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MEMORANDUM July 9, 2014 

Subject: 

Fro1n : 

To: 

£PA Region 9 Response Action Levels and Recommendations to Address Near­

Term Inhalation Exposures to TC£ in Air from Subsurface Vapor fntrusion 

Enrique Manzanilla 
Director 
Superfund Division 

Regi on 9 Superfund Division Staff and Management 

At my request, Gerry Hiatt and Dan Stralka have prepared the attached memorandum \Vith 
their technical assessment and recommendations regarding action levels, investigation 
approaches and response n1easures to address "Inhalation exposures to trichloroethy-lcne (TCE) 
in indoor air from the subsurface vapor intrusion pathway,» The memorandum contains a 
useful operational framewofk and point of departure for Region 9 Superfund staff and 

management. In particular for Remedial Project M anagers (RPMs) and On-Scene Coordinators 
{OSCs). I am asking each of you to consider this rechnlcal assessrnent and the resulting 
r ecommendations in 1nakii1g site-specific decisions regardi ng the invest igation of and tespo11se 
to TCE vapor intrusion. 

Addressi ng vapor intrusion at our Superfund sites ls one o f the top priorities for the Superfund 
Division. W hen a completed vapor intrusion path\v~y exists, current exposure ccin potentially 
resul t in risks to human health (both long tefm eance' risks and near term non-cancer haza,ds}. 
The recom1nendatlons set forth in the attached memorandum addr-ess a particular concern for 

TCE focusing on p fotecting sensit ive and vulnefable_ populations. especially women in the first 
trimester o f pregnancy (because of t he potential for cardiac malforn1at ions to the developing 
fetus). We have been in regular communlcatiOll w ith OSWER regarding these Issues .and our 
toxicologists consulced with tJ1eir peers in OS'vVER in developing the Jr memorandun1. 

Numerous r esources are available within the SuperftJnd Division to help RPM's and OSC's 
eval uate -anti manage the many issues that arlse w-hen Investigating or responding to vapor 
Intrusion at a site. Our Technical Support Se<tJon, i ncluding Dan and Gerry, ls available to 
provide assistanc~ and advice. And the Division has established the Vapor In trusion Core Team 
chat can be an iniportant tesouree that is available to all of you. Over the coming months, the 
VI Core Team i.vill be sharing their recommendations and insights regatding investigation 

approaches/techniques, mitigation approaches and in1lovative pilots/treatability work building 
on our experience wi thin Region 9 (e.g., MEW, Omega, SEMOU, Amco, the South Bay sites etc.~. 
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We recommend that the EPA Region 9 S..perlund program establl5h heahh protective response 
action recommend:ttions lo address inhalatJon expo5ures to trichforoathylene (TC£) in indoor alr 
from the subsurface vapor intrusion pathway. The purpose of thecse Interim action levels and 

response action recommendations ls to be protective o1 sensitive and vulnerable populations, 
especlally wome1l In the first trimester of pregnoncy, because or the potenclal for cardiac 
matformations to the developing fetus. This npproach Is consistent with recommendatjons 
provided by Region lOL and with previou.s actions taken at R.egion 9 Superfund sites, 

Issue.: 
EPA identifies an lnhalatlon level of concern for non-cancer hazards based on the ratio ot the 
exposure conc.entratlon In air to a reference concentration {"'RfC". which Includes a margin of 

safety such that at the RfC and below t here ls little chance of an adverse e ffect). 2 This ratio is 

1 
Memo; "OEA Recommendations Regarding Trithloroelhylene Toxicity In Hum3n "l4ti>lth Ri'skAsses.smenlJ..- " JC XtllY. 

Office of Envlronrntnl't AJHUmenl. U.S. EPA Region 10, Dec 13 :Z012. 

lrtw RfC f'eP'tw'U an allrn.11e of ttlit: conUiuous lnhabUon ~we (with ut'la!tU!nty spanning perNps an Otdtf ol 
"'qnitudeJ to~ t\umfn population (rtduding ~ltvt wb-groop$} ~is itefy to bt wfthout appreciait!R mk of 
de.leterlous ertec;u during t l1fetunt. Set on.flfl'\e glossary••~ bttp;JJwww_epaJtqy/ccc1f1t1s/!ndeJLhtml 



lntetlm Ac,tlon Levels & Response Recommend.llillons - TCE E11po.ucet From Vapor tntrusion 

defined as a Hazard Quotient and abbreviated "HQ". EPA's Integrated Risk lnformJtion System 
(IRIS) 2011 to•lclty assessment concluded that TCE exposure poses potential human health hazards 

for noncancer toxicity to multiple organs and systems and lo t he developing fetus, including fetal 
grdjac matformations. This and other findings in the IRlS assessment of TCE indicates that women 
In the first trimester of pregnancy are one of the most sensitive populations to TCE inhatatioo 

exposure. For fetal cardiac malformatio<ls, a spoclfic developmental erfecr. the critical period for 
exposure Is consJdered to be the approximat e 3-week perlod ln the first trimester of pregnancy 
during which the hean develops. The National Oil and HHardous Substances Pollution Contingency 
1>1an (NCPI and Superlund guidance provide for early or Interim actions where w arranted by the 

haz.ards posed by site-related contamination.1 

EPA Nealon 9 Interim TCE Indoor Air Respon$E! Action levels · 
Residential and Commercia1 TCE Inhalation £xnnsure from Val'IAI' Intrusion 

Accelerated R4Sponse Actlon Urgent Response 

f l(DMur' Sunorlo t.e-!el (HO=JJ Act.ion Level {HQ=3}4 

Re.sktentl1I • 2µg/m' 6 lJg/m~ 

Commttcl:IVlndustrlal • • 8 IJVm' 2A µg/m' 
18-hour wo'1<dovl 

Commerclat/lndustri.al .. • 7 µg/m' ll i'l/m' 
UO·hour wo'1<dov) 
• tM ,-fiklf!fllllf HQ=t .all!filted 'esponse action levt4 is eq.,K.tlent to ltw Inhalation refff'ettiee conctnt.miori 
(Rf() :JinCt tlfPOlUfe is assumed to occur continuously. 
• • Ccmmercill/lndusutaa ~t.ed response action~ are Clk:ulated <1s • ~tghtf!d aver1oif! from the 
RfC. based on the fiMlth of• wortdlY and roundi,. to ooe. iia:ndiQllt ~t (t.a .., fOf J('I a..hoor wori:day: 
i\«eltflttdR.ei;ponuAction.lL'Vt'l=-(168hoursptt·•'fttk/.40hourtiperweel) • 2$11{m1 

• 81J8/m'). r~ 
weigh1C'O .tOj11S:tments uo be Mtde as needed for wor1cpl1ctt w1th lqer work schedules. 
Hot•: lndoo1 1tlf TCE exposures corresponding to these otcxeterateci rt1>PonM xcton ~Is woo.Id pose cancet 
ri"ks n.t•r the lower end of the SUperfund target c:ancer rl5k rlf\&t. ton51derina 1.he IR!S toxicity assessment; thus, 
the hc1hh pfUU!C:tive rlsk t3fl8t trx-botli atel'lt"tated resporu.e actions 1nd lona~term e.pos1.nes becomes 
tJun~tod to: O.S - 2 Jtg/ml for residential exposures and 3 4 "a/in• fot 8•hout/day commerciaVlndusttlet 
e"""OSUres. 

1 Thi NCP Qrt1n1ble scam ~SS IR 8?04): "EPA expects to take ear·ty attlon 11 .iles where ~proptlate ... to diminatei reduce. 
or contra4 lhe h~.c.,ds posed by,. site-In deddine whether to $nits.ate e1111v tell~ tPA must billonce lhe desitc tu 

dt:ftnrtlyfllr ch1r1aert1.• S(te tlskS and analyl.e altt'lfnali\le ttmfldl•I •wo~l'les lot addrt:SSftl& U'lase: dtritas-ln 21"Eat deta!I 
wtm lhe d«Slr• to implement p,-ot.WV. mffSl.IC'eS quktly, C.onslst.nt wleh tOday't m.1n<11CWMnt principles, EPA in~s to 
P«rbm d'll\ ~ dh a bias for initiating~ KdoM ~ ot •PJl'OPriatl! to fllmfnatc,. redoce. or control 
l'IMMcts posed bv 1 Pl• ri Nrfrr as possible. .. Consistenl: wkh Cf1'Cl.A Md #le Her, urty actions may be '1pptopriatt!. ~ 

CE"'1.A Mhotky to tMtY aut ~ aaioas (emn'g«l(y ~ tl.t'M crilklt .-~.or non"9'tle critiut r~) or 
tMW!dW «tO't\ bl$ltd on ltw site-spedlic sbatlon CSft.. rar ~_,OR lOOAlS CbXJHl) w JOOA30 (aMtMi)(A)}. 
--ti.S.£•AU/l</>DOOl.U..alNDn-Tmeu;c;c.r-......-y1ns..p..1und-.-(OSW£O.Q(AA; 
<><CA. os.t). 

1 Thttt ha fleed to ldf!ntify rhose TCE exposures thit txcted tN R1C by 1 IN(rll1ude sufficient enough that a moie 
urcent respon,1 ~I ptudent; 11 iS gen~r'IUy Rl!gion 9 pr.actk:e to lmmtdilltly lnlll1te response action ro aiddr~ss 
e.posure11 •tor above an HQ•3 le...eL 



Interim Action Levels & Re-.spoose Reeoro-m~d;aUon$-TCE EJlposuros From Vapor Intrusion 

Ba$ed upon the above information from EPA1 s 2011 Toxicological Reviewo/Trichloroethylene in 
Support of the lntegrot'!d Risk lnformoUon System (IRIS), we recommend Region 9 establish interim 

action levels and response action recommendations to protect against potential non-c;ancer 
outcomes, including developmental effects such as cardiac malformations. These 
recommendations Identify women or reproductive age as the sensitive population of conc2m, 
rather than only pregnant women, because some women may not be aware of their pregnancy 
during the critical period of the first trimester. 

Recommendations for Assessment ofTCE Inhalation Vapor Intrusion Exposure In R@sldential and 
Commerclal/lndu.strial Buildings and Accelerated and Urgent Response Actions 

The following recommeodations should be used for assessing and responding to lnhalat-1on 
exposures to TCE Jn residential and non-residential/commercial/ industr ial settings caused by 

subsurface vapor intrusion at Region 9 Superfund sites. We also recommend consultation with an 
EPA Regional Toxicologist for lmplementatlorl of these rec:::ommendations. 

Sampling Considerations: 

Generally, EPA reco1nmends time-integrated air sampling methods to account for temporal 

variability In vapor intrusioll. nme·integrated samples provide a direct measurement of the 
average TCE concentration over a fixed period of time (e.g., 8 hours, 24 hours, 4 days, 1 week~ 2 
"veeks, etc.), which should be compar.ed to the accelerated and urgent response action levels. 

Cons·lderatlons for When to Ex.pedite Tum·around Time for TCE Analytical Results: 

In determining the advi.sability of contracting for rapid (e:g., 24--72 hour} turn-around time for TCE 
analytical resuttsJor inCloor air samples, the following factors should be taken into consideration: 
• Expowre of women of reproductive age - Are women of reproductive age {or known 

pregnancy status) exposed or reasonabl·y expected to be exposed? 
• Existing data - Are there any existing data (e.g., from subsurlace media) which indicate or 

.suggest that if\door air TCE concentration.scan exceed the accelerated response action level? 
• Multiple lines of evidence - Are there other types of existing Information, data or analytical 

results which indicate or suggest that indoor air TCE concentrations exceed or can exceed the 
accelerated response action level? 

• Confirmation sampling· If previous TCE indoor air concentrations exceeded the accelerated 
response action level, and early or inletim rnltigatlon measures were taken, rapid turn.,around 
time of TCE analytical results should be con side-red to verify TCE concentrations have been 
reduced sufficiently to below HQ.:l . 

Implementation of E.arly or Interim M easures to Mitigate TCE Inhalation Exposure: 
When selecting a response to reduce or avoid inhalation exposures to TCE, we recommend the 
following earfy o r interim respo-nse actions (mitigation me-a.sures) be considered, along with how 
quickly they can be Implemented; 
• Increasing building pressurization and/or ventilation 
• Sealing potential conduits where vapors may be entering the building 
• Treating fndoor air (carbon filtration, air purifiers) 



Jnterim Action L.evelS & Rffpot11e Recommendations - TCE ~posurn From Vapor lntn.iston 

• lnstalfing and operating engineered e>p<>rure controls (sub-slab/crawlspace, depressurtzatlon 

sys1ems) 
• Temporarity relocati_ng occupants 

Trered Respoose Actions: 

• TCE Indoor Air Concentration S Accelerated Response Action Level (HQ• l): lf indoorairTCE 
concentrations are observed to be equal to or I~ than the accelerated response action level, 
then we rec-0mmend routlne periodic conflrmatory sampling and/or monitoring be conducted 
as appropriate for conditions at the site, Including evaluation of the poten!ial for subsurface 
vapor Jntruslon Into Indoor air exceeding health-based screening levels ror long-term exposure. 

• TCE Indoor Air Concentntlon > Aa:elerated Response Adi-On Level (HQ><l): In the event ind-Oar 

air TCE concentrations are observed to be greater th.an the: accelerated response action lewl, 
we recommend early ot Interim mitigation measures be evaluated and implemented quldty, 
and their effectiveoes;s (dermcd as a reduction of the TCE Indoor air concentration to below 
HQ=l levell confirm"" promptly (e.g., all actions completed ond confirmed within a few we<>ks), 

• TCE tndoor Air Concent:ratJon >the Urgent Response Action L..evel ('HQ=.3): In the event indoor 
air TCE concentrattons are observed co be greater than the urgent response action level, we 
recommend mitigat ion measures be lnltlat<>d Immediately and their effectiveness (defined as a 
reduction of the lndoor air TCE concentration to below HQ•l levcl) confirmed before any 
addltJonal exposure Is allowed to occur ~e.g.. all actions completed and confirmed within a few 
days). Note that temeorarv relocatioll mav be indicated under Sbe~e circumstances because or 
1he need to prevent adcfltk>nal emoStJre. 

Basb ror Tiered Response Action>: 
The TOJ<ico/og;cof Review of Trlchlort>l!thylene in Support of rhe tnc~rowJ Risk Information System 
(IRIS} (EPA 2011•) established an Inhalation Reference Concentration IRfCI at Z lllllm' to be 
prott>Ctive lor sensitive populations, lncludlng the developing fetus with regard to the potenUal for 
con gen Ital heart defects arisina due to ma·ternal TCE exposure during feta l development. 
Identification of thls developmental effect as a critical toxic end·polnt and the method of 
calculation of the RIC were the subjects of peer review by the EPA Science Advisory Board, which 

support"" bo1h. 

Thb RIC In the 20ll TCE IRIS Ass6sment applies to continuous 124 hours per davl exposur<>S and 1$ 
thererore directly reJevant to a reasonable maximum e.posure In a residential exposure sc.enark> .. 
We recommend health protective inhalation concentrations for less-than-continuous exposures, 
such as in a c.ommerdal/industrfal setting, be adjusted based on the num~t o'f hours per day or 
exposure. 

Application of the RfC in the present conlext allows calculaUon of HBtard Quotient IHQ) 
concentrations for exposures equivalent m the RfC (HQ•l) and exceeding the RIC by a factor of 3. 
fold (flQ•3). Note: It is appropriate for the resultant HQ to be adjusted to o time-weighted avcraee 
(ot exposures that are less than continuous. Thus: 
• Indoor Air Exposure Concentrations S HQ-=1: Indoor air exposures equal to or below (less than) 

the relevant HQ=l level are protective ror inhalation exposure. 



l.nterim Action Levels & Re.sponse Recommendations-TCE Exposures From Vapor-lntru&ion 

• 1ndoor Air Exposure Concentrations> HQ='l: f or' some exposure above the HQ,el level. the 
non-cancer hazard begins to 1ncrea.se. This hazard generally increases as the exposure 
{considering concentration, time, and frequency) exceeds the HQ=1 level. Because of the 
increased potential risk of a developmental effect, we recommend reducing expo.sure to below 
HQ;l using an accelerated tJme-frame. 

• Indoor Air Exposure Concentrations HQ=3:The HQ=3 level is the level of exposure at which the 
increased risk of developmental effects is hlgh enough that Region 9 considers an urgent 
response is warranted to reduce exposure for sensitive popu1ation to below HQ=l . 
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Abbreviations: 
HQ Hazard Quotient (HQ= Exposure Concentration/ RfC) 
IRIS Integrated Risk Information System 
RfC Reference conce.niration (Inhalation) 
TCE Trichioroethylene 
µg/m1 micrograms per cubic meter 




