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. 8 V a t ~ ~ n w i d r .  M T E  :?nccntrarions averaged 0.6 pgA 

. Nattonwidr. 6 of 21 1 t3%\ snailow. uraan wells rxcecdcd 

. IVationwidr. 4 of 41 3 I 1  . O % l  aeeoer r*rlls more reoresentanve of mast 

- Idigh MTBE concentranons were associarod w t h  BTEX occunence and low 

20 ug/L of MTBE; 3 of 2 1  1 I 1  5%1 8xCeeded 200 M A  of MTBE 

~jnnking water aquifers contained MTBE , and none werr ktghw man 1 3 ugfl 

ijissolved oxygen. and thus were likely amibutable to local pocnt wurcr releases o f  
IHTBE-blrndrd gasoline lex. USTsI 

!!ATBE from these local oolnt sources 

* 

- Wall selecnon methods a m o a r  to slighttv b a s  the results rowards discovrnnq 

The work oresenred here suggests !hat background equilibrium levels of M T B E  in the 
environmaint will be limned ( 0  COnC8ntraIiOn levels h S S  tnan 2 POOV in tne atmosoherr and 2 ugA In 
water [wet prrclpitanon. surface water. ground water) . Local SOtllS Of  MTEE-blrnded gasoline [and 
In Caiies Dura MTBE or MTEtE-tmoacted tank bonom waters) may lrld to localized MTBE 
COnCantra'nons ~n ground walw that exceaa regulatory levels for water consum~rton. 'Nhile same 
public and private wells may have MT8E at concentrations above health standards. !actors like low 
dor  a n d  nsrr dawC(1m thrrshoMs help prrvrnt water consumouon from such wrU% Many of th. 
exrsdng Cfean-up metimds used for gasoline aromauu can also bo u s 4  to rrmrdiatr MTBE. 

2.6 to 3.1 nmes as much as remediating me BTEX ponion of ~e plume. 
T y a n n g  the MTBE oomon of a blendrd gasdine ground-watrr plume w p t u i h  cosu  . 

I 



INTROOUCTIOH iWJP 6 JMOI 

Many of t h e  VOCS Ivobtile organic comooundsl releasrd Into the rnv~ronmenr are 
associated with the us0 Of g a S O 1 i N  in VaniChS. Not O W  do tkeS8 vocs contnbutr to ozone 
producnon In the summer rime. but thw are a signdicant source of TOXIC compounds suck as 
benzene 
in gasoline which thereby h e m  reduce thr amount of brnzene released Into the environment 
the gasoline escaoes from the fuel distnbution svstems and vehicles. 

A main environmental benefit of using MTBE is rnat it realaces aromatics such as b*nzcne 

In almost all resoec!s. MTEE and benzene from gasoline will follow similar pathways In the 
environment. MT8E and benzene will both generallv volatiliz8 Into me air but benzene will bo more 
persistent In tha amosonere sinca it doesn't oxidizr as eastlv as MTBE. S~nce MTEE IS also panlally 
water SOhJbh. II will also enrer water suool~es througn either rain. soills or leaking underground 
storage ninks in much the way that benzene does. However. MTBE IS not nearly as biodegradable 
as bcnzerie in nature and will be more Persistent in rh 
the water is 8xorc:ed to disaooear from water mainly 
where I (  ts tnrn oxidizd.  The net resuh of MTEE's u 
environmonr bur a decreasr of bonzmne. 

Soveral rarlv worts rewned MTBE contamination of ground water and drinlong 
water 1 1 ,  2 ) .  In addition. tney raisod Concerns about how the prrsrnce of MTBE may camolicare or 
worsen contamination by the kvdrocarbons. Conc8rns regarding MTBE fate and transport were 
Incrrasrd In 1995 due ro a nanonal ground-water assessment by me United States Gro~ogica~  
Survev IUSGSI that found MTBE in shallow monitoring wells morr freauentfv than many otner 
contanmants. 

PURPOSE (WJP & JMOl 

R10 wr~osr of this r w  is to Present a full analysis of WEE releases into rho 
mvironm~int including: 

ARC 063738 
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MTEE USE IN GASOLlNE iRAR1 

Oxyfurl reomsenis about 29.1 % of winter tud conjumotion. B.cruso mr oxgue i  Drogrm 
varies In Iitng* from vrrr-round In Minneaoolu-St. Paul to four months in mast areas. o + d  
rrpresenui 12.4% of annual U S. gasoline consumo0on.' Howrver. about 22-2% of winter tu.( and 
9.4% of annual U S. gasoline consumotron must m w  thr rwuirammts of bob\ programs Thus. - 
gvqnlt. srarnng in 1996. about 25.8% of annual U f. guo&nr win havr to met  only [ha RK; 
roauirementt. 9 4 %  will havr to mret both RFG and oxvturl  rcquiremon~s and 3 OW will have to 
maet mr C J X V ~ U ~  rquiramonts. 

MTBE IS emmated to b. tho oxvgenate used in a b u t  80% of RFG and AfGioxvfucl and 
about 50% of ory(url. WRrn orrsent. MTEE raoreients aoDroximrrely I 1  5 volK of R K ;  and 1 5  
VOI% of RFC,oxvtu.( and ontud .  Thus. overall. MTEE reoresents roughly 3.7 ~01% of all U 5. 
gasdin. iii 1996 

Riir incrrurd USI of MTEE in gatdin. has raisrd a numbw of potonn~l health concerns. 
Ona of theso conems u1 dw pouiMe contarninanon of dnnlung w m r  bv MTBE mrough mr 
n n s f u  of MTB€ in rmbwnt w to tlrr ground by r a m .  This aanrfu of MT8€ from au to rain mll 
dooend dirKdy rn dw ambmt  ConCanuaWn of MfBE ovw md. gIogf lOhul l  ana. h purpose 
of mu u to groc.ct thsa ambirnt conc8np;1w(u. 
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P -  MTBE REFLASES lKT0 ENVIRONMENT (WJP 4 OJBI 

MTBE IS  manufacturea ay cnrrnically cornotnlnq 
and orfief' handing Proccrlics arc similar ro mat o f  gasolin 
and stored much rnr samo as gasolinr Somr of tho MTBE IS made in tno p o ~ o ~ r u r n  rrfin.n.s. svt 
mast IS rnanufaciurrd a i  cnrrnlca1 facil~tios and rhrn rransponrd ro tho rrfinonrs w~hora It Is b 1 . n ~ ~  
Into gasoline 
pigehnrs or orhrr mrthodsl wnoro I( IS dlstrtburra ro rho USTJ at  gasolinr srrvrca s~ar~ons for w 
to consumers. 

MTBE-containing gasoline IS rnrn transoonrd to me dismbutlon rerminjls iw 
c 

7710 estimated releasrs for MTBE along 11s distribution stros to chr consurnor can be 
~ilusuatod for 1995 in Figure 1 .  ma rrleasas brtwrrn its Droducoon and gasal~nr blmding aro 
reponed tinder EPA's Toxic releases invrntorres and have been raaood uo from 1992 ro 1995 bv 
using MT8E annual consumorion numbers (Tablo 11. fhr rrtorros from the omrr wanstor sirpa a r B  
asomatad In orhrr srcnons of this paoof. 

Soma obrrrvations can bo mado from this dlustratian. me vast m a w  of MTBE lours  
into thr ecivironmrnt ara via gasolinr lossas. The location for most M78E reloairs t98 + 01 ~nto the 
rnnmnmdint arr going to occur in tho consumer mark8wlaca. and nm n industry IOC~OON oi buP 
- d i n e  dismbuaons. For cornpanson. aboul 85% of tho bonzone rrkaa.0~ u1 hom m o w  
swrcu. Also, tho vast  m a l m  of MTBE rrl~asrs (99 + %) mil inioalty go into me amros@-orr and- 
not rnio tho watrr or sad. Again. this seems to bo COnYSCOnf mth gonofat VOC louos i u o c u r d  
wrrfi gasallno. % 

\ 
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MTBE EMiSSlONS FROM OXYFUJEL AN0 AFG ( R A A )  

VOC Emusions from O x * J  md RFG 

8a.solino VOC tmrsstonr wrra tsumatrd using EPA's MOBlLESa modJ for calondu WA 
1995. ZOCD, 2005.  and 201 0. As MTBE prrsumrbb con dissolvr Into wot woc~~ronon moughovt 
dr. summor a d  wmtu, average s u m m  a n d  -tar timoerawru wwr u s d  in lieu of hrgh OZM 

trmg.rawurrs which YI ofrrn u u d  in urban au oualiv anai~srr. Tho duly bw and h q h  
trmp.rawr'u of 66.8 a n d  87.2.F for tfH summer and 39 and 57'F for the m n t i r ,  rnsmvwty  wore 
taken fromi pravcous EPA UWtYSW ( 1  2. 4. 

W t d o  R F G  can  be modeied dirocttV using MOBILESa. this was not dmo harr. The a f f m  of 
A F G  on rxhaust rmituons cormmod in MOBILESa ~racaCos final comokx modd dovdogd by 
€PA for R I G  crraficawn. u MOBILES was devolooed In 1992 and tho fin& comolrx modrl was not 
comoletrd unul D=mb.r of 1993 iMOBILESa 1s onb a c o n m r d  v o r m  of MOBILES. I; &os not 
conurn any fundammulk diffumt rmisscocr proiocuons). Thus. MOEILESa was fun wrthovt A X  
grasont and cotn@&x mod4 m s  uaod to plq.ct tha chango in exhaust m n t w n s  boww R F G  
and Chan AK Am ICM) baadim guolicw', *Wh is du d o f a d  fuJ in MOBlLESa i t  31. 

- 10- ARC 063747 
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In Phasr 2 .  tho RYP of RFG wdl tend to bo aoor0xrmatJy 6.7 DSI In both tho nonh and th. 
s w t n  (41 .  n u s .  a slngto R V P  of 6.7  DS was u s M  In tho 2000. 2005. and 2010 MOBlLESa 
modding. 7 h  rosuks of th r  W B l L E S a  madding IS shown below. 

I Tablo 3 

K Total 1.612 I 1.871 1 1.649 
I I 

I 1478 I 1.301 

7 -- 
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hrd Survay Rerulta n f w a  RFG Citirr 
Summr 1995 
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Tablo 5 

c - -  - . -  

I 82.8 02.6 M E300 (VOl%I 
Aromatics (Vol%l I 26.3 24.8 20.6 

I 

0.2 1 5  I 2 
I 0 0 

MTBE (wr% orvgonl 1 
MTEE (vd%l 

- -  
Olefins iVol%l 10.7 I 12 

1 60 I 0.95 

' Ertunol iVOl%I 0.4 1 0.8 0.8 
Sulfur loom) 277 314 243 

RVP !OS) 13 12.9 12.3 
E200 W O l % l  49.6 54.3 s7.3 

---- 
9.6 

0.M 

- 1 3 .  
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h 

Comoorction of RFC lor usr n chr C m d r r  Madd 
Fud Summu Wintr 

Paramrtrr 1990 R K ;  1990 RFG 

MTBE IvolW) ' 0  11.0 I 0 I 11.0 

Lsdinr 0asrlino 
' MTBE (wr% oxvgonl 0 2.0 0 2.0 

Suttur (ooml 339 316.3 1 338 I 297.4 

I 1 

. .  I 

AVP (011) 1 8.7 1 8 8.7 I 8.7 
i 41 I 47.9 50 I 57.6  

ARC 063751 



it EIIuUSt I 1.596 1 2.369 I 2.22 I 2.22 

E3UUSl ~ 1.179 1.729 1.609 1.609 

Aofwttng 0.032 0.04 0.04 0.04 
Tour 1 1 49 1.769 1.649 1 6 4 9  

- - Eva~oranvo 0.279 I 

b 

I - - I 0.565 } - ' 
Evaooratlvr 
Refwling 0.044 I 0.049 0.049 I 0.049 

TOW 2.205 [ 2.41 8 2.269 2.269 
2000 

I 1 

hfwling 1 0.019 0.023 0.023 I 0.023 
7. Total 1 106 1301 I 1301  , 

Aotw(ing 1 0.023 I 0.028 1 0.020 I 0.028 
T o o l  I 1.218 I 1.502 I 1.396 1 1.396 

201 0 
I 0.955 I 1.374 I 1.270 1 1.278 

I 
Exhaus 

I I - - E v a m T J V o  I 0.132 1 - 
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nrn St80 IS to estimate tne MTBE fraction of rnr vOC om~sstans orosontod aaav, 
&ginning vvfth OxhauSt voc emissions A~10m011ro :csr~ng L~ooraronrs ( A n i  under Conttacr Nltn 

EPA resled 30 vrh ic l rs  o v w  m e  Federal Tosr Procoduro using IO diffrfrnt fuels Onr furl lFur( 
‘C’i contmrd 1 1  volX MTBE and its other furl oarmeters  wore drsrgnrd :o reorosont >oicat 
Phase 1 ( I  0 . -  1995.1 9991 RFG A n  found inat MTBE rooroscnfrd 3 2% of iota1 o x k a ~ s t  
hvdraclrbOi1 inicl emissions 11 41 For gasoilno fueIrd vc)nrcirs. VOC rmrsrrons arr rssrnnarly 7HC 
emissions drrth lhr exCfUtlOn of mrtnanr and orhanr Sincr mrrnane and ornanr togrrhrr 
reoresenied 16 4% of THC emissions. MTB€ reorrsrntrd 3 8% of rxhaust VOC emissions 

Owfurl must contain 2.7 WX owgin. as oowsrd to RFC’t 2.0 w%. nhut. when MTBE 
IS used axvfurl mll contain 15 vel% MTBE insirad of RFG‘s 1 1 v d % .  RH MTBE fracnon ot 
rxhaust VOC W d  b8 orooomonal to tho amount of MTBE in thr fud in mis range of MTBE 
c~ncrnua~ons.  Thus. bard on tnr EPA data. MTBE should rwris8nt 5.2% of VOC oxhau11 
emissions fnm o d u d .  

The Auto-Oil grogram also mrasurrd solciarod VOC rmisslons from 20 v m l c i r s  using a 
wtda varier+ of turI1 I1 5.16). A number of thrsr fuels contained 15 v d %  MTBE. Tho hots t r s t d  
were designed to maximizr rho diffrrencos In vmous conrrorlrd ~aramrtors 1e.g.. 0-15 VOIW MTBE, 
20.45 vel% aromatics. otc.1. n u s .  none of  rho furls fully rrorosrn~ P h a  1 R K ; .  ~ 1 1 0 .  

and high ernirrrrs. 
v.hiC1.s t8Stild by Auto-Oil all had very low omis~i~ns. while thOS8 tastrd by A n  included boa low 

The MTBE frrcnan of exhaus1 w a 1  organic gas ITOC) O~ILUON. which 1s very simiiar to 
THC, for mr five MTBE heis examinrd In ma Phau 1 Auto-Oil uaan r u M  rndriing SKU&, 
nngd trom 2 2-3 8%. mth an averago of 2.6%. d c h  IS slighdy lower man me 3.2% found by 
€PA I 1  7,181. Onb om fud Producd an MTBE f r m o n  above me avefagr. and thu wls tfw 
h ~ ~ h o s t  rmrrnng MTBE fuel in dw Auto-OJ ran pragrarn (born a r o r m w  and T90 wwa at rho high 
md of me rvrluatrd fangos) Tho other h o b  a# skowrd MTBE traaocu VI a v u y  ught range 
12.2-2 S%l Thus. thrre aoorars to bo ovidrncr mat tne MTBE fncDon could bo a tunenon of 
TOGITHC rmcssmns. wrth hacnons of MTBE incrrastng slighdy as TOCITHC omissions incrrasr 
no couM ox~~larn both tho vanauon tn tho Auto-014 data and  me diffrrrncr bewren mr A n  and 
Auto-011 results. AS tho A n  drtr was O b t Z i f M  on rt70 mor8 re~r rsrn tanv~  sample of vehicirs and 
tuets. it was cnosrn for use tw8.  

Tho gnnrral finding that mr MTBE framon of THCTTOC rmusmns IS IOU than mr MTBE 
hacnon of mal furl IS not t u m s q .  Comburnon orarrs a v a n  number oi s w u  of VOC. For 
rxamplr. me. tm), and tlwm cubocr s#clrs CUI morrsrnt 20% of o x h r w t  THC etntwoc~s and 
m o  IS found in lh4 )wl. Thus. fud comoomu tend to ba undrr-rmementrd m chr olhrurr 
r.imvo KO ma fud. Bvlg an oxvg.rrm a d  alse mo producl of a re- r s x u m  kwom 
mrdund a n d  iroburylww. MTBL t& to decomgosr and bum r d r a n l y  Quldrty u r n  
WOUM be rrgclcud to k rwfosaflt w d  blow 11 % o l  exhaust VOC emusom. 

md 

Tha meuumnm of rho MTEE fracaon of non-exhaust ml*)cocu r) m a  camdicatrd d w  
mat tor exhaust amssotu. as dw r u ~ n  of non-oxhaust rmistionr CUI ctunga d 
$.pandig an rh. t o o l  rmovrn of non-rlhrurr VOC omiruons. 
rvamaovr (MMSSIO~S lfint wd wth chr 1978 model v r u  and ow just rrcmdv’ii/pdnad) was a 
fa* I~ril.nt titst. Vl ) lwlu mrh v o w  hlncnaning cantrot s y s i m r  wadwrd v w  low U~USJOCIJ 

over mu m. 

Also. rhr ? 

- 16 
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Ebth EPA and Auto-Oii havo racognizod this wobirm and takon staos to rnswo that rho 
VOC r ~ o c ~ a t ~ o n s  u s d  match tho mass VOC emissions tiring modolod. As was tho cas. mm 
o ~ m u s t  emissions. tho vrhiclos trstod DY Auto-Oil for ovaoorativo emissions also had vory low 
mlsuons. much lomr ttun mr in-we o v a o o r a ~ v o  emissions orolrctod by M081LE5a. It IS 1ik.h 
mat rasnng lossrs dommrtd rho musurod emissmns, sinco U70 hoavior fud corngononu wora 
h u w l y  rror~sontod in d70 emirsrons. Tho ininal urern airshod modeling wonsorod by Au10-0ii USM 

d\. moasurrd VOC s ~ u a n o n  for non-rxhauri missions (20). Howovar, whon Auto-Oil lator 
avjluatec! tho impaa of olrfins on ozono raactivrw, thoy did not uso tho rnoasurod VOC sO.ciatiom 
but arumrted in0 s0.c1mon of rvaparaavo omisstons mrough rho us0 of a v a m f  gonoraaon modd 
(21 I .  

EPA r~aminod moasurod sD.cianons of rvawranvo emiurons from a numkr of tut 
pr-rami, a 1993 119). EPA sagrlgatsd rho d a u  b a s d  on mo ioul amount of VOC rmmed d u m q  

in-us. M(J81LESa ernisson Iovals d u n g  most ambimt condiuons from DrowfW owraang vohic10i 
w h ~ ~ h  would 'pass' EPA's orossurr and ourgo I/M tests n e  highor emission tests w e  labold  
*fad-, sicice rhoso would bo IndicJtivt of emissions from vekicI~s with IrnotooofW operating controc 
Systems which would bo ltkely to 'fail' tho cifessure and OUrQO IIM tests. 

tost. Low omissmn Iovds  WON labold  ass^ as thoso emissions woro consistant wtf~ tho 

EPA rstimrrod tho MTBE fraaion of VOC emissions for hot soak. diurnal and ninning lais 
orn~ss~on:~ for bath * ~ s s '  and 'fad' srwanons 11 91. Thoso rsnrnatrs aro shown botaw in Tabk 8 



r- 

P 1 
Tabco 8 

I Breakdown of Non.ExhruSt Voc Erncistans I 

Diurnal I 0.018 1 0.155 I I 8.149 1 0.078 
unning Loss I 0.222 I 0.393 1 0.834 I 0.185 I 0.119 0.174 

- 18-  

ARC 063755 



Tablo 9 

MTBE Fractian of  V d C  Emcisioni 

I 

toul I 0.086 I 0.072 I 0.091 I 0.091 
2005 

- 19 .  
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Cmvrratm: 1 ton - 1.018 kg 
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AMBIENT CONCENTRATIONS OF MTBE IRARI  

.- 
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,- Table 13 

~ 

A U d  
0.7 1 0.49 0.62 I 0.62 

ZOO0 I 0.47 1 0.39 I 0.49 I 0.49 

0.38 0.35 I 0.45 I 0.45 
I 

0.44 0. u 

- - - --I ------ - 7  



* -  

A comoanson of tho COnCantrat~ons ororocrrd In Tablo 13 wcth rho small amount of arnbtont 
MTEE sarnohng data whch rxist glnwallv confirms tho abovr prolmrons. One recent study 
moasurod MTBE lords around Milwaukro dunng January and Ftbruary 1995. aher tko start of tho 
R H ;  orwlram m a r .  V w  Itmnod fu.) sampling mdicatod mat MTEE was rno o x ~ g r n a t r  usrd In 
roughly half of mr W. Tho average of right 24-hour avorago samoles around tho univrrsiw of 
Wisconsiin at  Milwaukn found MTEE at 0.20.3 oobv Nino moasuromonu noar roadways ~ndicatrd 
a wcde vnnew of MT8E IevOlS. ranging from 0-1 5 0 0 0 ~ .  wd7 Only one sRa shownng a Irvr4 above 
1 .O PObv 
o&uec area, the abovr mett7odologv would oraim an ambiont MTEE Iovol of 0 . U  w b v  A s  t h t ~  
Iovol IS 50-100% h i g h a  than the  Universiry of WhCOnStn rradings and v w  closo ro rho averago 
measurrnnent near roadways lwhich HAPEM-MS oredicts should bo a third kiqhor man o u r d o ~ r  
I O V ~ ~  away from roadways). this indicarrs chat mo HAPEM-MS oroImons may ovwes~matr  me 
actual amibiont Iovrl. Howrvor. my ConClusOns drawn from such limnrd d a u  should ba u s d  w d  
caunon. Also, rhr Wisconsin measure man^ wora takrn n u r  ground Ievd. MTEE Irvcls at  htgkrr 
a ) n ~ d r s  should bo muck loss, arguing funnor that tno HAPEM-MS prqrcoons ara w ~ r s ~ - ~ a s r  n 
nature. 

Givm tho fm tnat M f e E  was u s d  in roughh, 50% of tho AFC and Milwaukw IS  not an 

Tho f a a  mat MTBE drgradrs In tnr atm~soharr undrr bod7 mntor and summrr condioons 
ab0 m o m s  tha1: d7r comrnnanon of MTBE mil not butid uo in tno uooor a ~ n o s o h ~ o .  Dunng me - 
summar. MTEE's lhorr rrsidence D m  means m n  rho mapmv of MTEE has alrradv reacted by h r  
ome the iw of rho urban plurnr has had a chanca to mix wrlfi air funha downwind and air at highor 
amtudes. During rho wntor. MnE's longer rrsdmcr rim. provides mor0 of a cham8 for mixing ar 
higher a l n ~ d o s .  Howlvor, 80 d a y s  IS sull far roo short fw aoorrciaMe accumulauorr to occur given 
ddutlon will continuo for won longer m o d s .  Rn only way for accumulaoan to occur would bo for 
Tnr total ~ o l u m r  of air rn tho atmosoherr to k I O U  tnm 80 trmos that of tho brrathing tone ovrr 
areas whrre MTEE w a r  rminod. The ambtmt CO Ievrls usad to drvrloo the HAPEM protmons 
only reoralsent polluurn concanmtiocu wrBn 1 0 0  foot 130.48 motrrs~ of mo ground. Even if moy 
r~prrsontid MTBE commuauons in bH inmi 1 OOO foot (304.8 moters) of ~ h o  a m o l ~ n o r r  a n d  
w e  u w i  thwghout bw WOcId to thr ~ ~ t m t  rt u c~nmd~ u u d  ~l dw U.S.. MTBE WOUM 80 
dilutrd fair moa ttun a f a w  80 nrnoa rrlaan to IU cmconuawn m tho wbon brraming 20430. 
Thus. there IS no mssbdiw of my aoerociabk buiid-uo in dw atmosghur. 

- 24 - 
ARC 063761 





Equiiibnum MTBE Mass Oistnbutlon Between Air and Water 

1 
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6 i I m 

Mars Rabo of kr 10 W a r  

n 

on 

11 n 
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Egurr 3A 

Ecju i l ib rm MTBE ConCentratlons beween Four Phases 

MTBE Concrntratlon ( ugL  ) 
At 25 C 
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IEquilibrium MTBE Concentratlons between Three Phases 
at 0 C 

MTBlE Concentmon ( u G L )  
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TRANSFER PATHWAYS FOR MTBE IWJP 6 DJBI 
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' get into surface waturs should aulctlv cscaoe a s  m e  waters movr a w a y  from groan 111 3asin1 
conraining MTBE. 

Much tha urn0 as ararnancs. MTBE em notentialb disappear Idrgradel from *e various 
~nvironrnontal comornrnrnts Dy a numbor of m u m .  L1k8 other VOCs. MTBE in the aunos#wa 
oxidizes to tnlemodutr producp dut rv8muuJtv fumw ondita to watw ind cubon  d i o d e .  othr 
posublo dogradation sink3 arr btodogradanon and hvdroiyus in m i l  and watof. 

MTBE mll rradiiy oxidize In tho atmoroh.rr to a numbor of inrmmodiate VOC producu 133) 
shown in Tablo 14. As W& o w  VOCt in t f ~  rmwtghur. chos~ highor OWQW producu are 
exooctrd to connnue oxidizing to tho uhrnairr products of CJM diorrdo a d  wa iv .  Th hvdrorvl 
rqacnon rato for MTBE IS measwod u 2.99 x1Q" cm' moloculo 'SU ' at 298 X. Burd on bw 
fat@, mo atmosokenc l i f ~ i m o  of MTBE undw summer umo condims IS emmatad to bo 
a~proxirnatrlv A d r y s .  Under mntmmr condiwns. tilo aunorohenc liftnmo mH i ~ r a a s o  to 30- 
100 days depending gn condram. Atmosohm oxidanon is erp.crad to bo mo myor route tor 
MTBE doappearance from the environment. 

* 31 . 
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MTBE has ~ r o n  shown 10 be btodcgradablo under waste water rrraunont conditions aher 
rne colony of organtsrns has been acchmatcd to MTEE In tho waste wafer feed 1341 A number 31 
swdies suggest rnat MTBE 1s not readllv aegradablo av organtsms naturatb found in me 
mvironment (34. 35. 361. However. btaaegradabtltw In thi sod of water is droindonr on the pnaf 
contamination history 137. 381. Other studtos (28 .  34. 37.  39. 40, 41) show s~gns mat MTBE W ~ Y  

biodegrade slignily under both aerobe and anorroes condiuons. Fuiiwara'i swdy 128. 39) 
anmates rtie half-lih for MTBE as between 28 and 180 days lor arrobc btodegradaricm In surtaco 
wators and between 1 1 2  and 720 d a w  for anaorobtc titodegradanon in daeg wator or ground watu 

mosr ra~os .  btodegradanm wll not Play a signtficant rolo for MTBE diraowarancr In surface water3 
ynco the hnlf-lifr for volatrlizauon 1s lis1 than a d r y  Howrvrr, drmndinq gc1 the avadaMe 
organisms. btodcgradauon may contribute to MTBE drsaooearanco In somo shallow ground-wri8r 
sysiems srnco rne water ~ r n o v o r  IS much slowor (years to tens of yorrsl. 

rates aro much slower man those tx~erioncrd for aromatru swh u -one. Q s d  ~1 

The octantial for hvdfobs!s was also mrasurrd for MTOE. Hvdrolvsrr doos n g l  aopear to  b. 
a potential cleuraaation orocess of any scgnficancr In surface wators since no measurable 
d i S m O O ~ f a n C 1  was Cetrcctad [as oar USEPA guideltnosl In a 10 day prnod (31.  IS IS constdrrabiv 
longrr rhan the conccnaauon half-life due to vOlatIiiZaiIon which aooears to be less than a day 

On. concern is that MTBE tn wi t  pruwtauon may somohow ba xctumulaang in thr grouna 
waror to a much h i g k  cI)cIcantraoon than mat in tkr rrchargi sourco (ox. runl. 0th.r man by nu 
bkconc~nttaaocr E r a u s .  thm does not a o ~ w  to be m v  o t h r  natural DIOC.SS for v~roasmg tha 
cmcmtraucin of Mn# n du w i t u  ruodies. As discussed ea* nabia U 6 281. th. 
b~xor\c8nwaaoc\ fscmr tor tirh aowarr 10 ba vew low which makas R dilfindt to ko-mrgnriy 
MTBE VI dut food dun L F m 3 A ) .  On the o t h r  hand. MTBE mil ndilv vohniirr from watw at J 

fato tartw W m  dte wloy M. Abo. biodegradation doer aomrr to oetw n saw cases. Born 
mere poca~uos mP "nib we& to d8croase me concentration of MfBE n watw su9oliu. 

. 32 . 
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S~mPllStlc Model of MTBE Cycfe 

Ha, c02 
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Mh8n wet oreciolrailan falls from the a t m a s o m e  I I  can follow one ol sovrrai oarnl 1421 

. Iwawrara a i  It falls and return to the amomhere 
- reach rhr ground surfaco a n d  then evaoorato 
. raack ;he ground and Infiltrate Irrcnarget dirWlY Into rne id 
- rall dtrtctty into surfaco wator 
- tun acios~ the ground surface as runoff wkWh then reaches a iudacr water tic+ 
or infiloarrs Into rne sad 

- 3s - 
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Assume a one inch (2.54 ca)  r a i n s t a r 0  e v e n t  occurs 
(a one-inch rain storm is csnsidercd a large e v e n t ;  I I 
Assume a l l  the precipitation has the theoretical 
;?AXLIUI MTBE concentration of  2.0 u q / L .  

Hake v e r y  conservative assumption that no  BE i s  
l o s t  to: - volatilization as the precipitation f e l l  - volatilization from the  surface water body 

If  the r a i n  f a l l s  directly i n t o  a surface water body 
that is 8 feet, or L O O  inches ( 2 5 4  ca) deep, then: 
-> the 100 inches of standinq water will dilute the  
incominq precipitation at lOO:l, thus resulting in a 
maximum HTBE concentratlon in ground water of 
0.02 v q / L  (this is almost too low to quantify). 

I 
I 

Aftrr this inml diluoon takrs 01x8.  MTBE vo1auIizauon from the surface watrr body 4 
x t u r  a n d  r8duce COnCmUaUmS *van tunhu. Over tho (Ime frame of kourt 10 days. volaolirawn 
1s exwmod to connnuah. and afklrntlv rrmovr MTBE hom r f u  surfacer watrr Rwrrforr. s d a c r  
watrr concrnrranons should br fu lowof thn 2 MR. a d  may ofim k so low as ro be not 
dorma bk. 

Evan addition of more MmE-contatntng wet oreciottation mto r d a c r  watar alrrady atfrcrrd 
by prrvtoru MTBE-tmoaaed Dr8crOrOuon rvrnu could not causa concenua~ons ro krtlduo. T)rts IS 

aecau!ir mass transfer ~rocrssrs dictate that a contaminant's concanmaon in a rrcmvtng w a t u  
(1.8. snrfacr  water^ cannot excad tna concentrations in me ongmal source water k e .  wai  
prrc~o~tanonl unless m o  accumdmco mechultsm rruu. Thrr ia IW) known narura1 ~ r o c e s s  by 
which MTBE c o n c r n u a ~ s  can 'krilduo' 01 accumulatr (DhvtKaUy, bdogicalty. or chrmua&J ~n 
surtrcr watrr IO coc~cmuawc~~ hrgk.r thn incommg m r c r .  
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Padlways to Grwnd Water and Sod 
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MTBL in Storm Water Runoff 
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&cause elf tfiosr faclors. avrn tho highest MT8E concrnrrarlon noted In this r m 6 /  18.3 
on& p<odlJC# limitad ground-watrr contaminatm of a few -it. 

couu 
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8landed Gasoline 

The mort common cause of pasolinr raleatrs IS fuluraa of undrrground srorage rant 
systems iUSTs). For these USTs mhr malor CJUSII of l a a h  i S  1 I ara: 
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MTEE OCCURRENCE IN GROUND WATER NEAR UST RELEASES 

OAVlOSoW 

ARC (263781 

Susan Staley




1 9 8 5  

1 9 9 s  

2000 

PtTZLOLtm U T .  t I18TXXATED TUTU L t M - D A Y  
08T8 UI STILL XZAM L t M  tSTIXATZD t D t C L I n  
azmxs.z- P m T X  0 g  - I QXHCt  1982 

(days) ( d a y s )  

1,800,000' 204'  90' 3 2 , 4 0 0 ,  O O O d  - 
1,000,000' 101' 56' 5 , 6 0 0 , 0 0 0 '  8 3 2  

980,000' S a n  2 4 '  1 , 1 7 6 , 0 0 0 '  9 6 %  

See  ApFiendix C for an e x p l a n a t i o n  of  them superscriptrd notes  ( a  
t h r o u g h  i), a discussion of t h e  methods used, and a data q u a l ~ t y  
ravicv of Table 16. 
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XTEZ VOLQnES LOST TO SUBSCTRFACL FROM P E T R O L t V n  UST8 

1985 1,800,000~ 20*b 360,000e 860' 0 . 5 .  1,548,000' 

19915 1,000,000' LO?' 100 , 000' 400' 3 . 5  ' 1,400,000 

2 000 900 , 000' s a '  49,000c 145. 3 . 8 "  270,000 a 

~ o n v r r s t o a :  L gallon = 3.186 litor. 

Sa. Apprndix 0 For an rxplrnation of thr ruparscriptrd notrs ( a  
throuqh o ) ,  a discussion of tho mathods u r d  and a data quality 
rmviaiu of T a b l e  17. 
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ANALYSIS OF MTBE MOVEMENT WlTH CROUHO W A T E R  
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Adsorpuon of MTBE 

A cornoonrnl's rrndrm to adrarb to organcc manu can b. esmaiad by IU organnr caatmn 
CWJDM crwffcmt. or K,. A i  summanzad tn TaM 20 of tnu r e m .  reoonod v J w a  of MTBE's 
K, nngo horn 5.5 to 13.5. wnda odwr sources rewn va1u.t of 8.7 TO 81 28 145). Thcu low valuoa 
lndiutr max MT8E wd adadlorn poorly io aovr manot. l h  IS w~uooo~ed bv gtound-warn rrmdianon 
axoerirnca whwa granulrrod acnvai8d camon ICACl vorrment systams are fwtv trntfkm at  
removing MTEE from mpactod watu t a m  i t ,  44). 
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R f  = rotardanon factof. 01 how much slower mo solute movos rolanvo to rno ground water 

&m to U n d  fmm Of 1011 Oorosiw. sot1 bulk drnsrw and fraction of organtc carbon 
~n ttir soil. no universal r8tlfdJtlon factor can be 0rovrd.d. Howovor, usrng hoccal rofcroncr values 
(46. 61 I, a gonord rsumat8 of MTBE rmcardatton can be g r w d . d .  Using: 

Wrostw - 0.30 b.8.  30%) 

bulk d8nScly - 1.85 UUn' 

F, - 0.0002 ( L e .  0.02%) 

ld, I rango of 8.7 to 81 

'M a nrardrnon v a l w  for MTBE rangor from 1.01 to 1.09. As a rasuh at tho11 v e r r  imu 
retardation values. lint0 to ry) M n E  usually anacku 10 tno sod. This IS s u ~ r t r d  bv rno . & a i  
cd l r cw lv  of field oxoenencm from MTBE-containing gamlinr soillr which sRows MTBE contamtni(m 
of so11 ii,  an uncommon occumncl. 
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1 . 0 0 -  1 0 0  
0.97 - 1 04 
1.0s - 1.19 
t .13  - 1.34 
t .37 * 2.34 
1.52 - 2.20 
1.34 - 1.46 
1.38 - 1.97 

1 0 0  
1 .oo 
1.14 
1.14 
186  
1.86 
.a 

1.6U 
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wet preciaitauon 2 MA 01 loww 
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. M f 8 E  1s less volatile from w m r  man brnzrnr 
- tha myor wmon of most MTBE ground-warn plumes h a w  concrntranons less 

. 

. SMI UST loaka arm dedinmg in numur a n d  sur. lass OaSOlinr and lass MTBE 

than 1 . 0 0 0 ~ A  
about 30% of gasoline sotfir hive MTEE n [nom 

1s botng lost IO me rubsurlacr than prrwoutty. 
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r .  

Fa. t r v . n l  r r a m s .  MTBE contaminanon of ground water IS usually Imiad to mo u o p w m s t  
portion of sluilew aqurfur. In soma hqh a r u u v  contmt s a i l .  adsmoocr may r k w  mr foward 
movement of MTBE w d ~  the ground warn and remove SQ~M MTBE m w .  Homvw.  tn gwwar. 
adsorpnon IS exoociad Io havo Iiflo rffm and sa difsdvdd-pkasa MtBE WIU move a i  the same r a t e  
as the ground watw. Similrrtv. some minor bdogradmorr may occur tn some aaurfrrs. but MTBE 
rrducnm I* mi$ m o c h u m  is ganeraUy minimi. h w a s s e s  most lik& :o ramovl) MTBE m a u  
from du ~larrd wtlw 11 voclaliuwn mo dw Id gas and vobniizatron into me atmoschere atler 1fi0 
ground watw dtsCt4rges to surfacr water OiUnrsion is a13 rffectrve process for rducrng MTBE 
concrnfrarmns In me wound watar. 



* EFFECTS OF MTBE UPON AROMATICS IH THE SUBSURFACE 
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MfiK'r Net I m g . c t r  Uoon AromrtiC Hydrocarbon Concenuniorrs 
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0 122.8 
5 115.4  
10 114.0 
15 107.4 
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flm OBSERVATlONS OF MTBE 6 PLUMES 
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Thu plosdc6d.l mufl  k convdrrd w h n  lnrwrrang ground-wair anrivaer from uogradbnt wolls. 
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MTBL Odor nd T w r  Thrrlhddr 

Canc.nvirons Encountwad 
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TABLE 20 

SOME REGUlATORY LEVELS FOR MTB( IN ORINKING WATER 

GILBERT I I I I 
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A s  gasoline and MTBE both have soecrfic gravnrer lass than w a i u ,  conurninman SV meso 
compounds will not sink downward to d-wr unrtf. unless awwal flaw condir~onr ana ii 8 .  
downward vemcal h w ) .  As discussod. whik v r N C a 1  dispersion will shah* wead MTBE downward 
over rime. this should be minimal. EkcauSe of these facrors. and k t u s r  of MTEE release 
m e n i s m s .  M T B E  contamination should pnmanly occur in tho shallowosr. fim cncountrrd. w a w .  
saturated units. 

71 - ARC (263808 
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Aerarion 

No references were found regarding the aeration sffacis of normal pre-treatment procedtJrrs 
U- MTB€ ar VOC COCYaftuaWns. However. s o w  insignt U n  be gained by revlewmg effects of other 
aeration procedures. 

Attar reviewing sward years of ooeranng data from atr stnootng svstwns. the NJOEP [Sol 
r e w n M  that JU str:coing wc* a single tray aerator lair  ro w a t e r  ratio of 120: 1 1  rrmovrd 50% to 
Wow of MTBI:. grrsent. A laboratory scala study (861 snowed that aerating one gallon 13.785 Ihen) 
of m u  for 1 :20 mlnrnu an W:watY ratio of 35:  1 reduced MTBE COnCentratiOns 60% l f r o m  1.2 
m g ~  to a. 4ao mgRl . 

- 

Two  adrer Dubckrwcu 144. 671 born d e s m k  r e s u b  from a srriea of analyses and bench t u l e  
rests p e r f o r m d  for APt to determine the fersibiliW and cost-rffecnveness of removing MTBE from 
ground w a w .  A series of S I X  arration tanks wrra found to be half as cost-rffrcuve at rwnoving high 
cancantrations of MTBE [from 20 mqR down to 0 010 mgrLl as corncared ro the mare effecovr 
technique of iwation vca packed air-smooing COlumr\S. 

- 73 - 
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Tho common process of filtration lnrougR s m d  Oeds could also reduce MTEE concrnIraoons 
sunowklt dw to the volatilizauon that occura aa me water trickles downward through the sand h d  
Th. sand I K S ~  pr0vd.s l i d o  knrfn in removing, retaining. or destroving MTBE. 

Number o f  Public Watrr&00(y Wells Contammated with MTBE abovo Action Lovrls vs.  Number of 
MlBE-Blended Gudhr Reirrse¶ 

Tho r d r  ot tjw &ova discussod factors in orotecung public watwsuooly wells can be 
-1:d dw nvnkr of W4ic wataf-)uoo1y walk tt4t n a n  bean contaminated wnh 
MTBE above i c ~ m  kvdr awmst tne number of MTBE-Mrnded fud r rkara .  

- 7  
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. 3 puolic *ells e x c e e d e d  50 MIL 13 sites ~n l l l ~no~s i  
- 1 puohc NIII exceeded 2 0 0  M I L  llllinoisl 

The number of UST ~0111s That involved MTBE blended gasolino could Ee mast j r e c , ~ ~ ~ ~  
estimated bv doing a :Ime-weightcd avcraac o f  Row many ranks were found ro bo leaking In un,C3 

year. and multiolvlng rnoso valuos against now mucn of rno gasohm sold In oach state In e m  y u r  

had MTBE Unforrunately. state-socciflc valuos o f  haw mucn MTEE was used tn each year n each 
s a t u  ware riot available Also. determining how rrany ranks leaked In each year in each state rrojd 

require encmsivr state fila rev10ws. and would rely uoon r e w n a d  reloaso dates *kat: are J S ~ V  

unreliable. Therefore. mis was not conduclrd 

A s  ;I result. a generalized aogroach IS usod here by aoobrng naaonal sunstics ro PISO rzro 
m. As show In Table 1, MTBE was in 4% of the nauon'i gasoline a 1980. 10% ~n 1985 16% 
n 1990 and 29% 1995. Many leaking USTs were discovered in rbr 1980s and ea* 1990s. -10 
t h e  rate of iiew leak discovenas was declining flabre 16 & 171 A s  such. using MTBE in jasaw 
rntanuges from an)y 1980. 1985 and 1990 land lgnoring 1 9951 probably more accurately raoresenu 
bu numbrr of ranu leaked MTBE-b1.nd.d he4 How.vor tn order to bo consemative 1995 v i i u s  

~ r #  k inc!ucled. uld so an overall mean of 1 5 %  [me mean of 4 %  - 10% - 18% - 29% - I S  25ni 
will be usod to reoreiont how many ranks leaked MTBE-blended furl 

A s  12f August 1995. Illinois and New Jersey reoon 12.930 releas8s and 5.627 rMarri 
resoectivoly 1881. lhretare .  tho total numbor of  UST releases in moso wa statas is 18.557 h e  
about 1 5 %  of t h o u  USTs may have coniainod MTBE-blended gasotina bewren 1980.1 995 
j00roxtmaiely 2.784 nleases may have occuned that Contained MTBE-4Iwd.d gasoline. 

sUE5afx 

Of 2.784 MTBE-corruintng gasolino raloases in New Jorsoy and IUinots. onb 3 a D w . r r d t  
p r d u c d  W'TBE: cmamauons n a public drinking water wrll greater than 50 u g L  Onh OM rrrru 
of th. 2.784 CauUd MTBE COrrCenltanOns in a public wrll to exceed 200 ~ h dWs8 two 20188 
whtta chose c a k u b m s  are generalized. it is anparent that mulnolo f a c t o n  act to prevent U r n  
blended gasolino io& from imoacmg public water suoolios. 

ARC 063812 
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USGS HAINQA STUOY 

T h e  USGS NAWGA Program 

.- 

Well Selection Criteria 

The we11 selection criteria for tho 41 3 wells ~n the nine deewr aquifer srudr areas 13 

unknown 1481 
were agparrntlv used in each o f  tho eight urban and rwenw-wo agncuhral shallow study aruaj: 

. each smdv area was brakin Into hundreds to tnourrnds of smrllrr sub-units and assqned a numbr 

b S 8 d  ugon conversanona with USCS pwsannal. Bflr followrng well seIec3on Cntma 

. mrhin eacli srudv area. by using a USGS random number generator. 15-45 subunits were randomiy 
selected for ground-water sampling. 

. for eacn sc!leciad aubunn. tntong public records were rev tewd in an m e m o t  to find shallow wells 
of 'hgn QUaIiw' ( i . e .  drtai l rd well consrrucuon in fomuon.  motaugh dnll logs. good seals. 
a00ro0riate *ell screening intrrvah. aooropriatr well COnsrtUCnOn t8ChniauOS and materials. etc. I 

- the$* walls. or othflrr rxirong walb found by vimng tha subunn of interest. were tnen samplrd. 

- 76 e ARC 063813 



. priaviousiy unknown small furl soills 
- variable ground-water flaw dirrcTians 
. dijicrrsian from rnr on-site olume 
- disorrsion from o f f ~ s i r r :  cross.gradirnt olumes 

. 77 * 
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TABLE 22 - MTBE OCCURRENCE IN S b l A l l O W  t IIt I IAN GROUND WATER. USCS NAW4 

11hI I Y 

I 8 It  ' A I  I W k l 1  5 I 
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TABLE 23. S U M M A R Y  CF MTBE OCCURRENCE FROM USGS NAWQA STUDY 

.. 

Nationwidi) . Challaw Well%: 
. Of tho 773  shallow w d s  and sorings sampled. 63 wells 18.29Cl 

- Range = 0.2 to 23.000 UQR 
. Median when d8tecttd = 0.6 gg/C 
. Median of all wrlls = below drtrciion limit Of 0.2 MIL 
. all five drinking water wells were non-dctecr fo r  MTBE'' 

had dereciaolr concentrations of MTBE 

A q r r c y l t y r ~ l  Wells 
. Of rhe 562 snallow monitoring . d l s  sarnolcd 7 wells 1 1  2961 

. none 10 0%) exceeded the lower limit of rnc oossiblr 

. Range = 0 2 to 1 3 JO~C 
- Median when drtecttd = 0.5 ug/C 
. Median of all wells = 3dow detection I i m t  of 0.2 

had dettcrablr concentrations of MTBE 

USEPA MCL of 20 MIL 

ydan Wells 
- 01 the 21 1 shallow monctonng welh sampled. 56 wells 126 5 % )  

hiid derrc:aOle ~~ncent ra t ions  of MTBE 
. 6 of 2 1  1 wells (3%) txctrded :ne loww limit of  tho 

possible USEPA MCL of 20 MIL 
. 3 of 21 I .weLli'tl.S%\ excr.dtd the uoocr limit of tho 

passibh USEPA MCL Of 2 0 0  MIL  
. Range - 0.2 to 23.000 ugiL 
. Median whon drtectee = 0.6 MIL 
- Mrdian of all writs - below drtrcuon limit of 0.2 fl/L 

Denver Urpm W d l a  
. Of dw 29 r h h w  monnormq w d b  samolrd. 23 w d s  17921 

ARC 063818 
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Hananwrdr . Oacae r Wellp 

Rwi USGS NAWOA snrdy fovd rht of 773 sWbw m o m g  we& smohd. 63 walls 18.2% 
rud MTBE dmmd la. Cormrsab. 91.8% d dw wdlr 5ampl.d had no M t E  dotmad, evrn a t  tru 

shallow griiund watu. W~UI MT8€ was prrrenc. the median COcrCantratlOn was 0.6 &; thir is far 
k b w  br 20 to 260 range under consideranon bv the USEPA as a Maimurn Contaminant Lavd 
IMCLI for cjnnlung watrr conrumonon. 

VW low CIetrcclOtl limrl of 0.2 m&. Thb shows thn dbrolvad-pharr MTN Ij not u ~ W U ~ W  in 

ARC 063819 
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. two ddfrrent sourcai of MTBE con~minatron were aogarrndv drtactrd. wet pracIOiiaiiOn a n d  local 
guo(in. sotlb. Thrrr IS no known mehanism tohvsual, chrmrai or brologtd) mat can taus4 MTBE 
concintra1i0ns from w8t preCtoctahon 10 'hid-uo 01 accumulata' m mr suerudrcr. NO such 
m.chlrusm 1s needed IO rraronabb rxolain rkr USGS data and a second somorinq of sermed Oinvrr 
UrDan wails Old not suooon me exislencr of any MTBE burlduo. 

. 87 * ARC 063823 
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A E M E ~ I A T ~ F ~ C  SUBSURFACE MTEE SPILLS 

.- 

Contmmrnt and removal of dissolved-phase contaminants requires m a t  ground W J W  SO 

p u m ~ o d  from tno ground. u m r d  and d~schargod Such a ‘Wmo and treat* aooroacn can oa v w  
e f f m -  a t  ccinuolling and removing imoacrrd ground water. but IS not an rficiont way ro rumdutr 
tho entire sulJsurfacr ro onatin0 conditions“ Fanunatah, disstdvod-~kasa MTBE eoos not readilv 
a&,o& m t o  %d o r g u y  manu and so a Dum0 and treat aowoach 13 more 0ff.ctrve a t  rrmovtnq MTBE 

*u a LUIOI to r m v o l  &is and Sylna 1931 agree that pumotng and naanng ramovts MTBE hom 
rho ground water rebnvely qutckty. Thov reWn rhar a t  ocro ~e where rhr pumoing svstam lnflwnt’ 
e hd M n E  at 3.000 MA. the c o n ~ e n u a u ~ n  was reduced over several yoars of oumoinq ro 50 
HA (93). M’T€ bur remains In tho bulk gasolino abromod Into th4 soid Pores can am as a long-term 
source o f  MTBE. 

n remvng m u c  L e .  mora of dw MTB€ mil k in the water man In CM id 

ARC 063824 



.- 

. 1 rhorough site assessment 

. access  70 tne trn0ac:rd area 

. racovrm * t i ls  110 access j r o u n c  nareri 

. recovem Pumos I t0  Dum0 gut ground Hateft  

. pawrr s u ~ o l y  and Dower mrs  

. warar discRarga linrs 

. pwtng trrncnrs 

. watar trearmont wuiomrnt 
- vainous valva$. uumos. ana conrrollors 
- brrilding/shrd to kouso wuigmrnt 
- a icormmrd mrtnoa of watw dlsoasal lsanltaw sewer. surface warer body re~n lec l l~n ,  etc 1 

Horizonid Extant of  MI= P l u m s  to th Conumrd 

Tho MTBE ulurnr ~n moIt aauttrrr may onlv Ea a mere 1 1 to 1 S times larger Inan tha 8TEx 
piurn 14 tfr amo SKI bw sodl hu small lox: loss than one year); see Tabk G-1 at R r f r r m  61 
for an orrnrala. T~IS is because Inmlly ma MTBE IS only abk  to outdistance tha efEX dw to dw 
differma n dwtf ratafdmm faaon. For  rxarnok. In Vir low organs sods of tfia Bardan aaurtu.  for 
aromancs e18 A t  - 1 . 1 - 1  .S, whda far MTBE A t  - 1 .OO I61 1" 

89 
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0~uiI.d SNdns show mat ahw wmoinq OIX ground water Imoaaed mrh MTBE. !no MT8E can 
b. succrsshlk removed from cne watw bv a vanew of tochnlques 14. 8 7 ) .  Almost any tecnniaue that 
removes EITEX from water can remove MTBE. However. due to 11s' lower voianliw. lower adsorption 
ro grmulared acnvated carbon. and 0001 bcdegraaabtliw. rrmovtng MTBE from N a t e r  I S  almost always 
more exognsive man removlng BTEX comoonents. 

The most cort.effecove rrchniaurs are air stnootnq. or air mooing  followed Sv a carbon 
adsomnori svstrm :o remove the remaining traces of MTBE. These two technIaues a r e  J S ~  ~n mast 
prolecis t l u t  remreiatr ground water impacted by BTEX and MTBE i l .  43. 55. 611. 

FwM e x o e n w a  rur tho- that air stnooing 1s quite retublo It can ramavo UP !o 99% of me 
MTBE from ground water, provrdd rha stnpoing system is large mough, carefully erslgned, and 
pcop.rty amaud i431. MTBE is kardw to rrmove bv air sntooing than ETEX components ?ecauso of 
rg bw Henry's Law bnstml fi.8. low volauliw from water1 wnich ahen mandates nqn air lbws fw 
e f f h ~ o ~  air smogtng 1931. Akerrutdv. W o k  air stnpoofa in a senes may be rrquiria it is :omman 
ro sea au !;mooing r m v J  r a w  for mrm of 80% to 99%. while MTBE removal rates are 9hrn ontv 
50% to 90% 143). MTEE can br mom readilv air stn0o.d 11 the water IS h e a t d  prior :o strrooing 149. 
931 bur rnis can fignificantlv inctrase rrrarment costs 144) 

The arawoacf to air striootng is that rnr off-gar wtll release rne MTBE and ETEX comoonenu 
to b\e amosohorr. w d m r g o s  am underrrable in many areas. and not oermrasiblr in mny air 
owlirv nc)*i-anamum YIU aome farm of off-gas trraunont is used. Off-gas rrratment can k 
done by incmorawcr. c a u l w e  c m v w s m .  or vamr-vtiarr carban adrommn to c a o N n  tha 
C0ntarninmu. Homvar. drue tachndogms can increase t o u l  wamr cost by abaur 75% (44). 

. g o -  
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h r r  are ~umerous fac:ofs :Pat make rcmcdianng !ne HT8E Paman o f  ruosurface nydrocarton 

plumes more 3i t f ;cdt  and c3stlv :fim remeaatlng ,us: the 3TEX Sceciflcaiiv 

. tho MT3E a h m e  1s ahrn 1 5 to 2 0 tmrs a s  b g  as tne 8TEX plume 

. rnr greater areal t n r n t  at  th8 MTBE plume faquires a mora rnensrvr assrssment 

. rhr grcarcr areal anent  o f  the  MTEE plume reauires more comolex and costly access 
t s w e s  so that  assessment a n d  rrmadiaoon can be conductrd 

. ~ I B  grrat t r  areal r n a n t  of thr MTBE plume raaulrrs mota rocovow walls. pumos. and tines 

. a Iargu g~Ound-w~trf  dischargr rata wvtll b. n e r d d  to control this larger olumo. r r h d  

. larger and/or mora air stnooars ara nrrdrd to account for MfBE'r lower volaniiw man 
Iocraasrs Caoital equlornrnt costs. installauon costs. and owrahng costs 

BTEX. this ~ncraasrs both caoiral eauiommt costs and Wwrr costs 

R e m e d i u m  STEX Plum% 
- assrstment comolrted 
. 2 r w o v e o  wells wrth Durnos used to rrmovr ground watw 

- BTEX trramrnt by au stnoow 
. BTEX intlurnt ranges from 5.OOO . 20.000 
. no &-gas trratmanc/conir~l required 
. rraaltrd water dischargrd by pormit into sanitary or storm sewer 

a tciul of 10 ggm must b r  pumoed to contain olumr 

. 9 1  . 
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(;.ncnl c o s  csumares a n  used tor meal 8TLX and BTU(IMTBE plumes In these carnoansons 
As a result. the Colt ComOarisons here are not 10010orlate for any individual site. but a r e  considered 
to be rc;isonable for a rypicrl blonded gasoline release. 

As dcscnkl n A o ~ n d i x  G. h cost for a oumo and treat system for an rveragr BTEX plume 
resulting from a US1 re lo as^ was obtainod from the literature (95). Tho total caoltal. instalIanon and 
operation corrs cmd for such a svrirm rangod from t 2 5 0 . 0 0 0  ro t300.000 for 3 (0 10 years of 
ODerariori (95) .  Thr moan would bo S 2 7 5 . W  for a Nuleal s ~ s t r m  to o w a t e  6 .5  years. 

A s  descnbed in Aooendix G. two ~ndooendenr a~oroackes were used to drtermcnr costs  for 
controilirig a t\tpicrl MT8E oiumr [in addinon to the BTEX oornon of mo ~lumo). The first aooroacn 
considrrctd the rddtuonal e~ernents noadod to remediato tno MTBE pornon at a WOICJI MTBE.blenard 
grtdvv w. It adiunnly esnrnatod thar this would require 2 10 3 urns me rxornditures a i  just 
controlling tho BTEX p o ~ i o n  of rho plum. 

Tho second approach cakulatod tha cost Increase bv usinq w l d a y  cost esnmates for 
remediating BTEX and MTBE moacted ground water 144). As dotadd  in Aooondrx C .  mls srcond 
a m  idica~od dut rrmodirong d~ MTBE parrw)n of a rypual gasoline will plume. rwg 
d ma m *, a i d  raquirr $725.000 to 1861.000 fw 6.5 years of oooratian. fabce 
24  shows the cakulraonr whuh indicatr that adding conuinmmt and ueament of me mare tar. 
rrachcng. MTBE-onh ponion of the blondod gasolino alum can i w e a u  wound-watw rrmrdiaoon 
casu by a factor of 2.6 to 3.1 .  Tho qualitanve and quantitatlvr approaches botn convergrd an 
essentially this same cost f a c w  rango. 

- 92 ARC 063828 
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MTaE from blended gasoline soilk dissolved into ground water does n o t  cause co-solvency 
of hvarocarbont. In fact. the oresence o f  MTEE lowers 9 T E X  concentrat10ns ~n 
ground water. 

rnr presence of MTBE doas not aooarentiy inhibit biodegradaoen of aromat~c hvdrocarborrs. 

W e  MTBE Wnion of a blended gasoline plume 1s lypicaily 1 5 to 2.0 rimes orgrr than 
rfm B T E X  p i o n .  

MTBE in Qaxd w a w  comes pnmurhl frm rm sowxi: .r*l1 PIK1Pcntion and local reloasas 
of MTBE-blondad gasoline. 

eauiiibrrum calculations indicate that MTBE can onb dissolva Into wet Dreaoltauon a t  
c m e n m n s  loss man 2 MR. Tharafore- MTBE dissolved inlo wat precIDitanon can onb 
creata concintranons in ground water grertar euurl to. or loss rhrn 2 MA. 

most w d b  located away from point sources of MTBE-blended gasolina found contimod no 
drtectablo MTBE Ii.8. 99% of USGS doroer wells. 99% of USGS agricultural wails. 
J1 rr- M n Oenvu, more dun 97% of W b k  wnar SUO& weUs. moIq Uun 94% 
at pnna *my swcb mllr). nos. mlls away From mint mfcu Mat did comun MTBE 
had coKmtrrtioru less arc\ 1.4 MA. which IS VW claw to th. 1.2 MA p r d i c i o d  am4 
maan MTB€ cwmuawn in wot prrcigcuom. 

- 94 * 
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about 0 04% of oubli water suoply wells and 0 3% of Drivate water suooly wells may h a v e  
MTEE at  ConcentratJons higher than 200 MIL. Facrors likr sortid separatran, gealoglc 
srgrration, blending, v01anIixat1on. and othefS 111 helo orevent m o m  by. and reducr 
to l l~rnuzoau  of MTE€ m wator suo& wh. Low odor and taste detection thresholds help 
prrvrnt watrr cmsumotlan from impactrd wells. 

I 
rvneddbong subsurfacr MTEE around-water contammtion can k conducted using erlstlng 
trennologics, but cos1s about 2.6 to 3.1  trrnrs as much as rrmcdirong the BTEX 
carnoonants. 

95 - 
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