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PREFACE

hibs docunent constitutes the final report on the Analysis of Hydraulic

Fluids and Lubricating Oils for the Formation of Trimethylolpropane
Phosphate (TMP--P). The research covered a period from August 1985 through
April 1987.

The work sas sponsored by the U. S. Navy (SEA 05R23) and uas performed
at Naval Subnarine Medical Research Laboratory, Naval Submarine Base New
Lrondon, Groton, CT under Prograi Elenent 63514N.q1
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EXC, IUVE BRIEF

Twenty-six different oils, hydraulic fluids and lubricants in the U.S.
Navy inventory were screened for yield of the neurotoxin Trimethylolpropane
phosphate (TMP-P) in order to obtain an estimate of safety hazard potential.

A commercially available synthetic aircraft engine oil (Exxon 2380) with
a demonstrated yield of I4P-P was studied to establish the optimal
ttoperature and pyrolysis time conditions for TIMP-P production.

1esults of the analysis indicate that in the Exxon 2380 synthetic oil,
TMP-P is formed very rapidly (withýn 5 minutes) with formation beginning in

a temperature range of 350 to 400 C.- I"e yield of TMP-P increass as a
function of temperature and achieves a maximum yield at 450 -500 C.[Above
this tenperature, the TMP-P yield decreases rapidly to zero at 600 C

probably due to týermal decmbposition. At optimal temperature for TMP--P
production (4500 C) the yield of IMP-P increases as a function of
temperature, reaching a maximu=i between 30 and 60 minutes. After 60
minutes, t"e yield of TMP-P decreases, attributable to a competition between
IMP-P formation and thermal decanposition. At 90 minutes the yield of TMP-P
is only 40% of the maximum yield at 60 minutes.

Unly one of the twenty-six oils from the U. S. Navy inventory gave
evidence of TMP-P formation. The maximum IMP-P yield of oil (MIL-L-23699C)
was only 1. 9% (120 un/g) of the maxiimun yield (6241 lig/g) for the Exxon 2380
synthetic engine oil.

results obtained in the Naval sbiknarine Med-ical Research Laboratory
,NSMRL) study for Exxcr. 2380 have been found to be in good agreement with
results obtained at rNational Transportation Safety Board and Urniversity of
Colorado. Results reported from these three labora•ories have been applied
to an assessment of the hazard potential of pyrolyzed oils and lubricants
assayed in this study. , (I

The conclusions and recommexiations resulting from this study are as
follows:

CONCLUS IONS
1. It is possible to generate large quantities of TMP-P from Exxon 2380

oil under laboratory corditions.
2. Of the 26 oils which were analy7ýd and which were i:tua~ly found in

the U.S. Navy inventory, only one, MIL-L--23699C, demonstrated
evidence of formation of 'IMP-P. it appeared to produce only 1/30 the
7MP-p of Exxon 2380.

Rrcommenda t ions
i. Research should be initiated for overall toxicity of combined,

combustion byproducts rather than for .ny individual combustion
product present.

2. All polyol ester based synthetic oils in the U.S. tvy inventory

should be tested for toxic byprodiw-t production.
3. 'Ihe Exxon 2380 formulation for MIU 23699 shouid not be included in

t-e U.S. Nllvy inventory because of Lus higjh mt-P.,ntal for producimn
TMP-P on pyrolysis.
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BI I IRO(I D

Fires are a serious problem for the U.S. Navy as well as the civilian

carmunity. In an established fire scenario, the well-known cambustion

products cammon to fires, i.e., irritants and narcotic gases such as CO, C02,

and fCN, present a substantial hazard to shipboard operational effectiveness

ard integrity as well as to the safety crew personnel.

In addition to the crmmon canbustion products there are serious concerns

as to whether extremely toxic materials can be produced by certain materials

that are carried aboard ships. One of these potentially "super-hazardous"

materials is trimethylopropane phosphate (TMP-P).

Petajan et al. (23)* and Voorhees et al. (25) have denonstrated that TMP-P

can be formed during the canbustion of polyurethane foams, the formtiulatign of

which is based on trimethylol prope te polyols and phosphorus containing fire

retardants. Kalman et al. (14) have demonstrated the production of IMP-P

during the thermal decarposition of an aircraft engine oil containing fatty

acids of trimethylol propane (TMP) and tricresylphosphate (TCP). Their data

show small quantities of IMP-P produced in an open tube cambustion device at

tenperatures fran 400 to 645 0 C. Larger quantities of TPp-P were produced at

432 0 C when the oil was pyrolyzed in sealed glass tubes. Aircraft turbo oil

lubricants with the designation MIL-L-23699 are in canron usage throughout the

military and may have IMP and 7CP in the base stock.

Since 7MP-P has been demonstrated to be a potent neutotoxic zhemical (29),

the following study was initiated in order to determine the potential for

pyrolytic 7IMP-P formation in a variety of oils and lubricants used by the U.S.

Navy.

* references appear in Appendix A.
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Physical Chemical Properties of TMP-P (19, 25, 26)

Trimethylolpropane Phosphate (TMP-P) is a white micro-crystalline

solid which is not explosive, not an oxidizing agent and is relatively

inflamnable and non-corrosive.

It has the following structure:

CH2 - 0

CH3 CH2 C CH2 - 0 P o 0

CH2 - 0

The formal chemical nane is 4-ethyl-l-oxo-2,6,7-trioxa-l-phosp4ha-

bicyclo (2.2.2) octane.

The fonrula and molecular weight are: C6 H1 1 0 4P ; MW = 178

Vapor Pressure

The vapor pressure for flMp-P has been reported as follows:

"T"F., VAPOR PRESSURE (mniHg)

22 0 C 4 x 10-8

60 0 C 7 x 10-7

108°C I x 10-

140 C 1 x 10-

TMP-P solid is not directly a source of hazardous vapor. The roQm

tenperature vapor pressure is such that an equilibrium content of TMP-P in air

is 0.00005 ppm.

2
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Solubility

The following solubilities have been reported for 'IMP-P:

Approximate Solubility (% w/v)

Ethanol 3

Pehroleun Ether 60-80 <1

Tol uene <1

Ethyl Acetate 2

Methyl Ethyl Ketone 5

Thermal Stability

Thermal decamposition curves for TMP-P have been determined by

passing the material throtvgh a heated zone in both air and nitrogen streams

and measuring TMP-P recovery. Temperatures in a range of 390 0 C to 850°C were

used with a tesicd,ýxe time of 25 seconds. Recovery data is reported to be

Temperature Recovery (%) (approx)

350 C 88%

450 C 78%

500 C 67%

6500 C 3-7%

Thus above 500 0 C, TMP-P is quickly deccinpesed.

3 i
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Sectroscopic Data

The following predaminant ions have been reported for TMP-P using

conventional f.lectron impact mass spectrQnetxy

?/Z 68 67 79 ).50 151 80 178

Intensity (%) 100 56 50 32 25 25 ii

Toxicity of Bicyclophosphate Esters

Acute toxic effects have been reported to have been caused by certain

4-alkyl derivatives of 4-ethyl-l-oxo-2,6,7-tr ioxa-l-phospha-bicyclo(2.2.2)

octane (1, 14, 15, 27). Bellet and Casida (1) have reported that these

canpounds after intraperitoneal injection into mice, produced convulsive

seizures and death within a few minutes. They showed that the bicyclo-

phosphates, phosphites and thiophosphates with the sarne 4-alkyl substituents

are of similar toxicity, but the potency is dependent on the nature of the

4-alkyl substituent. Maximuim toxicity was obtained with the isopropyl groLp

substitution. Fhosphates of the 4-isopropyl or 4-n-prcpyl cQmpounds are

slightly more toxic than phosphites or thiophosphates.

The values reported for toxicity of bicyclophospnate esters with v~zious

4-alkyl stbstituents are (1):

CH2 - 0

R -C CHI - 0 P

CH2 - 0

R Eý5 mg/kg body weight

CH 3-

CH3CH2 1.10

CH3 CHCH2 .39

(CH3 ) 2 CH- .22

41



The LD 50 is defined as the dose that is lethal for 50 percent of the test

subj ects.

An indication of the toxicity of TMP-P can be demonstrated by canpering

its LD50 with a familiar, highly toxic substance such as strychnine. This

substance has a reported LD 50 of 1.4-2.3 mg/Kg while TMP-P has a reported LD50

of 1.0 ng/Kg. UMP-P therefore is slightly more toxic on a weight basis than

strychnine when injected intraperitoneally.

The bicyclophosphate esters have reported to •oduce convulsive seizures

and death in mice within a few minutes. The definitive mechanism by which

TMP-P prodxcas its toxic effect has not been fully elucidated, but it is

thought to act as an antagonist of the GABA neurotransnitter substance at the

nerve endings. A short review of tue literature on the mechanism of action of

TMP-P is presented in App.rdix A.

MATERIALS AND METHODS

1. open pyrolysis system

In this system, apparatus similar to that employed by Kalman, et al.

(14) was used. 40 ul of oil was placed in each of 4 ceramic boats for a total

sample of 160 ul of oil. The boats were pushed into a pyrex canbustion tube

of a Lindberg Single Zone Tube Furnace (Model 59344). The p-rex combustion

tube was 20 an long, 3 mm I.D. with a constriction at one end. A Teflon tube,

20 an long (I.D. = 3 inn) was fitted over the constriction on the pyrex

ccabustion tube. This tubing led into a 5 ml vial which was fiLled with 2 ml

methanol (?LaH) and %rvpd as a trap for pyrolysis products. An air flow of

20 ml/min was maintained through the canbustion tube to carry the pyrolysis

prcducts into the YeOH trap.
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For the oper tube pyrol.ysis, the over, vas preset to sel.ected

tanperatures and after the temperature stablized, the canbustion tubes

containing tbe samples vere heated in the oven for 10 minutes. The oil

samples in the ceramic boats flash pyrolyzed rapidly and condensed in the cool

part of tte combustion tube outside of the oven. The majority of the.

pyrolysate condensed on the upstrean side of the Tenflon transfer tube. Aftei.

pyrolysis the apparatus was lifted out of the oven and allowed to cool. Air

flow was stopped, and the MCH trap \s removed. The crjmbustiorn tube and

Teflon tube were flushed with 4 ml IeiCE to remove the condensed pyrolysate.

Samples from both the W-OH trap and fron the canbustion t~be were analyzed by

XE'MS for TMP-P.

'XM temperatures •re selecte for the open tube pýrolysis; 390°C and

470 0°C. These temperatures Aere selected on the bastis of the results reported

by Kalman, et al as producing effective detectable yields of TMP-P.

Exreriments using open tuoe pyrolysis were perforned on Exxon 2380 with

Trimethylolpropane ('IMP) and Tricresylphosphate ('IUP) in the base stock.

Sealed Tube PyEolysis - Pasteur Pipets

Pyrolysis tubes %i&re fashioned from 5 3/4 inch Pasteur bacterio-

logical soft glass pipets which were flame sealed at the tip. 40 uI of oil

%re pipeted into the tube and the open end of the tube was flane sealed.

7otai internal volume of the resulting pyrolysis tube vas 2 ml. These tubes

proved -o be adequate for pyrolysi_• at talperatures below 480 0 C. Above that

temperature th- tubes failed due to internal gas pressure buildup resulting

frcr pyrolysis of the sanple.
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The sample material used in this experiment was Exxon 2380 engine

oil.

Following pyrolysis of the oil sample, the pyrolysis tube was removed

fro the combustion tube in the tube furnace and allowed to cool. The

pyrolysis tube %as opened and 100 ul of MeOH were pipeted into the tube. The

tube was tilted manually and 4otated to bring the MaCH solvent for TMP-P into

contact with the %all surface. Following this procedure, the VeOH solvent

conraining the pyrolysate was decanted into a 5 ml glass vial, capped with a

7Tflon screw cap and retained for GC/MS analysis.

In order to determine effects of canbustion tenperature and

conbustion time on 'MP-P fornation, the foll3wing pyrolysis conditions were

established. samples were pyrolyzed at cemixratures of 140 0 C, 165 0 C, 190 C,

215 0 C, 240 0 C, 265 0 C, 2900 C, 315 0 C, 340 C, 365 C, 390 C, 415 C, and 440 C. At

each tenperature, samples were pyrolyzed for time periods of 1, 5, 10, 20, and

30 minutes.

3. Heavy walled, Sealed Tube Pyrolysis - Qualitative Assay

Because of repeated structural failure of the soft glass pyrolysis

tubes at temperatures above 440 0 C, a modified pyrolysis procedure *as

established. Pyrolysis tubes were fashioned of annealed pyrex gliss by a

professional glass blower. The internal diameter of these tubes was 1 cm with

a wall thickness of 3 ram. A small section of thick walled pyrex glass tubing

8 mm O.D. was sea.led to the main body of the tube to facilitate flane closure

of the tube after the oil sample had been added. The length of the sealed

heavy-walled pyrolysis tube was 12.5 an with an internal volumne of 10 ml. 100

ul of oil was used as a pyrolysis sample in this series of experiments.

7



'The sample materials used in this procew'e were the Exxon 2380 and

26 additional oils and lubricants. These additional oils, fluids and

lubricants which are in general usa in the U. 3. Navy are listed in Appendix

B, alorg with the source location, type, and description.

The temperatures at which Exxon 2380 samples were pyrolyzed in the

thick-walled tubes were 440 0 C, 450'C, 460'C, 470 0 C, 475 0 C, 480 0 C, 490°C,

515 0 C, 540 0 C, 565%C, and 590 0 C,. Single samples in the tanperature range

4400 C to 4900 C were pyrolyzed for 30 minutes. Single samples in the

tenperature range 515 0 C to 5900 C were pyrolyzed for periods of 5, 10, 20 and

30 minutes.

Single samples of the 26 additional oils and lubricants were screened

for TMP-P production at a temperature of 540 0 C for 30 minutes.

Following pý,rolysis in the Lindberg Tube Furnace, the pyrolysis tubes

were allowed to cool to roan teinperatire for 30 minutes, then to 40 C in a

freezer to minimize gas pressure in the tube. 7he neck of each tube was

scratched with a file and broken off under an exhaust hood. 200 ul of

methanol were added into the pyrolysis tubes with a pipetter. As in previous

analysis the tube was tilted and rotated manually to insure that the MeHG

fully contacted the length of the interior of tie tube. 7he pyrolysate

solution was decanted into a 5 ml glass vial, capped with a TIflon cap and set

aside for G:/MS analysis.

4. Heavy Walled Sealed Pyrolysis-Quantitative Assay

In order to obtain better data from a more quantitative TMP-P

recovery, the pyrolysis and sample extraction procedures were modified as

follows.
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