
The National Institute for Occupational Safety and Health (NIOSH)
published research findings on "worst case" aerosol testing
parameters for particulate respirator filters. Those previous
studies determined the initial instantaneous count penetration of
commercial respirator filters. However, filter loading and/or
degradation due to the aerosol challenge were not investigated in
those prior studies. Since liquid aerosols are reportedly more
degrading than solid aerosols, the present study was undertaken
to evaluate the effect of dioctyl phthalate (ooP) loading on the
efficiency of respirator filter media. Data was collected
employing the OOP certification test which uses "a homogeneous
liquid aerosol having a particle diameter of 0.3 micrometers,
which is generated by vaporization and condensation of dioctyl
phthalate." This DOP aerosol is in the "worst case" size region
of .1 to .3 micrometers count median diameter. The certification
procedure was modified to permit filter penetration monitoring as
a (unction of aerosol loading. A similar experimental protocol
was employed using a "worst case II OOP aerosol generated by a cold
nebulization technique. High efficiency (HE) respirator filter
penetration against these oop aerosol challenges confirmed that
all commercially available HE filters tested gave initial filter
efficiencies> 99.97%, which is the limit established-in 30 CFR
Part 11. Further, the filter efficiency of all HE filters tested
remained ~ 99.97% even after DOP mass loadings of greater than
500 milligrams per filter element. Also, filter penetration data
employing a non-toxic potential OOP replacement material, Hitec@
164, gave efficiencies of > 99.97% for all HE filters tested.
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Introduction

Oioctyl phthalate (ooP) is a diester of phthalic acid and is

listed in the Merck Index") as bis (2-ethylhexyl) phthalate.

Other commonly used names include: di(2-ethylhexyl) phthalate

(OEHP): di-sec-octyl phthalate: phthalic acid, bis(2-ethylhexyl)

ester (IUPAC name); di(2-ethylhexyl) orthophthalate;

1,2 benzenedicarboxylic acid, bis(2-ethylhexyl ester) (CAS name):

and Octoil. ooP is used for respirator testing, as a lubricant,

and in vacuum pumps. It has long been used in industry as a

plasticizer (softening agent to impart viscosity or flexibility)

for resins and elastomers used in floor tiles, food packaging

systems, industrial tUbing and conduits, medical tUbing and

supplies, dental materials, coatings for drugs, and numerous

other products. However, the eleventh edition of the Merck

Index") notes that "this substance may reasonably be anticipated

to be a carcinogen: Fourth Annual Report on Carcinogens \
!

(National Toxicology Program [NTP] 85-002, 1985) P 83." .~

OOP has been used for many years as the standard material for

respirator testing. It has been used both as a quantitative fit

testing agent and as an aerosol challenge agent for efficiency

testing of high efficiency (HE) particulate respirator filters.

OOP's use as a quantitative fit testing agent dates back to the

late 1960's and early 1970's at the Los Alamos Scientific

Laboratory'Z). DOP's use in quantitative fit testing has been

discontinued due to DOP's classification as a suspected
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carcinogen (studies done by the U.S. National Toxicology Program

(NTP) (3), the International Agency for Research on Cancer (IARe)

Monographs(4), and NIOH (National Institute of occupational

Health, Sweden) and NIOSH (National Institute for Occupational

Safety and Health, U.S.) basis for an occupational health

standard: Di(2-ethylhexyl) phthalate (DEHP) (5») • Also, the U.S.

Army Surgeon General (6) has placed tight controls on DOP I S use in

any testing of respirators. Thus, agencies presently using DOP

for testing, as NIOSH's respirator certification regulations

require (30 CFR Part 11 § 11.140-11), are conducting research to

find suitable replacement test materials.

To date, NIOSH has published research findings on "worst case"

aerosol testing parameters for particulate respirator filters(709).

Those studies determined the initial instantaneous count

penetration of commercial respirator filters. Filter loading

and/or degradation due to the aerosol challenge were not

investigated in those prior studies. Since liquid aerosols are

reportedly more degrading than solid aerosols(10013), the present

study was undertaken for two reasons: 1) to establish baseline

DOP penetration data for respirator filter media as a function of

aerosol mass loading, and 2) to evaluate a possible replacement

aerosol challenge material, Hitec@ 164.
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Background

Occupational exposure to OOP occurs during its OOP production,

during its addition to plastics, and in aerosol research.

Exposure has been characterized in the plastics industry. In a

Scandinavian phthalate production plant, Liss et al. (14) measured

a workplace OOP concentration of 0.02 - 4.1 milligrams per cubic

meter (mg/m3 ) (a-hour, time-weighted average [TWA]) among six

heavily exposed workers. Forty-four other workers within the

plant had exposures below the limit of detection. In an Italian

production plant, Glioli et al. (1S) measured a total phthalate

concentration in the range of 1 to 60 mg/m3 with an average air

concentration of approximately 5 mg/m3 • In a Swedish polyvinyl

chloride (PVC) processing plant, total phthalic acid esters were

measured between 0.01 to 2.0 mg/m3(16) for 96 samples from 54

workers (2-hour personal samples). In a Russian PVC processing

plant, Milkow et al. (17) measured total phthalate concentrations

between 1.7 and 66 mg/m3 • In a German phthalate production

plant, Theiss et al. (18) showed OOP concentrations between 0.09

and 0.16 mg/m3 • This is the extent of the occupational exposure

data which exists. It is quite limited, and any conclusion as to

whether OOP is carcinogenic based on existing data is

premature(S). In fact, no conclusions on dose effects or dose­

response relationships are possible due to the scarcity of human

data, in general.
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The absorption, distribution, metabolism, excretion, retention,

and turnover of DOP within biological organisms has been widely

studiedc5 >. Those data show that marked differences exist in the

way various species (rodents: rat, mouse, hamster, and guinea

pig; mammals: green monkey, cynomolgus monkey, and marmoset)

metabolize DOP. In general, the following observations have been

made:

• Few inhalation experiments have been performed on animals

• Oral and intraperitoneal dosings indicate that OOP has low

acute toxicity

• Prolonged DOP dosing produces hepatomegaly and proliferation

of peroxisomes

• In vitro experiments show DOP can affect the cellular genome

• OOP acts as an in vivo tumor promoter in mouse liver but not

rat liver

• High doses of DOP in rat and mice feeding studies increased

the incidence of hepatocellular carcinoma

Thus, based on the animal data, DOP is concluded to be

carcinogenic and teratogenic. However, due to the limited human

data, it is impossible to determine the degree of risk to humans.

Therefore, DOP must be considered to be potentially carcinogenic

and teratogenic to humans.
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The American Conference of Government Industrial Hygienists

(ACGIH) has established a threshold limit value (TLV) of

5 mg/m3 - TWA, and 10 mg/m3 short-term exposure level (STEL) (19).

Likewise, the u.s. Occupational Safety and Health Administration

(OSHA) has established a permissible exposure limit (PEL) of 5

mg/m3 TWA with a 10 mg/m3 STEL(20). Further, OSHA has classified

DOP as a category I potential carcinogen. This requires that if

there are substitutes which are less hazardous to humans than

DOP, they must be used in lieu of DOP.

In regard to respirator testing, quantitative fit testing

employing DOP has virtually stopped. DOP continues to be used in

filter penetrometer machines and similar aerosol generating

systems employed in respirator filter evaluation and research.

In fact, the NIOSH certification test for evaluating HE

respirator filters requires a DOP filter penetrometer

measurement. Title 30, Code of Federal Regulations, Part II,

Subpart K, Paragraph 11.140-11(21) defines the OOP filter test

criteria. The current protocol requires that air-purifying

respirator filter units be tested in an atmosphere with a DOP

concentration of 100 micrograms per liter (~g/l) and at a

continuous flow rate of 32 and 85 liters per minute (Lpm) (16 and

42.5 Lpm for filters used in pairs). An instantaneous challenge

time of about 5 to 10 seconds is employed. Total leakage for the

filter and connector cannot exceed 0.03 percent penetration

(efficiency ~ 99.97 ~ercent) .
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Numerous deficiencies exist in the testing methodology for

particulate air-purifying respirators contained in 30 CFR Part 11

Subpart K - Dust, Fume, and Mist Respirators(21). One such

shortcoming is integrated versus instantaneous monitoring. The

present tests (except for COP testing of HE filters)

gravimetrically measure the penetration averaged over 90 minutes

or more, rather than by instantaneous monitoring. These tests

are aerosol loading tests in that the filters are exposed to

significant mass quantities of the aerosol challenge.

Unfortunately, the aerosol's particle size is larger than the

"worst case" aerosol. Also, instantaneous monitoring of aerosol

penetration is not employed. In the case of HE filters, an

instantaneous measurement is determined, but the test duration is

only 5 to 10 seconds, and aerosol loading is not considered. The

preferred method would be to test all filters with an aerosol

loading test which measures the filter media's efficiency over

time (with aerosol mass loading) against an aerosol challenge

which is in the "worst case" size region (most penetrating

aerosol size).

The reason for doing this is that filter media work by two major

filtration mechanisms, either mechanical or electrostatic.

Mechanical filters have lower initial filter efficiency which

increases as a function of filter loading. Respirators

containing an electrostatic ·filter media have a high initial

filter efficiency which decreases with filter loading due to
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charge reduction and/or filter degradation. As a result of these

facts, aerosol loading tests for all particulate filter types

were incorporated into the proposed revision to 30 CFR Part 11,

which was published as 42 CFR Part 84 in the August 27, 1987,

Federal Register(~).

The proposed NIOSH requirements for particulate air-purifying

respirators are published in Subpart V of 42 CFR Part 84. The

classifications for non-powered particulate air-purifying

respirators are based on the efficiency of the filter element and

are stated in Paragraph 84.270(c):

"Low efficiency filters have a minimum efficiency of 95

percent; medium efficiency filters have a minimum efficiency of

99 percent; high efficiency filters have a minimum efficiency

of 99.97 percent; as tested according to the requirements of

this part."

The filter tests are described in Paragraph 84.273 - Particulate

instantaneous penetration filter test. This new testing protocol

will require that each respirator filter for use against liquid

aerosol particles be challenged with an appropriate liquid oil

aerosol at a concentration of no more than 200 mg/m3 until at

least 100 milligrams (mg) of the aerosol has been loaded. The

filters shall be tested at a continuous flow rate of 32 and 85

Lpm for air-purifying respirators with a single filter and a flow
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rate of 16 and 42.5 Lpm where filters are used in pairs. The

particle size distribution of the test oil aerosol must have an

aerodynamic mean diameter of 0.2-0.3 micrometers and a geometric

standard deviation below 1.6. The instantaneous penetration is

to be measured and recorded throughout the test period.

The filter test requirements in this section are based on the

theoretical consideration of single fiber efficiency. This

theory analyzes the complex process of fibrous filtration by

considering the collection of a particle by an individual fiber

that is in the middle of a filter with its axis perpendicular to

the air flow. It is assumed a particle striking the filter

sticks and is permanently removed.

There are several mechanisms by which particles can collect on

this fiber. These mechanisms include interception, inertial

impaction, diffusion, gravitational settling, and electrostatic

attraction. The depositional mechanism will depend on the

aerosol type, the filter composition, and the aerosol flow rate.

Interception can occur when the radius of a particle that is

traveling in a gas stream line is greater than the distance from

the stream line to the filter's surface. When the ratio of the

particle size to the void size of a filter is large, direct

interception will predominate.
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Inertial impaction occurs from a change in gas flow direction.

Particles strike the filter since they tend to remain on their

original course due to their relatively greater inertia.

Particle deposition by inertial impaction is favored by high gas

velocities and dense fiber packing. The operation of this

deposition mechanism in a variety of commercially available

fibrous filters was demonstrated experimentally in 1951 by

Ramskill and Anderson(n>.

Particle deposition by diffusion depends on the existence of a

concentration gradient. Particles will diffuse from the gas

stream where particle concentrations are high, to the surfaces of

the fibers where the concentration is low. Diffusion is most

effective with small particles and will predominate at low flow

rates with large concentration gradients; thus, collection

efficiencies increase with decreasing particle size(~>.

Gravitational settling is usually neglected when considering

filter efficiency. Gravitational attraction does not have any

significant effect on particle collection since the settling

velocity of airborne particles of hygienic significance are so

low and the horizontal components of the filter's surface area

are too small. However, gravitational settling can become

significant when the face velocity through a filter is very low

« 5 centimeters per second [em/sec]) or with large particle

sizes.
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Electrostatic attractions can contribute to particle collection

efficiency if either the filter or the aerosol have a static

charge. The air flow through a filter can also induce charges on

the filter. The forces between a charged particle and its

electrical "image" in a neutral fiber have been shown by Lundgren

and Whitby(2S) to greatly influence particle collection. Zebel(26)

has described the factors controlling particle deposition on

filters suspended in a uniform electric field with both charged

and uncharged particles. This area needs further research.

This study evaluates the filter efficiency of several

commercially available respirator filters as a function of

aerosol loading in the "worst case" particle size region. DOP,

the present test agent, is a good wetting agent and degrades

electrostatic filter media. A replacement material for DOP

should be at least as effective for screening filter degradation.

Hitec@ 164 has been suggested by the Chemical Research

Development and Engineering Center of the U. s. Army(6) as a

possible low toxicity DOP challenge aerosol replacement material.

These two aerosol challenges were evaluated in this study.

Various generation methods were employed for comparison. The

penetration data was analyzed, then compared to determine whether

Hitec@ 164 would be a suitable replacement candidate to consider

for future evaluations.
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Materials

The DOP used in the Q-127 penetrometer was supplied by the

instrument's manufacturer, Air Techniques Incorporated (ATI).

The DOP used in both the Model 8110 and 8120 Automated Filter

Tester (TSI Corporation) was obtained from Minnesota Solvents and

Chemical Corporation. The accompanying material and safety data

sheet (MSDS) identified Eastman Chemical Products Incorporated as

the manufacturer (Appendix 1).

The Hitec@164 (Lot 200-104) was obtained from Ethyl Corporation.

Hitec@164 was previously manufactured and distributed by the

Henkel Corporation under the trade name Emery 3004. It has been

proposed by the u.S. Army Chemical Research Development and

Engineering Center as a possible replacement material for DOP in

hot smoke aerosol instruments. Hitec@164 is a colorless,

odorless liquid of the chemical family of paraffin hydrocarbons

(CAS #68037-01-4). This 1-decene hydrogenated homopolymer is

produced by direct oligomerization of 1-decene and is used as a

synthetic lubricant. Exposure levels for Hitec@164 have not

been established by ACGIH or OSHA, but it has been identified as

having low inherent toxicity. The MSDS is enclosed as

Appendix 2.
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Filter Samples

Three commercial respirator filter manufacturers' products were

tested. Three HE filters and one dust, fume, and mist (OFM)

filter were included in the study. All filters were tested "as

received" from the manufacturer. The filters are described in

Table I.

Instrumentation

Three commercially available respirator filter testing

instruments were used in this study. They are the ATI Model

Q-127 Aerosol Penetrometer, the TSI Model 8110 Automated Filter

Tester, and the TSI Model 8120 Automated Filter Tester.

The ATI Model Q-127 OOP penetrometer generates a DOP aerosol

which conforms to the definition of DOP contained in 30 CFR

Part 11 § 11.3 Definitions (j). This evaporation/condensation

aerosol generation process 'is referred to as a hot aerosol smoke

system. It is presently used for certification testing of HE

filters (30 CFR Part 11 § 11.183-6). The instrument was designed

to (1) make a 0.3 micrometer monodispersed aerosol, '(2) measure

and control the aerosol particle size and concentration, and

(3) measure the percentage penetration of the aerosol through a

component like a respirator filter. Basically, OOP is heated and

evaporated, then recondensed under controlled conditions to
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produce a uniform liquid DOP aerosol. By controlling the

reservoir temperature, the quenching air temperature and the

ratio of vapor containing air to quenching air, the aerosol's

characteristics including geometric mean diameter (GMD),

geometric standard deviation (ag) and mass concentration can be

controlled. Differential Mobility Particle Sizer (DMPS)

measurements gave count median diameters (CMD) between .231-.233

micrometers with a ag of 1.18-1.185. The aerosol and dilutor air

streams after being combined are fed to an aging chamber where it

is stabilized. Aerosol from the aging chamber is used for

testing, with the excess being exhausted. The concentration of

the DOP aerosol is approximately 100 micrograms per liter. A

forward light scattering chamber is used for measuring the filter

penetration downstream from the sample chuck. A readout displays

the percent penetration on a solid state meter. This instrument

is usually employed for initial instantaneous penetration

testing. Thus, during a filter loading test, the percent

penetration meter was constantly monitored and data recorded

manually.

The Model 8110 and 8120 Automated Filter Testers (AFT) use

identical aerosol generator systems. In fact, aerosol generation

and operation of these two instruments are identical with one

exception--the Model 8120 has a built-in aerosol charge

neutralizer which was not available when the Model 8110 was

purchased. This was confirmed with DMPS aerosol size
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measurements which gave CMOs of .173-.179 micrometers with a ag

between 1.40 and 1.45 for both instruments. This aerosol is

somewhat smaller than that generated with the Q-127.

The TSI Model 8110 and 8120 DOP generators consist of a liquid

reservoir which contains five compressed air nebulizers. When

operating in the high concentration model, as throughout this

study, four nebulizers are actuated. The low concentration mode

employs only one nebulizer. The manufacturer's specifications

and instrument settings were followed to insure proper aerosol

generation and instrument function. The generated aerosol, which

is maintained ata constant flow through the generator by means

of an orifice, then passes through an in-line felt filter pad ..

This felt pad captures and removes large DOP droplets from the

aerosol stream. The excess liquid is deposited in a plastic

overflow bottle beneath the pad. Dilutor air is then added, and

in a mixing chamber a uniform aerosol concentration forms. This

aerosol is then regulated by a flow controller to the desired

flow rate and passes to the sample filter chuck where the test

specimen is located. Aerosol from the chuck and excess aerosol

from the mixing chamber are exhausted.

Both instruments (8110 and 8120) measure the total light

scattering intensity with a solid state photometer and process

this information with a microprocessor. The intensity of light

is a function of particle size and aerosol concentration. Three
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portals are connected to the photometer: (1) tubing to sample

the aerosol concentration before the filter chuck which gives the

100% penetration reading, (2) tUbing to which an HE filter is

attached to simulate 0% penetration and is used as the zero

reference, and (3) tUbing to the sample filter chuck assembly for

penetration measurements. The filter efficiency can then be

calculated as follows:

% Fil ter Efficiency = 100 - % Penetration =(1- Penetration Iconcentra~iOn)x100
Challenge Concentrat~on

The filter efficiency, time, flow rate, and pressure drop

(pressure transducer) are recorded and printed at I-minute

intervals. The challenge concentration is determined at 5-minute

intervals during loading tests to reduce the amount of high

concentration aerosol passing through the detector.

Aerosol Size Measurements

The aerosol size (count median diameter) and size distribution

(geometric standard deviation) were monitored with a TSI Model

3932 Differential Mobility Particle sizer (DMPS/C) TSI, Inc.,

st. Paul, Minn. The aerosol was sampled at the point of entrance

into the testing chamber. The DMPS measures the aerosol size

distribution by the principle of mobility analysis. The DMPS
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uses an electrostatic classifier and a condensation nucleus

counter to measure discrete particle sizes of the aerosol,

allowing the instrument to measure accurately the aerosol's

distribution.

Experimental Design

The respirator filters were sealed with caulking on a fabricated

plastic respirator cartridge holder. The respirator facepiece

holders and gaskets were not utilized in order to eliminate any

cartridge holder or gasket leakage. An exception was necessary

with the Willson T-20 filters where the filter holders had to be

used since they use a plastic retainer to mount them on

cartridges. In all cases, filters from the same manufacturer's

lot were used in order to eliminate any lot-to-Iot variability.

The filter's penetration was monitored as a function of time

(aerosol loading). Samples tested on the ATI Model Q-127 were

manually monitored and percentage penetration data recorded at

1S-minute intervals or less. The TSI Model 8110 and 8120

automatically printed out flow rate, pressure drop, and percent

filter penetration data every minute. All filters, regardless of

instrumentation, were tested at a continuous challenge flow rate.

Single air-purifying respirator filter units were tested at

8S Lpm, which is the maximum flow rate required in the present

DOP certification test for HE filters (30 CFR Part 11 § 11.140-
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11[a]). Where filters are used in pairs on a unit, the

continuous flow rate through a single filter element was 42.5 Lpm

(30 CFR Part 11 § 11.140-11[b]).

All filters were tested at room temperature lias received" from

the manufacturer without any kind of preconditioning. Three

samples of each filter were tested since it was previously

determined that for HE filters, when three filters were tested,

the measured value should be approximately 0.001% of the true

value when an alpha level of 0.05 was used.

The filters were challenged against OOP and Hitec@164 liquid

aerosols. OOP was generated by both an evaporization/

condensation process (Q-127) and cold nebulization (8110 AFT and

8120 AFT). The Hitec@164 was generated only by cold

nebulization in the 8110 AFT. These aerosols were not

neutralized but used as generated. As part of this study, the

filters were tested on the 8120 with and without being

neutralized since the 8120 contains a pulse flow

controller/ionizing air nozzle system. The pulse controller

which is set by the manufacturer has three controls--pulse rate,

positive potential, and negative potential. The ionizing air

nozzle has two electrodes and produces a balanced quantity of

positive and negative ions. These ions are mixed with the

aerosol. Thus, charged particles are neutralized by interacting

with ions of the opposite polarity.
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Aerosol concentrations in all instruments were determined by a

gravimetric procedure. Gravimetric analyses were run twice a

day, before and after filter loading tests. High efficiency

Gelman type AlE glass filters were used for the gravimetric

determinations. To assure maximum collection efficiency, a

double filter layer was employed. The 102 mm filters fit into

the special gravimetric holder supplied with the 8110 and 8120.

These gravimetric tests were run at a known flow rate (usually

30 Lpm) for a specified time (usually 40 min.) against the

challenge aerosol. The pre- and post-filter pad weights were

used to determine the aerosol challenge rate. The average

challenge rate for a given day was used to calculate the test

filter's aerosol loading. A testing aerosol loading of at least

500 mg was used in practically all cases. The calculated aerosol

loading data was used to construct plots of filter efficiency

versus the amount of aerosol loading. This data was entered and

plots prepared using a Hewlett-Packard Series 200 computer.

The Model 8110 AFT was the only instrument used in Hitec®164

testing due to availability. After the DOP testing with the

Model 8110 was completed, the instrument was thoroughly cleaned

and Hitec8164 added to the generator. The testing was then

repeated using the Hitec®164 aerosol to determine its filter

penetration characteristics. If any aerosol is to be a suitable

replacement for DOP, its aerosol penetration characteristics must

be at least equivalent to those of DOP.
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Results and Discussion

DOP and Hitece164 were employed as challenge agents for

determining respirator filter performance. Respirator filter

penetration as a function of aerosol loading (milligrams) was

monitored for four commercially available respirator filters.

These filters are described in Table I and consist of three HE

filters and one new type electret DFM filter.

DOP baseline data was collected on all the filters. All four

filters were tested using the present DOP certification filter

test (30 CFR Part § 11.130-11, using a homogeneous 0.3 micrometer

liquid aerosol generated by vaporization and condensation of

DOP). As noted earlier, DMPS aerosol size measurements gave CMOs

between .231-.233 micrometers with a ag of 1.18-1.185. The

highest continuous flow rate criteria was used (85 Lpm for a

single filter and 42.5 Lpm for a single filter of a pair). The

only modification made was to extend the testing time (normally 5

to 10 seconds) and monitor the filter's efficiency as a function

of loading. The instrument's calibration was checked halfway

through each run and adjustments made if necessary. In general,

the adjustments were minor, indicating that the Q127 penetrometer

was quite stable. This is reflected in the gravimetric data

which is given in Table II. However, Figure IV is an example of

where a significant adjustment was made. The filter efficiency
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results for the four filters (each run in triplicate) are shown

in Figures 1-12 and summarized in Table III.

The HE filters all gave filter efficiency values (Table III,

Figures 1-9) which were greater than 99.97 percent, which is the

lowest allowed level established in the present respirator

regulations for HE filters. In fact, no filter efficiency value

lower than 99.98 percent was observed for the three different HE

filters tested. Loading levels for the R57A and R12 filters were

approximately 500 milligrams per single filter of the pair. The

Pulmosan HE filter is a larger single filter and was exposed at a

loading level of approximately 1,000 mg. In all cases, these

filters performed extremely well. The August 27, 1987, proposed

respirator rule indicated an oil liquid particulate aerosol

loading of 100 ± 5 mg was to be employed. This indicated that

the commercially available HE filters would meet the criteria in

the August 27, 1987, proposed rule even when tested at high

aerosol loading levels. All HE filters tested were very

efficient (~ 99.97%).

The results obtained for the electret DFM filter (Table III,

Figures 10-12) are not nearly as encouraging. Although the

initial percent filter efficiency values were 94.3, 96.8, and

96.3 for runs 1, 2, and 3, respectively, the filters' efficiency

dropped off very rapidly with only light aerosol loading. These

filters would not have met the efficiency criteria for even the
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lowest efficiency filter class proposed in the August 27, 1987,

document (minimum efficiency of 95 percent). These filters' main

particle collection mechanism is electrostatic in nature.

However, the data indicates that the filter media is degraded

rapidly, probably due to liquid coating, the individual fibers

thus dissipating the fiber's charge.

The filter efficiency data for the four filters against a DOP

challenge using the TSI Model 8110 AFT are summarized in Table

IV, and the individual runs are shown in Figures 13-20. This DOP

aerosol is generated by a cold nebulization process employing

four atomizers which produced challenge concentration in the

range of 82-90 mgjm3 (Table IV). The filter efficiency results

are in agreement with the earlier results reported for the hot

smoke DOP Q-127 instrument. All the HE filters gave filter

efficiency values greater than 99.97 percent (Table IV, Figures

13-18). The electret DFM filter gave high initial filter

efficiency values (96.34% and 95.78%) but degraded rapidly,

showing minimum efficiency values of 84.30% and 78.50% after

being loaded with 545 mg of DOP challenge aerosol (Table IV,

Figures 19~20). The HE filters would meet the August 27, 1987,

proposal, but the DFM filter would not meet filter efficiency

criteria for any of the classes proposed.

The TSI Model 8120 AFT which was recently purchased by the

certification and Quality Assurance Branch was also employed for
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OOP testing. The 8120 AFT is basically identical to the 8110 AFT

when used for individual filter efficiency determinations. The

results for the four filters are summarized in Table V and

depicted in Figures 21-32. Again, as anticipated, all HE filters

showed filter efficiencies greater than 99.97 percent (Table V,

Figures 21-29). The OFM filter gave results consistent with

previous findings. High initial filter efficiency values were

seen which rapidly degraded to values which were below any values

acceptable according to the August 27, 1987, proposal.

The final set of OOP results were obtained using the 8120 AFT

with the exception that the plasma charge neutralizer was

activated. The penetration results for the neutralized OOP

aerosol are summarized in Table VI and illustrated if Figures 33­

44. The gravimetric data was consistent with the results

obtained without the plasma neutralizer activated. Again, the HE

filters all gave minimum filter efficiencies> 99.97 percent for

all loading tests. Also, the OFM filter gave a high initial

filter efficiency which degraded rapidly to unacceptable levels.

In order to facilitate a comparison of the filter efficiency

results by instrument and aerosol generator type (hot versus

cold), Tables VII, VIII, IX, and X were constructed. The tables

present the results for a single filter against the different

instrumental and aerosol generation processes (Q-127 CMOs between

.231-.233 micrometers, ag 1.18-1.185; model 8110 and 8120 CMOs
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.173-.179, ag 1.40-1.45). Table VII presents the results for the

American optical R57A HE filter, along with average initial

penetration values. This data suggests that little or no

difference was seen for the initial filter efficiency results.

The average initial efficiencies ranged from 99.993 - 99.997

percent. These results suggest two possibilities: 1) that the

methods are basically similar, or 2) that the filters are so

highly efficient that differences are not being distinguished.

The data for the other two high efficiency filters (Table VIII

and IX) present similar results. The average initial filter

efficiencies for the Pulmosan HE C263 ranged from 99.993 - 99.994

percent, and the willson HE R12 values ranged from 99.995 ­

99.998 percent. Likewise, the loading results do not suggest any

obvious differences. The only conclusion that can be made is

that HE filters have extremely high efficiency values and that

the filters tested did not degrade with DOP loading. These

filters would meet the requirement for the highest efficiency

filters proposed in the August 27, 1987, proposal.

Table X presents the summary data for the Willson T-20 DFM

filter. The initial filter efficiency results were consistent

for the different instruments and aerosol generation methods.

Although slight efficiency difference might be present, it would

be difficult to isolate their origin with these filters due to

filter variability and the rapid filter efficiency degradation

seen with the liquid DOP aerosol loading.
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The above DOP data was collected to serve as baseline data to

which other filter efficiency results could be compared. The

ultimate goal is to identify a suitable non-toxic replacement for
-

DOP which has filter penetration characteristics similar to DOP.

Some candidates have been suggested by the u.S. Army(6) who is

looking for a hot smoke replacement for DOP. They did limited

work on cold aerosol generation methodology. One proposed

candidate identified was Hitec@ 164 due to its physical

characteristics being similar to DOP.

The four filters were thus tested against a Hitec@ 164 challenge

aerosol using the 8110 AFT to determine filter efficiency as a

function of aerosol loading. The data is summarized in Table XI,

and the individual runs are illustrated in Figures 45-56, whereas

Figures 45-47 are for the R57A HE filters, Figures 48-50 are for

the C263 HE filters, Figures 51-53 are for the R12 HE filters,

and Figures 54-56 are for the T20 DFM filters.

Table XI shows that the gravimetric results ranged from 140-160

mg/m3 which is higher than determined for DOP at the same

instrument parameters. Thus, the Hitec@ 164 loaded the filters

at a slightly faster rate than DOP. Also, in the 8110, the

Hitec@ 164 produced a slightly large aerosol (CMDs .186-.192

micrometers, ag 1.41-1.44) than the DOP (CMDs .173-.179

micrometers, ag 1.40-1.45). The 8110 AFT average initial filter

efficiency values for the four filters with DOP versus Hitec® 164
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are as follows: 1) R57A HE filter 99.997% versus 99.998%; 2)

C263 HE filter 99.994% versus 99.997%; 3) R12 HE filter 99.998%

versus 99.999%; and 4) T20 DFM filter 96.06% versus 93.36%. The

data (Table XII) indicates that in regard to the HE filters, no

conclusions can be made due to the high efficiency values

determined. In the case of the T20 DFM filters (Table XII), it

appears that the initial filter efficiency values might be lower

for the Hitec8 164 challenge aerosol. However, if one compares

the loading results, the major difference rests in the fact that

Hitec@ 164 does not degrade the T-20 filters nearly as rapidly or

to the same level as DOP. This can be seen in the minimum

efficiency values for the T20 filters as follows: 84.30% and

78.50% for DOP at 545 mg loading versus 91.77%, 89.30%, and

89.60% for Hitec8 164 at 573 mg loading. Thus, ,it would appear

that Hitec8 164 is not as critical an aerosol challenge agent as

DOP.

Conclusions

This study was conducted to obtain DOP baseline data to be used

as a comparison in future studies which evaluate the filter

efficiency characteristics of potential non-toxic DOP replacement

aerosol challenge agents. In this study, one such substitute

agent (Hitec8 164) was investigated following the collection of

the background DOP data. Throughout this study, significant

findings were obtained and can be generalized as follows:
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(1) The HE filters tested showed filter efficiency greater than

the minimum criteria set forth in 30 CFR Part 11.

(2) The HE filters did not signficantly degrade with liquid

aerosol loading and appear to conform to the criteria

proposed in the 42 CFR 84, August 27, 1987, proposal.

(3) No differences could be distinguished between the

instrumental and aerosol generation methodology (hot/cold)

probably due to (1) the high efficiency of the HE filters,

and/or (2) the variability and/or rapid degradation of the

OFM filter tested.

(4) The Hitec8 164 does not appear to be a suitable substitute

for DOP since it showed a significantly reduced degradation

effect on the OFM filter tested and, thus, gave higher

efficiencies than DOP.

(5) To test the comparability between liquid aerosol penetration

characteristics, filters with efficiencies between 92-98%

which do not rapidly degrade would be ideal.

Baseline OOP has been collected, and the evaluation of potential

OOP non-toxic replacement aerosols can continue.
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Table I

Commercial Respirator Filters Tested

Manufacturer

American
Optical

Filter Type

Dusts, fumes, and
mists; asbestos­
containing dusts
and mists;
radionuclides and
radon daughters

Filter Description I Model I Lot
Number

High efficiency I R57A I 092986
filter paper

Single Filter
Test Flow

Rate
Lpm

42.5

, ... -.rn
mists, and
radionuclides

polymer fibers
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Table II

DOP Gravimetric Determination for ATI Q-127 Penetrometer

Test Day

1

2

3

4

5

6

AM Concentration
mg/m3

97.5

86.8

103.8

111.4

92.8

107.6

PM Concentration
mg/m3

105.6

.98.8

103.5

123.5

97.0

92.9

-33-

AVG Concentration
mg/m3

101.6

92.8

103.7

117.5

94.9

100.3

Overall Mean 101.8
S Dev 9.4



Table III
Summary of the 0-127 DOP Filter Efficiency Loading Results

Flaure # Filter ~ Run# Initial Min. Max. Aerosol Loaded
(mg)

1 AO R57A HE 1 99.998 99.998 100 473

2 AO R57A HE 2 99.996 99.996 100 473

3 AO R57A HE 3 99.996 99.996 99.997 473

4

5

6

7

8

9

10

11

12

Pulmosan C263 HE

Pulmosan C263 HE

Pulmosan C263 HE

Willson R12 HE

Willson R12 HE

Willson R12 HE

Willson T20 DFM

Willson T20 DFM

Willson T20 DFM

1

2

3

1

2

3

1

2

3

99.994

99.994

99.994

99.997

99.996

99.991

94.31

96.81

96.30
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99.993

99.993

99.990

99.994

99.994

99.985

79.30

84.40

86.30

99.999

99.994

99.994

99.997

99.996

99.991

94.31

96.81

96.30

1057

1057

1057

518

518

518

511

511

511



Table IV

Summary of the TSI 8110 Automated Filter Tester OOP Filter Efficiency Loading Results

Gravlmetrlcs
(mg/m1

AM PMFigure #

13

14

Filter

AO R57A

AO R57A

Maximum
Filter Efficiency (%) Aerosol

ImI Run# Initial Min. Max. Loaded
(mg)

HE 1 99.996 99.996 99.998 553

HE 2 99.998 99.998 99.998 553

84.6

84.6

88.8

·88.8

15

16

17

18

19

20

Pulmosan C263 HE

Pulmosan C263 HE

Willson R12 HE

Willson R12 HE

Willson T20 OFM

Willson T20 OFM

1

2

1

2

1

2

99.995

99.993

99.998

99.997

96.34

95.78

99.990

99.986

99.995

99.995

84.30

78.50
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99.995

99.993

99.998

99.997

96.34

95.78

1114

1090

530

530

545

545

84.9

82.1

83.5

83.5

88.4

88.4

89.9

88.8

82.8

82.8

82.7

82.7



Table V

Summary of the TSI 8120 Automated Filter Tester DOP Filter Efficiency Loading Results

Maximum Gravlmetrlcs
Filter Efficiency (%) Aerosol (mg/m1

Flaure # Filter Imt Run# Initial Min. Max. Loaded AM eM
(mg)

21 AO R57A HE 1 99.992 99.992 99.996 1167 111.5 117.2

22 AO R57A HE 2 99.995 99.994 99.997 1142 109.1 114.9

23 AO R57A HE 3 99.993 99.993 99.997 736 74.0 73.3

24 Pulmosan C263 HE 1 99.992 99.990 99.993 627 106.4 120.5

25 Pulmosan C263 HE 2 99.995 99.993 99.995 627 106.4 120.5

26 Pulmosan C263 HE 3 99.995 99.993 99.996 627 106.4 120.5

27 Willson R12 HE 1 99.998 99.996 99.998 466 72.1 73.9

28 Willson R12 HE 2 99.998 99.992 99.998 716 111.3 113.4

29 Willson R12 HE 3 99.997 99.992 99.997 716 111.3 113.4

30 Willson T20 DFM 1 93.64 77.70 93.64 591 98.1 108.1

31 Willson T20 ·DFM 2 94.41 75.60 94.41 591 98.1 108.1

32 Willson T20 DFM 3 95.44 80.50 95.44 591 98.1 108.1

-36-



Table VI

Summary of TSI 8120 Automated Filter Tester Neutralized COP Filter Efficiency Loading Results

Maximum Gravimetries
Filter Efficiency (%) Aerosol (mg/m1

Flaure # Filter ImI Run# Initial Min. Max. Loaded AM eM
(mg)

33 AO R57A HE 1 99.993 99.993 99.996 726 113.6 114.2

34 AO R57A HE 2 99.997 99.995 99.997 726 113.6 114.2

35 AO R57A HE 3 99.995 99.995 99.996 581 113.6 114.2

36

37

38

39

40

41

42

43

44

Pulmosan C263

Pulmosan C263

Pulmosan C263

Willson R12

Willson R12

Willson R12

Willson T20

Willson T20

Willson T20

HE 1

HE 2

HE . 3

HE 1

HE 2

HE 3

CFM 1

CFM 2

CFM 3

99.993

99.993

99.994

99.997

99.997

99.998

94.26

94.22

94.38

99.991

99.989

99.990

99.993

99.993

99.994

75.20

77.50

77.80
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99.994·

99.993

99.994

99.997

99.997

99.998

94.26

94.22

94.38

735

735

735

680

680

680

576

576

640

133.3

133.3

133.3

104.4

104.4

104.4

98.4

98.4

98.4

132.9

132.9

132.9

108.9

108.9

108.9

102.6

102.6

102.6



Table VII

Summary of DOP Loading Results for American Optical HE R57A Filters

Maximum
Filter Efficiency (%) Aerosol

Flaure # Run# Initial Min. Max. Loaded
(mg)

Q-127 Hot Smoke 1 1 99.998 99.998 100 473
Instrument

2 2 99.996 99.996 100 473

3 3 99.996 99.996 99.997 473
AVG 99.997

151 Model 8110 13 1 99.996 99.996 99.998 553
Cold AFT
Instrument 14 2 99.998 99.998 99.998 553

AVG 99.997

lSI Model 8120 21 1 99.992 99.992 99.996 1167
Cold AFT
Instrument 22 2 99.995 99.994 99.997 1142

23 3 99.993 99.993 99.997 736
AVG 99.993

lSI Model 8120 33 1 99.993 99.993 99.996 726
Cold AFT with
Neutralizer 34 2 99.997 99.995 99.997 726

35 3 99.995 99.995 99.996 581
AVG 99.995
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Table VIII

Summary of OOP Loading Results for Pulmosan HE C263 Filters

Maximum
Filter Efficiency (%) Aerosol

Flaure # Run# Initial Min. Max. Loaded
(mg)

Q-127 Hot Smoke 4 1 99.994 99.993 99.999 1057
Instrument

5 2 99.994 99.993 99.994 1057

6 3 99.994 99.990 99.994 1057
AVG 99.994

TSI Model 8110 15 1 99.995 99.990 99.995 1114
Cold AFT
Instrument 16 2 99.993 99.986 99.993 1090

AVG 99.994

TSI Model 8120 24 1 99.992 99.990 99.993 627
Cold AFT
Instrument 25 2 99.995 99.993 99.995 627

26 3 99.995 99.993 99.996 627
AVG 99.994

TSI Model 8120 36 1 99.993 99.991 99.994 735
Cold AFT with
Neutralizer 37 2 99.993 99.989 99.993 735

38 3 99.994 99.990 99.994 735
AVG 99.993
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lable IX

Summary of COP Loading Results for Willson HE R12 Filters

Maximum
Filter Efficiency (%) Aerosol

Flaure # Run# Initial Min. .Mil!:. Loaded
(mg)

Q-127 Hot Smoke 7 1 99.997 99.994 99.997 518
Instrument

8 2 99.996 99.994 99.996 518

9 3 99.991 99.985 99.991 518
AVG 99.995

151 Model 8110 17 1 99.998 99.995 99.998 530
Cold AFT
Instrument 18 2 99.997 99.995 99.997 530

AVG 99.998

151 Model 8120 27 1 99.998 99.996 99.998 466
Cold AFT
Instrument 28 2 99.998 99.992 99.998 716

29 3 99.997 99.992 99.997 716
AVG 99.998

lSI Model 8120 39 1 99.997 99.993 99.997 680
Cold AFT with
Neutralizer 40 2 99.997 99.993 99.997 680

41 3 99.998 99.994 99.998 680
AVG 99.997
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Table X

Summary of OOP Loading Results for Willson Dust, Fume, and Mist T-20 Filters

Maximum
Filter Efficiency (%) Aerosol

Fiaure # Run# Initial Min. Max. Loaded
(mg)

Q-127 Hot Smoke 10 1 94.31 79.30 94.31 511
Instrument

11 2 96.81 84.40 96.81 511

12 3 96.30 86.30 96.30 511
AVG 95.81

TSI Model 8110 19 1 96.34 84.30 96.34 545
Cold AFT
Instrument 20 2 95.78 78.50 95.78 545

AVG 96.06

TSI Model 8120 30 1 93.64 77.70 93.64 591
Cold AFT
Instrument 31 2 94.41 75.60 94.41 591

32 3 95.44 80.50 95.44 591
AVG 94.50

TSI Model 8120 42 1 94.26 75.20 94.26 576
Cold AFT with
Neutralizer 43 2 94.22 77.50 94.22 576

44 3 94.38 77.80 94.38 640
AVG 94.29
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Table XI

Summary of the TSI 8110 Automated Filter Tester Hitec 164 Filter Efficiency loading Results•
Maximum Gravimetries

Filter Efficiency (%) Aerosol (mg/m3
)

Flaure # Filter !m§ Run# Initial Min. Max. Loaded AM PM
(mg)

45 AO R57A HE 1 99.999 99.994 99.999 559 143.5 148.3

46 AO R57A HE 2 99.997 99.995 99.998 559 143.5 148.3

47 AO R57A HE 3 99.998 99.996 99.998 559 143.5 148.3

48

49

50

51

52

53

54

55

56

Pulmosan C263

Pulmosan C263

Pulmosan C263

Willson R12

Willson R12

Willson R12

Willson T20

Willson T20

Willson T20

HE

HE

HE

HE

HE

HE

DFM

DFM

DFM

1

2

3

1

2

3

1

2

3

99.998

99.995

99.997

99.999

99.998

99.999

94.42

92.55

93.12

99.994

99.994

99.996

99.991

99.996

99.997

91.77

89.30

89.60
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99.998

99.996

99.997

99.999

99.999

99.999

94.42

92.55

93.12

589

589

589

555

555

555

573

573

573

150.8

150.8

<150.8

140.9

140.9

140.9

149.8

149.8

149.8

157.5

157.5

157.5

149.6

149.6

149.6

150.0

150.0

150.0



Table XII

Summary of TSI 8110 Automated Filter Tester COP and Hltec 164
Average Initial Filter Efficiency Loading Results •

Average Initial Filter Efficiency (%)
Filter COP Hltec 164•

AO R57A 99.997 99.998

Pulmosan C263 99.994 99.997

Willson R12 99.998 99.999

Willson T20 96.06 93.36
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 7
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Figure 8
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Figure 9
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ATT 0177 nnp JDAOING TEST WILLSON 120 II
DATA FOR 42.S lPM

Figure 10
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Figure 11
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Figure 12
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Figure 14
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Figure 15
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Figure 16
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lSI 8110 DOP LOADING TEST WILLSON RI2 II
DATA FOR 42.5 LPM

Figure 17
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Figure 18

TSI 8110 DOP LOADING TEST WILLSON R12 12
DATA FOR 42.5 LPM
o 99.997
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Figure 19
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Figure 20
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Figure 21
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Figure 22
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AO R57A HIGH CONG. DOP RUN #3 ON TSI 8120
DATA FOR 42.5 LPM

Figure 23
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TSI 8120 DOP LOADING TEST PULMOSAN HE #t
DATA FOR 85 LPM

Figure 24
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Figure 25
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TSI 8120 DOP LOADING TEST PULMOSAN HE #3
DATA FOR 85 LPM

Figure 26
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Figure 27
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Figure 28
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DIOCTYL PHTHALATE

WILLSON R12 RUN *2

100 l
>- $u

~9.99t
[] £:] £:]

[] []

t:l £:] £:]

EI
EI

H
l.L99.991-
l.L
W

~9. 98~

W
~

~

;11 H99.981-
l.L

~99.97j
LEGEND:

99.97'
, , , , ~_ - 12.5 ~PM ,

0 100 200 300 400 500 600 700 800

LORDING ( mill i grams)

lSI 8120 ART WILLSON RI2 HE #2
DATA FOR 42.5 LPM
o 99.998
71 .6 101 99. 996
143.2202 99.996
214.8303 99.995
286.4404 99.996
358.0505 99.994
429.6605 99.995
501.2706 99.994
572.8807 99.994
644.4908 99.993
716.1009 99.992



Figure 29
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Figure 30
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Figure 31

lSI 8120 ART W/DOP WILLSON T20 #2
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Figure 32
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262.8052 82.2
328.5065 81.6
394.2077 81.5
459.909 81.1
525.6103 80.5
591.3116 80.9

70 I I I

LEGEND:
[:J I - 42. S. LPM I

o 100 200 300 400 500 600

LOADING (mi 1 1 igrams)



AO R57A HI CONe DOP RUNtl 8120 WITH NEUTRALZ
DATA FOR 42.5 LPM

Figure 33

TSI 8120 LOADING TEST
NEUTRALIZED DOP

AD R57A HE RUN *1
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LOADING (mi 11 igrams)

o
72 .6198
145.2395
217.8593
290.479
363.0988
435.7185
508.3383
580.958
653.5778
726.1975

99.993
99.996
99.996
~9.996

99.996
99.996
99.996
99.995
99.996
99.994
99.995



AD R57A HI CONe DOP RUNJZ 8120 WITH NEUTRALZ
DATA FOR 42.5 LPM
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Figure 34

TS1 8120 ~OADING TEST
NEUTRALIZED nop

AO R57A HE RUN #2

[::::J [::::J

E [::::J t:l [::::J [::::J

[::::J

"72.6 J 98
145.2395
217.8593
290.479
363.0988
435.7185
508.3383
580.958
653.5778
'726.1975

99.997
99.997
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99.997
99.996
99.996
99.998
99.996
99.995
99.996
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LORDING (mi 1 1 igrams)



Figure 35

99.995
99.996
99.995
99.995
99.995
99.995
99.995
99.996
99.995

o
72.6198
145.2395
217.8593
290.479
363.0988
435.7185
508.3383
580.958

AO R57A HI CONe OOP RUN#3 8120 WITH NEUTRALZ
DATA FOR 42.S LPNT5I) 8120 LOADING TEST

NEUTRALIZED nop
AO R57A HE RUN *3
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LEGEND:
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LORDING ( mill i grams)



8120 WI NEUTRIZER DOP LOAD TEST PULMOSAN '1
DATA FOR a5 LPM

Figure 36

TSI 8120 LOADING TEST
NEUTRALIZED DOP

PULMOSAN HE RUN *1
100 ~
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LORDING (mi 11 igrams)

III
56. S72
113.144
169.716
226.298
282.86
339.432
396.004
452.576
509.14B
565.72
622.292
678.864
735.436
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99.992
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Figure 37

lSI 8120 .LOADING TEST
NEUTRALIZED DOP

PULMOSAN HE RUN *2
100 ....
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0 100 200 300 400 500 600 700 800

LORDING ( mill i grams)

8120 WI NEUTRIZER DOP LOAD TEST PULMOSAN Ii
DATA FOR 85 LPM

0 99.993
56.572 99.992
113.144 99.992
169.716 99.992
226.288 99.992
282.86 99.991
339.432 99.99\
396.004 99.991
452.576 99.991
509.148 99.99
565.72 99.99
822.292 99.991
678.864 99.99
735.436 99.989



8120 WI NEUTRIZER oOP LO~O TEST PULMOSAN .:
OAT A FOR BS LPN

Figure 38

TSI 8120 LOADING TEST
NEUTRALIZED DOP

PULMOSAN HE RUN *3
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LOADING ( mill i grams)

o
56.572
113.144
169.716
226.288
282.86
339.432
396.004
452.576
509.148
565.72
622.292
678.864
735.436

99.994
99.993
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99.992
99.993
99.991
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99.991
99.991
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99.99
99.991
99.99
99.99



Figure 39

TSI 8120 .LOADING TEST
NEUTRALIZED DOP

WILLSON R12 RUN *1
100 l
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LORDING ( mill i grams)

lSI 8120 ART WI NEUTRALZR WILLSONR12 #1
DATA FOR 42.5 LPM
o 99.997
68.0293 99.997
136.0587 99.997
204.088 99.997
272.1174 99.996
340.1467 99.995
408.1761 99.995
476.2054 99.995
544.2348 99.995
612.2641 99.994
680.2935 99.993



Figure 40

TSI 8120 bOADING TEST
NEUTRALIZED nop

WILLSON R12 RUN *2
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lSI 8120 ART WI NEUTRALZR WILLSON R12 12
DATA FOR 42.5 LPM

(I) 99.997
68.0293 99.997
136.0587 99.997
204.088 99.996
272.1174 99.996
340.1467 99.995.
408.1761 99.995
476.2054 99.994"
544.2348 99.995
612.2641 99.993
680.2935 99.993

LEGEND:
99 . 97 1 I I I I P - 12.5 l,.PM I

o 100 200 300 400 500 600 700 800

LORDING (mi 1 1 igrams)



Figure 41

lSI 8120 ART WI NEUTRALZR WILLSON RI2 .3
DATA FOR 42.5 LPM
o 99.99B
68.0293 99.997
136.0587 99.997
204.088 !39.997
272.1174 99.996
340.1467 99.996
408.1764 99.995
476.2054 99.995
544.2348 99.994
612.264199.994
680.2935 99.994
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Figure 42

TSI 8120 LORDING TEST
NEUTRALIZED nop

WILLSON T20 RUN *1

TSI 8120 ART W/OOP & NEUT WILLSON 120 *
DATA FOR 42.5 LPM
o 94.26
64.0222 78.5
128.0444 77.6
192.0665 76.7
256.0887 76
320.1109 75.6
384 . 13:3 I 7S . 2
448.1552 75.5
S12.1774 75.6
576. 1996 75.4
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LEGEND :2 S. LPM II , , , 1;],- 4 •
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LOADING (mi 1 1 igrams)



Figure 43

100 r TSI 8120.~t¥~DING TEST
NEUTRA ED nop

WILLSON T20 RUN =11=2
I
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TSI 8120 ART W/DOP & NEUT WILLSON 120 I
DATA FOR 42.5 LPM '
o 94.22
64.0222 81.5
128.0444 80.5
192.0665 79.7
256.0887 79.5
320. 1109 78.8
384.1331 78.2
448.1552 78.2
512.1774 77.9
576.1996 77.5

70 LPM

o 100 200 300 400 500 600

LORDINGCmi 1 1 igrams)



Figure 44

TSI 8120 ~OaDING TEST
NEUTRALIZED nop

WILLSON T20 RUN *3
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TSI 8120 ART W/DOP & NEUT WILLSON 120 .3
DATA FOR 42.5 LPM
o 94.38
\28.0444 80.6
192.0665 80.2
256.0887 79.9
320. I 109 79.4
384.133\ 79
448. 1552 78.5
5\2.\774 78.7
576. \ 996 77.8
640.0222 81.9

~ 75

70 LPM

o 100 200 300 400 500 600

LOADING (mi 1 1 igrams)



------------.
TSI 8110 AFT ETHYL 164 LUBE OIL AO RS7A II
DAlAFOR 42.5 LPM

Figure 45

TSI 8110 ~DING TEST
ETHYL HITEC 164 LUBE OIL

RO R57R HE RUN *1
o
31.0459
62.0918
93.1376
124.1835
155.2294
186.2753
217.3212
248.367
279.4129
310.4588
341.5047
372.5506
403.5964
434.6423
465.6882
496.7341
527.78
558.8258

99.999
99.996
99.997
99.997
99.997
99.997
99.996
99.996
99.996
99.996
99.996
99.995
99.995
99.995
99.995
99.995
99.995
99.995
99.994



lSI 8110 AFT ETHYL 164 LUBE OIL AD RS7A 12
DATA FOR 42.5 LPM

Figure 46

TSI 8110 ,L.QSDING TEST
ETHYL HITEC 164 LUBE OIL

RO R57A HE RUN *2
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LOADING ( mil 1 i grams)

o
31.0459
62.0918
93.1376
124.1835
155.2294
186.2753
217.3212
248.367
279.4129
310.4588
341.5047
372 .5506
403.5964
434.6423
465.6882
496.7341
527.78
558.8258

99.997
99.998
99.998
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99.997
99.998
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99.996
99.996
99.996
99.996
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Figure 47

TSI 8110 ,~ING TEST
ETHYL HITEC"164 LUBE OIL

RO R57R HE RUN 43
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LORDING ( mill i grams)

TSI 8110 AFT ETHYL 164 LUBE OIL AD RS7A I:
DATA FOR 42.5 LPM
o 99.998
31.0459 99.998
62.0918 99.998
93.1376 99.999
124. 1825 99.998
155.2294 99.998
186.2753 99.997
217.3213 99.998
248.367 99.997
279.4129 99.997
310.4588 99.997
341.5047 99.997
372 .5506 99.997
403.5964 99.997
434.6423 99.997
465.6882 99.997
496.7341 99.996
527.78 99.996
558.8258 99.996



Figure 48

TSI 8110 ,,~DING TEST
ETHYL HITEC 164 LUBE OIL

PULMOSAN HE RUN #1
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T~T AIIQI FTHYLIR4 I.OADING TEST PIJLMOSAN •
DATA FOR 8~ lPH
o Cl9.998
65.4937 99.99Cj
130.9873 99.995
J 96. 4B. I 99. 99S
26\ .9747 99.995
327.4684 99.9~4

:192.962 99.994
458.4557 99.994­
523.9494 99.994
589.4-4."3 99.994



Figure 49

lSI 8110 LOADING TEST
ETHYL HITEC 164 LUBE OIL

PULMOSRN HE RUN #2
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lSI 8110 ETHYL 164 LOADING TEST PULMOSAN •
DATA FOR 85 LPM
o 99.995
65.4937 99.996
130.9873 99.996
196.481 99.995
261.9747 99.996
327.4684 99.995
392.962 99.994
458.4557 99.994
523.9494 99.994
589.443 99.994



Figure 50

TS I 8 110 ,LOFlD I NG TEST
ETHYL HITEC 164 LUBE OIL

PULMOSRN HE RUN *3
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0 100 200 300 400 500 600
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lSI 8110 ETHYL 164 LOADING TEST PULM09AN .,
DATA FOR 85 LPM
o 99.997
65.4937 99.997
130.9873 99.997
196.481 99.997
261.9747 99.996
327.4684 99.996
392.962 99.997
458.455"/ 99.996
523.9494 99.997
589.443 99.996



8110 ETHYL 164 LOADING TEST WILLSON R12 I
DAT~ FOR 42.5 LPM

Figure 51

TSI 8110 LOADING TEST
ETHYL HITEC 164 LUBE OIL

WILLSON R12 RUN #1
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LOADING ( mil 1 i grams)

o
30.842
61.684
92.526
123.368
154.21
185.0521
215.8941
246.7361
277.5781
308.4201
339.2621
370.1041
400.9461
431.7881
462.6301
493.4722
524.3142
555.1562

99.999
99.996
99.995
99.995
99.995
99.994·
99.994
99.995 ­
99.994
99.994
99.993
99.993
99.992
99.992
99.992
99.991
99.991
99.991
99.991



~ll0 ETHYL 164 LOADING TEST WILLSON R12 #:
DATA FOR 42.5 LPM

Figure 52

TSI 8110 LOADING TEST
ETHYL HITEC 164 LUBE OIL

WILLSON R12 RUN 12
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LOADING ( mil 1 i grams)
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30.842
61.684
92.526
123.368
154.21
185.0521
215.8941
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339.2621
370.1041
400.9461
431.788\
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493.4722
524 . .3142
555.1562
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•
8110 ETHYL 164 LOADING TEST WILLSON R12 •
DATA FOR 42.5 LPN

Figure 53

TSI 8110 LOADING TEST
ETHYL HITEC 164 LUBE OIL

WILLSON R12 RUN i3
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o
30.842
61.684
92.526
123.368
154.21
185.0521
215.8941
246.7361
277.5781
308.4201
339.2621
370.1041
400.9461
431.7881
462.6301
493.4722
524.3142
555.1562
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Figure 54

100 r TSI 8110 LOADING TEST
ETHYL HITEC 164 LUBE OIL

WILLSON T20 RUN il
I

>- 95
U lEE [:] E e E
Z e e E E e E t:l E
W E t:l E E

H 90
U
H
l.L
l.L
W 85

(}:

~o I w
..J l-- 80-.J

H
l.L

~ 75

8110 LOADING TEST ETHYL 164 WILLSON T20 •
DATA FOR 42.5 LPM
o 94.42
31.8535 94.08
63.7069 93.87
95.5604 93.51
127.4138 93.33
159.2673 93.26
191.120793.17
222.9742 92.84·
254.8276 92.81
286.6811 92.8
318.5345 92.55
350.388 92.39
382.2414 92.28
414.0949 92.34
445.9483 92.21
477.8018 91.89
509.6552 91.98
541 .5087 91.9
573.3621 91.77

70 LPM

o 100 200 300 400 500 600

LORDING (mi 1 1 igrams)



Figure 55

100 r TS1 8110 LOADING TEST
ETHYL HITEC 164 LUBE OIL

WILLSON T20 RUN *2
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8110 LOADING TEST ETHYL 164 WILLSON T20 t:
DATA FOR 42.5 LPM

0 92.55
31.8535 92.19
63.7069 91.74
95.5604 91.61
127.4138 91.26
159.2673 91.2\
191.1207 90.82
222.9742 90.8
254.8276 90.58
286.6811 90.52
318.5345 90.35
350.388 90.14
382.2414 90.07
414.0947 89.9
445.9483 90
477.8018 89.7
509.6552 89.6
541.5087 89.4
573.3621 89.3

70 LPM

o 100 200 300 400 500 600

LOADING (mi 1 1 igrams)



Figure 56

100 r TSI 8110 LOADING TEST
ETHYL HITEC 164 LUBE OIL

WILLSON T20 RUN *3
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8110 LOADING TEST ETHYL 164 WILLSON T20 .3
DATA FOR 42.5 LPM
o 93.12
31.8535 92.39
63.7069 92.3
95.5604 9 1.87
127.4138 91.83
159.2673 91.42
191.1207 91.43
222.9742 9f .05
254.8276 90.87
286.6811 90.8'1
318.5345 90.52
350.388 90.6~~

382.2414 90.26
414.0949 90.18
445.9483 90. 16
477.8018 89,9
509.6552 90.06
541.5087 89.8
573.3621 89.6

70 LPM

o 100 200 300 400 500
.~ • I,

600

LOADING (mi 11 igrams)
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Appendix

PrClduct COde I 7031
OICCT'tL~

~lAnRIAL SArtrt QATA SHEET

EA:i1l'tAN CHDlICAL PRODUCTS. IHe•
EASTMAN KODAK COMPANY

Kingsport. Tennessee 37662

For lIulth Huard Inforlllation, Call: (61S) 229-6094

For Otll/H [1\ (lHl'l'IA tl on , Call Your F.astlllen Representative

E~.t.an Orerator: (615) 229-2000 . Date of Preparltion: 05-19-89

....•.....................................•....•••...•....•....•.••......•...•
SECTION t. IDENTIFICATION

"Kr;DAFLEX" DOP P1ast ic izer

S,non,..: PM 401; Oioctyl phthalate. Bi.(Z-eth1.1hexyl) phthalate,
Di-Z-ethylhexyl phthalate (OEHP)

Fo~le: Ci,H~804
~lecul.r W i,ftC: J90.S7

.•••••••••••.•.•.•••.................... ,.............................•..•.•.•.
SECTION It. PRODUCT AND COMPONENT HAZARD DATA

A. COI'lPONEHr:

Di~tyl phthalate* **

Approx
Wei,bt ~

100

CAS Re. No

l11-al-7

Ea.taaa
ICoda& No

I: ..._9
, ..

See Section VI-A tor iftfo~.tion OD exposure li.itl .
• lIa.ardoul ch..ica1 a. detined by OSHA. Z9 cn 1910.1200.

*'*Ch_jcal subject to the nport1n. nquir.enu of secUOD 313 of
Title III of the_Superfund ~enc..ntl and Re.uthorization Act of 1986
and 40 CFR Part 372.

B. PRlCAUfIONARt LAI!L STATEMENT:

WARMING. POSSIBLE CANCER HAZARD • MAY CAUSE CANCER BASED ON ANIMAL DATA

Avoid breathla. _1st and vapor.
Avoid contact witb ey•• , skin, and clothial.

\Keep container clo.ed.
U~e with adequate ventilation.
Wa.h thoroulbl, after handlinl.

FIRST AID: If inha lc:d, relllove to fresh ai,. Trut Sytllptoclltically. In
c:a.e of contact, illl".~diH.l'f flush eyes '-li.th plenty of water for.t le•• t
1S "inute.. Get medic:al at~ent~on ~f sYlllptom. persist. Wash skin with
soap and plenty ot water -ash cloth1nl before reuse. Cestroy
c:ontaminated shoes.

Reproduced from
besl available copy. .. l.CO - " MSDS-I0.1S'A-l (0'-S9)



.. Si~e emptied r.nntdners retain product resiri1le, follow label warninls eVf!n
after container is emptied.

FOR HANUFACTURING USE ONLY._-.....-.-..-._._._.-_.-._----_._ .. -._----.-._----.-.----------._---_._.-._--
SECTION III. PHYSICAL DATA

Appearance and Odor:
Boiling Point: 384°C
Specific Gravity (H20
Vapor Pressure: 7.22
Solubility in Water:

Clear liquid, little or no odor. (1)
(723°F) (1)

= 1)~8 0.985 at 20°C (58) (1)
x 10 mm Hg at 20°C (58°F) (2)
340 ug/L at 2SoC (Negligible). (1)

--_._.....----_._._---_._----------.-._-._---------_.-._.-._---------_ .... -...
SECTION IV. FIRE AND EXPLOSION HAZARD DATA (1)

Flash Point: 216°C (420°F), ~ethod Used: Cleveland Open Cup.
Autoignition tUlperature: J910C (735°F). Method Used: ASn1 0 2155.
F18.-abl. Limits: LEL 0.31: at 256°C (493°F); 0.28% at 264°C (S07°r)

UEL Not determined
Extinguishin. Agent: Water spray. Dry chemical. CO

2
, or Foam.

Special Firl-Fighting Procedures: We.r self-contained bre.thing apparatus
and prot.ctive clothing to prevent contact with skin and eyes.
Unusual Fire and Explosion Hazards: None ..._-----_ _-_ -.••.•..•....•.••- -_ -_ - _.- .

SECTION V. REACTIVITY DATA

Stability: St.bll.
Incompatibility: Oxidizing materials can cause a reaction.
Hazardous D.ce-polition Products: As with any other organic aaterial.
ca.bustioa will produce carbon dioxide and probably carbon moloxide.
Hazardous Polymerization: Will not occur ....-.--••••••....... _-- •............•.•..••..••...... -..-.. ---- .._._-- .... -...

SECTIOM:VI, roXICln' AND HEALTH

A. EXPOSURE LIMITS

Thrlshold LI.it V.lul (TtV) S mg/~3-TWA. 10 mg~m3-STEL. ~CG~H. 1988-89.
OSHA Pe~i.sibll Exposure Limit (PEL): 5 mg/m , 10 mglm -STEL.
A NIOSH industrial hygiene analytical method is available. (3)

8. EXPOSU'RI EFFECTS

C.rcinocaaicity Status: This chemical has ~een listed as a carcinogen or
potenCial carciDos.n for hazard communication purposes by: National Toxi­
colo., Proar.. (AnnUlI Report on Carcinogens) and International Aglncy for
R....rch oa Cancer (IARC) Monographs. California: WARNING! This chemical
is known to the Statl of California to cause cancer. While DOP may induce
liver tUDOr. in rats and mice at high dose levels, it is doubtful that it
presents a carcinogenic risk to humans at exposure levels typical of
occupational or consumer use. (See Section VI -0).

Inhalation: Harmful if ln~!led"

1.01". - ..
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F.yu: Low ha"ard for usual lndustrial handlinl· Hewever, any material that
contacts the eye lDay h. irritatinl o~ ~, caus. lIlechanical injury.

Skin: Ra~ful if absorbed through the skin.

C. FIRST AID

Inhalation: Remove to fre~h air, Treat symptomatically.

Eyes: Any material thAt contacts the eye should be washed out immediately
and medical att-ntion obtalned ~f any symptoms are present after washing,

Skin: Immediately wash with soap and plenty of water. Wash clothing before
reu.e. Destroy contaminated shoes.

D. TOXICITY DATA

rut

Acute oral LOSOAcute onl LD
SODel1NI LO

Skin irriiition
Skill irritation
Skin sensitization
Eye irritation

~pecie!'

Rat
Rabbit
Rabbit
Rabbit
HUnlan
Human
Rabbit

Acute Toxicity
Ruul t (4) .. J Classification (5)

. J' ~

30.6 g/k'i'.'· Relati.,el, haml...
33.9 g/_' r:
>20 IIlL/IeT-
Slight
None
None
Slight

S~ry of Data RefeTable to Carcinogenicity: Dioctyl phthalate (OOP) is
tbe phthalate ester plasticizer whose safet, has been IIlOst extensivel,
nudied. 00' ha. been used worldwide for IDOre than 40 years with'W'oD-
served adverse effects on h~an health. .-{'j Hr

DOP va. teated in a lifetinl. feeding study in rats and lDice b, tbe ij:S~
NatLoaal ToxicololY Progra. (NTP). The very lew acute and subacute toxi­
city of DOPenabled the Ceedina of very large dose levels (3000 to 12,000
p~ ill the diet). and, at th••e do••s, it produced liver tu.ors ia both
rat. aad .ice. DOP has not shown an, evidence for genotoxicity ia spite of
extanai"e te.tina. DOP do•• produce the proliferation of a subcellular
organelle, the peroxisOIDe, and does produce liver enlarce-ent in rodents'by
forced cell replication. The.e effects are thought to be clo.ely related
to the lona-tera prot1n~tlon of liver tUlDOrI in rats and lIice.

The Phthalate laters Panel of the U.S.- Chemical Manufacturers Association
ha. lp0a8ored ..tabolis., lIutalen~citYt peroxisome proliferation, and other
studt.. of liver effects in rodentl in an attempt to understand the
lDechani•• by which DOP produces liver cancer in rQts and nlice. One outcome
of this work has been the elucidation of important species differences
between rodents a~d prlnlete, in several key Qreas. These differences cast
doubt on the lDeaningot the rodent carcinogenicity studies for the
prediction of such effects Ln nUlDans. This progranl has been carried out in
consultation with ~h~ U S EnY\ronm~ntal Protaction Agency (EPA). The EPA
and the U.S. Food I'Ind Dr_~ '!I!IIII"ILHr'ltIOn (FDA) r~t'1odically review results
generated in this progr ,.

1.02 _ '"
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'. I; i~ &en~rally believed that OCP produees liver tumors in rodents by a
"l'pecill" IIAch.nis. related to its ability to pftrturb lipid metabolis_ to
prolHorat __ r~rod!'OCHS, or to produce hep.COCIIesaly by (orced cell '
replic.tion. BeCAuse these effects are not seen in many other species
incladtnl pri..te•• it is doubtful that DOP presents ~ carcinosenic risk to
hu..n••t exposure lovels typieal of occllpatjonal or. consumer use.

Summary of natA Referable to Reproductivo Toxicity: ~hen fed to pregnant
mice, malformations in the offspring WAre ob~erved at a daily dose of 90
mg/kg but n~t at 70 m~/kg. Wh~n fed to pregnant rats ~t levels that were
maternally t~xic (670 mg/kg/day), there wa~ no evidence of malform~tions

although e..hryofetal toxicity was seen (increa~ed resorptions and decreased
fetal weights), When COP was fed to male and female mice at ISO mg/kg/day,
it resulted in reducl'!d fertility; however, when fed. to male rats, a dose
at 900 ms/ks/day was required to produce te~ticular injury while no injury
was seen ae 400 mg/kg/d~y. The significance of these studies to possible
hUlian exposure is unk2own. Absorption through human skin is extramely slo~

(approx. 0.0001 IIII/em /hr) ,such that illllllersion of bot.h hands in DOP for an
hour could re~ult in the absorption of 0.074 ms or approx. 0.001 -S/kS.
(Se. Section VII-C (or proper skin protection.) Inhalation of s.turated
vapor (0.000095 rpm at 20°C) for a workins day would result in an absorbed
dose 30f <0.0002 mg/ks. Inhalation of 4 rp.spirable ae:os01 at the TtV of 5
ms/- for a working day would result in an absorbed dose of <0.7 _IlkS.
(See Section VIr-B for proper respiratory protection.)

SECTION VII. VENTILATION ANn PERSONAL PROTf.CTTON

A. VENTILATION

Good lener.l ventilation (typically 10 air chanse. per hour) should be
used. Veatilation rates should be matched to conditions. Local exhaust
ventil.tion or an enc losed handling systf!m mAy b. needed to control air
conta.ination below recommended cxposura limit~ (see SectioD VI-A).

B. RESPIRATORY PROTECTION

An appropriat. ~IOSH-.pproved respir4tor fnr orsanic vapor and _ist must be
worn if exposure i. likely to excoed recommended exposure It-its (s.e
Section VI-A). If r~spirators 8r~ used, a program should be established to
fts.ure ca-pli.nce with OSHA Stand~rd 29 CFR 1910.134.

C. 5KIN AND EYI rROTECTION

Ve.1' safety 11..... with side ~hiald~ (OT goggle~). Tmperme.ble gloves
sheNld be wom. A safety shower, '.an cye b.th, lind wa~hinl facilities
should be available. Wash thoroug~ly IIft"r hAndling .....__ - _ -----_ _...•.••..•. _ ---._--_.-._--.--.-.- .

SECTION VIII. SPECIAL STORAGE AND HANDLING PRF.CAUTIONS

Keep fra- cont.ct with oxidi7.ing materiftls. Sincp emptied containers retftin
product residue, Collow label warninR~ evltn lIfter contftinor is All'lptied.
-_....-. __ ._-_.-.-_... ~_.--------_._---_.- .. -.. -.-_._ .. _-----_.- ..... _. __ ._ ...

_._----~._-------~

Reproduced from
best available copy.
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.C'rTO~ IX. SPIt.L. LEAK, AND DISPOSAL PRACTICF.S

Steps to he Taken in Cas,! Haterial 1~ ~e.l...ed or Spilled: Slllall spills My be
collected with .baorbent materi.ls. For larae spills, flush are. with water
spr'7. Prevent runoff from ent.rina urains, sewers, or streams. Clean Water
Act and Superfund report,hle quantity (RQ): 1 lb.

Wa~te Dispo•• l Hethod: Incineration. Observe all federal, st.te, and loc.l
laws concerntna health .nd environment.
--_.------_.- .._.---------.--- ..-----------_.-.- _.--.---- _--- _---
SECTrON X. ENVIRONMENTAL EFFECTS DATA

A. SUMMARY: This lIIaterial has a low biochemical oxygen dp.mand and little
potential to cause oxygen depletion in aqueous systellls, a high potential to
affect some aquatic organisms, snd a high potential to bioconcentrate. The
direct, instantaneous discharge to a receiving body of water of an amount
of this material which will rapidly produce by dilution. final
concentration of 1.0 m~/L or less is not expectod to caU$e 'dverse
environmentaf ~ffects.

B. OXYGEN DEHAND DATA (6)

-- BODS: 0.04 a 02/g

C. ACt1I"E AQUATIC EFFECTS

24-,48·,72- and 96-h Leso ; Sheep.he.d minnow: >550 mglL (7)
No ob••rv.d eff.ct concentration; Sheep.head lIIinnow: SSO .glL (7)
24·b Leso; V.ter fIe.: >68 maiL (8)
48-b LeSO ; W.ter fie.: 11 maiL (8)
No discern.ble effect conc; Water fie.: 1.1 maIL (8)

D. BIOCONCENnATION POTENTIAL

-- Octanol/water p.rtition coefficient: Loa P = 4.88, P s 75,858 (9)
---_.-.---._._ -.-_._._------------_._ --------_.-_._.-.-------------
SECTION XI. TRANSPORTATION

DOT Hazard Classific.tion:
Proper DOT Shippinl N...:
NA Nuber: 9188.

OM-E.
HIZ.rdous Substance LiqUid, N.O.S.

--_.---...._---_.- ....-.._--_ ...-----------_.---------.-.----....._----_._--.-
SECTION XI I. RUEREHCIS

1. File data, Katecial S.fety Program, Eastman Chemicals DiVision, Eastman
Kod,-.. eo.pan,. linaaport, Tennessee,

2. J CHEH PRYS 71, S82-S87 (1979).

3. NIOSK MANUAL or ANALYTICAL HtTHOOS, Jrd Edition. Issued by the National
Institute for OccupatIonal Safety and lIealth. U.S. Government Printina
Office, W.shinaton," 1984, Method S020.
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I.. J I-ND HVa TQX rcor. 27, 130 - 135 (1945) ....
".

5. AH INn HYG A~~or. Q 10. 93-96 (1949).
, .

6. Unpublished data, Health And Environment Laboratories, E4st~an Kodak Co.,
Rochuter. New York.

7. BULL ENYlRONCOton'AM TOXICOr. 27, 596-604 (981).

8. BULL ENVIRON CONTAI1 TOXIr.O[, 24, 684-691 (1980).

9. Toxicity Profile for Ui-2-Ethylhexyl Phthalate (DraCt), ATSDR, USPHS,
Atlanta, GA, p.29.

_._._-------------._._._---_._._---------- ..._--- ..-.------------_._._----....
SECTION XIII. HAZARD RA7TNGS

Ifl'fIS* Rn in.:

NFPA" Ratin.:

Health _

1

rlRmmability Reactivity

o

o

NOTICE: These ratin.s involve data and ,interpretations that .ay vary fro.
cOlipany to cOGlpany and are intended only for rapid, seneral identificaUOIl of
the .aanitude of the sp~cific hazard. TO DEAL ADEQUATELY WITH THE SAil HAI­
DLING OF THIS HATER IAI, , ALL TIlE INFORMATION COtn'AINED IN nus HSDS MUST BE
CONSIDERED. ThA customer is respon5ible for determin{na the proper personal
protective equip.ent needed for its particular use of this ..terial.

*Hazardous Hateri.ls Identification System's [HNIS) Revised RAW MATERIALS
RATING MANUAL, National Paint & Coatinsft Association, Fall 1984.

**NFPA,,7D4 Standard System for the Identification of the Fire H.zard. of
Haterials, National Fir~ Protection Association, 1985.---_. __ __ _- __ _---- _-------_..------------,._.. _.

The iDfo~tion coatained herein is furnished without warranty of any kind.
User. should consider these deta only as a suppl..ent to other iaforaatioD
sathered by th.. and must .ake independent determinations of suitability and
ca.pletan... of info~at10n fro- all sources to assure proper use and disposal
of th... eaterial••nd the safety and health of employees and custo-ers •..._---_ _._.._--_._ .._._------_._ .._._----_._._----_._-._--_._-_ ~.-

C/J018SA/904099/R-2, ~-2. F-l, c-o
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Appendix 2

MATERIAL SAFETY DATA SHEEl
FOR EMERGENCIES ONLY· Phone 504-344-7147
For NonemerVeftCY .-.lttI and SIfety Information Phone 504-381-n,7

14.0.23

~••••••••_••=••••_••a.~.s••••__•••••••a ••••==a••~.==•••••==========
PRODUCT IDENTIFICATION

TRADE NAM!:

CHEMICAL NAM!:

CAS NO.:

CHEMICAL FORMULA:

CHEMICAL FAMILY:

HiTEC (R) 164 Lube Oil

l-Decene, homopolymer, hydrogenated

68037-01-4

CnH2n+2

Paraffin hydrocarbon

THIS MATERIAL IS IN COMPLIAHC! WITH
THE TOXIC SUBSTANCES CONTROL ACT (15
USC 2601 - 2629) .

.............-.._=.====~•••••=••••••••••••••_••••--._••----_••-----==
COMPONENTS

CHEMICAL NAME CAS NO. NOTE+ EXP08URB LIMIT
--~--~---~------~------~------ ------------ ----~ ----------------Poly Alpha Olefin 68037-01-4 NL Not e.tablished

by OSHA/ACGIH.

+NOTE: Carcinogenicity listing of components at concentrations
greater than or equal to 0.1' indicated by: @·NTP: '.IARe:
&-oSHA: *-orHER: NI.-Not Listed

.1 ~.~.Ra __ = ====
CHEMICAL AND PHYSICAL PROPERTIES

APPEARANCIIODOR:

BOILING POINT:

VAPOR PRESSURE:

SOLUBILITY IN WATER:

SPECIFIC GRAVITY:

Colorle.s, odorless liquid.

375-505C/707-941F.

7mm Hg @ 20C/68F.

Negligible.

0.82 @ 15.6/1S.6C.

==•••~.a.=•••~_~.========s••••••••••a.=.~============.=============
08/30/89

Ethyl Corporation • Chemicals Group
Ethyt Tower 451 Flort~ Blvd., Baton Rouge, LA 70801

ADMIIJrnNQ 1'Tl4'f1. FOfllJQN SAI.IS COf'PORAT'ION~ UPORT SA&.lI

-1.06



EMERGENCY PHONE NUMBER
(504) 344-7147

Page 2 ot 4

TRADE NAME: HiTEC (R) 164 LUbe Oil

14.0.23

======.-~._--.&====================================================

FIRE AND EXPLOSION HAZARDS

FLASH POINT (METHOD) :

FLAMMABLE LIMITS:

EXTINGUISHING MEDIA:

224Cj4J5F (PMCC).

~1ot establ ished.

Dry chemical, water spray (fog), foam
cr carbon dioxide.

HAZARDOUS THERMAL DECOMPOSITION PRODUCTS:
Include oxides ot carbon.

SPECIAL FIRE FIGHTING PROCEDURES:
As for petroleum products. Use
self-contained breathing apparatus.

UNUSUAL FIRE AND EXPLOSION HAZARDS:
None lmown.

=••~~=••~--==========================================•••••=========.
REACTIVITY DATA

STABILITY: Stable.

HAZARDOUS POLYMERIZATION:
will not occur.

====s•••=====_=====================================a===============
HEALTH HAZARDS

INHALATION:

EYE CONTACT:

SKIM CONTAcr:

INGESTION:

Inhalation of oil mist or vapors at
elevated temperature may cause
respiratory irritation.

Not expected to be an eye irritant.

Not expected to be a skin irritant.

Ha~ful if aspirated into the lungs-do
~ot induce vomiting.

CHRONIC EFFECTS OF C';EREXPOSURE:
~one known.

====~==.=.=.~a=============:===::==================================

08/30/89
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EMERGIMCY PHOn NUMBER
(504) 344-7147

Paq. 3 of 4

TRADE NAME: HiTEC (R) 164 Lube Oil

14.0.23

•••-- ---- _a=_======
EMERGENCY FIRST AID PROCEDURES

INHALATION:

EYE CONTACT:

SItIN CONTACT:

INGESTION:

If inhaled, remove to tresh air.

Seqin immediate eye irriqation with
cool water.

Wash contaminated areas with soap and
water.

If swallowed, qive two qla•••• of
water. 00 not indue. vo.itinq~

-------------·..----..- __..__ ..•__. ••a·_._.__~ ~.=

EXPOSURE CONTROL INFORMATION

EXPOSURE LIMITS:

EYE PROTECTION:

PROTECTIVE GLOVES:

Not established by OSHA/ACGIS.

Chemical q09qle. or fac. shi.ld.

Resistant to chemical p.n.tration.

RESPIRATORY PROTECTION: NIOSH approved supplied-air respirator
when exposed to vapor fro. heated
material.

LOCAL EXHAUST VENTILATION:
At bulk vessel openinqs when handlinq
heated materials.

MECHANICAL VENTILATION: Recommended.

OTHER: If skin contact or contamination of
clothinq is likely, protective
clothinq should be worn.

= ma __- ••••=••••••• ===·==····==============
ENVIROIOIBIITAL PROTECTION

SPILLS OR LEAItS: Contain any spills with dike. or
absorbents to prevent miqration and
entry into S6wers or streams. Take up
small spills with dry chemical
absorbent. Larqe spills may be
taken up with pump or vacuum and

08/30/89
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EMERGEMCY PHon NUMBER
(504) 344-1141

Page 4 of 4

TRADE NAM!: HiTEC (R) 164 Lube Oil

14.0.23

=.=--.__._•••__•__••=======.~=a.s••••••••••22••=.=••••••••••=======
ENVIRONMENTAL PROTECTION (Con't)

SPILLS OR LEAKS:

DISPOSAL METHODS:

STORAGE REQUIREMENT:

finished off with dry chemical
absorbent. May require excavation of
contaminated soil.

Under the CERCLA/RCRA requlations
currently in effect, this product is
not regulated as a hazardous waste or
material. Therefore, it may be
disposed of as an industrial waste in
a manner acceptable to good waste
management practice and in cc.pliance
with applicable local, state and.
federal requlations.

Short term - (less than 24 hours) 65C
maximum. Lonc;r tera - (gruter than 24
hours) SOC maximum. Maintain product
above 10C for flowability.

~__• =__.==~a=~a ••a••••••_.===••__• ••
ISSUB DATE: 08/30/89 SUPERSEDES: 10/03/88

MSOS prepared by: Health , Environment Department
Ethyl Corporation

FOR ADDITIONAL NONEMERGENC~ MSDS INFORMATION, CONTACT:

HEALTH AND ENVIRONMENT DEPARTMENT
ETHYL CORPORATION
451 FLORIDA ST.
BATON ROUGE; LA. 70801

J (504) 388-7717

TR1S MATERIAL SAFET~ DATA SHEET CONTAINS AT LEAST
THI IKPORMATION REQUIRED B~ THE FEDERAL OSHA HAZARD

~.RnlICATION RULE, 29 CFR 1910.1200(q) (2).

1.09



EXPLWTION OF MTERIAL SAFETY DATA SHEET TEMINOLOGY
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