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Mobil Research and Development .Sorporatfon 

Sent Certified Mail 
Return aeceipt Reque&ted 

Doeument control Office 
Off~ce ef P~sticides and TOxic substance5 
u.s. Environmental Protection Agency 
401 M. Street, s.w. 
Washin9ton, DC 20460 

Dear Sitl 

J'uly 211 1988 

f'Q.80X IOJI 

M~efON. Nf.W J511SE\' ~~ 

!fMAOiriiiEIITAL AFF~ 

~Nf.ll'alc:ICIOc.O~ 

.J.f' t,I~UQOOH 
-vl(;l PaUIO!iflt 

~S~ S•cticn 8(e) ~iticatlon 
Triciresyl Phosphate (TCP) 
CAS Regist~ Number 1330-78-5 

As part of l t.a on9oing progr• of e11aluatinq petcoleua ptoduc:tst stce~ ancJ 
c:otJIPOnent$~ the Mobil EnVito~ntal and Health soience Laboratory (I'GSL) has 
inveati9ated the todeity of a <J&Mric: jet .snCJll\8 oll end one of its OOUipOnent.s, 
tcicr:e&yl phosphate t~). '!be oil contained cettain additive (;Oroponents at 
conoentta.tions teptesentative of a cross section of those in c:oJSP~taial ptoduc
tlon. 

OUr rele&r~h showed that ~epeated applicaticns of the generic jet en9ine oil 
eontainlnq 3' TCP (one detmal applicatiozVday, 5 days;'Wek, for 90 d~ys} to male 
and fe.QYtle Sprague--Dawley fats deoreased the actidtiel of both serum and ety
throqte chalinestetelle .('I'able 1). A follow-up 1tudy, desiqnecl to identify, the 
component causing choline•te~:ase inhibition, showed that the ~ additive was 
entirely cesponsible (Table 2). An addi.tiQnU acute Gt.udy, petformad in ~le 
Long-E'Ians rat&r: showed that singla doses of TCP or 'IOCP, aditdnisteted either 
otally or derally, inhibited both serum cholinesten.se and brain neur:apathy 
target este~:asa (neutQtoxl.c estetase; Nm) ("rable 3). Inhibition of Nm hi. 
highly correlated with induotion of organoph.osptloros induced delayed neutD-

• ~icit.y (OfiON). Sutpt:isinqly, there was vety littla difference between the 
activities of TOP and TOCPI th~ TCP nanufactutet's product safety info~tion 
stwet. indicated that "roCP content is less than o.u. 

Ws a[e unde~ the imp~ession that a commonly held opinion is that TCP ~th 
TOCP l~vels below l.Ot is not neuroto~ic. ou~ reaulta indicate that the TOCP 
level in ~ i~ not a reliable predictot of potential neu~otoxicity. 
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Mobil 

ooeument Contl:"ol Offi.Cle . PaCJ6 z 

Four batches of the TCP additive used in the tests desctlbed in Tables 1-3 
and three other 'tCP samples also wete evaluated for acute cholinesteraue and tfi'E 
inhibition ('!'able 4). M.l showed significant inhibitory effect& that., an re
pe.ated adndnistration, wculd be expec:t.ed to r:esult in neurotodcity. All Nl:.er
ial!& ~ere deri'\l'ed frcm oresylic acids pr:Q(lu.cad aa a byproduct of petrcl~tUJt 
taflning. Other c:CtM~&rcially available 'l'Ct's are prepated frm synthetically 
derived aterials, which can provide better control of the content of poten-
tially neurotoxic components. · 

A t:horou¢\ li tetalure r:eviaw {see Attachment I) revealed that the neurotoxic 
prQperties of cmmercial 'l'CP are known~ but that tl\et"e iB confusion 011tt.t' the 
approp~iateness of using the TOCP le~l as an lndi~atot of neuroto~lc potential, 
After conside,ing the wei9ht of all available e?idence, bo~ publish~ ~ out 
new data, we ccncl~d that EPA and othe~ users of TCP as a lubricant additive 
sho'-lld be tnfomed of cut res\llts. 

'l'CP is used as an anti-wear agent io jet e-nqine olls, and h required to 
meet both ll\1litar:y and ~c~rmer:cial jet engine build.e~:• • speeific:etions.. It is 
used as o. .minor c:o~nt {< o:r ... l'l ln certa.in mineral. oll based. l"Ubdcmts. 
Certain fire resistant hydtaulic fluids are based on 100\ TCP, some of wbicb a~e 

· synthetically dedved. ·. 

H'J\ZARD (Dai.INICM'l.ON 

MObil is unaware c£ any neutoto~ic effects on humans having been caused by 
exposure to jet engine crUs in. their intended applicatioft. Haweve.:, we are 
tevising our Material Safety Data Bull.atins and product labels to lnfom e~loy
ees and customers of the infomation reported herein. we elso a:te sendinq 
copies of this letter to OSHA, to other users and auppliecs of ~ and to ~pro
priate ttade associations (API, ~' IPIECA, ~ Mel SOCMA). 

CP,Wdg 
Attachments 

.. 

Sin.cetely, 

'9:{~ 

· This repcn:::t is beinq made in Con1Pliance with Se.;tion 8(e) of the 'toxic 
Substances Control Act (15 u.s.c. 26Q7), pux~uant to out understanding of the 
statement of Interpretation and Enforcelftl!nt Policy (43 Fed. l'tef. 11110 at. 
seq,). :tt has been c~iled ba.sed on infol'&.ltion a-vailable within the time 
pedod qi11en. While we believe the tests reported we:rt propedy perfoiiied, no 
tepcesentation can be made e.s to their accuracy of content. 'rhe corporation a.nd 
individual siqnatot aleo reserv~ the.ri9ht to ~upplement ~ cr &ll of the data 
contained hetein and to t4Wise or amend any <:onclusion dtawn thetefrom. 

·. 
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"''able 1 

Effects of SUbchronic ~nlstrat\on of Generic Jet ~ine Oil 
containing 3.0\ 'l'ricresyl Phosphate {~LE A~ on ;wen serum and 

Srythrocyte CholineGtera$e Activities · 

Study No.: 604:!1 

Mean Cholineste~ase ACtivity 

Parameter Group No.: 1 2 3 
{Ulits} Doss (mqlkq/day); COQtcol 800 2000 

A Kales 

11."eek. 5 Se t1.2m 
(IU/1) 499 38ll 3043, 
(\ Inhibition) 0 24 39 

Week 13 Sai:'UitL 
246' 1741 ( IU/l) -419 

(' Inhibitien) 0 49 64 

Week 13 Etythl"ocyte 
9384 8401 {lU/l) 1050 

( \ tnhibi don} 0 11 20 

B Felll.ales 

week 5 Sat'Ull1 
190ll 12721 

{lU/l} 2833 
(t Inhibition) 0 33 55 

week 13 SeiUll 
235.23 l06ll (W/1) 4613 

{ \ Inhibiti~n) 0 49 71 

We~k 13 Erythrocyte 
1054 890 8123 

(IU/l) 
(' Inbibitlon.) 0 11 23 

1 See ~ble 4 . 
2 Ten male and ten fe.ale Sprague-Davley rats received de~ applications 
of the e:.cpedmental oil 5 da:ys,Aik. for 90 days .. 

1Statistically different f(cm control (P<.05). 
4Mean value for nine rats. 
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'rable 2 

Effects on serum Cholinesterase (ChE) Activities in 
Fe!Mle Spr&9'Je-Dawley Rats at :24 l!ours After A Sinqle Oral 

Admini~tration of Gene~ic Jet Engine Oil!{With and 
Without Triciesyl Phosphate ('reP) ) · 

T:tiaz:thocresyl Phosphate ('n:lCP) and 1'CP 

Study No.: 61924 

'l'est 
Matedals 

Jet Oil without 
TCP 

Jet Oil with 
3% TCP 

Triorthccre&yl 
Phosphat~ 
(poeitive oonttol) 

Number 
of 

Rat& 

5 

5 

s 

5 

DOse 
{IQ9/k;) 

2{)00 

2000 

60 

60 

1 Sapple A- See fable 4 
2Statistically siqnificant inhibition (p<.OS). 

Setul!l ChE Activity 
( l inhibition) 

8 

252 

4.52 

542 
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'l'ahle 3 

Effects on. B['ain Neuropathy Tail]et Esterase {N'l'&J and 
serum Cholinesterase (ChE) in .Male tong-~ans Jabi ropm~ing 

A Single or:al ol." .Detmi'Sl !xposuce to TCP (Sample A) or 
Ttiocthocre$¥1 Phosphate (TOCP} 

Study No.: 00116-2 

Test 
Materials 

'l'CP 

WCP 

5 

5 

3 

4 

.Rou.te 

oral 

Oral 

Der:mal .. 

2.320 

2.320 

23.2.0. 

2320 

~ Sernm~ 
(\ inhibition) (% inhibiticnt 

83 {44 hr) 

97 (44 ht) 

ss (day 6) 

72 (da.f 6} 

82 (24 ht) 

96 (24 ln:) 

44 (24 he) 
65 {48 br) 
66 (96 hr:) 
65 {day 6} 

.36 (24 hr) 
58 (48 hr) 
75 (96 hr) 
78 (day 6) 

1.See 'I'able 4. 2'lhe dose level .a identical to that w;ed ·by fadilla Be! V9ronesi (1985) 
for male LOnCJ-BYan& .rata. 
All inhibitons are statistically significant (p<.OS}. 

''lhe experiments wer:e pufomeci using nonocclusive {perforated) qlass cells 
covering the entire dosed area. • 
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Table 4 

S~s:um Cholinesterase ( ChE ~ and Brain 
Neuropathy Tat"get ~sterase {N"I'S} lnhibi t~on Following 

A Single Oral eoaa of 2.0 91k9 ?ricresyl 
Phosphate to tonq-evans Rats 

Study No. : 6266.8 

'n::'P Samples 'Tested 

Sample A 

Batch 1 
Batch 2 
Batch 3 
satoh 4~ 

San~ple bl 

s~le C 

!ample P 

ChE Inhibition {%) 1 

62 
69 
73 
75 

83 

63 

78 

94 

NT! Inhibition (') 1 

S2 
55 
56 
76 

0 

74 

11 

93 

1values presented a:re a~eans for at least five ~;ats. 
2 06tch 4 is the stedal used fof the e.xpeci10ents reported in 'l'ablas 1 - 3. 
1 A high pudty tri~resyl plloaphate which we believe to be manufat2tured from 
• naturally sourced ctesylics hut containing 98 .. 0, meta/para isOMrs. 
Positive conttol1 97\ pure. 
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R!stod(!all 

TCP be~ame of interest toxJealogie•lly ln 1~30 vhen p•rt!al paca1Y9i• in approx
iMately so,ooo~Americans accurred f~am Its pr•••n~e •• an adulte~lnt in eMtracts 
of Jama1ea r1nge~ {1,2). Smith et al. {t) studi•d th4 te~hnical srade of TCP 
used in the gingtt extract in ani•als and produced the same type of neurologi~al 
sympto~ obser~ed ln humans. Ouring the 1930s~ TCP vaa considered to be com~ 
po$ed of only three main phosphoric add E!Stet's (vb .. , tri ... orcho-ereiYl pbos
pha tit (TCICP) , td ... me ta-cu:esy l phospha.UI { TKCP 1 , and tri-par.-a-ercsyl &~hospba te 
{TPCr}).. Subaequ•nt votk by Smith et al. [31 d•aonstrated cbat TOCP ~aa neuro
to~i~ ln aniaal& and aould account for tha partial paralysis observed tn human~ 
from tb• insesrion of tb• ginJar ewttact [S111ith estimated the tocp content of 
the adulterated ginger to be approximately Z.O%). THCP and TPCI ~•re found not 
to b~ neurotoxic. on the basie of the5e findings, fOCP vas ~onsiderad to be the 
only neutotoxie component of TCP. 

0V4~ the yeat&, ~idespread ep1de~1cs follovlng th~ inaestion of TCP and/or TOCP 
~nd closely-related pho•phate esters in ~dultt~ated food• aftd cookinr oils have 
been reported (1]. In & fav instance•• n'urotuxiclty ha3 o~curred •• a tesult 
of industrial ekposur• via inhalation and absorption through tba skin (4,SJ. In 
th• ~ajority of these po1eoningst nat only are the i~omera of TCP usually pra
sent but also several related eompoundst such as xylenyl phosph•t•s, and ethyl
phenyl phosphates, vhich a~e al•o t~xic and .shars responsibility for th~ neuro
toxic:i ty {.5}. For this rellson tha tee-m "tt.'i-aryl phoaph.o.ta poisoning" Vlil• 
introduced. 

Many nvhva on the etiology and postulated me~baniams of o.r::,-anopho•photus
i:nduced delayed neurotold.d ty {OPID.N) ln both hulJa.n.t and animab have ~t•n 
published [6~7J. 

Deraal Absorption1 

In 1943, Ho?ge and St&rner (8) studied the skin ab•orptlon of TOCP oontaining 
~adioa~tive phosphorus in hu•an• and dogs. Th• hu~an subje~t~ applled TOCP to 
the pa 11!18 ol bo th ltflncls for a. 3 • 5 h ~~~ e"po.sure • pr1 or to 1 u removal with an 
appropriate sol~•nt~ TOCP vas also paint~d on th• abdominal surface of lightly 
ane&thetizad feJ~Bla doga fGt a o.ontinuous exposure of 2S.2S h~urs. TOeP vae 
ob15~f'\l"ed to be ~eadily absorbed tht"ouab the palq~ skin of hu~~an hands anci 
tbtougb the abdominal fkin of doss. Theae data lndlcat• that the masn1tude of 
absorption of TOCP th~oush 8kin is such that a ~eal hasa~d ex1ats io industrial 
operation• pe•mitting a considerable ot repeated e~posute to thia aubatance. 

Carp•ntur aDd Qth•rs [9J, studied the eff•cts of trlatyl phosphat~ (TAP1 ottbo
erecol conteDt of ereeyl1u a~id mixture prior to •st•~1f1cation vas kept belov 
t.5X of the total;' the tet• TCP has also beY uaed to deaedb• this prepantion) 
&fter dermal administration in rabbitu. TCP Yas ob••rved to cause cholin••ter
ase (Chi) inhibition and a questionable delayed hind limb ~eakness in so•e rab
b:lu. 

Lltau [101 ~tud!ed the skJn-~esorption of 4.0% te~hnical TCP tn male mice aft•r 
4 hrs of eontaQt and ln guine• pigs after 30-daya of cont•~t. Treated ~iced (4 
brs of contact) exhibited n•urotoxic effeets (i.e., aotor depres1inn and dull 
~tflexes to pain), but no visible skin altetatlons. Serum ChE activity vas :e~ 
dueed in animals rr,aa.ted with TCP. Thirty (30) daya of exposure to 1'CP in 
Guinea pigs alao caused neurotoxic and other affecu (i.e., disturbanees in 
moto:r ~ootdination, re.duced ChB activity, and :r•duced vclrht saln). Skin ef
fects (i.e., desquamation, thi~:k•nins of skin and ba•al and knat1e layen, 
enlarge•ent of hair bulbs, call lnfilt~ation 1 and edea&) vere also seen at the 
application site. · 
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DelayE!d paralysis and spirti.tl eord degeneration ver~: ttporte:d after a s.ingl'l 
topical 1-ppU.c.a Uon t1 f 'fCP on t:he ~ombs of b•ns f 11 J. Ahlll•d and G.le•!l [ 12) abo 
demonstrated delayed paral)'sit and sp:l:nel cord, axonal, and pe~~:tpheral ruu~ve 
deg~ne~aclon after dermal applic~tion of TCP (TOCP tont@nt not rlv•n} fot ten 
da~s ln 9ri.-t•• (slov lotls}& Attempts to induce pa~alyti8 in other pri•ate~ 
(monkeys and baboons) have been unsuecessful. 

1n 1957J Taber.shav and Kleinfeld [13J ~erfor:med a. clideal study of V(lrkers 
expo$o.d vi& skin Ol' atalospherie conta111ination t~ TCP (containing up to 2.0.0% 
TOCP, in eoneentrations fro• 0.27 to o~er l mgl~ ) durlng ita ~snufactura ever 
an e.vnage clurati~n of nine Jean. The vcr:kers eKhiblted no chronh. adverse 
•ffecu Oil health. Koveve:r:, tha.re vas sOMe evidenee of absorption and .sor~e 
ara~avation ~f castrointGStinal and neuromdaeulat ey•pto•a wbicb vere functional 
and mild. PlasMa ChE levals vete abo four1d to be dsniflcantly b-elov nor~nal 
levels. Sieilar CbE flndinss vate reported aboa~d a Baval ship (USS Shansri La~ 
{14]. In another study abo&rd tha USS Leyte, B•ldridre •t al. (141 obse~ved no 
tc~ic effect! (ineluding no adverse effaQts on plas•a o~ red e•ll ChE levels) 
ftom skin or atao8pherie expOSU(e to TCP in & hydra~li~ fluid. Thi• study vas 
~ondueted unde~ conditions ~hich vare intend@d to mini•iJe the potential expo
sure ha~ard (i~e., full ventilation, enfo~ced personel bygi•n•• ete.). 

These scientifin publications indi~ate tnat TCP can pen•crate tbe skin and cause 
neu~otoxic effaet~ (via., ebB inhibition and OPIDN). 

Naurotox:f.l!.i tz~: 

As previously mentlonad,. tOCP is on• of the e•ters pte••nt in eo.aetGial ~CP and 
th~ tol(ld t:y of TC.P has aft en baen 40nllidend to btl eol•ly dttermihed by tJu~ 
amount of o-cresol pres•nt in the rav mate~ial f~c• vhl~h th• •sters a~e made. 
In 1958,. Hf!nabbler [ 151 dlscu.sseti the to:ddty of the 110ldflr" teebnical prC!
parations of 't'CP (believed to contain lOX o-ete:syl) and pointed out tbat, the 
toxic.ity at these 1u:epara.dons va.a assu111ed to be due tO. the tr:i-ortho-cnsyl 
constituent, hov•ve~f bla n~ data indicates that pur~ tri-ottho~eresyl QSter 
vaa the halt tode of all tbe ortho<:reeyl esters. lle eoneluded that 11Hod•cn" 
TCP prepa~ations contal~ing only 3.3% of o-~t~syl were fGund to be only sl1shtly 
toxi~. Based on this data, li•itati6n of th~ ortho-~resol eontent of the crude 
eresylie ac:.::ld used in tha unufactu-re of Tee has b&ttD folloved. by a notable 
absen~• of el1nic&lly disce~nihle toxle effe~ts. Tbls has led so•• eount~ies to 
duand that the cresol fra~:tlon ua•d in the prep-at>lltion of 'l'CP should ·~ontain 
not more than 3.0% ortbo·e~esol. Hovever, this proYision bas ~ot abolished the 
toxicity associated vitb comaerical TCP 121. 

ln 1956• Hln•• et al. (161 deaonstratad that trl•~l phosphAte containing only 
one or tvo onh4-cresol moieties po1141ess toxicity of the. ... order and the 
discrepancy betveen th• .exp•dllental toxicity of & TCP preparation a.nd 1 ts 
ottho .. cr:esol c.ont'-'\tt svssests that there an other co•ponenl:s of equal or
gteater activitY• ~hts observation vas suppo~ted by Carpent•~ et al. [9] vitb 
a sample of TCP containing < 1.5% tOCP. They conclud~ that there vere other 
sub$taaeas present in fel which have similar pa~•lytic &ctivity o~ ~hie~ marked
ly potentiate the activity of TOCP. Fti•ss et al. {17) als~ eoncluded thkt TCP 
(~ontaininr uace anounts of 1'0CP) bad paralyti-c activity and th.at th• chemical 
contr~l of the eoncentration of TOCP in TCP doat not suffice to atabilize th• 
toxleity. 

A.l a tesult of the inherent toxid ty of TCP, Bondy et al. [181 arte.pted to 
prepate a non-naurotoxlc phosphate plastteb•t from elthat" TCP or tri-Jcyl&n)ll 
phoaphate (TXP). Th~y d•~onstrated that the reaoval of th• neurotoxie o-cresyl 
e~ters failed to render the produ~t non~neu~oto~ie (paralyti~ aetivity in thiek
ens). This waa parti~ularly sutpri~i~r be~aue• the s.-ple v•s b•lieved t~ ba 
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Very important : even without the ortho components, the beurotoxic effect has been found in primates. Compare to BG Study, exposure to meta and para has ben proven.

medizin
Hervorheben

medizin
Hervorheben

medizin
Hervorheben

medizin
Hervorheben

medizin
Hervorheben

medizin
Hervorheben

medizin
Hervorheben

medizin
Hervorheben

medizin
Hervorheben

medizin
Hervorheben

medizin
Kommentar
old TCP is not comparable to new technical mixtures.
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All TCP are toxic, and additional all Tri aryl phosphates in the aditve seem to be toxic.
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~o~posad of only dimethrl~beool derivatives and ~he non-neu:oto~ie pbosphates of 
the !Beta-- and para-~resc;~ls. Thu dimethylphenol dedvathsa wen t•stl!d and 
found to b• non~n!u~otoxiq •~eept in Massive doses. Furtbe~ •tudiee de•onatr•t
ed that tri-o['tho-ethylphenyl ester vas non-neurotoxie, but the naono ... and di
crtho-ethylphenyl pbo.vphates T(@t"e highly neurotolde. In a simUu fashion. 
td-ottho--n-propylphenyl phosphate ~tas shovn to he noft .. n~~turotoxie, th'l l!.SI:ers 
containing one or t~to ortbo-propylphenyl groups .;are naQrotoxic. A.dd!tional,~ 
experi~ent• also shovad that tri-•ata-ethylpheny~ phoaphate w•• non-neutotoxle, 
whU• the tri-para-~thybbenyl phosphate "u found to be neur.otoxic. These 
autho~• eoncluded that tbe n•u~ntoxiclty of TCP is due not only to the p~•senee 
of phosphat~ ~aters contain1ns ona, tvo o~ three ortho~~re~yl s~oups, one or tvo 
Ol:'tho-propylpbenyl sroup.s. and one. or uro or;tho-ethylp.lu~nyl graups, but also 
tri-para-ethylph•nyl pho•phates. The ttl-xylenyl phosphate has al~o baen judg~d 
to have so~e n•u~otoxic effect~. 

TCP in edibla oils, whether Qt not it ~ontain$ TOCP, ha• elsQ been shown to be 
injurious to health in huMans [19). Recently. a caae of sev•~~ atute intoxic~
t1on in a 4.5 r•al:'-old child folloving ingastion of a lubricant containing TCP 
ha~ been teported {10}. ~lintcal tindinga in this ehild vere acu~e sasttoint•sw 
tinal symptoms, d~layed cb.olinergie: t:!.rhh and n•urolorJcal toxidty. Blood 
samples revealed no avidenu of TOCP. Ga.s e.hromatoa.taphy-.mau apeetroscopy 
analysis of th• lubricant indicated tha p~e.sen~e of multiple tti-a~l~phosphat~ 
es, inr:luding trif)henyl and t;r:ieresvl phosphates. TOCP "•• not identified. 
Oth~~ pbcsphate esteta vere present but could not be identified. 

HISII)" ot.ganophottphnu~r ester:s 41:"e lnhlbi tors of ChE act:td ty in hlliiiUS and e11: ... 
perimental anJ.IPalS. Tha effects of cOMI!!r().ial TCP on ChB act h'ity h&ve b41an 
repo~ted 16, 7, 21); in most case•• sa~um ChE levels vere found to be sJrnt~1-
cantly balov ncrmal/~antrol ChB valu•s· Oishi at al. [22] 1 oba~tY@d no inhibi
tion of ChE activity in Vi~tar ~ats fed a di&t containing 0.0 o~ o.sx TCP for~ 
'1/eeks. 

Althourh nume~ous investigators uae tha red~etion of ChB activity, folloving the 
ad•inistration of triarylphospbatest as an 1nditator of neurotoxie1ty, there i$ 
no ~onsistent eo~relatlon hetv~•n anti-Chi aetivity and neu~oparalytic activity 
{9,6.7.16,Z3]. Not all ChB inhibitors ~ausa OPlDN but all ~ent& vhioh produce 
OfiDN do inbibit.Ch8. . 

Th~ HSDS i••u*d for TCP SYR-o-AU• indicate• that the p~o~uct shovs NTI inhibi
tion alte~ large •inrle oral doses in bens. Ve are not ava~• of ~ published 
~epo~ts that rat b~aln NTB ia inhibited by ~omaerQial TCP by any route of ad
minilttatton. Padilla and Ve~onesl (Z~J. howe~e&, have dc•008t~ated NTB inhibi
tion in rats e~poa•d to a stnrle oral dose of TOCP. 
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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 Chemicals That Could Be Present In The Aircraft Cabin 
Environment and Measurement Methods. 

USEPA 1999a: T0-10 T0-11 T0-13 T0-14 T0-15 T0-17 
ASTM 1999: 04861 0 5197 0 4861 05466 05466 06196 

Collection: PUF Tube ONPH PUF Tube Canister Canister Sorbent Tube 
Analysis: GC/MS HPLC GC/MS GC/MS GC/MS GC/MS, FlO ... 

:ASRN tHEMICAL SVOCs Aldehydes SVOCs VOCs VOCs VOCs 
75-07-0 fA.cetaldehyde (Ethanal) II II II 

37-64-1 ~cetone II 

107-02-8 fA.crolein II II 

71-43-2 Benzene II II 

34-17-5 Ethyl Alcohol (Ethanol, Ethanole) II II 

50-00-0 Formaldehyde II 

110-54-3 N-Hexane II II 

75-09-2 Methylene Chloride 
123-38-6 Propanaldehyde 

127-18-4 rr etrachloroethene II II II 

3163-58-2 lfOCP (Triorthocresylphosphate) 
108-88-3 rroluene 
1330-20-7 iXylenes II II 
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