
1974 and Adams, 1976). ,

Hyperphagocytic granuloma: Results from a hyperphagocytic:
response to immunologically inert particulates (eg. plastic
beads or bentonite particles). Admixed with the phagocytes
in this type of granuloma are usually lymphocytes and less
‘often, plasma cells and giant cells. Fibrosis is generally
minimal. According to Boros (1978), the mechanisms involved
in this type of granuloma are: 1-Minimal cell

recruitment; 2-Slow proliferative activity; 3-High
proportion of long-lived macrophages whicdh contain the
ingested material. This type of granuloma is the one
observed in studies.conducted for Shell International
Petroleum, in which medicinal white mineral oils were

fed as part of the diet to rats, and in which oil ’
droplets and tissue changes described as granulomatous -
inflammation were found in the liver, spleen and

mesenteric lymph nodes. .

- Immunogenic granuloma: Results when the histologic pattern
of the hyperphagocytic granuloma is compounded by a

- parallel T-cell dependent inflammatory response.
Admixed with the phagocytes in this type of granuloma
are lymphocytes, macrophages, eosinophils- and
occasionally epithelioid cells. Fibrosis here may be
significant. According to Boros (1978), the mechanisms
involved. in this type of granuloma are: l-Recruitment
of fresh bone marrow supplied, blood-borne cells; 2-
Cell proliferation within the granuloma; 3~Longevity of
some inflammatory cells. S



The phenomena described as "granulomagenesis" has been have been
successfully induced by several agents and treatments.
Hyperphagocvytic type experimental granulomas have been induced by
such mechanisms as hepatic vein ligation and administration of
diets containing high levels of edible fats (including vegetable
and animal fats) to laboratory animals. Immunogenic type
granulomas have been induced by such mechanisms as injection of
Streptococcal cell wall fragments, injection of glucan (a ‘
component of yeast cell wall), injection of Schistosome eggs or
by total parenteral nutrition therapy in animals. No granuloma
formation was found in animals fed diets containing petroleum-
derived waxes, presumably because the hydrocarbons present in
waxes are too large to be absorbed through the gastrointestinal
wall. -




47 SECTION II: GRANULOMA AND WHITE MINERAL OIL
Stryker (1941) provides a good overview of the history of the use
of mineral oil and related materials. According to his review,
the first internal use of refined petrolatum probably dates to
1872, when Robert A. Chesebrough of New York was granted a patent
for the manufacture of "a new and useful product from petroleum,
named vaseline". While various authors (Randolph 1885;
Hutchinson 1899; Robinson 1900) published occasional reports
advocating the use of liquid petrolatum, the use of mineral oil
as a laxative was popularized chiefly through the widely read
recommendations of Sir W. Arbuthnot Lane (1913), chief surgeon of
Guy's Hospital. In 1914, the Council on Pharmacy and Chemistry
of the American Medical Association considered liquid petrolatum
and suggested standards for the various types of the oil.

White mineral 0il, also known as liquid petrolatum, is a mixture
of saturated hydrocarbons of the general formula CHypepe Mineral
oils vary in composition depending on the boiling point of the
petroleum fractions used. For food purposes, usually liquid
petrolatum or liquid paraffin are employed, which consist
essentially of n-alkanes and some cyclic paraffins. They are
chemically inert; especially regarding the straight-chain
alkanes. S - '

It is important to note that the chemical composition of mineral
oils differ substantially from that of vegetable oils. Rather
than simple alkanes and cycloalkanes, vegetable (corn, coconut,
olive, peanut) oils and fats are composed mostly of glycerides of
the following fatty acids: linoleic, oleic, palmitic and stearic.

THE SHELL SITTINGBOURNE. STUDIES

‘REPORT SBER.87.010. 'HITﬁ OILS: A 90 DAY PEEDING»STUDY IN RATS.
SHELL RESEARCH, LIHIT!D,=SITTINGBOURNE RESBARCH CENTRE, 1987.

Male and female F-344 rats were administered diets containing
0.5, 1.0 and 2.0% hydrotreated or 0.5, 1.0 and 2.0% oleum-treated
white oil for 90 days. Both white oils samples were derived from
the same naphthenic crude. The oleum-treated 0il, having a
viscosity of 26.0 mm?/S at 40 ° C was purchased from Buchanan
 0ils, Renfrew, Scotland. The hydrotreated oil is a proprietary
product. of Deutsche Shell Aktiengesellschafté produce% in
Hamburg, Germany, had a viscosity of 69.2 mm/S at 40 * C -
substantially heavier than the oleum-treated oil tested at
Sittingbourne. There were no deaths and no signs of clinical
toxicity. Necropsy revealed 0il deposits in the liver, spleen
and mesenteric lymph nodes (more marked in females than males)
and granulomatous inflammation in the liver and mesenteric lymph
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nodes. 1In all cases the oleum-treated o0il fed animals were more
affected than the hydrotreated animals. No treatment related
histopathological changes were found in any other tlssues of
ocleum-treated or hydrotreated 0il fed animals.

A hypochromic microcytic anemia was observed in the females,
being more pronounced with the ocleum-treated oil fed animals.
Rats of both sexes fed 2.0% hydrotreated or oleum-treated oil
showed an increased white cell count and absolute number of

'polymorphlc neutrophils. The white cell effects were more marked

in the females than the males and more marked in the oleum-
treated than in the hydrotreated oil. Accelerated hematopOLetlc
activity was recorded in the bone marrow of a few females in the
2.0% oleum~-treated groups.

0il deposits were found in the liver and mesenteric lymph nodes,
being more pronounced in the females than in the males (500%
difference) and more marked with the oleum-treated than with the
hydrotreated oil (50% difference). Ljver, spleen and kidney
weights were increased by exposure to the oil, the females being
more affected than the males and the oleum-treated oil fed
animals being more affected than the hydrotreated oil fed :
animals. Females fed oleum-treated oil were:affected at all dose
levels, females fed hydrotreated oil were affected at 1.0 and
2.0% levels only.

Both-oils gave rise to moderate to severe granulomatous '
inflammation associated with lipid droplets at all dose levels in
the male and female mesenteric lymph nodes and female livers.
Splenic lesions were increased in all. oleum-treated oil fed
groups and in the 0.5% and 2.0% hydrotreated groups.

REPORT SBER.87.011. WHITE OILS: A REPEAT 90 DAY FEEDING STUDY IN
FEMALE RATS. SHELL RESEARCH, LIMITED, SITTINGBOURNE RESEARCH
CENTRE, 1987. TR - ,

Female F-344 rats were administered diets containing 0.001%,
0.01%, 0.05%, 0.5%, 1.0% or 2.0% hydrotreated white oil or
0.001%, 0.01%, 0.05%, 0.5%, 1.0% or 2.0% oleum-~treated oil for 90-
days. An additional group of females was fed a diet containing
0.05% andé1.0% of each oil for 25 days. Both 0ils samples were
the same a# those used in the previous. study. There were no
deaths and no clinical signs of toxicity. Liver and spleen
weights were increased by exposure to the oil for 90 days, the
oleum-treated oil fed animals being more affected than the
hydrotreated oil animals. Liver and mesenteric lymph nodes
showed granulomatous changes at 1.0%, and 2.0%, and at 0.5%,
1.0%, and 2.0%, respectively. There were no significant
histolocgical changes after 25 days feeding with either oil.
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Livers, after 90 days of treatment, showed centrilobular -
granulomata and Kupffer cell hypertrophy in both the 0.05% groups

and sublobular parenchynecrosis and occasional fibrosis in the
1.0%, or 2.0% oleum-treated oil fed groups.

Mesenteric lymph nodes showed granulomatous macrocytic syncytia
(a multinucleated protoplasmic mass found by the secondary union
of originally separate cells) in many of the groups fed oleum-
treated and hydrotreated oil for 90 days. The effect was dose-
related and was more marked in the oleum-treated oil groups than
in the hydrotreated oil groups. :

On the basis of the hepatic granulomata, the mesenteric nodal
granulomatous lesions and the liver and spleen weights, the NOEL
for the hydrotreated oil was reported to be 0.05% and 0.001% for
the oleum-treated oil as tested at Sittingbourne.

ABSORPTION AND TISSUE DISTRIBUTIONIOF’MINERAL OIL

i Mineral oil is absorbed in small
quantities from the intestines. Once absorbed,
circulating mineral oil micelles are removed by
phagocytic cells, particularly in the liver, spleen,
lymph nodes and in severe cases, lung. Higher :
molecular weight (MWw) hydrocarbons, such as those found
in petroleum waxes, do not appear to be absorbed from
the intestinal tract. Granuloma formation has been
found in animals fed diets high in digestible fats
(including vegetable and/or animal fats) (Herting and
Harris, 1959). '

Stryker (1941) provides an' excellent summary of the early
studies on the absorption of mineral oil follewing oral
ingestion. These studies were of two main types: the first
consisted of feeding liquid petrolatum. to the subjects and then
determining how much of the material could be recovered from the
feces or from the lymphatics. The second method involved the
examination of various tissues for hydrocarbon content following
oral administration of liquid petrolatum. According to Stryker,
results from the first method were generally interpreted to
indicate that liquid petrolatum was not absorbed from the
gastrointestinal tract, and results of the second, that some
absorption probably did occur. - S

According to Stryker, in studies of the second type, rabbits,
rats and guinea pigs were fed a diet containing varying amounts
of liquid petrolatum for a period' of thirteen, nineteen and
fifteen months respectively. 0il absorption was demonstrable in
the three species tested, but with some interesting differences.
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In the rabbit, there were vacuolated cells in the lamina propria,
jejunum and colon; glant cells and intracellular and
extracellular vacuocles in the mesenteric lymph nodes. The rabbit
‘liver contained numerous vacuolated cells scattered throughout
the lobules, but most abundantly in the periportal areas. 1In the
rat, there were no changes observed in the intestines. The
mesenterlc lymph nodes showed lymphatic follicles and medullary
cords containing large numbers of vacuolated cells; no giant
cells were s€en. The rat liver triads and adjacent areas
contained large numbers of vacuolated cells and extracellular
vacuoles. 1In the rat spleen, scattered collections of vacuolated
cells were seen and no extracellular vacuoles were noted. In the
guinea pigs, no changes were observed in the intestines and the
mesenteric lymph nodes showed an occasional vacuclated cell and
extracellular vacuoles: in the medullary and peripheral follicles.
The guinea pig liver showed a few vacuolated cells near. the i
triads. In the species used by Stryker (rabbit, rat and guinea
pig), the ease of demonstration of absorption of mineral oil and
the quantity present in the tissues were related to the length of
time this material was fed. These data suggest a species
difference in the absorptlon of mineral oil. Stryker used the
presence of giant cells in tissues of animals fed mineral oil as
his basis for stating that this material caused a "foreign body"
reaction.

In a study by Daniels et al., (1953), rats were maintained for 15
months in diets supplemented with 10% liquid paraffin. While the
_ liver contained 0.4% dry weight liquld paraffln, liver function
was not affected. -

0il droplets have been seen in the spleens, livers and abdominal
‘lymph nodes of people known or believed to. have lngested large
quantities of mineral oil (Boinott and Margolis 1966a, 1966b and
1970) . Mass spectrometry data suggest that these hydrocarbons
are derived from mineral o0il. In the spleen, focal collections
of oil droplets were found near the periphery of the splenic
follicles and adjacent to the trabeculae and blood vessels.
‘Hepatic lesions were largely limited to the portal triads and
showed limited evidence of scarring (Yocum et al., 1986; Kulonen
and Potila, 1980, Wahl et al., 1986b). In cases showing
extensive alterations of the hepatic architecture, similar
clusters of: vacuoles in macrophages (lipid granulomas) were
present within the hepatic parenchyma. There was a clear
correlation between the extent of histologic change and the
saturated hydrocarbon content of the. tissues examlned.

Absorption of saturated hydrocarbons is partly dependent on

the type of saturated hydrocarbons administered. For example, n-
alkanes were apparently more readily absorbed than the complex
mixtures of branched and cyclic alkane which constitute mineral
0il as cited by Boinott and Margolis, 1970, Savary and -
Constantin, 1967 and Kolattukudy et al., 1966.

9
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ng\igzubik et al. (1962) reported no pathological finding

’ attributable to the feeding of any of five test waxes, at a level
of 10% in the diet to male and female Sprague-Dawley rats for two.
years. No differences between groups fed different waxes were
noted. No pathologic findings attributable to the treatment were
observed suggesting that the high molecular weight hydrocarbons
present in petroleum waxes are not significantly absorbed through
the gastrointestinal tract. , '

It should be noted that the granuloma formation is not a process
uniquely associated with petroleum<derived oils.. Herting and .
Harris (1959) have reported granuloma formation in rats fed diets
containing 30-50% saturated fatty acids (fed as palmitic acid,
stearic acid, ethyl stearate, hydrogenated lard, or as
monoglycerides or acetylated monoglycerides made from
hydrogenated lard). This effect was not seen in control groups
fed triacetin (an acetate formed from glycerol and acetic acid
used chiefly as a plasticizer and solvent) during the 48-week
test period. Complete reversal of the granuloma with no evidence
of permanent damage to adipose tissue, was brought about by
replacing the above diets with corn oil. : C

METABOLISM OF MINERAL OIL -

SECTION SUMMARY: The metabolism of saturated
hydrocdarbons by mammals has been demonstrated in
several species. According to Stetten, (1942),
McCarthy, (1964), Kolattukudy and Hankin, (1966),
Nickolaides, (1966) and Mitchell and Hibscher, (1967),
n-alkanes, including octadecanes (CigHsg) and - :
hexadecanes (C,H, ), are rapidly metabolized to fatty
acids. of the same carbon chain length, suggesting a -
metabolic pathway via omega oxidation (ie, oxidation of
the terminal carbon atom). _

McCarthy (1964) provided a window of observation into the. process
of metabolism of octadecane and hexadecane in the goat, rat and
.chicken. Apparently.the same type of general metabolic reaction
occurs in these species leading to the formation of fatty acids
of the same carbon chain length as the hydrocarbon administered.

" This is consistent with the results of Stetten (1942), who
described the metabolism of deuterated n-hexadecane to deuterated
palmitic ‘acid. - Rats and monkeys administered mineral oil with a
radiocactive n-hexadecane tracer were observed to ‘incorporate the
tracer into naturally occurring fatty acids (Bollinger, 1970).
Both authors conclude that straight chain hydrocarbons, whether
components of mineral oil or other complex mixtures, -are
absorbed, transported or mobilized from the site of injection and
metabolized by a number of animal tissues. No data were
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identified on the metabolic disposition of cycloalkane
(naphthenic) hydrocarbons. _

-Laving White lLeghorn chickens were administered [l-“C]-n-

octadecane orally. Analysis of the oils in eggs
demonstrated that, of the radicactive labels isoclated
in fatty acids, 71% was contained. in 18-carbon chain
fatty acids (McCarthy, 1964).

[1-“C]-n-0ctadecane was added to the contents of a goat
rumen and perfused via a heart-lung apparatus for 50
minutes. The blood perfusate showed a substantial
amount of radiocactive material in the form of fatty
acids and not in that of the added hydrocarbons.
Analysis of the rumen contents showed the free fatty
acids present to be non-radiocactive, thus ruling out
any conversion by rumen microbes. The absence of
radloact1v1ty in blood hydrocarbons suggest that the
conversion to fatty acids occurred within the rumen
tissue during absorption (McCarthy, 1964).

Goats were administered [1-“C]-n-octadecané intravenously .
and blood samples takeh 1, 3, and 5 hours later. Over ‘
time, (no data given) there was a decrease in the
radioactive content of the non-saponifiable fraction of
blood lipids accompanied by a corresponding increase in
the radiocactivity in the fatty acid fraction. The
presence of labeled hydrocarbons in the liver
demonstrates the uptake of hydrocarbons by liver tissue
before conversion to fatty acids.. Results from two
such analyses are presented in Table I. The
preponderance of the label in the 18-carbon chain fatty
acids strongly suggest direct conversion of octadecane
to fatty acids by the oxidation of the terminal carbon
of the hydrocarbon. chain. The symmetrical nature of
the octadecane molecule eliminates consideration of
types of oxidation other than omega oxidation. It was
impossible to tell if the radioactive label in the 16-
carbon fatty acid resulted from direct conversion of
octadecane to palmitic acid or from the metabolism of
the 18-carbon fatty acid, however, the latter
possibility seems most 11kely (McCarthy, 1964).
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TABLE I

Distribution of '“C in Fatty Acids of goat liver

phoapholipids following intravenous injection of
[1-"C] Octadecane (50ucC). :

Percent of '‘c activity

Cdmponent _
Acid=* Trial I Trial II
Up to ¢, 2.3 3.5 ’
Cis - 9.3 10.2
C14=C1a 3.7 3.5
. © T 84.6 83.0

*Recovefed by trapping~from‘a phosphorié acid'treated
adipate gas chromatography column (McCarthy, 1964).

Mature Wistar ;gtg;yere administered both [l-“C]-n--

octadecane arid [1-1C]-n—hexadecane orally, sacrificed
6 hours later and their livers removed and lipids

- extracted. The high prevalence of fatty acids of both

18- and 1l6-carbons chains in the liver demonstrate that
the rat is capable of converting saturated hydrocarbons -
to fatty acids and that both 18- and l6é~carbon
straight-chain hydrocarbons were metabolized. The
presence of radioactive non-saponifiable fraction of
liver oil droplets is a strong indication that at least

' a portion of the hydrocarbons were absorbed unaltered

from the gut and removed from the blood by the liver.
Results of studies with liver homogenates of both the
goat and rat indicate that hexadecane is more. rapidly
metabolized than octadecane, as seen in Table II
(McCarthy, 1964). ’ :
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TABLE II

Distribution of '“c in Fatty Acids of rat liver oil
droplets following the oral administration of '“c-
labeled aliphatic hydrocarbons.

Percent of '°C Activity

Component [I-“C] [I-“C]
Acid Hexadecane Octadecane
Administered Administered

Up to cle 5.5 0.3
c'é . 69.1 8.3
clé-c® 0.6 1.3

0.1

c'® 24.1 9

Rats were administered deuterated n-hexadecane in the diet
‘until 200 grams had been.consumed. The animals were
then sacrificed. Data obtained from alkaline
hydrolysis of the liver, feces and gastrointestinal
tract seem to suggest that hexadecane was well absorbed
from the gastro intestinal tract of rats. Also, high
deuterium concentrations were noted in the fatty acids
.of the carcass (body less the liver and the gastro
intestinal tract), indicating a catabolic degradation

. via an oxidative process in which hexadecane was .
converted to palmitic acid.(Stetten, 1942).

Female white rats and female sguirrel monkeys were -,
administered 0.1 ml and 0.3 ml respectively of a 1-'“c-
n-hexadecane-labeled emulsion made with mineral oil and
mannide monooleate by subcutaneous. or intramuscular
routes. After dosing, the animals were sacrificed on
days 1-, 2- or 7 and after 1, 2, 3, and 10 months.
Mineral oil was slowly removed from the site of
-injection. In monkeys, 96-98% of the radioactivity was
still present after one week, while in rats, this
amount ranged from 85-90% one week post-dosing. Both
groups retained 65-75%, 50-60% and 25-30% of the
radioactivity at the site of injection, after one,

- three and ten months respectively. Virtually all (95-
99%) of the activity remaining at the site of injection
in monkeys after three and ten months was present in
the hydrocarbon fraction, while 3-4% of the activity
found in the site of injection in the rats had been
‘incorporated into triglycerides with 91-93% still
associated with the hydrocarbon fraction. Twenty four
hours post-dosing, all organs contained radiocactivity,
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the liver having the highest activity. A substantial
portion of the radiocactivity in the liver (30%), fat
(42%), kidney (74%), spleen (81%), and ovary (90%) was
un-metabolized. The remaining radiocactivity was ;
- located in various lipid classes, indicating hexadecane
was undergoing metabolism (Bollinger, 1870). :

EXCRETION OF MINERAL OIL

SECTION SUMMARY: When white mineral oil is
administered orally, most passes through the
gastrointestinal tract and is recovered in the feces.
When it is administered intraperitoneally,
gastrointestinal excretion of the oil occurs. slowly.

Sprague-Dawley rats were administered non-labeled mineral oil
orally at a dose of 0.66 ml.kg for 31 consecutive days, on the
thirty-second day of treatment, the animals were administered .
0.66 ml/kg of >H-mineral oil orally and sacrificed 5, 24, and 48
hours post-dosing. Five hours post-dosing, 80% of the °H-mineral
oil remained in the gastrointestinal tract, 24 hours post-dosing,
4.5% of the dose of the tritiated ocil was present in the -
gastrointestinal tract, and 48 hours post dosing, only 0.7% of
the dose was present in the gastrointestinal tract (Ebert,
Schleiffer and Hess, 1966). '

Sprague-Dawley rats were administered non-labeled mineral oil
intraperitoneally at a dose of 0.66 ml/kg for 31 consecutive
days, on the thirty-second day of treatment, the animals were
administered 0.66 ml/kg,of‘3H-mineral intraperitoneally and
sacrificed 24 hours post dosing.. Only 11% of the °H-mineral oil
was recovered in the feces 8 days post dosing. Therefore, the
major portion of the dose remained. in the. animal at this time, by
this route (Ebert, Schleiffer and Hess, 1966). ' :

TISSUE EFFECT AND SPECIES DIFFERENCE WiT!.RBSPECT TO INHALED
MINERAL OIL AEROSOLS: :

SECTION SUMMARY: = The biological response to inhaled-
mineral oil mists appears to be highly species :

. specific. Clearance of inhaled mineral oil droplets by
pulmonary macrophages appear to be more effective in
dogs and rats than in rabbits, mice, hamsters and
gerbils. A '
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Six species of animals (dog, rat, rabbit, hamster mice, gerbil)
were exposed to mineral oil mists by inhalation for periods
ranging from one year to 26 months at concentrations of either 5
or 100 mg/Ms. Histologic evaluation of tissues of the 100 mg/M>
exposed dogs and rats presented a significant pulmonary alveolar
and hilar lymph node oil deposition and/or granuloma formation
after 12 months of dosing. Mice, hamsters, gerbils and rabbits
showed essentially no major pathologic response to the oil mist,
(Wagner, Wright and Stokinger, 1964 and Stula and Kwon, 1978).

‘Dogs showed foamy macrophage in the parenchymal air
spaces, oil droplets and periluminar foci of varying-
sized coalesced oil droplets with adjacent non-nuclear
cells. Within hylar lymph nodes, there were scattered
coalesced 0il droplets at the 5 mg/M? dose. At the
higher dose, there was similar response but with a much
greater evidence of parenchymal granulomas, consisting
of lymphocytes and macrophages and containing small and
large oil droplets (Wagner, Wright and Stokinger, 1964
and Stula and Kwon, 1978).. . :

Ratg revealed a progressive reaction to the inhaled oil
as primarily that of increasing numbers of lipid-filled
macrophages. Clear vacuoles were quite prominent in
the cytoplasm. The number and clustering of these _
macrophages in the air spaces was observed to increase
as the length of exposure to the oil iricreased.
Compared to dogs, the most striking differences in the
phagocytic response were the prominent presence of the
macrophages and their oil-containing cytoplasm in rats
as opposed to the almost complete absence of :
macrophages in dogs, and the oil droplets lying free in
the parenchymal air spaces and hylar lymph node tissue.
This phenomenon is believed to be due in part to a
species difference in inflammatory cell response.
Pulmonary tissue alteration were of significance only
in the rats exposed to the 100 1'nq/M»3 0il concentration.
(Wagner, Wright and Stokinhger,. 1964 and Stula and Kwon,
1978). ‘

In rabbits scattered foamy macrophages containing small
Clear vacuoles:were observed within the pulmonary
alveolar spaces (Wagner, Wright and Stokinger, 1964 and
Stula and Kwon, 1978). : _ : '

Hamsters, after 15 months of treatment, showed
ess§§tially no major pathologic changes even at 100 .
mg/ (Wagner, Wright and Stokinger, 1964 and Stula and
Kwon, 1978). : : _

15




Mice showed essentially no major pathologic response to
12 months of o0il mist inhalation at either 5 or 100
mg/Mg«concentration aside from the presence of random
scattering of single or small clumps of macrophages.

No inflammatory reaction accompanied these cells.
Lymphatic tissue-adjacent to the bronchi contained some
lipid-bearing macrophages (Wagner, Wright and
Stokinger, 1964 and Stula and Kwon, 1978).

In gerbils exposed to either 5 or 100 mg/M® of oil mist for
up to one year, no oil mist lesions were found, except

for a few oil-containing macrophages in the bronchial
lumen (Stula and Kwen, 1978).

'SECTION III: HUMAN EXPBRIENCB

HUMAN CASE STUDIES OF MINERAL OIL AND ITS EFFECTS

SECTION SUMMARY: The reviewed literature on human

- contact with medicinal white oil includes numerous case
reports of individuals who ingested this material for.
unusually long periods of time and/or in amounts that -
exceed standard medical practice. Under such
conditions, high levels of oil can accumulate in the
liver, spleen, lymph nodes and may result in a degree
of dysfunction in those particular organs. Use of
mineral oil as a laxative was not found to be '
causative, contributory or incidental to
‘gastrointestinal cancer in humans.

Accumulation of mineral oil hydrocarbons in human liver, spleen
and lymph nodes under conditions of prolonged and/or excessive
exposures, has been well documented (Boinott and Margolis, 1966a,
b, 1970;:Liber and Rose, 1967) although it has not been regarded
as harmful (Boinott and Margolis, 1966b). .Blewitt et al.,
(1977) , described hepatic damage associated with mineral oil
droplets in a’ 33-year old male who was instructed to swallow one
tablespoon of: liquid paraffin.as a laxative once a day. It is
~not clear that he followed the dosing regimen correctly. The
patient's liver specimen revealed edema of the connective tissue,
scattered groups of cystic spaces and portal triads showing
increased fibrous tissue. Changes observed in the lungs  included
. extensive lesions attributable to oil deposition including the
typical histiocytic and giant cell granulomatous responses of an
active lipid pneumonia. : o '
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Carrillon et al., (1988) cite the case of a 61 year-old woman
with chronic pneumonia showing extensive, bilateral consolidation
of the mid and lower lung fields upon chest X-ray coinciding with
a history of daily use of paraffin oil as a laxative.

Ferguson and Miller (1988) present the case of a 36 year-old
female patient showing bilateral alveolar infiltrates
predominantly in the upper lobes of the lungs who was  ingesting
mineral oil while hospitalized for peripheral edema.
Histological examination revealed severe lipoid pneumonitis,
bronchiolitis and patchy interstitial fibrosis. Transbronchial
biopsy specimens showed macrophage vacuolization.

Berg and Burford (1950) mention the case of a. 51 year-old white
male patient complaining of dyspnea for one year's duration,
productive cough for -six months and frequent lower respiratory
infections for many years; the patient showed no hemoptyses. The
patient had used mineral oil at night as a laxative for as long
as he could remember. Bronchoscopic findings consisted of ‘
diffuse infiltration of in the right main-stem bronchus. The
lesion showed huge cysts in the right upper lobe and the
posterior basal segment of the right lower lobe and masses with:
"ill-defined, yellowish-gray mottled oily surfaces, Microscopic
examination revealed a typical paraffinoma. The regional lympht
nodes contained macrophages filled with mineral oil.

Boyd and Doll. (1954) found a correlation between the use of
mineral oil as a laxative and cancer of the large intestine.
Test on animals administered mineral oil have proved negative for
carcinogenicity. Authors could not ascertain whether the use of
mineral oil for purgative purposes was causative, contributory or
incidental to gastrointestinal cancer. :

Higginson (1966) reported no differences in dietary patterns and
personal .habits between gastric cancer patients and controls
matched by age, race and sex. In a retrospective study to
identify possible etiological factors in gastric carcinoma,

- Higginson found that although gastric cancer patients showed a

. dietary pattern indicating a slightly increased use of animal .
fats, cooked fats, fried foods and a decreased use of ‘dairy
products,- the differences between the studied group and controls
were not significant. There was a more frequent history of
constipation and use of laxatives by the cancer patient  group,
however, the validity of this data is doubtful since many
patients took several types of laxatives and were uncertain as to
the identity of some laxatives. The results of Boyd and Doll
(1954) were not. confirmed by Higginson (1966).
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EXECUTIVE SUMMARY

Liquid mineral hydrocarbons produced from petroleum constitute an
important class of direct and indirect (or incidental) food additives.
These materials include highly refined distillates (white mineral oils)
as well as technical mineral hydrocarbon products produced synthetically
or from atmospheric petroleum distillates. :

Recently the U.K. Ministry of Agriculture, Fisheries and Food
(MAFF) announced its intention to ban the use of mineral hydrocarbons in
direct and indirect food uses. MAFF cited apparently insufficient data
on the potential carcinogenic, mutagenic, developmental and reproductive
effects of mineral hydrocarbons as a basis for the proposed ban. MAFF
also cited the toxicity findings in two unpublished 90-day toxicity
studies conducted by Shell in which white mineral oils were administered
to rats at dietary concentrations from 10 ppm to 20,000 ppm (w/w). Two
white mineral oils produced from naphthenic crude 0ils were studied: a
low viscosity, oleum-treated oil and a high viscosity oil produced - by
hydrogenation. Accumulation of mineral 01l was observed with evidence

of adverse effects to the liver, spleen, kidneys and lymph nodes. The.

oleum-treated oil appeared to elicit the more severe effects and
included some 1iver cell necrosis. Based on these studies, it was
concluded that the no observable effect level (NOEL) for the oleum-
treated and hydrogenated oils were 10 and 500 ppm, or 0.6 and 29 mg
o0il/kg body weight/day (mg/kg/d), respectively. - However, as noted
below, a significant amount of additional data (published and

unpublished) which was not cited by the Ministry attests to the overallr

safety of liquid mineral hydrocarbons’.

Subchronic dietary and oral gavage 90-day toxicity studies have

also been conducted by Exxon on four additional white mineral oils and
a technical grade mineral oil. Four of these oils were paraffinic (one
oleum-treated oil and three hydrogenated o0ils) and were evaluated in
rats and dogs at dietary concentrations of 300 and 1500 ppm (w/w). No
toxicity was observed with any oil, and none of the oils appeared to
accumulate in the tissues of esither species. Thus, the NOEL exceeded
1500 ppm in feed or consumption rates of approximately 125 mg/kg/day in
rats and 52 mg/kg/day in dogs. A fifth oil (medicinal grade) was an
oleum-treated naphthenic product which was given to rats by oral gavage
at a dose of 4350 mg/kg, five days per week, for 90 days. No toxicity
was observed; thus, the NOEL exceeded 4350 mg/kg/day. ,

White mineral oils and petrolatums have been tested in lifetime
dietary feeding studies in rats. These studies also failed to establish
any chronic toxicity or carcinogenic effects. The approximate NOELs
-exceeded 1200-6000 mg/kg/day in these studies.

! No consideration is given here to solid"nincral hydrocarbons (i.e., waxes).
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Numerous studies indicate that white mineral oils from either
paraffinic or naphthenic crude sources are not carcinogenic. These
include studies conducted by the dermal and inhalation routes of
exposure as well as the dietary feeding studies discussed above.
Further studies indicate that white mineral oils are neither mutagenic
nor developmental or reproductive toxicants.

The toxicity of technical mineral hydrocarbons has also been
characterized. The technical mineral hydrocarbons discussed in this
report are made by different processes than the white mineral oils and
are typically of lower average molecular weight, lower final boiling
point, lower viscosity, and higher velatility. A1l studies of
technical mineral hydrocarbons were by inhalation because this was
considered to be the most relevant route of industrial human exposure. -
The specific studies included subchronic (i.e.; 90 day) inhalation,
teratology; and dominant lethal studies as well as acute toxicity
tests. C :

None of the three tested technical mineral hydrocarbons produced
evidence of acute health hazards. There was no evidence of cumulative
toxicity in rats exposed to vapor concentrations of up to 900-1180 ppam,
6 hours/day, 5 days/week for 12 weeks, with the exception of effects on
the kidneys. However, this specific renal effect, also known as light
hydrocarbon nephropathy (LHN), is a phenomenon which occurs only in

"male rats and is not considered to be a toxic endpoint which represents

a human health concern. Of particular note was the absence of
pathologic evidence of mineral hydrocarbon accumulation or specific
organ toxicity. Additionally, there was no evidence of developmental
toxicity in rats exposed to vapor concentrations of up to 1200 ppm, 6
hours/day from days 6-15 of gestation. Finally, there was no evidence
of testicular toxicity or genetic toxtcity in dominant lethal studies
which utilized the same exposure levels. The lack of effect in the
dominant lethal study also indicates that these products are not male
reproductive toxicants. Corroborative findings. can be found in the
published literature. : ' : )

In humans, prolonged and repeated exposures to white mineral oils
has been presumed to result in their accumulation in certain tissues,
such. as- the liver, spleen and mesenteric lymph nodes. However, no
toxic responses or disease states appear to result from the presence of
this. ai¥. In laboratory animals, it has long been known that white

mineral. oils absorbed from the gastrointestinal tract can be

distributed to the liver, spleen and mesenteric lymph nodes. As with
humans, until now there were no indications from animal studies that
the occurrence of oil in these tissues causad any toxic effects.

The data which has been available to Exxon has indicated that
saturated mineral hydrocarbons, regardless of boiling range, are
relatively non-toxic and safe for the permitted use in food
applications. The Shell studies are not consistent with this
conclusion, at least for white mineral oils. There are no. clear
explanations for the toxicity differences observed in the two sets of

- subchronic feeding studies with white mineral oils. One possible

explanation may be that these oils contain different hydrocarbon
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distributions which resulted in different patterns of absorption,
distribution, metabolism and resulting toxicity. However, a wide
spectrum of products have been evaluated without observations of
toxicity. Alternatively, the Shell 0il(s) may have contained
undesirable contaminants. Finally, protocol differences may have
contributed to the differential toxicity observed in the two sets of
dat:. Elucidation of these potential variables would require further
study. .

In summary, a large body of evidence indicates that white mineral
0ils and technical mineral hydrocarbons have a very low order of
toxicity and present minimal human health concerns. The data reviewed

by MAFF in its decision to ban minera) hydrocarbons from food use were

incomplete sinca a large number of studies on these mineral
hydrocarbons were not readily available or in the published Titerature.
The additional data reviewed in this report represent past and current
commercial products produced for use as direct and/or indirect (or

incidental) food uses. These products included vacuum and atmospheric

distillates, naphthenic and paraffinic crude sources, and represented
4 wide range of processing conditions including oleum-treatment and
hydragenation to form "white mineral hydrocarbons®, and technical grade
mineral hydrocarbons and solvents. Although there are many unanswered
questions raised by differences in the subchronic feeding studies,
overall the data indicate a low potential for acute and chronic
toxicity of mineral hydrocarbons used in accordance with current
regulations. S : :

/
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INTRODUCTION

This document has been prepared as a comprehensive review of
experimental toxicological data and human heaith observations which are
associated with ingestion of 1iquid mineral hydrocarbons. The
information included in this paper was initially submitted to the U.XK.

Ministry’s of Agriculture, Fisheries and Food (MAFF) who proposed an

amendment to the Mineral Hydrocarbons in Food Regulations 1966 (SI NO
1073) to generally ban the use of mineral hydrocarbons in food. The

Minister’s decision was based upon advice from the Food Advisory.

Committee (FAC) and the Committee on the Toxicity of Chemicals in Food,
Consumer Products and the Environment (COT) that all mineral
hydrocarbons should no longer be considered suitable for use in food.

The liquid mineral hydrocarbons! covered by the UK ban are mainly
white mineral oils but also include food grade solvents. They are
defined in the UK Mineral Hydrocarbons in Food Regulations 1966. They
constitute an important class of direct and indirect (or incidental)
food additives but are also used in other health related applications

such as in cosmatics or in pharmaceuticals. A second class: of

hydrocarbon products called technical mineral hydrocarbons can be
indirectly affected by the proposed UK ban. This class of products,
which is defined by relevant regulations such as the US FDA, includes
technical solvents and technical white oils. These products are
approved for food applications when incidental contact with food is
possible or for processing of certain food packaging materials.

Several factors were cited in the MAFF recommendation to ban the use
of mineral hydrocarbons in foods. These included insufficient data
regarding the long term toxicity, mutagenicity, carcinogenicity,
teratogenicity and reproductive toxicity of materials currently used in
food applications, particularly for oils refined by hydrogenation. In
addition, recent animal studies conducted by Shell Research Limited,
London, provided evidence of target organ toxicity following subchronic
exposure via dietary feeding of certain white mineral oils. The target
organs identified -in these animal studies were also sites of
accumulation in humans of what is presumed to be mineral hydrocarbons.
Finally, MAFF communicated the likelihood that tentative Acceptable
Daily Intakes (ADIs) for mineral hydrocarbons, if based on the Shell
stud;:fﬁ :ould be far less than probable daily intakes of mineral oils
in the U.K.

A significant amount of toxicologic data, both published and
unpublished, is available for 1iquid mineral hydrocarbons which was not

See Appendix A for descriptions of refining, processing and product
specification. See the Glossary for definitions of terms used in this
report. This terminology refers to both technical mineral hydrocarbons
and white mineral oils. No consideration is given in this document to
solid mineral hydrocarbons (waxes).

=
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II.

acknowledged in the reviews by FAC, COT and MAFF. These additional data
are the primary focus of this critical review. The bulk of the
presented data concerns white mineral 0ils which are the primary liquid
mineral hydrocarbons affected by the proposed UK ban. Additional data
on technical mineral solvents are also considered because those products
are used in applications with indirect or incidental food contact and
also because they give complementary information on lower molecular
weight hydrocarbon products. When relevant, toxicological information
is also provided for solvent extracted or acid treated distillates. On
the other hand, no consideration has been given to solid mineral
hydrocarbons (i.e., waxes). Some of this additional data may be
beneficial to regulatory or scientific bodies .in further evaluation of
mineral hydrocarbon use in food applications. .

This document begins = with an overview of some general
considerations of the toxicology of mineral hydrocarbons. Results of
numerous experimental studies conducted in laboratory animals are then
presented. These specifically include studies on the long-tarm.
toxicity, carcinogenicity, genetic toxicity, developmental toxicity and
reproductive toxicity of mineral hydrocarbons. Limited data on the .
absorption, distribution and metabolism of wmineral hydrocarbons,
available from experiments in laboratory animals, are also presented.
Following is a review of the available data on the absorption,
accumulation and toxicity of mineral-hydrocarbons in humans. Finally,
the entire set of data is compared and contrasted in an attempt to
provide a balanced perspective on its significance to human health.
Appendix A contains descriptions of the procassing and specifications of
the classes of 1iquid mineral hydrocarbons with food applications. A

~ glossary of terms is also attached.

HYDROCARBONS |

Liquid mineral hydrocarbons can be produced from either naphthenic
or paraffinic crude oils. As detailed in Appendix A, liquid mineral
hydrocarbons can  be produced from crude oil by either atmospheric
distillation (1.e., less than about 370°C under  normal atmospheric
pressure) or by further distillation under reduced pressure (vacuum
distillation) of the residuum from the atmospheric pipestill. These raw

- distilTates are then further refined by a variety of _processaes,
‘including treatment with hydrogen or acid. These processes saturate
" double bonds and remove impurities such as sulfur, nitrogen and oxygen.

Certain technical grade 1iquid mineral hydrocarbons are synthesized from
petroleum gases, but are chemically similar to their distillate-derived
counterparts. Specifically, they contain the same types of molecules
(1.e., paraffins, isoparaffins and naphthenic products). :

Irrespective of crude source, distillation range or refining
process, liquid mineral hydrocarbons do not present an acute toxicity
hazard. Distillation range has been demonstrated to be an important
variable with respect to carcinogenic potential to skin. However, this

- toxicological activity can be minimized or eliminated by extensive
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refining. Raw vacuum distillates (i.e., lubricating oil feedstocks)
produced from both naphthenic and paraffinic crude oils contain
potentially cancer-causing polycyclic aromatic hydrocarbons (PAH) .
These molecules occur naturally in crude oils and are found
predominantly in those refinery streams produced by vacuum distillation.
From these streams the condensed ring aromatic constituents are
removed, usually by solvent-extraction, to produce high quality
lubricating oils. To produce white mineral oils, the solvent-extracted
0ils are refined further by hydrogenation or oleum-treatment. These
processes (described in Appendix A) remove all unsaturated compounds,
aromatic compounds, and other constituents that can influence color,
odor, taste, and the acceptability of the product as pharmaceutical or
food grade material. Thus, the highly refined lubricating oils (white
mineral oils) contain negligible levels of PAH (controlled in the ppb
range) which explains their lack of carcinogenic potential. A large
number of experiments have conclusively demonstrated that highly refined
oils, including white mineral oils and solvent-extracted lubricating
oils, do not pose a carcinogenic hazard. These data have been reviewed

~ in two publications (Bingham et al., 19795 IARC, 1984).

As well, relatively few PAH are found in atmospheric disti11ates.‘

Similar to vacuum distillates, tachnical mineral hydrocarbons intended
for indirect (or incidental) food uses and derived from atmospheric
distillates are not acutely toxic. Certain low boiling materials may
present an acute aspiration hazard if ingested directly. However, this
is not critical in food applications because of low residues. For those
technical mineral hydrocarbon products that do contain aromatic species,
the concentrations of known toxicologically active species, such as
benzene or polycyclic aromatic molecules, are extremely low. The

remaining molecules have not been associated with any specific

toxicological endpoint with respect to man.

Until recent time, it was believed that all highly refined white
mineral oils were not hazardous to humans. However, the recent studies
conducted by Shell Research Limited (1987a,b) suggest that long-term
exposure to certain white mineral oitls can result in toxicity to the

- liver, spleen, mesenteric lymph nodes and kidneys. Because these Shell

lll L]

data contributed to the MAFF decision to ban mineral hydrocarbons from
use in food, they are reviewed first.

1. Sg?chronic Feeding Studies In Rodents-Naphthenic White Mineral
0ils . o : v

Two 90-day rat feeding studies conducted by Shell Research
Limited (1987a,b) were reviewed by MAFF for its current decision.
Both studies were conducted to compare the toxicologic properties
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of white mineral oils produced by different processes. These
oils were a hydrogenated white oil (Shel7l Ondina 0i1 68) and an
oleum-treated white oil (Liquid Paraffin WOM 24, supplied by
Buchanan Qils). The studies were not intended to be used to
assess the overall safety of white mineral oils in food. As
summarized in Table I, these oils were derived from naphthenic
crude oils. The hydrogenated 011 (alternatively described by
Shell as triple hydrotreated or hydroprocessed) met British
Pharmacopoeia and U.S. FDA (21 CFR 178.3620(A)) standards.

- Indication as to whether the oleum-treated oili met these

standards was not provided in the laboratory reports. The two
studies were conducted in sequence, i.e., a comprehensive initial
study was followed by an abbreviated repeat study in female rats

only. :

In the initial study (Shell Research Limited, 1987a), the
white ofls were administered at dietary concentrations of 0,

5000, 10,000 and 20,000 ppm for 90 days to male and female

Fischer 344 rats (10 rats/sex/dose Tevel, 20 rats/sex/control
group). Based on food consumption measurements, these dietary
levels were calculated to represent average daily intakes of
white ail of approximately 0, 340, 638 and 1381 mg oil/kg body

. weight/day (mg/kg/d) in males, and 0, 386, 784 and 1605 mg/kg/d

in females. These dietary concentrations produced no mortality,

no effect on body weight or food consumption and no clinical

signs of toxicity. At study termination, effects were observed

-in the mesenteric lymph nodes, liver, kidneys and spleen. In
general, the most severely affected animals were female rats fed

the oleum-treated oil (Liquid Paraffin WOM 24). These female
rats exhibited increased liver, spleen and kidney weights at all
dose levels. Similar effects were noted in male rats fed oleum-
treated oil only at the two highest dose levels. In male and
female rats treated with the hydrogenated oil (Ondina 011 68),
increased weights of these organs were observed only at the two

highest dose levels (10,000 and 20,000 ppm) .. Foci of

granulomatous lesions were found in the mesenteric lymph nodes

-~ and livers of both sexes. Again, the more severe effects were

observed in female rats fed the oleum-treated oil. These foci

~contained vacuoles which stained positive with Sudan IV and

negative with osmium tetroxide. Since Sudan IV is a

- histochemical stain for saturated lipids and osmium tetroxide is
. a'stain for unsaturated l1ipids, thése results were interpreted to

indicate that the vacuoles contained saturated lipids which were
_prtsulcq to be mineral hydrocarbons.

Analyses were conducted for mineral oil in the liver and
mesenteric lymph nodes from rats fed 20,000 ppm of either oil
relative to control animals. The method of analysis was
developed by Shell and had a detection limit of 0.2 mg of white
0il per gram of tissue. No mineral hydrocarbons were detected in
control animals, but rats fed 20,000 ppm of either oil contained
the hydrocarbons in both tissues. Concentrations in female rats



were approximately 3- to 5-fold greater- than corresponding
concentrations in male rats. Also, mineral oil concentrations in
rats fed oleum-treated oil were approximately 25-55% greater than
in rats fed the hydrogenated oil. These findings appear to be
consistent with the pattern of severity of pathological findings.

Hematology and clinical chemistry evaluations identified
several small but statistically significant effects in female
rats fed oleum-treated oil. ‘These included a very nmild
hypochromic microcytic anemia, white blood cell counts elevated
up to 2-times over control values (but not dose related), less

- than 2-fold increases in serum enzymes which are commonly

associated with release from damaged liver cells (aspartate

‘aminotransferase [AST] and alanine aminotransferase [ALT]), and
. mild effects on triglycerides and searum proteins. Individually,

these effects would be considered of limited significance.
However, collectively, they might be 1ntorpreted as suggestive of
low grade liver damage.

Microscopic examinations revealed "foci of moderate to
severe sub-acute parenchymal necrosis”, diffuse parenchymal

" hypertrophy and an increased mitotic rate in several female rats

fed 10,000 and 20,000 ppm oleum-treated oil. Together with the
hematological and clinical chemistry findings, these results are
indicative of low grade liver damage with a resultant inflam-
matory response. Splenic changes were also reparted in both
sexes after treatment with either oil. Effects were seen at all
dose levels of the oleum-treated oil, but only at the 5000 and
20,000 ppm concentrations of hydrogenated oil. [n males, these
included  "patchy capsular adhesions and subcapsular
inflammation”. Females were found generally with splenic
congestion, erythropoiesis and myelopoiesis in the red pulp.

Capsular lesions were also found in feaalc rats fed 20,000 ppm
oleun~tr¢atod oil

In light . of the findinqs of granulomatous/inflammatory
rlactions in thc.initial study, Shell conducted a repeat study
in an attempt to determine a no observed effect level

‘.L§HOEL)(Shcll Research Limited, 1987b). This repeat study was
Timited to female rats, histopathological evaluations of the
- 1iver and mesenteric lymph nodes and organ weight measurements of
~ Tiver and spleen. Thus, the most sensitive indicators of

toxicity, as determined in the initial study, were selected for
further evaluation.

In the r'piat study, the white oils were administered

-to female Fischer 344 rats (10/dose level and 20/control group)

at dietary concentrations of 0, 10, 100, 500, 5000, 10,000 and
20,000 ppm for 90 days. Based on food consumption measurements,
these dietary levels were calculated to represent an average
daily intake of white o0il of approxinately 0 0.6, 5.7, 29, 285,

580 and 1150 ng/kg/d.
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: Many of the findings of the repeat study confirmed Shell’s
earlier work. In rats treated with the oleum-treated o0il, liver
and spleen weights were increased at dietary concentrations
greater than or equal to () 5000 ppm. Liver granulomata were
observed at > 5000 ppm and sublobular parenchymal necrosis of
the liver was observed at 10,000 and 20,000 ppm. An increased
severity (compared to control) of granulomatous macrophage
syncytia were noted in the mesenteric lymph nodes at > 100 ppm.
Thus, it was concluded that the NOEL for the oleum-treated oil
was 10 ppm or 0.6 mg/kg/d. S

In rats fed the hydrogenated oil, the NOEL was determined
to be. 500 ppm-or 29 mg/kg/d. Organ weights were increased at 2>
10,000 ppm, liver granulomata occurred at > 5000 ppm, and -
granulomatous macrophage syncytia in the mesenteric lymph nodes
were noted only at concentrations of 5000 ppm or more. -

No hematological or clinical chemistry evaluations were

" conducted in the repeat study. The biochemical and hematological

effects observed in. the initial study were generally of low
magnitude and not consistently dose responsive.

Su?chronic Feeding Study. In Rodents-Paraffinic Hhito.l1noral"
0ils ' -

Exxon conducted*aAsubchronic (90-diy) feeding study in Long-
Evans rats on four white oils; one test oi) was an oleum-treatad
01l and the remainder were refined by hydrogenation (Biodynamics,

- 19773).  This unpublished study was not cited by MAFF in its

decision. All four white oils were derived from paraffinic crude
0ils, as summarized in Table 1. The oleum-treated oil was a low
viscosity medicinal grade white oil (MARCOL 72). The comparabie
Tow viscosity white o1l prepared by hydrogenation was MARCOL 82.
Also included in this study were two higher viscosity paraffinic
oils prepared by hydrogenation; EZL 550 was a medicinal grade ot}
whereas the EIL 600 sample was an experimental blend which may
not have met all international specifications for medicinal oils,

-and was considered a technical mineral hydrocarbon product.

The-white 0ils were fed to male and female rats (20/sex/dose

'”livol and 40/sex/control group) at dietary levels of 0, 300 and

1500 ppm (w/w) for 90 days (Biodynamics, 1977a). Based on food
consumption measurements, these dietary levels were calculated to
represent averige daily intakes of white oil of 0, 21 and 108
mg/kg/d in males, and 0, 25 and 125 mg/kg/d in females. These
dose levels are similar to dose levels which produced evidence of
subtle effects in the second Shell study.  These values are
composite averages  for the four white oil test materials.
Evaluations for toxicity included hematological, clinical
chemistry and pathological parameters. Selected tissues were .
stained with 0i1 Red 0, another lipid stain, to identify any
mineral oil deposition. o ‘ : .
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In rats, "evaluations of mortality, physical observations,
ophthalmology, food consumption, clinical chemistry, urinalysis
and organ weights and ratios did not reveal any differences from
control [untreated] considered to be of toxicological
significance.” A significantly increased WBC count was observed

in two experimental groups: female rats fed 300 ppm of MARCOL 72

and female rats fed 1500 ppm of the medicinal-grade white oil
EZL 55e. However, these findings were not judged to be
biologically important in the absence of corroborative findings.
There also was “no evidence of macroscopic or microscopic tissue
changes considered related to administration” of any of the four
test oils. Specifically, there were no microscopic anomalies
observed in the 1iver, spleen, kidneys, or mesenteric l1ymph nodes
which were considered of any importancs. In addition, no
significant 1ipid deposition in 1liver, kidneys, spleen,
mesenteric lymph nodes, stomach, duodenum, ileum, or colon was

=
!

S~—

detected by 0il Red O staining. Thus, for each of the tasted

white oils, the NOEL in rats based on this 90 day study would
exceed 1500 ppm or 108 to 125 mg/kg/d. ' y

Subchronic Feeding -Study In Nonrodents-Paraffinic White

The same four paraffinic white oils discussed in the
preceding. section were also administered to beagle dogs
(4/sex/dose level and contral group) for 90 days (Biodynamics,
1977b). This unpublished data also does not appear to have been
reviewed by MAFF. The dietary concentrations were 0, 300 and
1500 ppm (w/w). Based upon food consumption measurements, these
dietary levels were calculated to represent average daily intakes
of 0, 10 and S0 mg/kg/d in males and 0, 10 and 52 mg/kg/d for
females. Again, these values are composite averages for the four
white o1l test materials. :

Findings in this study included decreased relative tastes
weights in dogs fed 300 and 1500 ppm of MARCOL 72, 1500 ppm EZL
600 and 1500 ppm MARCOL 82. In addition, relative ovary weights
were decreased after feeding with 1500 ppm MARCOL 72, and 300
and 1500 ppm of MARCOL 82; and relative liver weights were

ff were no significant histopathological (or macroscopic) findings
" in these, or any other tissues, these alterations in relative

organ weight were considered biologically unimportant.
Hematological, clinical - chemistry, food consumption and
urinalysis results were unremarkable. The white oils did not
appear to interfere with the absorption of either vitamin A or D,.

Microscopic examinations -of liver, spleen, mesenteric lymph:

nodes, kidney, stomach, duodenum, ileum and colon with 0il Red
0 stain revealed no accumulations of white oil in any group. An
increased incidence or frequency of observations of emesis, soft
feces and mucoid or mucohemorrhagic fecal discharges were not
Judged to be -toxicolegically significant. Thus, for each of
these white oils, the NOEL in dogs based on this 90-day study
would exceed 1500 ppm or 50-52 mg/kg/d.
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:??chronié Gavage Studies In Rodents-Naphthenic White Mineral

' Exxon has also conducted two 90-day oral gavage toxicity
studies on PRIMOL 185, an oleum-treated naphthenic medicinal
white 01l (McKee et al., 1987; Exxon Biomedical Sciences, Inc,
1984; 1985a). Neither of these published studies appears to have

~ been reviewed by MAFF. The specifications for this oil are shown

in Table 1. Both studies were conducted in Sprague-Dawley rats

- (18/sex) at a dose volume of 5.0 ml/kg. This is equivalent to a

dose of 4350 mg/kg/d. The total oil intake in the Exxon gavage
studies was similar to the total o1l intake at the high feed
levels of the Shell study (Table 2).. In contrast to the Shell
studies, no indications of any toxicity were observed in these .
Exxon studies. Specifically, there were no findings indicative of
toxicity to the liver, spleen, kidneys or mesenteric lymph nodes.
There were no changes in absolute or relative organ weights and
no gross nor microscopic abnormalities.. Table 3 compares
selected hematological, clinical and pathelogical indices of
toxicity for these organ systems to data from the same laboratory
for untreated or water-treated control female rats. {These data
were salected for presentation due to their sensitivity to the

- effects of white 0ils, as reported by Shell.) The data in Table

3 demonstrates that similar values were obtained for white oil or
water (or untreated). Thus, there was no evidence of toxicity
due to tho white mineral oil. ,

It is concluded that the NOEL for this white oil in rats,
based on these 30-day studies, would exceed 4350 mg/kg/d.

S Two.significant:protocnl features of the Exxon gavage studies

deserve comment. First, it. is likely that the absorption of
white oil following a bolus dose would differ somewhat from
equivalent intake via the feed. However, thers are no data to
quantify any such difference, i.e., for comparison to the Shell
feeding studies. The Exxonm oral gavage studies successfully
demonstrated that ingestion of large amounts of white oil for 13

- waeks does not necessarily lead to adverse effects. Second,

. following 13 weeks of oral gavage, a2 two week non-dasing period
-. preceded study termination and necropsy. Thus, it is conceivable
- that any minor pathological changes that may have occurred during

the study resoived prior to necropsy.

Subchronic Inhalation Studies in Rodents-Technical Nineral
Hydrocarbons = - : .

Ekxon has cdnducted sdbchronic inhalation studies on three
representative’ technical mineral hydrocarbon products which
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1n§1udo an isoparaffinic hydrocarbon boiling between 98-106'C; an
isoparaffinic hydrocarbon boiling  between 157-176°C, and
dearomatized white spirit boiling between 153-187°C (Biodynamics

- 1977¢, 1977d, 1977e, 1977f, 1978a). The inhalation route of

exposure was salected because these technical mineral
hydrocarbons are relatively volatile and, therefore, inhalation
was considered to be a more probable route of potential human
exposure. Groups of male and female Sprague-Dawley rats were
exposed for 6 hours/day, 5 days/week for 12 weeks to 385 or 1180
ppm of isoparaffinic hydrocarbons (boiling point 98-106°C), to
314 or 992 ppm of isoparaffinic hydrocarbon (boiling point 157-
176°C), or to 300 or 900 ppm of dearomatized white spirit
(boiling point 153-187°C). , : :

A1l of -the animals survived each exposure period. Body
weights were either not different from control or any

- fluctyations were judged to be biologically insignificant. All

of the clinical and hematological values fell within the normal
biotogical ranges. Liver weights and liver to body weight ratios
were significantly elevatad at several interim sacrifices but
were not significantly elevated at the final sacrifice.
Additionally, thers was no microscopic evidence of liver damage.
Kidney weights were significantly elevated only in male rats,
and microscopic examination indicated multifocal renal tubular
injury as discussed below (Phillips and Egan, 1984a, 1984b;
Phillips and Cockrell, 1984). '

A large body of information has revealed that the kidney
toxicity, now referred to as Tight hydrocarbon nephropathy, is
associated with the presence of a low molecular weight protein
(alpha-2s-globulin) in male rats. The specific pathology
(hyaline droplet formation leading to proximal convoluted tubular
cell degeneration and necreosis) appears to result from
inefficiencies in the catabolism of this molecule in male rat
kidney. However, there is no evidence of similar injury in

~ female rats, mice, or other species (Alden, et al., 1984). Thus,

it is believed that 1light hydrocarbon nephropathy is a

i sex/species-specific response without clinical significance in

man (Kloss and Bus, 1985). Other than this specific effect,
there was no evidence that any of the three technical mineral
hydrocarbons produced any significant cumulative toxicity.

Chronic Toxicity/Carcinogenicity Dietary Studies In Rodents-
Mineral Hydrocarbons '

Three published chronic feeding studies have been conducted
on liquid, semi-liquid or solid mineral hydrocarbons. Schmahl
and Reiter (1953) fed 30 rats 2% white mineral oil in the diet
for 500 days (or apparently until spontaneous death). Assuming

that an adult rat consumes 60 grams of food per kilogram of

bodyweight per day, this would represent an average daily intake
of approximately 1200 mg/kg/d. One rat developed a tumor on the
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bifurcation of the uterus after 890 days. This tumor was not
considered ta have been treatment related. Otherwise, there
were 1no ‘apparent differences between treated and control
animals. ' C ‘

The results of a two year feeding study were reported by
Shubik et al. (1962). Groups of approximately 50 male and 50
female rats were fed either of five petroleum waxes (which
differed in UV absorptivity at 290 nm) at a dietary
concentration of 10%. Using the assumption listed above, this
would correspond to an average daily consumption of 6000
mg/kg/d. Survival, body weight changes and all pathologic
findings were similar in test and control groups. Thus, there
were no toxicologic or pathologic findings attributable to
treatment. . - : . ' .

_A more comprehensive 2 year feeding study was reported in
1965 (Oser et al., 1965). Although this was 'a study of
petrolatums, it is relevant to this discussion because food
grade petrolatums are composed of >50% white mineral oil. - In
this study, rats (50/sex/group) were fed diets containing 5% of
one of three grades of petrolatum which met either U.S.
Pharmacopeia (USP) XVI or National Formulary (NF) XI criteria.
This feed concentration corresponds to an approximate average
daily intake of 3000 mg/kg/d. Experimental parameters included
body weights, hematology, blood glucose, bload urea nitrogen,
urinalysis, organ weights and extensive histopathology. No
significant differences were reported between treatment and
control groups for any of the parameters investigated. Survival
and body weight gain were similar in test and control animals.
There were no striking differences in hematological or clinical
chemistry measurements. There was suggestive evidence of an.
elevated WBC count in petrolatum-fed female rats. However, the
significance of these data are unclear because no statistical

~ analyses (and no fiducial limits) were reported, and the WBC

values in the contral females exhibited an unexplained decline

with age. The autopsy findings were comparable in all groups.

and the few histologic observations appeared to be related to

- the geriatric state of the rats rather than to the dietary
- treatments. Thus, there was no evidence that chronic ingestion

of mineral hydrocarbons produced either chronic toxicity or
cancer in rats. ' : :

Summary - LongQTcr-'Toxieity of Liquid Nineral Hydrocarbons

The weight of the evidence indicates that Tiquid mineral
hydrocarbons with the proper refining, regardless _of
distillation range, are without potential for long term
toxicity. 'Published and unpublished subchronic and chronic
toxicity studies of. 1iquid mineral hydrocarbons, conducted by
feeding, oral gavage or inhalation routes of exposure, have been
mostly without any substantive toxic effect. The only studies
available to date which have resulted in findings of concarn
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were the two unpublished subchronic feeding studies conducted by
Shell. These apparent inconsistencies in the data are not fully
understood and point to the possible need for further studies.
However, these apparent inconsistencies in the data also
indicate that the Shell studies should not form the sole basis
for human health assessment or new regulatory action.

8. Carcinogenic Potential Of Liquid Mineral Hvdrocarbons
1. Dermal Carcinogenicity Iioaisay;-ﬂhito Mineral 0ils

The carcinogenicity of crude oil fractions and refined
petroleum distillates has been studied for over 60 years. Much
of this work was conducted in mice via the dermal route of
exposure. Early studies demonstrated that unrefined distillates,
which had been associated with skin cancer in man (Leitch,
1924), contained PAH and were capable of inducing skin tumors in
mice as well as men (Twort and Fulton, 1929; Twort and Twort,
1931; Twort and Twort, 1933; Twort and Lyth, 1939; Cook, 1958).
Studies commissioned by Standard 011 of New Jersey, a

- predecassor of Exxon, conclusively demonstrated that unrefined
vacuum distillates were carcinogenic and that the carcinogenic
‘activity was associated with the aromatic fractions of these
distillates. . Further, the paraffinic fraction remaining after
removal of the aromatics (i.e., the raffinates) were inactive in
?32:?1 carcinogenesis bioassays (Smith et al., 1951; Sunderland,

Studies with medicinal white oils indicate that these
materials are not carcinogenic. Within Exxon, a medicinal white
011 (brand name PRIMOL 185) has been used routinely as a
negative control material and vehicle in many  dermal
carcinogenicity studies. Since 1975, only one mouse of 1140
mice (less than 0.1%) treated with PRIMOL 185 has developed a
tumor, and it was a benign papilioma. A1l 1140 mice from these
studies were examined grossly and microscopically for skin tumor

- induction (published in part in McKee et al., 1986; McKee and
. Lewls, 1986; Biles et al., 1988; McKee ot al., 1989a; McKee et
al., 1989b). This result is consistent with the evidence that
' spontaneous skin tumors are rare in the C3H mouse (Squire et
‘al., 1978). There was no evidence that the white oil reduced
the 1ife span of the mice. Finally, approximataly 450 of the
white o1l treated nmice were subjected to extensive
histopathological evaluation. The only visceral tumors which
were relatively common were hepatocellular carcinomas (published
in part in McKee ot al., 1986; Biles at al., 1988), a tumor type
with high spontaneous incidence in this mouse strain (Squire et
al., 1978). Thus these data {indicated that repeated dermal
treatment with medicinal white o011 did not induce cancer of the
skin or visceral organs and also did not cause chronic toxicity.

Nulnrous‘ktudics on solvcnt~extractid,lubricant base oils
also indicate that whita mineral oils (which are derived from
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the base oils by further refining) are noncarcinogenic (Doak et
al., 1983; Gradiski et al., 1983; Halder et al., 1984; Kane et
al., 1984). In 1984, the International Agency for Research on
Cancer (IARC, 1984) concluded, "There is no evidence that
severely solvent-refined oils [class 3] are carcinogenic to
experimental animals”. These published data are further
supported by other unpublished studies of solvent-extracted
lubricant base oils (Exxon Corporation, unpublished data). The
tested samples represented a broad range of crude oils,
extraction solvents and extraction severities. Some of the
samples were also hydrogen treated. More than 2000 (2250).

lubricant base oil treatad mice have been examined. The data

(summarized in Table 4) indicate that solvent-extracted base
0ils are not dermal carcinogens. The one sample which produced
a response considered clearly indicative of carcinogenic
potential (i.e., 4/40), was only mildly solvent extracted and -
not representative of commercial production. Otherwise, the
data indicate that high-quality lubricating oils derived from a
variety of paraffinic and naphthenic crude oils are neither
toxic nor carcinogenic to the skin. Exxon also has evidence
that dermal treatment with petroleum hydrocarbons, including
those materials which are clearly carcinogenic to the skin, does

“not result in visceral tumors (Freeman et al., 1989).

2.

Miscellaneous Carcinogenicity Bioassays-White Mineral 0ils

Several published studies indicate that mineral oils,
including white mineral oils and petrolatum, can elicit
injection site neoplasms. -Tumors have been observed following
injection or implantation by the intraperitoneal, intramuscular
or subcutaneous routes of administration (Schmahl and Reiter,
1953; Oser et al., 1965; Potter and Robertsen, 1960; Potter -and
Boyce, 1962; Rask-Nielsen and Ebbesen, 1965; Shubik et al.,
1962). However, the significance of these tumors has been
controversial since their discovery. Potter and Boyce (1962)
drew attention to the fact that these tumors could also.be
induced by inert materials. Prigal (1967) noted the possibility

- that tumor formation in these studies might have been secondary

to irritation, and also, that mineral oil injection in humans

-, has_not been associated with the onset of cancer. IARC (1984;
- 1987) concluded that "the significance of production of plasma

cell tumors is difficult to interpret® and there was inadequate
evidence that highly refined oils were carcinogenic to animals.

The effects of chronic inhalatjon of mineral oil (apparently
a purchased white 0i] meeting National Formulary specifications)
was assessed by Wagner and coworkers (1964). The oil was
composed of naphthene-base saturated hydrocarbons having a
molecular weight of 350-410 (approximately 95% naphthenes and 5%
paraffins). FPive species of animals (dog, rabbit, rat, hamster,
and mouse) were exposed daily for periods of from one year to 26
months to a mist of petroleum base oil. Exposure levels were §
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mg/w and 100 mg/m’. Histologic examination of tissues indicated
pulmonary alveolar and hilar lymph node oil deposition. Lipid
granuloma formation was noted in the high exposure group in dogs
and rats. In addition, the dogs and rats from the high dose
group showed significant increases in alkaline phosphatase
activity. At the low dose of S5 mg/m’, there were no indications
of toxicity and no carcinogenic effects reported by the authors.

An additional study of a solvent-extracted paraffinic base
oi1l resulted in no evidence of tumor initiating or tumor
promoting potential in a two-stage carcinogenicity bioassay in
CD-1 mice (Gerhart et al., 1988). _

3. Dermal Carcinogenicity Bioassays-Mineral Seal 0il

Dermal carcinogenicity testing has also been conducted on
a mineral seal oil meeting US FDA specifications for a technical
white mtneral o1l (McKee and Scala, -1986; Bushy Run Research
Center, 1985; data in Biles, et al., 1988). The mineral-seal
oil was an acid-treated atmospheric distillation product with a
boiling range of approximately 254-321°C. This specification of
“mineral seal oil distinguishes it from the white mineral oils
derived from vacuum distillates, e.g., the medicinal white oils.
In these studies, mineral seal oil was demonstrated to elicit
tumors in the skin of mice. However, it is not mutagenic in the
Ames Silmonella test and it contains only very low
concantrations of palycyclic aromatic hydrocarbons
(approximately 0.2 wt® 3-ring aromatics). Also, neither the
whole mineral seal oil nor any chemical fractions, .including a
3-rings aromatics fraction, produced evidence of tumor
initiating -activity in a two stage tumor initiation/tumer
promotor study (McKee, et al., 1989). Thus, mineral seal oil
did not appear to be a conventional genotoxic carcinogen.
Rather, it exhibited weak tumor promoting properties which may
“have been secondary to significant dermal toxicity (skin
trritation) and hyperplasia induced by the. chromic skin
painting.. It is considered that the carcinogenic response of
. - 'mics to mineral seal oil may have been a threshold phenomenon.
- That 1s, unlike genotoxic carcinogens, at low doses (i.e., below
the threshold at which toxicity is observed) there would not be
a carcinogenic risk. Therefore, the biological properties as
well as specifications of mineral seal oil distinguish it from
the white o0ils derived from vacuum distillates, e.g., the
medicinal white oils.

1. White lincrtl 0113

Published genetic toxicity evaluations of’high!y refined and
medicinal grade white oils indicate that these materials are
not genotoxic and support the conclusions of that these
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- materials are not carcinogenic. Medicinal white oil (Exxon
PRIMOL 185) has been tested in vitrg for mutagenic potential in
and mouse lymphoma assays (McKee and Przygoda, 1987).
The Sqlmonelly assay was conducted by standard methodology (Ames
et al., 1975; OECD, 1981; EEC, 1984). Test concentrations of
10-10,000 xg/plate elicited no evidence of increased mutagenic
activity. The mouse lymphoma study (conducted according to
Clive et al., 1979; OECD, 1981; EEC, 1988) elicited no evidence
of mutagenic activity at test concentrations of 50-1000 «g/ml.
The results of these studies were consistent with the negligible
concentrations of PAH in medicinal white oils.

Data for solvent-extracted paraffinic oils indicate that

such base oils, and consequently the more highly refined white-

oils, are not genotoxic. Blackburn and coworkers (Blackburn et
~al., 1986; Blackburn et al., 1984; Roy et al., 1988) have
developed a sensitive method of testing petroleum hydrocarbons
for genotoxic activity in Salmonella. These results were then
compared with results of dermal carcinogenesis bioassays. For
39 samples, mutagenic activity in the modified Salmonelly assay
was highly correlated (r = 0.85) with dermal carcinogenic
- activity. It was concluded that for mineral oils with median
~boiling points above 260°C, the PAH components were largely if
not entirely responsible for both the carcinogenic and mutagenic
activities (Roy et al., 1988). Thus, it was demonstrated that
medicinal white oils' and solvent-extractad lubricant base oils

are not mutagenic to Silmanella.

Several additional solvent-extracted base o0ils have- been
evaluated in a Dbattery of genotoxicity tests including
Silmonella, mouse lymphoma, and rat bone marrow cytogenetics
(Conaway et al., 1982). Seven samples were tested including §
paraffinic oils ranging in viscosity, from 64 to 990 Saybolt
Universal Seconds (SUS), and 80 and 2000 SUS naphthenic oils.
The paraffinic oils were tested in all three assays. The
naphthenic 0ils were tested in the mouse Tymphoma -and bone
marrow cytogenetics assays only. The paraffinic base stocks did
not. significantly increase the mutation frequencies in any of
the five Silmonella strains. The mouse lymphoma data were
reported as equivocal; significant increases in mutagenic
frequency were found at some concentrations in the presence of
metabolic activation. However, none exhibited a clear dose-

response relationship. In the rat bone marrow cytogenetics .

assay, a 331 SUS paraffinic oil elicited a statistically
significant response at the highest dose level only (2.0 g/kg
orally, daily for five days). A1l other studies were completely
negative. Becauie of the equivocal nature of the mouse lymphoma
. studies and the single positive response in the bone marrow
assay reported oy Conaway et al. - (1982), Exxon conducted
genotoxicity tests on a series of 5 solvent-extracted paraffinic

1 Al Esso White 011s sold in the Europe for direct or indirect
(incidental) food use have mid-boiling points well in excess of 260°C.
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basc oils ranging in viscosity from 60 to 600 SUS. None of these
oils were genotoxic to five common strains of 1m
(concentrations of 1,000-50,000 «g/plate after solubilization in
‘DMSO and in the presence of notabo]ic activation). These samples
also were not genotoxic in a mouse micronucleus assay (an in vive
test) following intraperitoneal doses of 1.0-5.0 g/kg (Exxon
Biomedical Sciences, Inc., unpublished). Additionally, McKee and
Przygoda (1987) reported no evidence of genotoxic potential for
two solvent-extracted paraffinic oils (90 SUS and 150 SUS) in
Salmonella (strain TA98), mouse Ilymphoma or in _ vitro
morphologic transformation assay systems. Thus, considered
together the evidence indicates that highly refined solvent-
extracted oils and consequently white mineral oils (since these
are more highly refined than the solvent- extracted oils) are non-
genotoxic.

2. Technical linaral Hydrocarbons

The potential for in vive genetic toxicity of technical
mineral hydrocarbons has been assessed by Exxon (unpublished) in
yivg using the dominant lethal assay. Male Sprague-Dawley rats
were exposad by inhalation § hours/day for 5 consecutive days to
exposurs levels of 400 or 1200 ppm of isoparaffinic hydrocarbons
(98-106°C), 300 or 900 ppm of isoparaffinic hydrocarbons (157-
176°C), and 300 or 900 ppm of dearomatized white spirit (153-
187°C)-. (Biodynamics 1978¢c, 1980). - Mutagenic potential was
ovaluatnd by a sequential mating process which extended over 6
weeks ,

There were no st ificant effects on treated male rats or on
implantation. or fetal death rates. -Additionally, there was no
evidence of pathologic damage to the tastes of the adult male
rats. Thus, these data  indicated that these representative
technical mineral hydrocarbons were not testicular toxicants or
in_viva genotoxicants. This absence of a dominant 1lethal -
response indicated that these materials were not male

- reproductive toxicants. ,

R Consistent with these obsarvations, Gochet and coworkers
*+ (1984) have reported that white spirit was inactive in the
| assay, sister chromatid exchange assays in human -
lymphocytes, and in _vive in a mouse bone marrow assay. Theses
data, along with the dominant lethal data summarized above,
indicate that technical mineral hydrocarbons are unlikely to be
uutagons or male réproductive toxicaats

D. Developmental And Regroductive Toxicity Potential
1. Developmental Toxicity-white Nineral 011

Data from published Exxon studies provide evidence that a.
white mineral oil product, Exxon PRIMOL 185 (CAS # 8042-47-5) is
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not a developmental toxicant (McKee et al., 1987a). In this
study, the white oil treatment group served as a vehicle control
for another test material. Pregnant Sprague-Dawley rats were
treated by oral gavage with the white oil at 5.0 mi/kg/day (4350
mg/kg/d) on gestational days 6-19. This dose level exceeds the
EEC recommended maximum dose of 1000 mg/kg. Comparison of these
data with those from water treated control animals from the same
laboratory are presented in Table 5. For all studies, the
females were approximately 9-11 weeks of age at the time of

‘mating. The protocol for these studies was the same with one

notable exception: the water control animals received four fewer

treatments as they were only dosed on gestational days 6-15.

The malformation rate (the number of malformations per
Titter) observed in the two white mineral oil treated groups was
comparable or lower than that observed in the three water control
groups. In addition, there was no evidence of fetal toxicity as
indicated by a lower incidence of resorptions, no. alteration in
the fetal sex ratios and ne reduction of crown-rump length. The
apparent increase in fetal weights was not attributed to
treatment and was considered the result of the lower number of
both implantations/Titter and fetuses/litter that was observed in
the mineral oil treated animals. Collectively, these results

provide evidencs that white mineral. oil products are not -

fetotoxic or teratogenic.
Developmental Toxicity-Technical Mineral Hydrocarbons

Exxon has conducted developmental toxicity studies
(unpublished) on three representative products which include an
isoparaffinic. . hydrocarbom boiling between 98-106°C, an
isoparaffinic hydrocarbon boiling between 157-176°C, and a
dearomatized white spirit boiling between 153-187°C (Biodynamics,
1978b, 1979). - , S '

. In the dcveldpnchtal toxicity studies, pregnant Spragug-
Dawley rats were exposed by inhalation for 6 hours/day on days 6-

-~ 15 of gestation to exposure levels of 400 or 1200 ppm of
. 1soparaffinic hydrocarbons (98-106°C); to 300. or 900 ppm of

~ - isoparaffinic. hydrocarbons (157-176°C), or 300 .to 900 ppm of the

dearomatized white spirit (153-187°C). On gestational day 21 the
animals were sicrificed and the yterine contents were examined.

There was no evidence of maternal or fetal toxicity. There
were no significant differences in number of fetuses per litter,
mean fetal weight, or mean crown-rump length. Additionally,
there was no evidence of visceral or skeletal malformations or
variations. Thus, these data indicated that the three
representative technical mineral hydrocarbon species were not
developmental toxicants. '
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3. Reproductive Toxicity-White Mineral 011

Published studies by Exxon in which white mineral oil was
used as the control vehicle for synthetic coal liquids indicate
that white mineral oil does not pose . a reproductive risk.
Similar reproductive parameters have been observed in a control
group (1.e., air exposed) from an inhalation developmental study
conducted during the same time period in the same laboratory.

McKee and coworkers (1987b) administered via oral gavage
4350 mg/kg/day (5 mi/kg/day) white mineral oil (Exxon PRIMOL
185) to groups of rats for 5 days/week for 13 weeks. This dose
concentration exceeds the EEC recommended maximum of 1000 mg/kg.
Each group included 72 females and 36 males. Following the 13th
week each male was housed with 2 females. Mated females were
maintained through gestation until day 21 of lactation. At
lactation day 21 all adult females and pups were examined. A
similar protocol was used in the inhalation study used for
comparison (Exxon Biomedical Sciences, Inc., 1983).

Comparison of white mineral oil treated groups to the air
control group (Table 6) revealed no evidence of reproductive
toxicity. There were no significant differences in the number
of pups delivered/litter, the number of live births/litter, the
number of malformed pups/litter or pup survival at lactation
days 4, 14, and 21. .

Another study was reported in an editortal to the British
Medical Journal in 1948. -There, it was reported that “daily
consumption by rats of raw or heated liquid paraffin (British
Pharmacopeia), in doses up to 2 ml. per 200 g. body weight
daily, had no demonstrable effect on the growth or reproduction
of rats over two generations”.. Unfortunately, no other details
were provided. o

€.. Evidence of Absorotion And Wetabolism In Exparimentsl Animals

+.. . Studies of the absorption and metabolism of white mineral oils

- have historically been complicated by their complex nature. As a

- result, most of the experimental studies of the absorption and
metabolism of mineral oils have been qualitative studies. The
available data has been adequately reviewed by the International
Agency for Research on Cancer (1983), McTurk and EcKardt (1960) and
Lester (1979). Several studies indicate that normal, branched and
cyclic paraffins are absorbed from the mammalian gastrointestinal
tract. There are two reports that absorption of n-paraffins is
inversely proportional to the carbom chain length with little
absorption above C,. Boitnott and Margolis (1970) indicated that
n-paraffins may be absorbed to a greater extent than iso- or cyclo-
paraffins, at least with respect to the carbon chain lengths likely
to be present in uincral oil.
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Mineral hydrocarbons absorbed from the gastrointestinal tract
appear to be distributed to a number of tissues, including the 1ymph
nodes (particularly the mesenteric nodes), liver and spleen
(reviewed in IARC, 1984; McTurk and EcKardt, 1960; Lester, 1979).
As has been reported for humans, this distribution can then result
in foreign body reactions typified by macrophages and giant cells.
Interestingly, until now there has been no association in animal
studies between deposition of mineral oil in tissues and toxicity.
Although mineral oils are deposited in internal tissues, data
indicate that this deposition can be reversible. The metabolism of
paraffins via oxidative pathways has been conclusively demonstrated
both in_vivg and jin vitro. Thus, n-paraffins with carbon chain
length less than C,,, and possibly less than C,;, can be metabolized
to some extent to the corresponding alcohols and fatty acids and

- incorporated into lipid metabolism. Similar products have been
~identified from the oxidative metabolism of iso- and cyclo-paraffins
(at least for carbon chains ¢ C;). The work of Tulliez et al.
(reviewed in Laster, 1979), although unconfirmed, suggests that iso- -
paraffins are metabolized to the greatest extent. :

The high dose of 1500 ppm in the Exxon dietary studies with
paraffinic white mineral oils (Biodynamics, 1977a,b) was selected
based on anecdotal information that higher doses could interfere
with vitamin A absorption from the gut. The effect of mineral oil -
on absorption of fat soluble vitamins (A, D, K and _E) was
extensively reviewed by McTurk and EcKardt (1960). Overall, mineral
0il appeared to have the greatast effect on Vitamin A absorption. .
The greatast reduction in absorption occurred when mineral 0il was.

provided in the diet (rather than separate from the diet), and when
the basal diet contained an inadequate supply of the vitamin. The
-dietary doses of mineral o0il used in the Exxon Studies did not
appear to alter the absorption of vitamins A or D since levels of
these vitamins were similar in control and treated dogs of both
sexes (Biodynamics, 1977a,b). However, the effect of higher dietary
concentrations of mineral oil on vitamin absorption has not been

- routinely assessed as a part of subchronic or chronic feeding
- studies. Potential impact on the nutritional status of animals fed
~higher dietary concentrations of wmineral oil regresents an
~ddditional confounding variable in intarpretation of study results.

-xv. Wﬂuﬂummmmw ‘ on _ ' ' SURE T0 rm ROCARBONS

Examination of human autopsy tissue samples indicate that chronic
exposure -to mineral oils may lead to selective tissue accumulation of
these oils. Wiland and Smith (1957) examined spleens from 432 autopsy
and 133 splenectomy cases and reported that the incidence of
“follicular lipidosis® (defined as 1ipid globules in the lymphoid
follicles of the spleen) increased with age until approximately 40,
after which the incidence leveled off. The incidence was significantly
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higher in males than females. Becausa the incidence of follicular
lipidosis was similar in the autopsy and splenectomy groups, it appears
that the 1ipid deposits were not causally related to death.

Rose and Liber (1966) used thin-layer chromatography and gas
chromatography to study the chemical nature of the lipid vacuoles which
occur in human tissues. The authors examined the spleens of 12 corpses
(seven of these spleens displayed follicular lipidosis). The vacuoles
were found to contain primarily C, to C, saturiated hydrocarbons which
were hypothesized to originate from mineral oil. Although mineral gil
may contain some shorter carbon chain hydrocarbons, the authors
suggested that they might be metabolized more rapidly and accumulate to

a lesser degree than those longer hydrocarbon chains which might occur
in the oil. This speculation was based on evidence for oxidation of C,

- C,g alkanes. However, it does not address the lack of accumulatfon

of1saturated hydrocarbons of >C,, which may also be present in minera]
of

Boitnott and Margolis (1968a) also usaed analytical techniques
to identify the oil droplets in autopsy specimens. In lymph nodes from
49 of 61 consecutive autopsies on persons 20 years. of age and older,
they found large oil droplets in 78% of the specimens. Analysis by
thin layer chromatography (and also mass spectrometry in 3 cases)
indicated that the oil droplets probably consisted of saturated liquid
hydrocarbons. The authors suggested that because there are probably no
other 1ikely sources of saturated hydrocarbons in human tissues, the
material was probably mineral oil. However, as reviewed by Gerarde and
Gerarde (1961), hydrocarbons of a wide range of structures, including
saturated hydrocarbons, originate from food saources. In anather
analysis of spleens from an undefined population, Liber and Rose (1967)
stated they found follicular l1ipidosis in 62 out of 100 cases. Because
the authors gave no information about the population from which these

cases weres selected, nor any information on the age or year of death of

these cases, the-significauc: of this finding can not be dqtermined.

Liber and Rose (1967) also examined 199 human SD1OQN$ collected

.by the Armed Forces Institute of Pathology from 1862 to 1956. Whereas
no-cases of follicular lipidosis were identified in 115 spleens dating
from 1862 to 1937, 23 cases were found in the 70 spleens dating from
1938 to 1956 (fourteen spleens were not examined because they showed
severs autolysis). Dincsoy and coworkers (1982) examined 824
consecutive liver biopsy specimens gathered from 1978 to 1980 and 240
liver biopsies obtained between 1952 and 1953. \VWhereas 4.6% of the
more recent samples had lipogranulomas (and no evidence of alcoholic
liver disease), an incidence of only 1.7% was observed in the older
specimens. In a more recent study of the occurrence of follicular
lipidosis, Cruickshank (1984) examined the change in the incidence of

follicular lipidosis over a period of 24 years in both Toronto and -

Richmond, Virginia. Approximately 20% of the spleens obtained from
individuals from Taoronto and Richmond who died during 1946 showed
follicular lipidosis. - Spleens obtained in 1956 showed twice the
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incidence of those in 1946. By 1970, the incidence had increased to
80% .in Toronto and 68% in Virginia. In addition to the increased
incidence in 1970, the amounts of the mineral oil in the spleens also
increased. Despite this apparent increase with time of the incidence
of follicular 1ipidosis, there does not appear to have been any adverse
effect on human health. .

: ~ Cruickshank (1984) also examined spleens obtained at autopsy

from individuals in 41 countries. His results were similar to those of
Wiland and Smith (1957). .In specimens from Toronto, Canada, both the
~ incidence and amount of mineral oil increased with age until the age of
50, after which the incidence leveled off. No evidence of follicular
1ipidosis was found in infants younger than 1 year. In contrast, the
overall incidence in subjects over 11 years of age was 75% and males
showed a significantly higher incidence than females. Thus, again the
incidence appeared to be related to age. Spleens of individuals from
undeveloped countries, such as India, Mexico, and Zambia, showed no or
low incidence of fallicular lipidosis. Spleens from individuals from.
developed countries, such as Canada, U.S., U.K., and European -
countries, showed up to a 50% incidence of follicular lipidosis.
Within these countries, no racial or athnic factors appeared to
influence the incidence of the lesion. These data are suggestive aof an
environmental etiology. : - :

- The source of the (presumed) mineral hydrocarbons in human
tissues has been hypothesized to be food (Boitnott and Margolis, 1966a;
Oincsoy et al., 1982; Cruickshank, 1984) as no consistent links could
be made to medicinal use of mineral oil. Cruickshank (1984) suggested
that the likely source of the mineral oil was from its use in the
packaging and display of foods. . : -

Accumulation of mineral oil in the liver, spleen, and lymph-:
nodes has generally been regarded as not harmful (Boitnott & Margolis, -
1966b, Lester, 1979). In an analysis of 300 consecutive autopsies,
Kalsall & Blackwell could not find any correlation between the presence
of 1lipid clusters and diseases of the 1liver, pancreas, or
gastrointestinal tract. Liber & Rose (1967) also could find no
association between age, disease, and the presence of mineral oil in
the 1iver. Dincsoy et al. (1982) and Cruickshank (1984) also concluded
" that- 1ipogranulomas in human tissues are incidental to human health.
In a review, Lester (1979) concluded that chronic oral ingestion of
. paraffins 1s characterized by accumulation and possibly some .
metabolfsm, rather than by any overt pathological changes.

In contrast, two rather poorly documented case histories of
adverse effects on human health. have been reported. Blewitt and
coworkers (1976) reported a case of a 33-year old male who had liver
damage that appeared to be associated with mineral oil deposits.
Examination of the individual’s liver showed inflammation and scarring.
This damage appeared to be associated with deposits of mineral oil in
the portal triads.. This individual estimated he had ingested one
tablespoon of mineral oil per day for two months but admitted he had a



v.

<:§S*W

‘ \
‘\J
—

- 24 -

poor memory in regard to his consumption of medicines. Nochomovitz and -
coworkers (1975) also reported a case in which mineral o0il (defined as
liquid paraffin and presumed to be medicinal white o0il) ingestion
reportedly had a deleterious effect on an individual. Although the -
precise cause of death was not determined, this individual apparently
followed "irrational dietary habits® and ingested large amounts of
mineral oil over many years. At death, mineral oil deposits were found
in the small intestine, abdominal lymph nodes, liver, spleen, and
lungs. Chromatograms (GLC) of a liver extract and liquid paraffin were
similar. Jho authors attributed death to unrestricted ingestion of
mineral oil. ' '

RISCUSSION

- The data summarized in this document indicate that, for the most
part, liquid mineral hydrocarbons, possess a low potential for
toxicity. For white mineral oils derived from vacuum distillates,
extensive data are indicative of no mutagenic or carcinogenic risk to
humans. In addition, the available data indicate that white mineral
0ils do not pose a developmental or reproductive risk. Regarding the
long term toxicity of white mineral oils, evidence of toxic potential
has been reported only in two unpublished experimental studies (Shell
Research Limited 1987a,b). Other toxicity studies have been conducted
with oils derived from both naphthenic and paraffinic crude types, at
different doses and in rats as well as dogs, but have not resulted in
significant toxicity. - :

Some possiblc explanations may be offered for the apparently
discordant subchronic experimental results. Several factors related to

. the physical/chemical characteristics of the white oils could be

postulated to have affected study outcome, including crude source
(naphthenic versus paraffinic), severity of refining and processing -
history (oleum versus hydrogenation) and viscosity. If any of these
parameters affected the distribution of hydrocarbon components in the
tested oils, the absorption, disposition and metabolism of these
hydrocarbon. components could .have varied among thesa petroleum
products. Alternatively the toxicity reported by Shell may have
resulted not from the white mineral oil per se, but rather from the
presence of undesirable contaminants. Variability in the study
protocols could also have contributed to percaived differences in
toxicity, for example, due to differences in administered dosa or
differences in the scope of the investigations.

The unpublished studies conducted by Shell utilized two
naphthenic white mineral oils. They differed from each other by
refining history as well as product specifications. An oleum-treated
0il of Tow viscosity (26 cSt at 40°C) was compared with a hydrogenated
oil of high viscosity (69.2 cSt at 40°C). Because the oleum-treated

. 011 was the more toxic in these studies, it could be surmised that the
. oleum-treatment influenced its toxicological properties. It is not
- clear how oleum-treatment could have resulted in a more toxic oil,
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except possibly viata residual contaminant. However, the high purity
of these products indicates that this is not likely. Indeed, in
studies conducted by Exxon, both oleum-treated and hydrogenated
paraffinic white mineral oils were similarly non-toxic in feeding
studies with both rodent and non-rodent species.

Because the two Shell oils also differed in viscosity, it could
be considered that viscosity may be an important toxicological variable
for white mineral oils. Viscosity differences are indicative of
differences in molecular size. Molecular size could influence-
absorption and metabolism, i.e., limited data suggest that absorption
and metabolisam are inversely proportional to molecular size. It could
be further speculated that sex differences in absorption/metabolism
could explain the sex differences in toxicity observed by Sheil. Shell
reported that concentrations of the lower viscosity oleum-treated oil
in selected rat tissues (at the 2% dietary feeding level) were
approximately 25-55% greater than the corresponding concentrations of
the higher viscosity hydrogenated oil. Also, the concentrations of

oleum-treated oil in female rat tissues were several times greater than

in male rat tissues. Thus, the highest concentrations were found in

the groups which exhibited the most significant toxicity. However, in
the Exxon feeding studies, a range of viscosities (12.3-65.9 cSt) were

represented. No evidence of toxicity was observed, even at daily
intakes in rats (e.g., up to 125 mg/kg/d) at which the Shell oils

resulted in subtle effects. These data suggest that viscosity may not

be an 1nportant toxicological variable for white mineral oils.

Crude type can also be addressed as a potential’ toxicological-
variable. Unlike the feeding  studies conducted by Shell with

" naphthenic oils, dietary administration of the paraffinic oils by Exxon

resulted in no evidence of oil deposition in' the mesenteric lymph

_ nodes,* liver or spleen, as measured by organ weights and

histopathological observation using a 1ipid-specific stain. This is an
important  observation. because oil deposition appears to occur in
humans, albeit without adverse effects on health. It is possible that
no deposition of paraffinic oil was observed because the doses employed
in those studies were insufficient. Alternatively, the absorption and

“matabolisa of the paraffinic oils could differ from the naphthenic

oils, possibly due to differences in hydrocarbon distribution.
Howaver, Exxon has also conducted (and published) oral gavage studies
in rats using high doses of an oleum-treated naphthenic oil. These"
studies also resulted in no evidence of either toxicity or oil

-accumulation (McKee, et al., 1987; Exxon Biomedical Sciences, Inc. ,

1984; 1985a). Although no data are available to determine whether

,absorption in the Exxon bolus dose studies was similar to that in the

Shell feeding studies, these data suggest that any differences in
hydrocarbon distribution due to crude type may not be of biological
importance. Of course, because in the Exxon gavage studies the animals
were not dosed for two weeks prior to necropsy, it is not known whether
any small accumulations of oil or minor pathological changes may have
been reversible and- resolved during that time.
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It does not appear likely that protocol differences resulted in
the toxicity differences reported in the Shell and Exxon feeding
studies. The Exxon feeding studies included measurements of many of
the same experimental parameters as the naphthenic o0il studies

conducted by Shell. These included histopathology, clinical chemistry, -

hematology, evaluations for alterations in organ weights and attempts
to detect evidence of mineral oil accumulation in the animal tissues.
Many of these parameters were also measured in the Exxon oral gavage
‘study on PRIMOL 185. Thus, all of these investigations were complete,
well conducted and evaluated similar parameters. :

The results of the Exxon4sponsored subchronic toxicity studies

of isoparaffinic and dearomatized white spirits also indicated a low -

order of toxicity. Repeated exposure did produce kidney damage in maie
rats; however, this effect appears to be sex/species-specific and
without clinical significance to man as explained earlier. Data
~similar to the Exxon subchronic toxicity data have been obtained in
studies of less highly refined materials of similar botling range.
Carpenter et al. (1975, 1976), reported that repeated exposure: to
vapors of Stoddard solvent or kerosene also produced effects in kidneys
of male rats, but produced no other evidence of toxicity. The Exxon
samples were not in_vivo genotoxins or developmental toxins.
Similarly, Stoddard solvent and kerosene were inactive in developmental
toxicity studies (American Petroleum Institute 1977, 1978) and were
also negative in a battery of genetic toxicity tests (Conaway et al.,
1982). Thus, based on the absence of toxicity in animal studies, and
considering the probable low exposure risks related to the permitted
food use of those products, it is evident that technical mineral
hydrocarbons in general present minimal toxic hazards to humans.
Further, considered together with the data for white mineral oils,
these data indicate that there is a low order of toxicity and hence,
minimal risk, associated with the entire boiling range of liquid
mineral hydrocarbons intended for use in food contact applicationms.

In- summary, experience in humans suggests that exposure to
mineral hydrocarbons in the food does not cause adverse health effects.
Experimental data from animal studies support the conclusion that white
mineral oils present no concerns for chronic toxicity endpoints such as
‘carcinogenicity, mutagenicity, reproductive toxicity or teratogenicity.
However, the available animal data for long-term toxicity are not
altogether consistent. The occurrence of target organ toxicity in the
Shell feeding studies represents, to date, the only indication that
repeated exposure to 1iquid mineral hydrocarbons may entail some risk.
At this time, it is not clear whether these effects were the result of
a particular hydrocarbon distribution,. the presence of contamination or
the use of extremely high feed concentrations. It is unlikely that the
basis for these differences can be entirely resolved by speculation of
similarities and differences between the various study protocols and
test materials. However, it is clear that significantly more data
exists with regard to liquid mineral hydrocarbon toxicity than
originally reviewed by MAFF. Thus, the entire weight of evidence needs
to be considered to provide an adequate and balanced assessment of the
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potential health implications associated with the use of 11quid mineral
hydrocarbons in food applications. Resolution of the outstanding
questions may require further study. -
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TABLE 4

SUMMARY OF DERMAL CARCINOGENICITY STUDIES OF SOLVENT-EXTRACTED
LUBRICANT BASE OILS (CONTINUED)

SAMPLE  PROCESS'  CRUDE? VISCOSITY® = ISCOSITY® ~ TUMOR®
1294 SE/H S, LOUIS 150 89 | 0/50
1307 SE/H  W. T. SOUR 150 -89 0/50
1309 SE/H  B. S. MIX 150 97 0/50
961 SE/H  TIJUANA 80 NA 0/40
999  SE/H  COASTAL 80 NA - 1/40

'Nt-l

S wn aw

. SE = Solvent extraction; H = Hydrogen treatment;
. ARAB LT. = Arabtan light crude; ARAB HVY = Arabian heavy crude;

W. CAN. = Westarn Canadian; S. LOUIS. = South Loufsiana crude;
W. T. SOUR = West Texas Sour crude; B. S. MIX = Brent Sea mixed crude;
TIJUANA/COASTAL = naphthenic crudes (remainder wcro.paraffjnic);

. Saybelt universal seconds (SUS) at 100°F ,
. Empirical, unitless number indicating the effect of temperature change on

the kinematic viscosity of an oil

. # tumor bearing animals (papillomas and- carcinomas) per # mice originally

placed on test. .

- NA = not available




TABLE 4

SUMMARY OF DERMAL CARCINOGENICITY STUDIES OF SOLVENT-EXTRACTED

SAMPLE

NUMBER

963
98§
898
1008
1009 .
1141
1142
1143
1265

987
991
1261
1266

1296
1298
1301
1302
1263
1300

1306 .

1308

1177
1016
1258
992
994

1140
1144 -
1147

1270
99§

1262

1271

1297

1299
1303
1304
1308

993
1017
1264
1293

PROCESSV
HISTORY

SE
SE
- SE
SE
SE
SE
SE
SE
SE

SE
SE
St
St

SE
SE
St
SE
SE
. SE
SE
. SE

SE/M
SE/N
SE/M

SE/H
SE/H

SE/M

SE/H

SE/H
SE/H
SE/H
SE/H
SE/H
SE/H
SE/H
SE/H
SE/H
SE/H

SE/H.

SE/M
SE/H
SE/H

SE/H -

LUBRICANT BASE OILS

CRUDE?
SQURCE

ARAB LT.
ARAB LT.
ARAB LT.
ARAB LT.

-ARAB LT.

ARAB LT.
ARAB LT.
ARAB LT.
ARAB LT.

ARAB. LT.
ARAB LT.
ARAB LT.
ARAB LT.

ARAB HVY.

ARAB HVY. -
~ ARAB HVY.

ARAB HVY.
W. CAN.
S. LOUIS

W. 7. SOUR
B. S. MIX

ARAB LT.
ARAB. LT.
ARAB LT.
ARAB LT.
ARAB LT.
ARAB LT.

* ARAB LT.

ARAB LT.
ARAB LT.

ARAB LT.

ARAB LT.

ARAB LT.

ARAB LT.
ARAB HVY.

ARAB HVY.

ARAB HVY.

ARAB HVY. -

ARAB HVY.
W. CAN.

- W.. CAN. .

W. CAN.
s. LOUIS.

vIscosITY®
—GRADE

150
150
150
150
150
150 .
150
150
150

600
600

600

600

178
178
600
600
150
. 150
150
150

60
78
78

90

150
150
150
150

150
150

600
600
600
175
175 .
600

600 -

600
90
150
150
150

VISCOSITY®
—INDEX

NA3
102
101
105

8s
105

95
110
100

87
88
94
89

93
98
82
88
88
79
90
96

97

- NA
NA
103

- 103
101
NA
106

103
96
97
90
96

101

93
84
87
89

90
79

TUMOR?

RESPONSE

0/40
0/40
0/40
0/40
4/40
0/50
0/50
0/50
0/50

0/40 :
0/40 -
0/50
0/50 -

1/50
0/50
0/50
0/50
-0/50
0/50
0/50 -
0/50

1/50
0/40

- 0/40

0/40
0/40
2/40
0/50
0/50
- 0/50
0/50
0/40
0/50
0/50
0/50
0/50
1/50
0/50
0/50
0/40
0/40 .
0/50

. 0/50
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TS
~ LAK OF DEVELOPMENTAL TOXICITY OF WHITE MINERAL OIL

Male/Female
Jﬂﬂ...

Fetal Weight (g)

. Malformation

Test

Walerfal  fLlitters

B

£

# Resorptions/ ~ Crown-rusp length (mm)

M

.

itter

1.06

53
L & -]

e

.o

3.52

t 0.18

™
ma

49

RIML 185°

350 my/h/d
RIML 185°

"mMOS MmO Mmoo ™
-

8> 49 =
MmO MmO ™mo
- ] -

88 =28 .
S =S [— X —]
- - -
S < S
a =1 =
- - ~
q < <

2500 my/kg/d

later® -

4350 mg/ha/d

ate® .

1000 my/kg/d

$ = 5 R
a - -— o
¥3 28 5% 33
O MO MmO Mmoo
- < +¢ >4
€8 I8 &8 27
O MmO MO Mo
>4 L] -4 L
o2 92 x 2

4
t 0.13

3.87
10.14

=

0.1

. 800 my/kg/d

Skeletal malformations unless otherwise indicated.

(mptblished; .

Sclences, Inc. (1966). Praject 4261634 (ungublished).

mman&wummmwm,
Sciences, Inc. (1985). Project #230334

tter.
%87c).
al Sclences, Inc. (195).
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Medicina] White 011 Production

The chemical composition of a white oil is related to both its purity
specification and its refining. These products are typically derived from the

vacuum distillation process. o
By definition, medicinal white oils are composed of saturated hydrocarbons.
They are free of aromatics, of unsaturated compounds, of sulphur, nitrogen or
chloride compounds and of impurities. They are therefore exclusively composed

of a mixture of saturated hydrocarbons which can be either iso-alkanes
(paraffins) or cyclo-alkanes (naphthenes). o

The average molecular weight of the molecules as well as the ratio between
the paraffins and the naphthenes are a function of the refining conditions. The
average molecular weight of a medicinal white oil is defined by the distillation
conditions, and can vary from below 300 for the lighter grades to above 500 for
the heavier grades. The ratio between naphthenes and paraffins is affected by

" various parameters but the origin of crude oil is the most significant. Wwhite
0ils produced from naphthenic crudes generally have a higher content of
naphthenes; this results in-a white oil which has a higher specific gravity and
Tower volatility relative to similar grade white oils produced from paraffinic
crudes.. : :

Specif‘lcaﬁdris and regulations have been established in the majority of
developed countries to control the quality and usage of medicinal white oils.
Medicinal white oils are registered undnr'djffortnt names in those regulations.

Some examples of thess differences includq the fbllowingg

- "Liquid Paraffins®, according to the national Pharmacopoeias,
- "White Mineral 011s”, according to the U.S. Food and Drug Administration,
- "Liquid Mineral Hydrocarbons® in the U.K. "Mineral Hydrocarbons in Food,
Requlations 1968", and , , :
- ;gzg;ral 0i1s® according to the U.N. Food and Agriculture Organization

They can also be "Pharmacsutical White 011s® or "Food Grade White 0i1s"* according
to their final application. The specifications used to define medicinal white
oils can change.from one legislation to another. The changes are often minor
and concern mainly the viscosity/molecular weight definition of the products or
the method description of the purity tests. : -

Medicinal white oils ir' prbducid by appropriate refining of naphthenic or
paraffinic crude oils. The overall refining process can be separated into two
‘main steps. ,

The first step includes conventional refining processes used for the
production of conventional mineral oil. It is usually composed of the following
stages. T , : o .
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of Food Grade Mineral Hvdrocarbons ,

A number of excellent references are available which describe petroleum
refining- technology and processes in relation to physical, chemical and
biological properties (Bingham et al., 1980; IARC, 1984). The purpose of this
Appendix is to highlight some of the petroleum refining technology that is
relevant to those products used in direct and indirect or incidental food
applications. The emphasis will be on medicinal white oils and technical mineral
hydrocarbons. » . . :

Three basic processes used in petroleum refining include distillation,
cracking and finishing operations. Distillation procedures are used to separate
components of petroleum (or mineral) hydrocarbons according to beiling range.

‘Cracking procedures are used to split molecules into smaller units or to
rearrange molecules into different or larger molecules. Refineries use a
combination of distillation and cracking procedures to meet the demand .for
various products from the available crude oils. Finishing procedures are used
to modify and improve the properties of crude products to make them acceptable
for their intended use. . '

A1l crude oils are complex mixtures of straight- and branched-chain
paraffinic, naphthenic (cyclo-paraffin) and aromatic hydrocarbons. Crude oils
‘are generally classified as naphthenic or paraffinic depending on the
preponderance of thess molecular species in the crude. The chemical composition
of “finished” refinery products are affected by the original crude type and the
refining procedures used. After severe refining, variations in chemistry due
to crude are less apparent. Likewise, with simple refining techniques, the
composition of the finished product more-closely reflects that of the original
crude oil. B : _ - .

Petroleum crude oils are .first distilled at atmospheric pressure to produce
"straight run® distillate fractions of various boiling ranges, up to ~370°C.
The hydrocarbon molecules in these distillation streams may contain as many as
approximately 25 carbons. The residue from atmospheric distillation (reduced
crude) may then be further fractionated by distillation under reduced pressure
to produce fractions with boiling ranges from approximately 200° to 600°C and
carbon chain sizes of up to approximately 50 carbons. The higher the carbon .
number and the molecular weight, the more viscous are the oils. At this point,
paraffini¢ crude oils are characterized by high wax content, high natural:
viscosity index (Tow rate of change in viscosity with temperature) and relatively
low aromatic hydrocarbon content. Naphthenic crudes are typically characterized
by low wax content and are relatively high in cyclo-paraffins and aromatic
hydrocarbons. o ,

Subsequent - finishing operations such as solvent extraction, dewaxing,
hydrotreating- and other specialized refining procedures result in better
definition of the final product and ars discussed below in relation to specific
mineral hydrocarbons which have been approved for direct and/or indirect (or
incidental) food applications. v
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absorbance measurement of a DMSO extract of the o0il. The conteﬁt of six
major PAH has been found at levels lower than 1 micro g/kg in 10 samples
representative of the medicinal white oil market (CONCAWE 1984) .

- The Readily Carbonizable Substances Test is a measure of both the low
aromatics content and the lack of impurities in the white 0il. This test
is a very sensitive measure for impurities or degradation of the o0il which

could occur during handling.

The purity and medicinal quality of a white oil can also be assessed by other
tests such as the acidity test, the sulphur compounds test or by the lack of
odor. To reach the specified level of quality, severe refining is used to
produce on-specifications white oil. Special procedures are then used during
handling and storage to presarve the high purity of the oil until its final use.

Exxon White 011s

The current production of Esso white 6113 is represantative of tho paraffinic
:hite oi11 production by the modern hydrogenation process. It is illustrated in
igure Al. ‘ ' .

The paraffinic crude is first conventionally refined to obtain a white oil
feedstock, which has most of the physico-chemical characteristics of the final
white oil. It is then fed into the two stage hydrogenation process. The first
stage reduces the content of most of the aromatic compounds and removes sulphur.

. The desulfurized product is then adjusted to the desired viscosity and volatility

before being. hydrogenated in the second stage to compiete the saturation of

residual aromatic compounds. Because of the high sensitivity of the product to

contamination, special procedures have also been devised to remove (filtrate)

any solid particles, to control the white oil quality and to handle the finished .
products. , o . o

Technicil grade whitl*oilﬁ also can be produced by,thc'hydrogéhation pfocass.

Technical white 0ils are less refined than medicinal white oils, but as they have

been severely hydrotreated, are low in aromatics content and are suitabie for
certain applications,nith incidental or indirect food contact.

Exxnu;lhitl 0ils have bien'produced in the same plant, located in Port
Jerome, France, using the same process for more than 15 years. The unique method
of production and the consistent manufacturing process contribute to the

~ consistently high quality of Exxon’s white oils that are supplied throughout the

world.
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A VACUUM DISTILLATION stage, fractionates the crude oil in vacuum distillates
and determines the final boiling range, average molecular weight and viscosity
of the final white oil.

A SOLVENT EXTRACTION stage, with an optional HYDROGEN TREATMENT, selectively
removes undesirable polar compounds and significantly reduces the content of
aromatic and polycyclic aromatic hydrocarbons. This stage also facilitates
obtainment of the medicinal purity in the final purification stage.

A SOLVENT DEWAXING stage, removes crystallizable compounds (all n-paraffins
- and few iso-paraffins) and imparts Tow temperature flow properties to the oil.
This stage, which is mandatory with paraffinic oils, defines the final pour point
(temperature at which thc oil can flow) of the oil.

The second step of refining is a purification stage, which is specific to
white oil products. It is intended to totally eliminate any aromatic compounds
present in the white oil feedstock in order to meet the medicinal quality
specifications. Two processes for medicinal white oil production can be
‘considered. ' o S : .

The ACID PROCESS, is the historical process in which the aromatic compounds
are physically separated from the saturated compounds. The white oil feedstocks
are repeatedly treated with strong sulfuric acid (or oleum or SO0, gas) to
separate the aromatic compounds (A. Cluer 1970). Further neutralization and
clay treatment result in the final medicinal uhitl oils products. .

Alternatively, the HYDROGENATION PROCESS, chenically-transforns aromatic
compounds into saturated compounds by catalytic hydrogenation under very severe
conditions. This modern procaess was first. impiemented in early 1970 (Lecomte
et al., 1977, Himmel et al., 1986).  This process is now widely used and
represents more than 80% of the 1989 European production of medicinal white oils.

The purification stage used to meet the medicinal white oil quality is
extremely severs and along with the associated quality specifications offers a
good degree of control over the end product quality. It has been demonstrated
(CONCAWE, 1984) that, independently of crude source or purification process, the
chemical composition of medicinal white o1l is controlled within tight ranges.

The white oils consist predominantly of saturated hydrocarpons. As evidenced

by mass spectroscopy, the ratio between iso-paraffins and naphthenes can vary,
-to a limited extent, between white oils. The presence of nitrogen and sulphur
compounds has been assessad by means of total N and total S content and has been
found at concentrations lower than the milligram/kg level. The content of the
six individual PAM, specified by WHO for drinking water, are in the ppb range
which is at the dotection limits of the most lodcrn analytical nothods.

A common feature to all the refining processes is to control the
concentrations of impurities and toxicologically important compounds in the
white 0il to extremely low levels. Compliance with these standards is best
assessed by two specific tasts: :

- the"Po] ycyclic Aromatic Hydrocarbons (PAH) test, which measures the content
of toxicologically important PAH compounds (identified by WHO) by a UV
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Technical Mineral Hvdrocarbon Prodyctiom

Technical Mineral Hydrocarbons are hydrocarbon fluids used in direct and
indirect or incidental food contact applications. While their physical
characteristics (e.g., boiling ‘range) may vary. to meet the needs of a
particular application and/or specification, they are all manufactured to
meet the high quality standards associated with the various reguliations
enacted by the governmental bodies responsible for this area (FDA, B8GA,
Warensnet, etc.). The technical mineral hydrocarbons discussed in this
report are obtained by processing hydrocarbon streams that may be obtained
via atmospheric distillation of petroleum crude oil, from cracked streams (or
molecules made smaller) from the vacuum distillation stage of petroleum
refining, or synthesized from petroleum gases. Technical mineral
hydrocarbons contain the same type of molecules (paraffins, iso paraffins,
and naphthenes) as white mineral oils, although they are lower in molecular

-weight and carbon number. They are predominantly Cs to €,, hydrocarbons
boiling in the range of 30°C to 320°C. -They are defined byzgheir physical
"properties, regulatory requirements and performance. characteristics. rather
than by structural formulae. Like white mineral oails, technical mineral
hydrocarbons are considered chemically inert and do not react with various
components of products in which they are used. In addition, since they are
somewhat volatile, any residue which remains on food from food application -
situations is considered extremely low. Due to the low final boiling point,
and confirmed by UV absorbance, these technical mineral hydrocarbon materials
are virtually free from polynuclear aromatic. hydrocarbons (PAH). As well,
due to either chemical synthesis or further refinement, thess products are
considered to be free from other potential contaminants, such as nitrogen,

sulfur, or other molecules.

In general, Technical Mineral Hydrocarbons fall into three different
- types. : - ’ o

Type 1: Hydrodesulfurized/Hydrogenated or extracted special bailing-range"
’ petroleum hydrocarbons in which the aromatics present in the
original feedstocks have been converted to cycloaliphatic
ﬁx:g:;h:gic) hydrocarbons, e.g., EXXSOL D40, EXXSOL D80, and

. Type 2: Synthetic isoparaffinic petroleum hydrocarbons which are produced
from low molecular weight olefinic hydrocarbons via
- oligomerization or alkylation followed by hydrogenated, e.g.,

ISOPAR G, ISOPAR M.

Type 3: Normal paraffinic petroleum hydrocarbons separated via molecular

. sieves from hydrodesulfurized petroleum feedstocks, e.g., NORPAR
12, NORPAR 13. These products are also dearomatized by treating
with acid or a solid adsorbent. » :




The current 1989 physico-chemical characteristics of Exxon’s medicinal white

- AS -

0ils are detailed below. . o

Product: WRCOL 52 WARCOL 82  WARCOL 172 PRIMOL 352

Crude Source: , Paraffinic  Paraffinic  Paraffinic  Paraffinic
Refining Process: - Hydrogen Hydrogen  Hydrogen ‘Hydrogen.
Viscosity at 20°C (cSt ‘ 14 k] 85 225
Viscosity at 40°C (cSt): ‘ -7 15 32 70
Density at 15°C (kg/nf): 38 848 860 870
Refractive Index at 20° C: 1.458 1.466 - 1.471 1.475
Pour Point (°C) -12 -9 -6 - 18
Average Molecular Weight: 280 330 390 470
Average Carbon Chain Length 16-24 s 19-28 24-33 28-40
Sulfur Content (pgm). <1 - <l <l <l
Polycyclic Aromatic Content (ppm). <1 <l - <l <l =
Purity Specification: v

- carbonizable substance pass pass pass pass

- polycyclic aromatics pass pass ' pass pass.

- acidity/alkalinity - pass pass . pass pass

- sulphur compounds . pass pass " pass pass

- solid compounds- pass pass. _pass. - pass

- pass pass pass ~ pass’

color and odor

The samples MARCOL 82, EZL 550 and EZL 600 tested in the Exxon
toxicological studies (see Table 1) were produced in the Port-Jerome refinery - -
using paraffinic crudes and the same processes as’ the current production.

The tested MARCOL 82 was very similar to the current MARCOL 82 product.
The tasted EZL 550 was the precursor of the current PRIMOL 352 products.
They differ only by the severity of the dewaxing stage during the
feedstock refining. EZL 550 had a higher pour point which resulted in
lower density than PRIMOL 352. I

It should also be noted that the products MARCOL 82 and EZL 550, which
weres tested in the Exxon toxicological studies and which are
represantative of Exxon white mineral oils marketed throughout the

world} were also considered in the CONCAWE’S report submitted to MAFF

(CONCANE, 1984). This CONCAWE report assessad and compared the

composition of white oils produced by hydrogenation versus acid

treatment. In this report, MARCOL 82 was identified under the reference
number 6 and EZL 550 under the reference number 7 and 8. . .
The tested EZL 600 was a technical grade white o0il. It was produced in
the first stage of the Port-Jerome white oil plant from a heavy
paraffinic feedstock. : e ' :

MARCOL 72 and PRIMOL 18S, the 'rmining‘ Exxon white oils which were tested

toxicologically, were manufactured in the USA. Neither product is now

manufactured there. Specifications for these test materials are included in
Table 1 of the main report. ' ‘

O\
o~
S~
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Figure A3 shows a simplified flow scheme for production of Synthetic
Isoparaffinic or Type 2 Technical Mineral Hydrocarbons. The gas oil
fraction from crude o0il is desulfurized and cracked to produce light
olefins. The 1ight olefins are converted to heavier olefins by either

~ oligomerization or alkylation. The heavier olefin fractions (dry point

greater than 150°C) are then hydrogenated and fractionated to give
narrow boiling range Synthetic Isoparaffins. A :

The ISOPAR solvent product line consists of a series of narrow boiling
range isoparaffinic molecules. The aromatic levels, for example, are
Tess than 0.01 wt % with less than 1 ppm PAH. The product line spans
the boiling range of 85-310°C. The - two products chosen as
representative of the product class, ISOPAR C and ISOPAR G boil between
98-105 and 159-175°C respectively. ISOPAR C containg primarily C,-Cy

isoparaffins and ISOPAR G contains C,,-C,y isoparaffins.

Figure A4 represents a simplified flow scheme for the production  of
Normal Paraffinic or Type 3 Technical Mineral Hydrocarbons. A kerosene
cut is hydrofined and then contacted with a molecular sieve adsorbent
to separate the normal paraffinic components. The individual products
are saparated by fractionation and dearomatized by treating with either
acid or a sdlid adsorbent.
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Hydrodesulfurization is defined as treatment with hydrogen in the presence
of a catalyst to remove sulphur. Hydrogenation is a defined as treatment
with hydrogen, in the presence of a different catalyst, which results in the
conversion of aromatic hydrocarbons to cycloaliphatic hydrocarbons and the
conversion of olefins to paraffins. Typical ranges of pressure and
temperature for hydrogenation of these products are 10-100 bars and 100-400°C
temperature.

, ‘The main 1mpur1t1es and components of toxicological‘significance in food
type uses are sulfur, benzene and polynuclear aromatics. The table below
gives the estimated upper limits for these components.

Type 1 <10 ppm <b.002 wt % <S ppm
Type 2 <10 pgm . <0.002 wt % <1 ppm
Type 3 <10 ppm _ <0.002 wt % <1 ppm

Further details on the production of Type 1, 2 and 3 technical mineral
hydrocarbons, and those evaluated in. toxicological studies, are provided
below. ‘

Production Process , :
- Iype 1 Hvdrodesylfurized/Hvdrogenated or Extracted
Figure A2 shows a simplified flow scheme for the production of Type 1
"Technical Mineral Hydrocarbons. A naphtha or kerosene fraction from
- crude petroleum is first subjected to hydrodesulfurization (treatment
~with hydrogen in the presence of a catalyst in order to remove sulfur)
followed by hydrogenation (treatment with hydrogen over a different
catalyst). This hydrogenation step converts the aromatic hydrocarbons
into cycloaliphatic hydrocarbons (total aromatics less than 1.0 wt %,
and benzene less than 0.010 wt %). Alternatively, aromatics can be
remaved by - solvent -extraction. After aromatic conversion (or

extraction), the solvent stream undergoes fractional distillation 1nto
-different narrow or wide boiling ranges.

EXXSO[ D40ris representative of a range of dearomatized white spirits.
The EXXSOL solvents are narrow cut atmospheric distillates of crude
petroleum oil which span a boiling range of 136-315°C, contain less than
1.0 wt% aromatics and less than 3 ppm PAH and very low levels of other
contaminants such as sulfur and nitrogen. Thus these products are
comprised of paraffinic and naphthenic constituents which are similar

_across the entire product line although the molecular weights and carbon
number of the individual-species increase with boiling range. EXXSOL
D40 specifically boils between 153°C and 187°C and contains 0.43 wt %
aromatics as determined by gas chromatography.
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napithene — hydrocarben charactarzad by saturated carboa
acoms 1n a nng structure. and having the general formula CaHaa:
3is0 cailed cycioparaffin or cycioaikans. Naphchemic iubnicating
oiis have iow pour pownts. owing to their very low wax contant. and
good 30l venicy properties. SesAydrocarbon. saturated Aydrocaroon.

Naphthenic Structures.
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Siz ang five carsen nngs jones togetner.

. NAPPAR - 1a Exson brand nams for s class of sasrow boiling
range sspithenic sohenss.- Thess products are produced (rom
‘atmaspherie petrolesm distilletes sad are hydrogen tresesd 10
saturste the aromstic constitnescs. Typicaily thess products
contaia lem thas 1.0% aromsatic constituents. Exampies of thess
prouc? are NAPPAR 10 (166-188°C) and NAPPAR 11 (122
200° . ;

NORPAR - An Em-bmih-hrad-dmhﬂiq
range wiveats vtk & very Nigh normal peraffia comeent (98
+%). h‘mmmﬂw“lm

punm:—hmmmhywwm(w»
or branched (iso) carbom chains. The generalized paraffinic
moleculs can be symbelized by the formuis CaHan+s. Parafling
are relatively non-resctive and have exceilent axidation sabiliy.
[nunmuuphﬁastﬁ-nm)oih.mluhoﬂ-
have relatively high wax content and pour poiat, snd gensraily
have & high viscosey index/V.1.). Parsflinic seivents are generally
lower 1n solvency thaa naphthenie or cromane solvents. See hy-
drocarton. normai pararfin, isoperaffin, saturaced Aydrocarbon.

‘See iilustration on facing page.)

Pueratfinie Chain Structures
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- paraffin wax = pecreleum-derived wax usuaily comsisting of

mib—wwmwmmu;-
ursl wazes, sueh as besywaz and carnaube wax (palza tree). which
are compesed of high-meiecular-weight esters, in combination with
higd iecul iaht aci .

. (petroiexm;.

petrelatsm — sami-esiid, noacrystailine hydrocarbon. pais to yvei-
low in celor, compessd primarily of high-moiecuiar-weight wazes:

. uulmmmmmmwms-.

wc(mnkuu

selvent exiraction — refining process used to separate resctive
‘COmponents (usseturumd Aydrocartons) from lube disailates n
udnbmthu‘l'imw. viscosuty index (V' 1.J.
and respease to additives. Commonly used extraction media
(solventa) are: phenei. N-methyipyrrolidons (NMP, furtfural, lig.
mwmummmmmmmmm

Stoddard Solvent - 2 broad cat strnospheric petroleum distillate
with 28 spproxmats boiling range of 150-200°C.



distiliation (fractionation: — the primary retining step. in
wnielt crude s seoarstad Into (rartioas. or components. 1n a
distiilation tower. or pipe stiil. Heat. usuaily applied ac the bot-
tom of the tower, causes tNie 01l vapors to rise througn Proares-
slvely COOISr leveis of the tower. wanere they condense onts piates
Jand are drawn o in orger of thetr respective condensetion tem-
peragures, or boiling points — the lighter-weignt. lower-
poiling-point fractions. exiting nigner in the wower. The prymary
ractions. (rom low o high boiiing point. are: hydrocarbon gases
.8, ¢tAGRE. JFOPBRE!; NGOALAG (€. gas0iing); kgrosens. diesel
ruel t heasing ouds; and heavy gas oul {or craciung. Heavy macen-
ais remaning ac the bottom are called the bogoms. or remduum.
and inciude such compenants as heavy fuel oil (see ruel ous and
aspaaitic substances 'ses aspaait). Those (ractions taken 12 lig.

uid (orm (rom any level other than the very top or bottom are

called sidescrvam products: 2 product. such as progpans. remeved
1n vapor ioem fram the top of the distillacion wwee 15 cailed
nvernead product. Distillacion may take place 1 twe stages

tirst. the igntar (ractions — gases. naphtha. and kerosene — are
recovered at essentiallv acmospnerte pressure: next. the remain- -

'ng crude 3 distiiled at reduced pressure 1n a vacuum tower.
causing the heavy lube (ractuons w distill at much lower tem-
peratures tnan pesmbie at aumospheric pressure. thus permit.
‘uinge more lube oil w3 be distilled without the moiecuiar cracking
that can occur at excesmveiy high tamiperatures.

SLOSSARY
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Hydrefining® — form of Avdrogen treating 1n \vmeh retinery distii-
lata. lube, and wax streams are treated wich hydrogen at sievacted
tamperacures and modersta pressures (n the presencs of acazaivse.
3 1mprove coior and stability, and reauce suifur contant. The
patanted process was deveioped by Exxon (n 1951.

hydregeastios - in refiming, the chemical addition ot hydrogento -
a hydrocarben in the presenes of a cazaiyse: 3 severe form of Aydro-
gen treating, Hydrogenation may be either destructive or non-
destructive. [n the former case. hydreearbon ciains are rupcured
Icracikad) and hydrogen is added where the bresa have occurred.
[n the latter. hydrogen 13 addad 0 a molecuis that 13 unsacturaced

| 300 unssturases Aydrocarben; with respect 10 hydrogen. (n eicher
case, the resuiting molecuias are highiy stadie. Temperature and
pressures in the hydrogenation proanmusuuy gresatertnan in
Hydrofining?®.

ISOPM-MEwnWmloradadmnlmg
raage soparaffisic soMeam progduced [rom clefins As a class, .
thass products spas 3 boring mags of 85-310°C and are
excremely Iow in contamnants iaciudiag aromatc tydrocarbons.
mmmmmmpsmunc
(98-103°C and ISOPAR G (15%173°C). .

mu-n-clnaueu ' petroleusm distillats with an |
qpl—: boiling ramge of 150-300°C. Mom m
conforms 10 ASTM-D-296-64T,

EXXSOL - Aa Exzon braad name for & ciass of narrow boiling
rangs dearomatzed soivants. Theils products are produced from
Amosphene patroleum distillalas and are Mydrogea treatsd 10

SMUrMS (N ATOMBNE COMINUENCS. TMTH-M .

contaen ‘less 1hsm L0 w% aromenc comstituents. The
mmhmm‘-mw
wiich bosls derwess 153.137°C

- Md—mmkmod.ummﬁmmmdorm.

tabie otis. Alss. & highly refined petroieum discsilace, or whize oul.
ua-dndhaaﬂya:hnnw. -
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illumnant brsaud lamps and h(hm



m;m.mm' ¢ distillace,
ISOPAR C & G. ) Mmsn-::
ire campies of techniced minersl hydrocarboms which are

USP (United States Pharmasopeia) — compendium of drugs,
d.rqcfomuhsqunhtymmmlamby:h
buudSumMCamh:.wM“mb
lishes the NF (National Formuiary). The purpeee of the USP is to
ensure drug uniiormicy and to maintain and upgrade standards

drug quality and purity, as weil as establish packaging, labeling,
and storage requirements. The USP inciudes standards for whute
ocbqndcmda.iﬁazﬁag'hlh«ddﬂ'fwhuvmnd
“Minerai Qil Light” for lighter grades. .

wax (petreleum) — any of & range of reistively high-moiecuiar-
weight hydroearbons tapproximately Cie to Cuel, solid st room
tamperature, derived from the highsr-beiling pecroieum fractions.
There are three basie categories of patroleum-derived wax: paraf-

fin_(crymailine). mieroerystailine and petroistum. © Parailin -

' wazes are produced (rom the lighter lube eil distilloms, generaily
by chilling the oil and filtsring the crymailizad wax: they have a
distinetive erymailine structure. are pale yellow w white (or coleee
lesa), and have a meiting psnt range betwesa 4§°C (118°F) and
71°C (160°P. Fully refined paraffin wazes are dry, hard. and
capable of imparting goed gices. © Microsrystailine wazss are

produced frem heavier lube distillates and residus (see bectoms) '

usuaily by s combination of ssivent dilution and chilling. They

differ from paraffin waxse in having peerly defined crystalline -

structure, dariker coior, higher vuscosisy, and highee meiting peints

~ranging from 63°C (145°T ts 93°C (200°P). The microsrystailine -

aﬂ-nbmnuhmvﬂymnpﬂl:ommw

characteristics: some are dustile and others are brittle or crumbile . .
easily. Both paradin and microerystailine wazes have wide usesin .

food packaging, paper coating, taxtile meusture preefing, candles
making, and cosmecics. © Petroiatnza is darived frem hesvy

sundlubm:kbymdnm:ﬁﬂﬂnhcwmm:..
[t is microerystalline in character and semi~eniid at room tempers- -
mmuu—-wumuu'mm{ :

applications, such a8 corresien preventives, carbem peper, and

butcher's wrap. Traditisnally. the tarns siavk wez, scie wax. and

refined was were uswi te indicste limitatiens om oii content. Today,
these ciamifications ass losn exact in their meanings, especially in

fin waz, petroiatum, refined wan, sois waz, scuff resissance, seni-
ing strength, siock wem, ;

vhit.oil—hidllynﬁmd&u’clnniaadod. mdlyeolﬁb'

 lass. odorh-.animhu. White oiis have s high degree of
chmmhty.mhimmmdamhncm
nudmtucﬂmkmhmaadmm-

standards of the United States Pharmacopess (USP) for food, -
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Appendix 7. Report of ARCO-Sponsored 80-Day White Qil Study ‘Q V

. }/ Praducts Division
/).: Qualily Adminisiraticn
/ , . o | .
’ ) . i .‘/
. January 27, 1976 - BT N\~

———

Miss M. S. Butler .
The British Industrial Biglegical
Rasearch Association
- Woodmansterne Road, Carshalton
Surrey, England, United Kingdom

Dear Miss Butler:

Reference is made to past correspondence concerning addi-
tional data on our product Tufflo 6056 relative to its
safety-in-use, particularly with regard to increasing the

gaximgm 4% use now provided in the BIBRA/BPF Code of
ractice. ST '

_ The additional data that has been developed can be summa-
rized in four catagories, as fallows:

. 90-Day Subacute Oral Toxicity Studv with Tuffle 6056
O-day sutacute orail toxicity study nas been conductad
on Tufflo 6055 using albina rats as test animals, at a
dietary feeding level -of 10,003 ppm. This test supplie-
ments a previous stucy in wnich a 50/50 mixture of ,
Tufflo 6016 and Tufflo 6056 was fed at 10,000 ppm.

.~z No untoward behavioral reactions were noted during the
--.-- course of the study, and all deaths that occurred among

test and control animals during the course of the test
: were as a result of blood collectian. =

" No' significant differences between test and control animals
were noted in the various parameters studied. The results
from hematologic, clinical chemistry and urinalyses testing
© . ;.were within the 1imits of nomal, and pathologic studies
revealed no findings different from those.in the control
_-Zzzanimals or attributable to_the test material. - |

;;,f“ifwl omplete detailed report of this investigation is
—.¢7 attached. - - . e - - -

A7-1




‘Miss M. S. Butler

January 27, 1976.
Page 2 T

Acute Oral Toxicity Study with Tufflo 6356

An acute oral toxicity study has been conducted with Tuff1o 6056
using Sprague-Cawley albino rats. A dose level of 5,000 mg./kg.
was administered directly into the stomach. The animals were ob-
served directly for 14 days and then sacrificed. ATl animals
appeared normal during the observation period, and necropsy ex-
amination did not reveal any gross patholegic reactions. The
acute oral LDsg is calculated to.be greater than 5,000 mg./kg.

The.det311§d report on this stﬁdy is attached.

Investigation of Tufflo €056 for Polvnuclear Aromatic Hvdrocarbons
The sample of lufTlc G036 used 1n this investigacion was Speciti-
cally selected as one chowing a strong color reaction in the hot
acid, or carbonizable substances, test. That is, the sample con-
tained a relatively high proportion of mater1alsthat react with
conc. sulfuric acid to form color bodies. Also, the sample had

an ultraviolet absarbance value on the high s1de of the max1mum
permitted by FOA 121.1146, as follows:

Maximum UV absortance, 260-350 nm 0.071 ¢ 309 m
~ Carbonizable Substances . >5

A rating of 5 in the hot acid test is equivalent to 200% of ASTM
D 565 colorimetric reference standard salution. A rat1ng of 3 is
the maximum "passing” Iimit.

The Tufflo 6056 sampie was treated by 11au1d-1iqu1d and chromato-
graphic procedures to obtain an enriched polynuclear aromatic
fraction, and analyzed by gas chrcmatography against an internal

- standard of benzo-{b)-chrysene. - For controi, various polynuclear

aromatics were added to the original Tufflo 6036 sample.m

Results ‘show that no po1ynuc1ear aromatics are present down to the .
detection 1imit of this test, which is 0.01 ppm, or 10-8 g/g.-

The.cumplete original report of this investigation is attached.

Extraction Studies on Polvstvrenes Made with Tufflo 6056
Txtraction studies.have oeen conaucted on approximately | mm films
of both standard and high impact polystyrene, made with 5.5%
Tufflo 6056. The solvents used vere distilled water; 3? acetic
acid; 10% ethyl alcohol; and a fat simulant which is a '%C-labelled
triglycer1de mixture. Test conditions. included 10 days at 40°C.
and 65% relat1ve humidity; and" two hours at 70°C.
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Page 3

Results of these tests show that the total migrated material for
both polystyrenes under all conditions in the aqueous solvents was

less than 0.1 mg./dme; and in the fat simulant less than 3.3 mg./dml.

The complete original report on this study is attached.

Some of these studies were conducted in Germany in connection with
our BGA approval, and in those cases we have included the original
report so that you would have the exact description rather than a
translation.

I trust that you will find the results of these additional studies
on Tufflo 6056 of interest from a technical standpoint, and also
persuasive as to 1ts safety for use in plastics for food contact
applications at greatsr than 4% levels. ’

As in the case.of related information previcusly sent to you, I
would appreciate a lTetter from you acknowledging receipt of this
data and the confidentiality of the information supplied. ‘
With kind personal regards. l | | .

Yours very truly, ;

ATLANTIC RICHFIELD COMPANY

wHre

* M. J. Matson, Manager
Product Specifications

 HM:gp
A

cc: Mr. R W. Sublett - Los Angeles (wattach.)

A

T. d. CTdugh~# Harvey (w/attach.) :
# Mr. Derek Hughes - Rio de Janeiro (w/attach.)
D, B. W. Turnquest - Los Anqelgs (no attach.)

’
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ﬁmﬂuw BIO -TeST Laboralonies, Jne.

. 1810 FRONTAGE ROAD

NORTHBROOK, ILLINQIS 40062 -

REPORT TO
ATLANTIC RICHFIELD COMPANY
90-DAY SUBACUTE ORAL TOXICITY STUDY WITH
CODE 7552, SAMPLE 6025-F-351205 (WHITZ OIL)
IN ALBINO RATS
ACCOUNT NO. 8136-5960-A3465
F‘EBRUA.B.Y 6, 1975
IB‘I.' NO. 621-05634

G ase




Industrizl 310 -TEST Lzborwalmies, Mne.

1810 PRONTAGE RCAD
NORTHBROOK, ILLINGIS 400482

February 6, 1975

Mr. H. J. Matson, Manager
Product Specifications
 Atlantic Richfield Comparny
Harvey Technical Center
400 East Sibley Eoulevard
Harvey, [linois 60426

Dear Mr. Matson:
Re: IBT No. 621-05634 - 90-Day Subacute Oral Toxicity Study

—=° ~ With Code 7352, Sample 6025-F-31205 (White Oil) in
Albino Rats - Account No. 3136=-3960-43465.

We are submitting herewith owr laboratory report prepared
in connection with t.hc above study.
- : Vln-y truly yours,

J. C. Calandra o
President -

JCC:meb .




- + REPORT TO
~ ATLANTIC RICHFIELD COMPANY
90-DAY SUBACUTE ORAL TOXICITY STUDY WITH
CODE 7552, SAMPLE 6025-F-51205 (WKITE OIL)
.IN ALBINO RATS
ACCOUNT NO. 8136-5960-A3465
FEBRUARY 6, 1975

-IBT NO. 621-05634

I. Intreduction

A sample idenﬁ.ﬁcd as Code 7552, Sample 6025-F-51205 (White Oil),

was received from the Atlantic Richfeld Company for the purpose of

conducting a 90-day subacute oral toxicity study using albimo rats as

test animals. This report presents the results of the investigation.

- I T - . P - e
T anonm con L R T - -
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O. Summary . A
Ninety days of feed;ng White Cil to 3 group of albimo rats.at a ' S
.- N~
dietary level oi 10,000 ppm revealed the. followmg ' :

A. Body Weights and Total Weight Changes -
Statistical comparison of total body weight changes revealed no

'sigm'.ﬁca.nt differences between test and control group values.

B. Food Consumpton
Differences between the amounts of food consumed by test and contral
. group animals were not significant.

C. Mortality and Reactions

All deaths were the result of trauma during bloed ;onecﬁcn and were
not related to treatment with the fest material.

No ﬁntoward behavioral reactions were noted among any of | the
animals 'e:::ploycd in the investigation. |

D. Hematologic Sb.d.es

Mean values for lez.kocyte and erythroc'yta counts, hcmoglcnm

concentrzt:on a.nd hcmtocnt were mthzn the hmts of normal.~

.. - -

E. Clinical Chemistrv Studies - -
Mean values for serum glucose, blood urea nitrogen (BUN)

concentraﬁon. serum alkaline phosphatase (SAP) activity, serum

-
—— e em—— ——

glutamc-pyruvic tr:.nsammz:c (SGPT) a.cﬂvxty. cholestarol triglycerides,
phosphohpzds. total ].ipxds and total esterified fa.tty acids were within the

limits of normal after 42 and 84 days of treatment.




Mean values for urinary glucose, protein, pH, spedﬁé g’fa.vity and

microscopic elements were within the limits of normal for all rat.s examined
at 42 and 84 days.

G. Paﬁhalo:ric Studies

1. Gross Findings

Gross necropsy findings among test animals were not significantly -
different from those noted in control animals.

2. Organ Weights and Ratio Data

No effecfsla.t:ribu:able to the test material were noted.

3. Histopathologic "mc.:ms

" Tissue changes obscrvea. in treated rats were s:.mla.r to those

seen in contrel rats and all were considered :nam;estanons of intercurvent

disease. _ 3
Raspectfully sub:dit:ed

INDUS’I'RIAL BIO-TEST LABORATORIES INC

:Report prepa.re'c_i b? Lﬁav 7}\ .ﬁl,'\ A /V\J

Les Morrow, B.S. -
- Aasxstant Toxicologist
Toxicelogy

Report approved by: é: Z ,,(,,)"/ﬁ Ve w

McCollum
~ Senior Group Leader
xicology

L/jé-cafz,
_ ,Jo n W. Goode, Ph.D.
- \Manager -
Decatur Research Laboratones

P RE A

M. L. Kepiinger¢ Ph.D. ./
Manager, To:dcolegy

Pg
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. Procedure \Q

A. Experimental Animal; ’ - -

-

: '1'1;. ani;gals employed in the study were Charles ﬁiver ::train*
albxno rats. Sixty rats (30 males a.nd-‘30 females) were sQIectzd for
the experiment and housed individually in standard wire-bottomed steal
rat cages. Each -.cage bore a color-coded card idendﬁing the animal
with respect to project number, d_ie:zry level assignment, individual
animal number z.nd-sex.

B. Organization of Grouns

A structural cﬁtline of the e:penmenr is shoﬁ in Table I.
| . TABLE I |
* TEST MATERIAL: White Oil
- 90-Day Subacute Oral To::idty $mdy —‘Alb_ino Rats

Cutline of Experiment

- B .- Number of Animals Dietary Level
Group Males Females : __(pom)
Contral 15 . . 5 3 Nome -
T-I | 15 | 15 - 10,000 -

* Charles River Breeding Laboratories, Wilmington, Massachusetts.




\b’

C. Body Weights and Total Weight Changes

Each animal used in the study was weighed on the first day of

the test and at weekly intervals thereafter. The weightsv were recorded

‘and served as a.n index to growth. Weight changes were cémpute’d at .

of each sex xn each groﬁp weekly during the study and the data récc‘rded.

the conclusion of the 90-day test period and the data subjected to
statistical analyses.

'D. Foed Consumotion aﬁd. Diat Presaration

Food énnsumpdon data were collected individually for ten rats

The diet for iny giveh. group was prepared by blending the

. appropriate amount of White Qil with standard rat ration* in a Hobaxrt

' each sex &om bot.h the control and 'I‘-I (10 000 ppm) groups after 42 and

Fresh diets were prepared each week. Eaich rat was offered an

amount of diet sufficient for one week's ad Iibimm feeding However,

checks were made daily to ensure that the ‘ood ]a.rs were not -pty

: E. Mortality and Reactions
Abnmormal reactions and deaths were recorded daily during the

mvesﬁganon.

F. H-atologm. Chmcal Blecod Che:mstrv Studies and Unnalvses

Blocd znd urine samnles collected md:.vzdually from ten rats of

- .= .

84 dzys qf feed:mg'were analyzed for the-rfollowxng:.

* Wayne LAB-MEAL for Rats, Allied Mills, Inc., Chicago, Hlinais.




1. Hematologic Studies -

a. Hematoerit Value

b. Erythrocyte Count .
- €. Hemoglobin Concentration . -

d. Total Leukocyte Count
e. Differential Leukocyte Count

2. Clinical Chemistrvy Studies

a. Blood Urea Nitrogen (BUN) Concentration

b. Serum Alkaline Phosphatase (SAP) Actvity

¢. Serum Glutamic-Pyruvic Transaminase (SG2T) Acnvxty
d. Fasted Blood Gluccse Conceantration : ‘

e. Cholestercl

f. Triglycerices

g. Total Lipids

h. Phcspholimds

i. Total Esterified Fatty Ac:.ds

3. _ Urinalzses

a. Glucose Concentration

b. Protein Concentration

€. Microscopic Elements :.&amnancn
d. pH )
e. Specific Gravity : : . '

G. Pathologic Studies

Following 90 days of feeding‘, all surviving animals were rendered -

unconscious by expos.ure to carbon dicxide in a closed chamber and
 immediately exsanguinated. Animals which succumbed bdu.ring the study
wWere examined grosély unlus examination was predu&ed Ey postmortem
autolysis. At the time of necropsy, repmentzt:we specunen.s of all

organs were pre:erved in ten percent neutral buffered formalin. Fixed

tissues were processed.. emibedded in paraffin, sectioned at six microns

and stained for microscopic examination. Also at necropsy, the weights

of the liver, kidneys, spleen, gonads, heart and brain of each rat were

determined and -'recorded.




‘107 ' Microscopic examination of tssues taken from ten rats of each
sex from the control and t&st group was cpnducted. Tissnes. were stained
with hemziaxylin and eosin. In addidoen, spgc-imens'.of hvn' were stained
with Osmium tetroxide.and specimggs of stomach were stained :wi:h" Alcia.ﬁ.
ﬁluc PAS. The following tssues were included: esophagus, stomach
(c;r&i;. fundus ;i:.d pyloiu;). small iﬁtasﬁ.ne (duod:enum. jejunum and ileum),
~ caecum, colon, liver, kidneys, spleen, stermum, pancreas, urinary bladder,
pituitary gla.n;d. a.drenali gland, testes, ovary, thyrecid gland, éa.rathyrcid |
gland, salivary gland (5ubma.x:'.ilzry). 'péqsutg gland, Hea.rt, .acrta, lung,
lymph node '(cerviczl and mesenteric), skeletal r;uscle. peripheril nerve,
o spu:al cord, uterus, trachea, eye, cptc nerve and brain (cerebrum, cere-

bellum and pons). -




. AN
_ ~

- IV. Results

A. Body‘ Weights and Total Weight Changes S -
‘Bad‘y'weight data collected weelkly during the .90-.:13y test periad are
.;.ummarized-in Table O. Also indudéd in the table are 90-day total weight
changes. |
Mean male and female b'ody weight data ;rc graphically presented
in Figures 1 and 2, respectively.
Staﬂ:ﬁczl cbmpuisans of total body weight changes z;evea.led no

sign.i.ﬁca.nt‘ differences between tgsf and control group values.
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- TEST MATERIAL: White Qi1
)70 ' 90-Day Subacute Oral Toxicity Study - Albino Rats
| Mean Male Body Weight Data -t
Body Weight - | ‘

(grams)
600

500

-~

®
.‘......‘.-“.“...
»

400

" 300

200

100

T-1

1 2 3 4 5 & 71T 8 9 10 11 12 13
: - Weeks on Test '
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) - | FIGURE ¢
TEST MATERIAL: White Oil

90-Day Subacute Oral Toxicity Study - Albino Rats
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/7 B. I';ccd Consumotion

Food consumption data collected during the investig’a‘;ion are
_su:nmaﬁzed in Table II.
Differences between amounts of food consumed by ﬁest and cbntrol

§TOuUp animals were not significant.
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C. Mortality and Reactions

A &e@ueucy &stribution of deaths which accurred dunng the

- investigation are presented in Table IV.

No untoward behavioral reactions were noted among any of the

animals employed in the investigation.
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'D. H_ematology Studies -
ﬁc result; of hen;g.tologﬁ studies déne on male and female rats in
the control group and m treatment group T-I (10,000 pptﬁ) are summarized
in Tables V and VI. _,
Mea.ﬁ values for total Ieﬁkocyte and. erythrocyte counts, differential
leukocyfe counts, hemoglobin ;oncent:'adcxi. and vhcmztoc'z"it were within |
‘the limits of normal in rats in all exa.mined g'r;'cups at 42 and 84 days of

treatment.
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E. Clinical Chemistry Studies

The re:ults of clinical che:ustry stuches done on male and female
rats in tha control group and in treatment group ‘I'-I (10,000 ppm) are
summarized in ‘Iables VI through IX.

Mean valugslfor serum glucose, BUN, SAP, SG2T. cholestersl,
triglycerides and total lipids were within the limits of normal after 42
and 84 days of t:.-ezt;.nent*.‘ Va.lueg for p"hospéolipids and for total eaten‘!-
fied fatty acids'-alsa were normal, wh?n the values of treated animals were

-compared to those of control animals after 42 and 84 days of treatmnent.

* Melby and Altman: Handbook of Labaratnry Animal Sczence. Volume II,
CRC Press, Cleveland, .Chio, 1974.

179 .
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F. Urinalyses | | , : |
The re;ults of examination of urire specimens collec'téd from male
én.d female rats in the control group and in treatment group ‘I'-I‘
: (;0,000'ppm) are s@mMzd 1:1 Tables X and XI.
Mean values for. u:'inar? gluccse, pz'c:te:'.n.~ pPH and specific ’gravity
were within the limits of normal in rats in all groups examined at 42 and
84 days of wreatment. Mean values for microscopic elements were also -

| within the limits of normal at these times.
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G. Pathologic Studies

1. Gross Findings ' ) .. -

Gross necropsy findiags among test ammals were not signif-

.i:czntly_different from those noted in:control animals.

2. Organ Weights and Ratio Data

Organ weight and ratio data are presented in Tables XII
through XVII.

Significant differences between the test and control groups
#e designated by asterisks following the test group vaiue.

Due to lack of a.ny deleterious histcpa:hg\:logic findings, the
differences ncted were considered normal for a random population of

rats.
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3. Histopathologic Findings

The results of histopathologic examination of male and female
rats used in experiment IBT No. §21-05634 are presented. in "J:'a’.bles xvm
~ and XIX. . | |
- No histopa;hologic al:e:ations attribu:zble to u-ﬁment W‘Lth
the test maierial for 30 days were observed. Tissue changes obsez;ved
in treatedv- rats were similar to those seem in control rats and all were
considered manifestz:ioﬁs of intercurrgntvdiseue. Sectons of stomach
from ﬁ:;le and female raf;s in the conmrol gx;oup and in treamment group
T-I (10,000 ppm) were stzi;ed with‘Alcizn.Blue PAS, and sectons of _
" liver from the same rats werelv weated with Osmium Tetroxide.
Examination of Alcian Blue PAS—-stained sectons of stomach
fevuled intense staining of stap;rﬁcizl portdons of the mucosa: By Alcian
Blue with ﬁm: PAS pésiﬁm’.ty: occurring in tb.e immediately subjacent
~ zone. The intexﬁ.si:y of Alecian Biui_ smmng and the total thickness of the
zones of re#ction to-Alci;n Blﬁg. and to PAS were gfez:er in conwmal rats
- than in treated rats No sex differences were observed in Alcian Blue PAS
_ staining reactions.. ._ ) . | . . - |
- ,Ex’amin;ﬁoxi of liver specimens treated with .Osr.niu-.m'.'retr.oxide_
reveaied,;smiopiﬁlic globules of varyxng number a.nd size in hepatocytes
usu_allf in pox;tal ar?u. No diﬁféredce was cbserved in number, size;
ar di_stributioﬁ of osm.iophilic globules in the livers of control a.nd u-_éated'_

rats,

_ omate, American College of
Veterinary Pathologists
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ATLANTIC RICHFIELD COMPANY

" ACUTE ORAL TOXICITY STUDY WITH
7552 SAMPLE 6025-F-31205
IN ALBINO RATS
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ﬂfda‘wud BIO - TEST Labowlonies, Ine. kc

1810 PRONTAGE ROAD . . ®
NORTHBROOK. ILLINGIS 60062 _ ™~

Mr. H. J. Matson, Manager
Product Specifications
Atlantic Richfield Company
Harvey Technical Center
400 East Sibley Boulevard
Harvey, Illinois 60426

Dear Mr. Matson:
Re. IBT No. 601-05633 - Acute Oral Toxicity

Study with 7552 Sample 6025-F-~5120S5 in
Albino Rats - Account 1-8136°5°60-A346::

We are submitting herewith cur laboratory report prepared>
in connection with the above study.

Very truly yours,
g ¢. {ﬁ.z.,..,z.,_.

J. C. Ca.la.ndra.
President -

JCC:slg:




REPORT TO
ATLANTIC RICHFIELD COMPANY
ACUTE ORAL TOXICITY STUDY WITH
7852 SAMPLE 6025-F-51205
IN ALBINO RATS
ACCOUNT #8136-5960-A3465
OCTOBER 16, 1974

IBT NO. 601-05633

1. Inti'aduction —— .._.- S —

At the request of Atlantic Richfield Company, an acute cral toxicity -

study thh albino rats was conducted with a sample identified as 7552

Sample 6025-F-51205.




II. Summar;

An acute oral toxicity study with albinc rats was conductcd ‘with
7552 Sa.mple 6025-?-:1205 The acute oral u:_ledzan lethal dose (LDSO)
was calculated to be greater than 5,000 mg/kg. :
Respectfully submitted,

, INDUSTRIAL BIO-TEST LABORATORIES. INC.

Report prepared Ey: é'ginw ~f l/ /‘// =N cA:cg
Wendy A.:Harrison, B.S.

Technician. )
Acute Toxicity

. Report approved Ey: Q . .\\L&;EUC
. C. W. Mastri, B.S.
Section. Head Acute Tox:.czty

M. ‘L. Kepling¢r 4Ph.D. J

Manager, Toxicology
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I. Results

‘ A. Mortality and Bodv Weights ‘ ) " o

- -

-

.Individual mortality and body weight data -are preéented m Table I.




TABLE I
- Acute Oral Toxicity Study - Albino Rats
Mortality and Body Weight Data

Test Material: 7552 Sample 6025-F-51208
Form Administered: Undiluted
Acute Oral LDgg > 5,000 mg/kg

Strain: Charles Rive:

IBT No.:

601-05633

Classification: Practic:

Non-Tox
Dose Animal Individual Body Weights (grams)

Level  Number Test Day Number: " Number Dead: Percent
(mg/kg)  and Sex 0 14 Number Tested Dead
5,000 1-M 238 . 376 0/10 0

2-M 238 - 370
3-M 230 361
4-M ’ - 230 360
5-M - 224 : 343
6-F 210 . 262 .
7-F 197 253
8-F } 178 231
9-F 190 - 250

10-F = 202 265




v

B. Reactions

The pharmacotoxic symptoms displayed by the ra..ts ‘sést-oral
administration of the tést material included hypoactivity and ruffed fur
after one hour. Slightly oily fur at the unnary région was noted within
’ﬁve hours. -Withi.n two days, all am.mals appeared normal.

-Necropsy exaxnmation of all animals sacrificed at the end of the

14-day observation period did not reveal any gross pathologic alterations.




IV. Appendix

The detailed investigational procedure employed in this stu dy is pre;en:ed

i:x the following pages:

-

-

-
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ACU'I'E CRAL TOXICITY STUDY - ALBINO RATS

Young albino rats derived from Sprague-Dawley stock were- u:ed as
test animals. All'anima.ls were kept under observation for f:‘.ve days pnor»
to experimental x;;se. during which period they were checked for general
health and suitability as test animals. The animals were housed in stock
cages and were permitted a standard laboratory diet plus water ad libitum,
e.xceét during the l6-hour period immediately prior to oral intubation when
food was ‘withheld. |

Initial screening was conducted in order to determiné the general
__IeVeI of tq:d,c:;.ty of the test material. Selected groﬁps of albino rats were -
administered the test mzteriﬂ at several dose levels. All doses were
adminis;ei-ed directly into the ;tomach of the rats us:.ng a hypodermic:
syringe equipped with 2 ball-tipped intubating needle.

: A.fter oral admmstrzﬂ.cn of the test material, the rats were housed
mdlwdually in suspendcd. wire-mesh cages and observed for the following
14 days. Initial and final bpdy.weig-hts. .mortzlit'ies. and reactions were
recorded. -;A ixe_cropsy- exzmin;ﬁén was conducted on all animals.

At the end of the oSscrvaﬁon period' the acute éral median letl;al dose
(LDsq) of. the tast material was calculated 1£ possible, using the techmques
of thchﬁeld and Wilcoton* The test material was then assigned a classifi-

_cation in accardince with Harold C. AHodge*"‘. ‘l‘h‘_e dassiﬁcaﬁpn syste‘m is

px‘esented in the folloWing Table.

* Litchfield, J. T. Jr., and Wilcoxon, F., "A Simplified Mecthod of Evaluating

‘Dose-Elfcct E:.perxments.“ J. Pharm. & Exp. Ther. 96, 99 (1949).
** Hodge, Harold C., "The LD5g and its value®, Amcrican Pcrfumer and
Cosmetics 80, 57 (1965).
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TABLE

Acute Oral Toxicity Study - Albino Rats.

-~

-

Classification of Test Materials
Based on Acute Oral I.DSQ

| Acute Oral LDgg
(Range of Values)

Classification

Probable lethal dose
for a 70 kg man in
commonly used measures

‘Less than 5 mg/kg

§ - 50 mg/kg
50 - 500 mg/kg

500 - 5,000 mg/kg

5,000 - 15,000 mg/kg.

Greater than
15,000 mg/kg

Extremely toxic

Highly toxie
Moderately toxic
‘Slightly toxic

Practically non-toxic

Relatively harmless

a taste (less than 7 dfo?s)

between 7 drops and 1
teaspoonful -

between 1 teaspconful and
1 ounce :

between 1 ounce and 1l pint
or 1 pound

between 1 pint and 1 'quaﬁ

more than 1 quazrt
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BICCHEMISCHES INSTITUT | : C~

fUR UMWELTCARCINOGENE
Pmor. DR. G. GRIMMER g -. 31.August 1973
207 AMRENSBURG - 2 HMAMBURG 319
SIEHER LANOSTHASSE 10 } BEBRLALLEE 30 &

(9 41 937 & 21 08 . N tea11) 81 01 L 1]

Untersuchune von TUFFLO auf seinin Gehalt an

golxcvclischen carcinocenen Kohlenwasserstoffen

Untersuchte Probe ’
TUFFLO 6056 (Duotreat P-500), sample no 6025-F-51203,
date 7/5/1973, ATLANTIC RICHFIELD COMPANY, Los Angeles.

Mathode -

Die einzelnen Anreicherungsschritte (a - 4d) wﬁrdeh mit
folsend-n carcinogenen Orisinalsubstanzen geteshet':
Benzo(a)anthracen, Chrysen, Benzo(b)fluoranthen, Benzo
(j)fluoranthen, .Benzof(a)pyren, Dibcnz(a,h)anthracen.

Dibenz(a,j)anthracen und Indenopyren.

(a) Flissig-flissig-Verteilung : Dim.thylformamid-wasser-

Cyclohexan (Dtsch. Lebensm.-Rdsch 65 (1969) 229)

(b) Chromatographie an Silicakel mit Cyclohexan (JAOAC 53 .

(1972) 631)

(e) Vertailunsschromatosraphiovan Scphadex LE 20, statio-

' nire Phase : DMF-Wasser (85-15), mobile Phase : Hexan.

(d) Chromatographie an Scphadex LH 20 mit Isopropanol
(JA0AC 55 (1972) 631). '
Dia.  Auftrennung des Gcmxschcs d-r so antcrexcherten

Fraktion der polycyclischcn aromatischen Kanlcnwnsser-

. stoffe wurde gaschromatosraphisch durchgefihrt (Hoch-

s

. . leistungssdulen aus Glas 10 m x 2 mm, GasChrom Q sila-
- nisiert 100 - 120 mesh, Silicone ov 101, Saulent.mp ﬂso°c_
- (Erdsl u. Kohle 25 531 (1972)).

Die quantitative Auswertung erfolgte durch den Vergleich
der Fliche des inneren Standards (Bonzo(b)chrysen) mit

dem FID-Detektorsignal der cntsprechenden Einzelkomponente.




Die Nachweisgrenze liegt bei 10-8 ¢/ (= 0,01 ppm).

-

-
-

‘ERGEBNIS

Das untersuchte Produkt TUFFLO enthilt keine nachweis-
baren Mengen der eingangs aufgefithrten carcinogenen poly

~lischen Kohlenwasserstoffe oder Methylderivate dieser .

Kohlenwasserstoffe. Bei der verwendeten gaschromatogra-
Phischen Untersuchungsmethode werden alle polycyclischen
aromatischen Kohlenwasserstoffe mit 4 bis 7 Ringen erfaf
Im Gegensatz zu den bisher verwendeten sSpektrometrischen
Bostimmungsm.fhoddn werden sowohl bekanntc als auch unbe-
kannte Aromaten erfafit, da jede kohlenstoffhaltige Ver-
bindungAdurch den FlammensIonisations-Detektcr mengen-
proportional angezeigt wi;d., _
Zur Kontrolle der verwendeten Methode wurdo'dem.Original;
muster TUFFLO (10O g) auBer dem inneren Standard Benzo(b)
chrysen (42,75 ug) noch folgendc'polycyclischen Kohlen-
wasserstoffe zugesetzt : '

Chrysen,IS;O'ps)

Benzo(b)fluoranthen (5,5 ug)

Benzo(a)pyren (4,5 ug)

Dibonz(a.j)anthracen'(S,OAPS)

‘Diese dotierte Probe wurde in der gleichen Weise wie

die Originalprobe TUFFLO aufgearbeitet und gaschromato-
graphisch untersucht. . "_ .

Ein Versleich beider Proben, der Originalprobe und der
mit Kohlenwasserstoffenvdotierten Probe, ist in den

‘. Bilderm 1 und 2 wiedergegeben.

Wihrend die Originalprobe nur den Zugefiigten innercn
Standard erkennen lant, sind in der zweiten I’robe neben
dem Standard alle 4 Zugesetzten Kohlenwasserstoffe mit

‘einer Ausbeute von .95 - 99 % (bezogen auf den inneren
 Standard) als Signale nachweisbar.
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Bild 1

"PYI IR R R R R Y L L YT P YR YTY I P PR P EE LR R L R voeoe ceco@me

HEE Registrierstrsifen des'Gaschrcmatogramms von TUFFLO
(100 g), Originalprobe mit inneren Standard BbC. (42,75 u

Gaschromatographische Bedingungen : Glasséule 2 mm x 10
Silicone OV 101 , 5 % aus GasChrom Q, isotherm 2509

*
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Bild 2

: Registrierstreifen des Gaschromatogramms von TUFFLO

. (100 g), das vor der Aufarbeituns mit dem inneren

'~ Standard BbC (42,75 ng) und CUHRYSEN (5,0 mg), BENZO(b)
FLUORANTHEN (5,5 mg), BENZO(a)PYREN (4,5 ug) und
DIBENZ(a, j)ANTHRACEN (5,0 mg) versetzt worden war.

Gaschromatographische Bedingungen wie oben

o . .




ZUSAMMENFASSUNG s

In dem untersuchten Produkt TUFFLO sind keine poly-
cyclischen aromatischen carcinogenen Kohlenwasserstoffe

nachweisbar (Nachweisgrenze 10‘3'3/3-a 0,01 ppm).

Dem Produkt ius.sctztn Mengen an Chrysen, Benzo(b)fluo-
ranthen, Benzo(a)pyren und Dibenz(a,j)anthracen in der
GrBenordnung von O 05 pPpm werden mit hohan Ausbeuten

wiedergefunden.

-
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S0 3'47@0 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

lll\ !

Nv;,

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

c.“y WASHINGTON, D.C. 20460
4;7‘4 PROTE

Ak | 0 1992

Robert T. Drew, Ph.D. OFFIGE OF
American Petroleum Institute *sﬁﬁﬁﬂm%g””
1220 L Street, N.W.

Washington, D.C. 20005

Dear Sir:

This letter acknowledges EPA’s receipt of information submitted
on a voluntary basis and designated by the Office of Pollution
Prevention and Toxics as FYI (For Your Information). For your
reference, a copy of the first page of your submission is
enclosed and displays the assigned FYI Document Control Number
(e.g., FYI 0000-0000) assigned by EPA to your submission. Please
refer to {his number when submitting follow-up or supplemental
information.

All submitted correspondence is screened to determine the need
for further evaluation. Submissions are then placed in the
Agency’s public files unless confidentiality is claimed. Such
claims must be substantiated, as described in the enclosed
"Support Information for Confidentiality Claims"™. In all future
communications with the Agency regarding this submission, please
refer to the assigned EPA Document Control Number and address
submission to:

OPPT Document Processing Center (TS-790)
Attn: (FYI Coordinator)

Office of Pollution Prevention and Toxics
U.S. Environmental Protection Agency

401 M Street, S.W.

Washington, D.C. 20460

The Agency looks forward to continued cooperation with your
organlzatlon in sharing information that may assist in evaluating
& minimizing potential risks posed by chemicals to health and the
environment.

Sincerely,

|7/
James F. Darr, Section Chief
Chemical Risk Identification
Section/CSB/ECAD/OPPT
Attachment

CONCURRENCES
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Triage of FYI Submissions

Date sent to triage:

Submission number: ()K%ﬁ’k

Study type (circle appropriate):

Acute
Epi Repro Acute w/neuro
Exp Mutagenicity/Genotox Subacute Chronic/onco
Ecotox Neuro Sensitization

Other

Notes:

For Contractor Use Only

-entie documens  pages peages ¥, ¢, 91,50,5]

Notes: use g]ﬁﬂ/l& /a"(f/bhw\!.crf O Upps ’ﬁ"fbl‘/—
¥« = First poge wf venunden
Contractor reviewer : _ 7LV Date: §-2Y-9a_
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% N % UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
% 3 WASHINGTON, D.C. 20460

OFFICE OF .
PESTICIDES AND TOXIC
SUBSTANCES

August 13, 1992

MEMORANDUM

SUBJECT: ECCG Meeting- August 27, 1992

7
FROM: Oscar Hernandez (i:? %ﬁ?vbQZUJA%j

TO: ECCG Participants

Attached are draft summaries for two cases-— Oil-based
Metalworking Fluids and Methyl ethyl ketone/Methyl isobutyl
ketone- scheduled for discussion at the next ECCG meeting on
Thursday, August 27, 1992 at 11:00 AM in room E352.

The first case, Oil-based Metalworking Fluids, stems from a
letter sent to OTS in 1990 by the UAW expressing their concerns
about metalworking fluids and a belief that test rules were
needed to evaluate the hazard of these chemical mixtures. A copy
of this letter is also enclosed for your information. Thus, the
central issue to address in this case is the feasibility of

conducting toxicity testing on the title chemicals.

The second case, Methyl ethyl ketone (MEK) and Methyl
isobutyl ketone (MIBK), consists of two section 4 chemicals.
These chemicals are the subject of various ongoing risk reduction
and testing activities. The purpose of this activity is to
formally dispose of section 4 test data with an expectation that
a conclusive assessment will be conducted when the additional
testing is finalized.

T. O'BRYAN

a3 :metalworking fluids.eccg/oh/08/13/92 ECAD/TS-778
E421B ECCG

@ Printed on Recycled Paper




METAL WORKING FLUIDS




SANDRA STRASSMAN-SUNDY

RISK ANALYSIS BRANCH

EXISTING CHEMICAL ASSESSMENT DIVISION
DRAFT

RM1 MEETING: Sept. 9, 1992

OIL-BASED METALWORKING FLUIDS

SUMMARY

Oil-based metalworking fluids (cutting oils) are the subject of a
possible Toxic Substances Control Act (TSCA) § 21 petition by the
International Union, United Automobile, Aerospace and Agricultural
Implement Workers of America (UAW) for testing under TSCA §4.
Their request 1is for carcinogenicity testing of cutting oil
components and formulations.

A review of the available data on oil-based metalworking
fluids indicates that there are insufficient data to define the
agent(s) of concern. Testing, therefore, is not feasible. Since
this group of chemicals is being reviewed by the Economics and
Technology Division (ETD) as a use cluster, the question of risk to
workers will be specifically addressed. Our recommendation is that
this chemical group be referred to ETD for continued work as a use
cluster.

BACRGROUND

Oon July 5, 1990, the Office of Pollution Prevention and Toxics
received a letter from the UAW indicating their intent to submit a
petition under TSCA §21 requesting TSCA §4 testing of metalworking
fluids. The UAW believes that there is evidence '"that these
materials pose a cancer and respiratory hazard" and "a hazard to
the skin." The test rules are intended "to evaluate the hazards of
individual constituents of cutting fluids as well as the effects of
combined exposure." The UAW also feels that "[a]dditional rules
to control exposures are needed as well" (Mirer 1990).

On September 20, 1990 the Agency received a submission under
TSCA § 8(e) regarding a semi-synthetic cutting oil HOLCUT 797-G.
This risk notification cited upper respiratory irritation during
high speed machine operations (Charm 1990).

These two incidents triggered the need to address the

plausibility of a toxicity review of cutting oils components and
mixtures.

CHEMICAL/PHYSICAL/ECONOMIC INFORMATION SUMMARY

Metalworking fluids are used to lubricate and cool during
machining operations. There are over 400 commercial products
belonging to one of four major types: straight, soluble, semi-
synthetic, and synthetic. All but synthetic contain mineral oil.
There are no standard formulations between and/or among commercial




products.

—————————————— METALWORKING FLUIDS -----—---—---
Soluble Semi-Synthetic Synthetic Straight

Composition#*

Mineral 0Oil 70 - 90% 5 - 30% none 80 - 100%
Emulsifiers 5 - 20% 5 - 30% ? ND
Consumption 719 M TIbs 163 M Ibs none 826 M lbs
UAW Interest yes (inferential) yes yes

SAT Info yes yes none none

8E Submission HOLCUT-797G

sOther constituents of cutting oils may include corrosion
inhibitors, 1lubricating additives, extreme pressure additives,
couplers (surfactants), biocides, and water. With the exception of
the water content in synthetic oils, most additives are present in
gquantities <10% (Kenon Smith undated).

SECTION 4 ISSUES

Do we have sufficient information for rule making? If so, should
we?

REGULATION/CONCESSION STANDARDS

OSHA has established a TWA/PEL of 5mg/m’ for oil mist. 1In addition
to a TWA/TLV of Smg/m’, ACGIH has recommended a STEL of 10mg/m’.

FINDINGS

EXPOSURE

There are limited exposure data. The UAW letter cites five
epidemiologic reports of worker exposure to cutting fluids. Use to
cool many machine operations is presumed to be widespread based on
economic consumption figures (Smith 1990). One cross-sectional
epidemiologic study that showed decreased pulmonary function
included several breathing zone measurements of mineral oil mist
that were below the PEL/TLV (Stroup 1990; Silverstein 1988).

Hazard

The OPPT Structure Activity Team (SAT) rated the toxicity of
many of the known chemical components of metalworking fluids. They
noted some chemicals of high and medium concern, but few individual
chemical components common to all metalworking fluids. While many
of the remaining chemicals are not thought to be intrinsically
toxic, the inhalation of fine mists of cutting oils containing not
only a mixture of chemicals, but also particles of the material




being cut cannot be excluded. This may produce a toxicity that
cannot be linked to any particular chemical (Wagner 1990; Murphy
1990).

HUMAN STUDIES
Data available from epidemiologic studies are summarized
below. These findings are discussed below.

----------------- METALWORKING FLUIDS---————=======-

Soluble Semi-Synthetic Synthetic Straight
Pulmonary Function decreased ND decreased no
GI Cancer yes yes yes no
Brain Cancer Cmm———- many cutting oils plus other chemicals----- >

RISK CHARACTERIZATION/DISCUSSION

Although there are commonalities between and among the >400
comercially available metalworking fluids, there are no standard
compositions. Therefore the UAW request for testing to evaluate the
individual constituents and combined exposures from cutting oils is
problematic.

The difficulty in defining agents of concern can be exemplified in
the case of HOLCUT-797G, the subject of TSCA § 8(e) submission S8EHQ-
0890-1078. Workers were reportedly experiencing adverse upper
respiratory effects during high speed machining, though not at 1low
speed. Since adverse effects from mineral oil exposure generally target
the 1lung, the causative agent(s) 1is speculative--and include the
material being machined (Murphy 1990).

Moreover, the SAT Health Hazard Review adds 1little clarity.
Although metalworking fluids contain chemicals of high, medium, and low
health concern, the inhalation of fine particles of the material being
cut must be considered in evaluating total chemical exposure. These
particles, coupled with mineral oil mist and other product constituents,
may produce a toxicity that cannot be linked to any particular chemical
(Wagner 1990; Murphy 1990). Even further obfuscation is evident when
looking at HOLCUT-797G relative to the SAT: the only chemicals common
both to the SAT list and HOLCUT-797G were glycol ethers.

Information gleaned from available epidemiologic studies similarly
falls to elucidate a specific chemical or mixture. Two proportional
mortality ratio (PMR) studies show a strong association between exposure
to metalworking fluids and gastrointestinal (GI) cancer. And although
decreased pulmonary function (FE,;) occurred at levels below the mineral
0il TWA/PEL in one cross-section study, and a significant excess of
brain cancer was workplace related in another, neither study could
isolate chemical exposure to individual chemical components or mixtures
(Stroup 1990).

The available data are inadequate to define specific agents in
metalworking fluids for toxicity testing at this time. However, ETD
currently has several use clusters that include cutting oils. They are
in the process of reviewing commercial formulations of metalworking
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fluids and itemizing their constituents (Strassman-Sundy 1992). The
resultant product should provide a comprehensive 1list of pertinent
chemicals that might serve as a more precise guide in determining which,
if any, chemical constituents and/or mixtures might be tested under TSCA
§ 4. It must be kept in mind, however, that the available human studies
cannot delineate any specific agent(s).

CONCLUSTION

There are insufficient data to define the agent(s) of concern, and
therefore testing of oil-based cutting fluids for carcinogenicity is not
feasible. The metalworking fluids category could be referred to ETD
for further definition as a use cluster.
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June 28, 1990

Charles Elkins, Director

Office of Toxic Substances
Environmental Protection Agency
401 "M" Street, SW

Washington, DC 20460

Dear Mr. Elkins:

This letter follows our discussion of TSCA action regarding machining
fluids, otherwise known as cutting fluids, cutting oils, metalworking
fluids or coolants.

The UAW believes that recent evidence shows that these materials pose
a cancer and respiratory hazard to workers. Several recent references
are attached. These materials have long been known to pose a hazard

to the skin.

The UAW believes that test rules are needed to evaluate the hazards of
individual constituents of cutting fluids as well as the effects of
combined exposure. Additional rules to control exposures are needed

as well.

This letter is to alert you to our intention to submit a petition under
Section 21 of TSCA.

Sincerely,

£ e

Franklin E. Mirer, Ph.D.
Director

Health and Safety Department
International Union, UAW
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Project Officer: Agnes Revesz, ECAD/RAB
ECCG meeting: Aug. 27, 1992
DRAFT

BACKGROUND INFORMATION ON METHYL ISOBUTYI, KETONE (MIBK)
AND METHYL ETHYIL, KETONE (MFK).

SUMMARY

MEK and MIBK are TSCA §4 chemicals for which test rule data have
been reviewed. In light of the current amount of Agency risk
reduction activities, it is recommended that OPPT refer MEK and
MIBK to these activities. In addition, an internal referral to the
OPPT Paints Cluster and Lead-Encapsulate Cluster for further
consuner risk review. Section 4 test data and the RM1
recommendations should be made available to the relevant Federal
Agencies.

1. HEALTH EFFECTS

Interagency Testing Committee (ITC) Selection Rationale

The ITC in its 4th Report recommended that MIBK be tested for
mutagenicity, teratogenicity, and chronic effects and that MEK be
tested for chronic effects (with emphasis on neurotoxicity
evaluation). Epidemiologic studies were recommended for both
compounds.

Health effects testing recommendations were based on high exposure
and a lack of adequate data on mutagenicity and chronic effects.
In addition, acute neurologic effects (CNS depression and numbing
of fingers and arms) were reported due to MEK. Environmental
effects tests were not recommended because of the rapid chemical
and biological degradation of MEK and MIBK in the environment.

TSCA Section 4 Studies

The EPA response to the ITC referral was that testing data provided
by major US manufacturers of MIBK and MEK were sufficient to
evaluate some of the health effects recommended for testing by the
ITC. EPA accepted a testing program submitted by the Chemical
Manufacturers Association (CMA) Ketones Program Panel. The
proposed testing program included an inhalation teratology test and
a 90-day subchronic toxicity study on MIBK and mutagenicity testing
on both MIBK and MEK.! The subchronic inhalation study, performed
by CIIT, was expected to provide sufficient data to determine the
risks of chronic exposure to MEK. EPA decided that no
epidemiological studies were warranted, since no toxic endpoints
have been identified in the available data which would serve as a
basis for testing.




MIBK: A proposed Multi-Substance Rule for the Testing of
Neurotoxicity was promulgated under TSCA §4 on 3/4/91.? Ten organic
solvents were selected to be included in the rule, based on five
criteria, such as production level, occupational and consumer
exposure, and vapor pressure. MIBK met several of these criteria
and became one of the ten substances included in the rule. The
TSCA Guidelines call for the following neurotoxicity tests:
functional observational battery, motor activity, neuropathology,
and the schedule-controlled operant behavior test. A literature
review on MIBK tests revealed one developmental toxicity test in
rats and mice, which reported a neurotoxic effect. It was
determined, however, that the study did not satisfy neurotoxicity
data needs. Therefore the proposed Multi-Substance Rule for the
Testing of Neurotoxicity calls for state-of-the-art neurotoxicity
testing for MIBK.

During the comment period for the proposed rule, 1ndustry has
submitted new studies on the solvents included in the rule!. Thus
new data are currently being evaluated by HERD which may have a
bearing on the neurotoxicity testing requirements for MIBK to be
included in the final rule.

RCRA/CERCLA Testing

The Office of Solid Waste and Emergency Response (OSWER) contracted
for an oral subchronic study on MIBK in 1986 to be used as the
basis for RCRA regulations. A review of the study by RAB is
attached.?

SUMMARY OF HEALTH EFFECTS TESTING FOR MEK AND MIBK

The tests marked with an asterisk (*) were submitted by the
Chemical Manufacturers Association under the TSCA §4 agreement and
were reviewed by HERD. However, several of the original HERD
reviews! were lost since 1982/83, so the attached review package is
incomplete.

MIBK: Mutagenicitys*: 1. Ames test - negative;
2. Mouse lymphoma test - positive without
metabolic activation, negative with it;

3. BALB/3T3 mouse embryo cell
transformation - positive without
activation, possibly positive with
activation;

4. Cytogenicity (mouse micronucleus) -
negative

5. Unscheduled DNA synthesis - suggestive
but equivocal.

The results were taken from HERD reviews.*




MEK:

Inhalation teratology* testing in mice and rats. HERD
review results: MIBK causes significant developmental
effects in mice and rats at the 3000 ppm dose level
(fetal death, reduced fetal weight, delayed
ossification), but not at lower doses (1000, 300 ppm).
Toxic effects in the dams of both species were observed
at the 3000 ppm level, but not at the lower doses. Thus
the LOAEL is 3000 ppm’.

90-Day subchronic inhalation study* in male and female
mice and rats. HERD review results: Increased liver
weights but no microscopic lesions found. At the given
exposure levels (0, 50, 250, and 1000 ppm) and conditions
no conclusive tox101ty was found. NOAEL: 50 mg/kg/day.
(CMA-sponsored study performed at Bushy Run.)

90-Day subchronic gavage study (OSWER) in male and female
rats. The study showed kidney toxicity at the high dose
(1000 mg/kg/day and to a lesser degree at the mid-dose
(250 mg/kg/day), and pos51b1e CNS effects at the high
dose. The apparent NOAEL is 50 mg/kg/day.?

Mutagenicity*: The same five mutagenicity tests were
performed as for MIBK; the HERD reviewer found all tests
negative, except the UDS test, which was deemed positive.

13-week inhalation subchronic (CIIT) study submitted by
the CMA subsequent to the ITC recommendations. The study
in mice and rats (1,250 - 5,000 ppm 6 hr/day, x 5 for 13
weeks) showed virtually no effects at any exposure level.
No neurological changes were noted through either
behavioral observations or histologic examinations.
Because of the lack of effects, CIIT decided it would be
inappropriate to proceed with long-term testing. EPA
consequently found that the study was adequate to predict
the chronic toxicity of MEK.®

An extensive literature review showed no indications that
MEK alone induced neuropathological effects.® MEK may
act synergistically with methyl-n-butyl ketone or n-
hexane, which by themselves are neurotoxic agents.
However, neurotoxicity of MEK by itself has not been
demonstrated.’

Other studies: An extensive examination of all health
effects of MIBK are described in the final draft of the
United Nations Environmental Programme (UNEP)
Environmental Health Criteria Document.’




2. EPA PROGRAM/REGULATORY INTERESTS AND RISK REDUCTION ACTIVITIES

OPPT: 33/50 Program (Risk reduction by voluntary industry
action; both MEK and MIBK)
"Chemical Advisory" -- UNEP Draft Environmental Health

Criteria Document for MEK’
TSCA Sect. 4, 8a (PAIR), 8d (MEK and MIBK)

OPP: FIFRA (Active Ingredients of Registered Pesticides (MEK
only)
OAR: CAA 111 (Standards of Performance for New Stationary

Sources of Emission; MEK and MIBK)
CAA 112 (National Emission Standards for Hazardous Air
Pollutants; MEK and MIBK)
OSWER: CERCLA (MEK and MIBK)
Paragraph C - Pretreatment Pollutants (for MIBK only)
Office of Water Regulations and Standards
EPCRA Sect. 313 list (MEK and MIBK)
RCRA (MEK and MIBK)

3. ACTIONS BY OTHER AGENCIES/INSTITUTIONS

MEK: OSHA PEL: 200 ppm or 590 mg/m’
ACGIH TWA: 200 ppm or 590 mg/m’
ACGIH STEL: 300 ppm or 885 mg/m’
MIBK: OSHA PEL: 100 ppm or 410 mg/m’
ACGIH TWA: 50 ppm or 205 mg/m’

ACGIH STEL: 75 ppm or 300 mg/m’

4. ORGANIZATION FOR ECONOMIC COOPERATION AND DEVELOPMENT (OECD)
SCREENING INFORMATION DATA SET (8ID8) ACTIONS

As part of the SIDS program, dossiers, which summarize available
data and identify data gaps are being prepared. After data gaps
have been identified, voluntary testing may take place within the
OECD SIDS effort. OECD decision meetings have been scheduled for
1993.

EPA Assessments of SIDS Phase 2 Chemicals:

MEK and MIBK: The SIDS dossier is considered complete with regard
to both ecotoxicity and health effects. At the August 6, 1992 SIDS
meeting it was decided the no further testing is needed of these
chemicals.




5. TSCA SECTION 4 OUTSTANDING ISSUE

A TSCA §4 final generic Multi-Substance Rule for Testing of
Neurotoxicity is currently in preparation. The rule will require
neurotoxicity testing on MIBK by industry. Neurotoxicity test
results obtained through this venue will complete the data set
needed for the full evaluation of MIBK.

SUMMARY /CONCLUSION

MEK: The rationale for the initial testing was the lack of
mutagenicity and chronic toxicity data in the light of widespread
exposures. Four of five mutagenicity tests were negative and a 13-
week subchronic study showed no conclusive toxicity.

MEK is also used in various lead-based paint encapsulant
formulations. In connection with this use, a Structure-Activity
Team report summary indicated a low concern level for MEK at all
routes of absorption.

In light of the many risk reduction activities already in place by
the Agency (e.g., 33/50 project, CAA 112, Chemical Advisory) and
testing review under the SIDS program, we recommend that:

. no further action be taken by OPPT on MEK at this time, other
than that new TSCA Section 4 test results be made available to
other agencies as general information;

L review MEK as a lead encapsulate in paints;

] review MEK as part of an OPPT paint cluster;

o share the RM1 recommendations with other relevant Federal
agencies.

MIBK: The rationale for the testing recommendation for MIBK was
identical to that for MEK. Mutagenicity testing showed a mixture
of positive and negative results; a 90-day subchronic inhalation
study showed no relevant effects, although a previous oral
subchronic test had slight kidney effects at 250 mg/kg/day. An
inhalation developmental toxicity test indicated toxic effects in
two species at the high dose (3000 ppm) only.

Considering Agency risk reduction activities for MIBK [described
under MEK], we recommend that this information package be made
available to other agencies as well as to SIDS. A specific note
should be sent to OSHA regarding the developmental toxicity
information (NOAEL: 1000 ppm; LOAEL: 3000 ppm’, which is 30 times
the PEL and 60 times the ACGIH TWA, making a recommendation for




lowering of the PEL and adding the developmental toxicity findings
to the MSDS.

Since MIBK is on the TSCA §4 multiple neurotoxicity rule, the
findings should be reevaluated upon receiving test data pursuant to
this rule.

There is a need to characterize consumer exposure to MIBK due to

the extensive use of MIBK in paint formulations. MIBK should be
referred to an OPPT paint cluster for evaluation of potential
consumer risks. [Note that consumer exposure information may

become available through the OECD/SIDS program but not necessarily
in the immediate future. ]

As for MEK, it is recommended that we share the RM1 decisions on
MIBK with other Federal agencies, including CPSC.
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