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Mobil Research and Development Corporation

P0. 80% 031
PRNCETON, NEW JERSEY 6381

EXVIAONMENTAL AFFARRS
ANE TOXOLGY

4P McGULLOUSH
VICE PRESIOEMY

Sent Cartified Nall
Return Receipt Requested

 July 21, 1988

Document Control Office

Office of Pesticides and Toxic Substances
0.5, Environmental Protection Agency

401 M. Stree&, B.W.

Washington, DC 20460

TECA Section 8{e) Notification
Tricresyl Phosphate (1CF)
CAS Registry Number 1330-78-5

Dear S5ir:

Ag part of its ongoing prograx of evaluating petroleum products, streams and
companents, the Mcbil Environmental and Health Selence lLaboratory (MEBSL) has
investigated the toxicity of a generic jet englne oll and one of its components,
tricresyl phosphate {TCP). The oil contained cettain sdiitive components at
concantrations representative of s cross section of those in commercial produc-

tion,

Our research showed that repeated applications of the generic jet sngine ofl
containing 3¢ TCP (one dermal appiicationsday, S daIsMek, for 9C days) to male
and female Spragus-Dawley rats decreased the activitieg of both sarum and ery-
throcyte cholinestersse.(Table 1), A follow-up study, designed to ldentify, the
conmponent causing cholinesterase inhibition, showed that the TCP additive was
entirely responsible (Table 2), An additional acute study, pecrformed in male
Long-Evans rats,- showed that single doges of TCP or TOCP, adwmdnistered either
orally or dermally, inhibited both sarum cholinesterase and brain neurapathy
target esterasa (neurotoxic esterase; NIE) (Table 3}. Inhibition of NIB is
bighly correlated with induction of orxgancphosphorus induced delayed neuro—
. konicity (OPIDN). Surprisingly, there was very little difference between the

activities of TCP and TOCP; the TCF manufacturer’s product safety information
sheet indicated that TOCP content is less than 0.1%.

We are under the impression that a commonly held opinion is that TCP with
TOCP levals below 1,08 is not neurotexic. Our results indicate that the TOCP
level in 7CP is not a reliable predictor of potential neurctoxicity,
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Four batches of the TCP additive used in the teste described in Tablesg 1-3
and three other TCP sarples also were svaluated for acute cholinesterase and NTE
inhibition (Tahle 4), All showed significant inhibitory effects that,
peated administration, would be expected to result in neurctoxicity. er—
ials wore derived from cresylic acids produced as a hyproduct of
refining., Other commercially available TCPs are prepared fyom synthef®gally
derived materials, which can provide bhetter controg of the content of poD-
tially neurotoxic components. ‘

A thorough literature review {see Attachment I) revealed that the nwurctoxic
properties of commercial TCPF are known, hut that theve is confusion over the
approprizteness of using the TOCP level as an indicator of neurctoxic potential,
Aftex considering the weight of all avallable evidence, both published and our
new data, we concluded that EPA and cther ugers of TCP as a lubrjcant additive
should be informed of cur results.

OBSCRIPTION AND USES OF TCP

TCP ies used as an anti-wear agent in jet engine olls, and is required to
meet both militacy and commercial jst engine buildex’s specifications. It is
used as a minor comporent {< or ~ 2%] in certain mineral oll based lubricants,
Certain fire resistent hydraulic fluids are based on 100% TCP, some of whith are

" synthetically derived.

HAZARD COMMUNICATION

Mobil is unaware of any neurotoxic effects on humans having been caused by
exposure to jet engine olls in their intended application. However, we are
revising our faterial Safety Data Bullatins and product labels to inform employ- .
ees and customers of the information reported herein. wWe also are sending
coples of this letter to OSHA, to other ugers and suppliecs of TICP and to appro-
priate trade associations (API, CONCAWE, IFIECA, CHA and SCQMA}.

Sincerely,

CRM/dg
Attachments

’ Thig report is being made in compliance with Section 8(e} of the Toxic
. Substances Contral Act (15 U.5.C. 2607), pursuant to our understanding of the
statemsnt of Interpratation and Enforcement Policy (43 red. Ref. 11110 et.
seq,). It has been compiled based on information avaliable within the time
period given, while we believe the tests reported were properly performed, no
representation can be made as to their accuracy of content, The corporation and
individual signator alec reserve the .right to supplement any or all of the data
contained hatein and to revise or amend any conclusion drawn therefrem.
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Table 1

Effecte of Subchronic Administration of Generic Jet Bngine Qil
oontaining 3.0% Tricresyl phosphate” (SAMPLE A} on Jean Serum and
grythrocyte Cholinesterase Activities :

Study No.: 60431

Mean Cholinesterase Activity

Parameter Group No, : i 2 3
{tnits} Dose (mg/kg/day): Control 800 2000
& Males
tieek 5 Serum s
{10/1) 499 381 104}
(% Inhibition) ] 2 39
Week 13 Serum , s 5
{IU/1) 479 246 174
($ Inhibition) -0 49 54

Week 13 Erythrocyte
{13/1) 1056 93a! 840°
. Q

{3 Inhibition} 11 20
B Fepales
Week 5 Sarum s ;
{I0/1) 2833 1902 1272
{% Inhibitisn) 9 33 55
Week 13 Sgrum 2 s
{Iusl} 4613 2352 1053
) {% Inhibition} 0 43 71
wWeek 13 Erythrocyte
{IUA) 1054 890 812
{3 Inhibition) e 11 23
*gee Table 4

I7en male and ten female Sprague-Dawley rats received dermal applications
of the expetimental oil 5 days/wk for 90 days.
‘statistically different from control (p<.05).
tiean value for nine rats,
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Table 2

Effects on Serum Cholinesterase (ChE) Activities in
Female Sprague-Dawley Rats at 2J Hours Affer A Single Oral
administration of Generic Jet Engine 0il {With and

without Tricresyl Phosphate (TCP)') -
Triocrthocresyl Phosphate (TOCE) and TCP

Study No.: 61924

Mumbey
. Test of Dase Sevum ChE Activity
Materials Rats {mg/kg) (% inhibition)
Jet Uil without
TCP 5 2§00 a
Jet (il with 2
33 CP 5 2009 25
TCP 5 60 45°
Triorthacresyl
Phosphate 2
{poaitive control) 5 &0 54

*Sapple A — See Table 4
2gtatistically significant inhibition

(p<. 09},
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Table 3

Bffects on Brain Neuropathy Taryet Esterase {NTE) and

Serum Cholinesterase (ChE) in Male Long-kvans Rats Fo

;.lawing

A Single Oral or Dermal Exposure to TCP (Sample A}" or
Triocthocresyl Phosphate {70CP)
Study No.: 00116~2

Test, Doge’ Serum ChE’
Materials ) Route {ng/kg} {4 inhibition) (3 inhibitiony

cr 5 Oral 2320 83 (44 hr) 82 {24 hr)

TCCP 5 Oral 2330 47 {44 hx) 86 (24 hr)

TCP 3 permai' 2320 . " 44 (24 he)

65 {48 hr}

66 {96 hr}

55 (day 6) 65 {day &)

TOCP 4 permal' 2320 36 {24 hr)

) 58 (48 hr)

75 (96 hr)

72 (day &} 78 (day 6]

' gee Table 4.

iThe dose level was identical to that used by Padilla and Veronesi {1985)
for male Long-Evans rats,
Al} inhibitons are statistically significent (p«.05).
! The experiments were pecformed using nonocclusive {perforated) glass cells
covering the entire dosed area. ‘ .

3
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Table 4

Serum Cholinesteraze (ChE} and Brain
Neuropathy Target Esterase (NTE} Inhibition Following
A Single Oral pose of 2.0 q/kg Tricresyl
Phogphate to Long-Evans Rats

Study No.: 62668

TCP Samples Tested ChE Inhibition {$)* NTE Inhibition [%)*
Sawple A
Batch 1 62 52
Batch 2 69 58
Batch 3 73 86
Batch 4° 15 76
sample B’ 83 43
Sanple C 63 ; 74
sample D 78 77
Triorthocresyl Fhosphate’ 94 ' 93

lvaluss presented are means for at least five rats.

3pakch 4 is the material used for the experiments reported in Tables 1 - 3.

' high purity tricresyl phosphate which we believe to be marufackured from
,natucally sourced cresylics but containing 98.0% metaspara isomers.
Positive control; 97% pure.
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e kb bt vt i,




LOD WAURYEIVALILALL ve RDERGIS0ITataais: A L4THRATURE REVIEV

Aistoricalt

TCP became of interest toxicalogically in 1936 vhen partial pacralysis in approx-
imately 50,000 Americans occurred fram 1ts presence az an adultecint in extracts
of Jamaiea ginger [1,2). Smith et al. {1] studied the technical grade of TCP
used in the ginger extract in animals and produced the same type of neurclogical
syaptoms observed in humara. Ouring the 1930s, TCP was considered to be com-
posed of only three main phosphoric acid esters {viz., tri~ortho-cresyl phos-
phate [ToCP], tri-meta-ectesyl phosphate {TMCPI, and tei-pars-srasyl phosphate
{TPCP}}. Subsequant work by Smith et al. [3] demonstrated that TOGCP vas neurp-
toxie in swimals and could account for the partial paralysis observed in humans
from the ingestion of the gingar ewtrsct [Smith estimated the TOCP content of
the adulterated ginger to be epproximately 2.0%). THCP and TPCP wete found not
to be neurotoxic. On the bazis of these findings, TOCP was considered to be the
only neurotoxic component of TCP.

Ovar the years, videspread epidemics folloving the ingestian of TCP and/or TOGP
and closely-related phosphate esters in adulterated foody and cooking oils have
been reported [2). Ia a fev instances, neurotoxlcity has oecurred 9s a result
of industrial exposure via inhalation and absorption through tha skin {4,5]. In
the majority of these polsonings, not only are the isomers of TCF usuaily pra-
sent but alsoc several related compounds, such as xylenyl phosghates, and ethyl-
phenyl phosphates, vhich are alsv toxic and share responsibility far the neuro-
;axicéty 35}. For this reason the term "tri-aryl phosphata pofsoning™ was
ntroduced.

Many reviews on the eticlogy and postulated mechanisms of organophosphorus-
induced delayed neurctoxieity (OPIDN) in both humans and aniasals have Wesn
published [6-7}. -

Dernal Absorption:

In 1943, Hodge and Sterner [8] studied the skin absorption of TOCP containing
radicactive phosphorus in humans and doge. The human subjecty applied TOCP to
the palms of hoth hands for a 3.5 hrs exposure, prior to lts removal with an
appropriate sclvent. TOCP was also painted on the abdominal surfece of lightly
anesthetized female dogs for a continuous exposure of 25.23 hours. TOCP wvae
observed to bo readily absorbed through the palmgr skin of humah hands and
through the abdominal sicin of dogs. These data indicate that the magnitude of
absorption of TOCP through skin 1s such that & real hazard exists in industrial
operations permitting a conatderabla or repeated exposure to this substance,

Carpenter and others [9}, studied the effects of trlaryl phosphate (TAP; ortho-
cresol content of ¢resylic acid mixtyre prior Lo ssterification was kep! below
1.5X of the total; the term TCP has also heen used to describe this preparation)
after dermsl administration in rabbits. TCP was obgerved to cause cholinester~
ase {ChE) iohibition and a gquestionable delayed hind iiab veakness in some rab-

bits.

Litan [10} studled the skin-resorption of 4.0X technical ICP in male mice after
4 hrs of contast and in guinea pige after 30-days of contact. Treated miced (4
hrs of contact) exhibited neursotoxic effects (l.e., mstor depression and dull
reflexea to pain), but no visidle skin alterstions. Serum ChE activity vas re-
duced in animals treated with TCP. Thirty (30) days of exposure to TCP In
Guinea pigs alsv caused naurotoxic and othar affects (f.e., disturbances in
motor coordination, reduced ChE activity, and reduced veight gain). Skin ef-
fects (i.a., desquamation, thickening of skin and basal and keratic layers,
enlargement of hair bulbs, cell infiltration, and edesx) wete s3lso seem at the

application site.
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elayed paralysis and spinal cord degeneration vers! reported after z sin
tofical application of TCF on the combs of hans {11]. Ahmed and Glees [12] afi:
demonstrated delayed parelysis and spinal cord, axonal, and peripheral nesrve
degeneration after dermal application of TCP (TOCP contenl not given) for ten
days in primstes (slov loris). Attempts to induce paralysis in other primates
{monkeys and baboons) have been unsuccessful.

In 1957, Tabershaw and Klelnfeld [13] performed & clinical study of wvorkers
exposad via skin or atmospheric contamination tgp TCP (containing up to 20.0%
TOLR, in concentraticnz from 0.27 to over 3 mg/m' ) during its manufacture over
an aversga duration of nine years. The vorkexs exhibited no chronle adverze
effects on health. However, there vas some evidence of absarption and some
aggravation of gastrointestinal and neuromuscular syaptoms vhich were functienal
and mild. Plaste ChE levals wvere aise found te be significently below normal
levels, Similar ChE findings vere reported aboard a Naval ship (USS Shangri La}
{14]. In another study aboard the USS Leyte, Baldridge &t sl. [L4] observed mo
toxic effects {including no adverse effacts on plasma or red cell ChE levels)
from skin or atmospheric exposure to TCP in a hydraulic fluid. This study vas
conducted under conditions which vere intended to minimize the potenttal axpe-
sure hazard (i.e., full ventilatian, enforced personel hygiene, etc.).

These sclentific publications indlcate that TCP can penectrate the skin and cause
naurotoxic effects {vis., ChE inhibition and OPIDN).

Neurotoxicitys

As previously mentioned, 20CP ls cne of the esters present in commerclal TCP and
the toxicity of TCP has aften been conaldered to he solely datermined by the
amornt of o-cresol present in the rav matezrial from vhich tha eaters are made.
In 1958, Henzchler [13] discussed the toxicity of the "oldar® technical pre-
parations of TCP (believed to contain 0% o-cresyl) and pointed out that, the
toxicity of these prepsrationz was assumed to be due to the tri-orthe-crusyl
constiruent, howesver, hia new data fndicates that pure tri-ortho~cresyl ester
vag the least toxie of alil the arthoc¢raswsyl esters. He coneiuded thar "Modern
TCP preparatiens contalning only 3.3% of o-cresyl were found to be only slightly
toxlc. Based on this dara, limitation of the artho-crasol content of the crude
cresylic aclid used in the manufacture of TCP has been folloved By a notable
absence of clinically discernihle toxie effeats. This has led some countries teo
demand that the cresol fraction used in the preparation of TCP should centain
not more than 3.0X¥ ertho.cresol. Hovever, this provizien has met abolished the

toxicity associated vith commerical TCP [2].

In 1956, Hines et sal. [15] demonstrated that triazyl phoaphate containing only
one or two ortho-cresnl moieties possess toxieity of the cams order and the
discrepancy betveen the .exparimental toxicity of a TCP preparatlon and its
ortho-~cressl contént, suggests that there sre other cosponents cof equal or
greater activity. This obmervatlion vas supported by Carpentar at al. [9] vwich
a sample of TGP containing < 1.5X TQGCP. They concluded that there were other
subgtances present in TCP vhich have similar paralytic sctivity or which marked-
ly potentiate the actlivity of TOCP. Friass et al, §17] also concluded that TGP
{containing trace amounty of TOCF) had paralytic activity snd that the chemical
conttrol of the concentration of TOCP in TCP does net suffice to stabilize the

toxlcity.

As a vesult of the ipherent toxicity of TCP, Bondy et si. [18] artempred to
prepare a non-nauretoxic phosphate plasticizer from eithez ICP or tri-xyleasyl
phosphate (TAP). They demonstrated that the removal of the neurotexic o-cresyl
esters failed to rander the product non-neurotexie (paralytic activity in thick-
ens). This was particularly surprising because the sample vas believed to be

=
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composed of only dimethylphenol derivatives and the nen-geurotoxic phosphates of
the meta- and para-cresuls. Tha dimethylphenol derivativas wvere tested and
faund to be non-neurotoxic except in mwassive doses. Further studies demonstrac-
ed that tri-ortho-ethylphenyl ester was non-neurstoxle, but the mono- shd di-
ortho-ethylphenyl phosphates wecre highly neuxotoxie., 1In a similar fashion,
tri-ortho-u-propylphenyl phosphate was shown to be non-aeurstoxie, the esters
containing one or twa ortho-prepylphenyl groups were neyrotoxic. Additional,
expariments also showved that tri-mata-ethylphenyl phosphate was nop-neurotoxic,
while the tri-para-ethylpbenyl phosphate vas found to Dbe neurstexic. Thesa
authors concluded that the neurctoxicity of TCP is due not only to the presenca
of phosphate¢ esters containing one, tvo or three ortho-sresyl groups, ome or two
ortho-propylphenyl groups, and one or two ortho-ethylphenyl groups, but slse
tri-parg-ethylphenyl phosphates. The tri-xylenyl phosphate has also been judged
to have =ome neurctoxic effects.

TCP in edibla ails, whether or not it containg TOCP, haz alsc been shown to be
injurious to health inr humans {19}. Recantly, a case of zevere acute Intoxica-
tion In a 4.5 year-old child following ingestion of g lubricant containing TCP
ha# been reported {20}. Clinlcal findings in this child were acute gastrointes-
tinal symptoms, delayed cholinergic erisils and neurologleal toxjeclty. Blood
gamples revealed ne avidence of TOCP. Gas chromatography-mass spectroscepy
analysis of the lubricant indicated the presence of multipis tri-amyl-phosphat—
es, inecluding triphenyl and triaresyl phosphates. TOCF waz not identifiad.
Other phosphate esters were present but could not be identified.

¥apy organophosphorus estecs are fnhlbitors of ChE activity in humans and ex-
perimental animals. The affects of commercial TGP on ChB activiiy have baen
reported 6, 7, 21}; in most cases, sarum ChE levels were found to be signifi.
cantly belov normaji/eontzal ChB values. 0ishi et al. [22], observed no inhibi-
tion of ChE activity in Vistar rats fed a dier containing 0.0 or 0.5% TCP for &

veeks.

Although numerous invegtigators use the reduyction of ChER activity, following the
administration of triarylphosphates, as an indivator of nsurotoxieity, thers is
no consistant carrelation betwesn anti-ChE sctivity and neuvoparalytic activity
{9,6,7,16,23]. Not all ChE Inhibitors cause OPIDN but all agents vhich produce

GPIDN do inhibit ChE.

The MSDS issuad for TCP SYN-0-AD™ indicates that the product shows NTE Inbibi-
tion after large single oral dowes in heng, Ve are not avara of any published
reports that rat brain NTB is inhibired by comeereial TCP by any route of ad-
minigtration. Padilla and Veronesl [24], hovever, have demonstzated NTE inhibi-
tion in rats exposed to a single oral dose of TOCP.

BOE#01501t0
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Very Important, Che Activity is not an indicator, but you may encounter OPIDN even without Che decrease.
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Table 2. Subset of Chémicals That Could Be Present In The Aircraft Cabin
Environment and Measurement Methods.

USEPA 1999af TO-10 TO-11 TO-13 TO-14 TO-15 TO-17
ASTM 19991 . D 4861 D 5197 | D 4861 D 5466 |- D 5466 D6196
Collection;] PUF Tube| - DNPH - [PUF Tube| Canister | Canister | Sorbent Tube
v Analysis| GC/MS HPLC GC/MS | GC/MS | GC/MS |GCMS, FID...
SASRN CHEMICAL ’ SVOCs |Aldehydes| SVOCs VOCs VOCs VOCs
75-07-0 Acetaldehyde (Ethanal) v v v
37-64-1 Acetone v
107-02-8 Acrolein
71-43-2 . Benzene
34-17-5 Ethyl Alcohol (Ethanol, Ethanole)
50-00-0 Formaldehyde v
110-54-3 N-Hexane v v
75-09-2 Methylene Chloride
123-38-6 Propanaldehyde
127-18-4 Tetrachloroethene v v v
3163-58-2 [TOCP (Triorthocresylphosphate)
108-88-3 Toluene
Xylenes
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