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Abstract

Emerging contaminants are the chemicals that have been detected in global drinking water supplies at
trace levels and for which the risk to human health is not yet known. They include pharmaceuticals, personal care
products, pesticides, herbicides and endocrine disrupting compounds. These material include toxic metals, Volatile
organic compounds (VOCs) and pesticides. Urbanization, industrialization and changing life style further aggravates
the problem of groundwater pollution. Indiscriminate use of fertilizers, pesticides, insecticides in agricultural field
also increase groundwater contamination. Analysis of emerging contaminants requires high level advanced
intrumentations viz; ICP-MS, GC-MS/MS, FTIR etc. In the present paper, the sources of emerging contaminants
viz; pharmaceuticals, personal care products, petroleum products (BETEX, MTBE etc.), pesticides, herbicides and
their chemical behaviour are discussed in details. Besides this, different techniques available for remediation of
emerging pollutants from groundwater have also been discussed. Conventional pump-and-treat is the groundwater
remediation technology most frequently used in the past. However, due to excessive costs and the non-reliability of
remediation with pump-and-treat systems, the newer technologies, particularly air sparging with SVE and
subsequent treatment, now dominate. The case studies of air sparging demonstrate its capability of reducing
contaminant concentrations in large proportions in a short span of time.

EESICE])
Hotel wAg fafafdal ek aiRRefte da &1 wwela & aren e $d warE 2 gfid
IH & WY W) TR U9Id 98 96 & | ficd ¢F Fa @ GguY & HRU gUerEied 3R Ul o
AHA © | HO oI d IR faurs gerf Ry # faurhar &1 derit 2| gftd yoid ¥ a=ofidl @1 A
g WAl 8| §B AW UBR b dax N wgfid arh & e 9 W H 31 W OB gad € | a9,
JrEmfiaRer 3R geerdl Sias el Yoiel UguYT &1 9T &1 3R FeRil & | B &= H Fdxd], Dearwd &
JfeTee SUART ¥ HoTel UgyYT dedl 2 |
Wﬁ,%ﬁﬂﬂﬂaﬂ?ﬁaﬁﬁaﬁmqﬁgﬁwmwzﬁmwﬁaﬁqﬁgaﬁ?
TRUTfeIdT S dex (MSW) @ Scures g1 TAiaRyl & &Rvl &) dedr faar 2| Remrdia <o & aifderer
sl @ forg TRuferer @ o aufime (MSW) & fueM U 9 98l | IRd #, e e @

2

3

B34l ST Tl GISI—2019 IS Seifas™ G, Tod!

— 65—



ferel sl § TRUfIST & SR SURE $T SER—SER Bhr AW 91d 2 | AFERT 999 § FER B T
SATHUN & ARV & oY & ave &) FHearg Ya1 exar & | Yoie JguvT FRUH o $a8 &) Bb
TR Tl H U B | B I B U D olel Al B Siie qgd W &Y Tl

SRd gY 5T a@ 9 A & Rel dRae duee Mgl § 9e R W grEn T § aR R
Bfdurgsy, Sedel g, disikh 8l sfaedt fEeaer) Gifte wifte &

iR ¥ Sufer SHRA §Y WY

SR §Y WGES (ECs), R oW g0 $fe wque ok 99k ISR & 9gud (CECs) & w9 &
ST W 8, g R A o Ferl § ui S 9re e sk ReRe ware @ik wee aRade
SIS BT Uh e ¢, e adam § vafaxor 4 Sifa €7 O & Afe o gafaveig af, oRRefie
3R A REReY IR Wi sifeRe yard ter S @ e S T ¥ |

IRA §Y IEF @ G
SR gY Heud fafis W @ fe & —
o NN —ARHIT-vseRa Regad v wRide | e
o CCAARIZIT-STE FellfrT
o INflF, FEiRIESIA—darg BlI6, ©IE Wod, R & THiRe, SR, BRI B, Heder it
. éﬁ’rﬂiﬁm (BTEX) i, <Iefi; somgold=ie,; iR il 3/, 3R —ssdm)—Igiferm Sarg @

e UHJAE (MTBE) sievu<s HHiE wre do & REm

TURA gU HGED! T Il AT

@ WHE W SR gU Wqual @ SuRefy @ 9g ) o <@ #) dgwel @ wigar e
T/ efle” F AR 9/ olleR @ SR BNl gue N 9 B @ Sfhe O b SHigar At 5 wguat @
IS, Uga 3R PR dae e qee & AR € Ay aRepd see A oiR fgeorers drenfif
@ e & RO WE 8 TR 2 | 39 e 4 el ok el @) gl e 9 2 aiR v aiias
wATEl, SUT # agerd 3R adHe § @rud Suant § AR @ e 8l 39 aiiferor o R a9 e
QST B R b W AuH! B G B IR &) @1 | 39 dgua! B P wR aigdr B gar
eI & fory So gegice i ICP-MS, ICP-MS /MS, GC—MS, GC—MS /MS &) aiaeasdr it 2 |

SR §Y HEES! @ IYAR 3G SUE qHND
SR Sfrarea AT gRT b < 8, &1 Rema ) SwwaE wem B R f e B w@aend wqu §
AR A ARY FifS AL gguedl @ g ve Rl fa @ w0 ¥ Fr et ® @R wa ReE 9w @)
TRATeTaT 92 quiel Sorq d@ ugardt 2| fhd Ay gfa wse @ dioer Rufiel § sean swar @
FAT & B fory R wibaell & waem 1 sravasar @ wadl 2| e R IR Wed wR as
WU B FH B B fow Sifdw, Nfae ik wamate deififRl & e @ @ @ waes ¥ e
frar s st 1 wiot € gfie w1sel & SwAR @ fre @ srehfife Sueer & Afd 9Ae ofid aiv wme
@ R, fFrme srawasarst, amdl ok wHa W ik axar ¥ 9 e STaRe denfifbar
IR &, Sugh Th-Nb] B a0 Ay qRber S 8, oifdbd aiid WEwEye €1 gl g wge &
Thel SUAR, Fud! AR At & 1o ik Riven & wed & amR W SARwE Saet ® waeH @
S =, fSome iR Ao 9 el avar 2

e I, R aiR SwaT @ i 4 &R fig W, UQferm Scurel &1 Hewmwl s Sai W
STEN e ST YT &1 def Wl @1 &9l Aeaqel § AR g IR RER g ad @y wataRer @ fag
WWWW%IWWW@W%WWWW,WW:WW
Fmer s ardRes thera Igferm Sael gRT ) SR e WEEr & wgw e ¥ 1 Riwel ) a3

e —————————————————
B4l AL el HISI—2019 A SAfae™ eI, Sea

— 25 o




Teiferr Saarel A gfiia Wgel &1 SUER bR @ oIy STeT—aTerT guRIcD MeNfifbar Wyt o @R
i fawfia g2 21

QIR ISHT

froe 15 auf A yYoiel § giera diostioxio g1 g wizel & ITER BY 39 Wi TAR WIS ahHle
BT RN 21 Y81 & (TSR Us S, 2003) SUH Yuiel GBI BT ARHS Bd1 Bl &d1d W Yoidl B [J@ &5
¥ golde BeP aTSiGRY AR SUwdE sifedioi Wigdl B ggiey oid ek B geEr o wite 8
(S S ARE TN, 1996 U R AR 3, 2002) | TR WA & SR 8F arel 19 gfid fFrmra o3 o
wifre € ¢ (1) gfera fosodlio @ g7 Wi wgrsfivT (2) e fha # W od WR @ A AoE IR B gY
e uenll @1 aefiexo, 3R (3) Wik e (R, 1996) TR WIRGET W6fba ol UfET & R
e M) iR yoiel ®1 SUmRT ¥ &1 Uh WEE & @ AR 3, 2000) TE AEAD AT AR 3
T TSP AR FAYH Wicdew afed areier ik erpf-arweier Mg ok voe gfta wari @ e fawgd
sl &) SUEIRA el § (SN0S=0aiR0€I0%0w10,1996T) | TIR TIGHT Tebiiap] 1 FUANT el §Y UgIferaH
e Mgl /qoTel SUUR & Iy SUER o YUW $20—J0W $50 Uiy Rgfas aré g g & (Fogwogoiogo,
1995) |

Yoidl I IR STAR qHid

e gud & SR, gt Seryd & SUdR UR SATET &9 dfad fbal M1 €| Uh gfed STenfd &
THE B U a3 daidl § O U doie TH-Urs—dle @ (3 ol we, 1998; ofiW IR &=, 2003)
et gfid ieryd § fafie el W fdor el @ g S iR Agfid gl @) 9 e e s
2| gre # RAf STAR a@el gRT R e U O | Hguel 1 gl faar omar 8 (e SR N, 1989; 3T
3R T, 2002) TS AR SUER @ d1€, HoTel B AT A STond H v F goide fBar S € 4 wdE el wd
¥ o)y @ Be w99 N, a1 TRufAE @ Wiew wie A R fear o 2 vu-tre—gie RRed @1 Q
FAT—3TET SRR B QT BRA b oy FISg fbar S Whdr & UgEOT H Bord d AdpA & fog iR gfa
M &) g b oy (GOIRN,1997; 9% SR 3, 2002) TS, TI—Ts—glc fieed &I 39 yuiel
yonferdi & e Waw ol U1 Wad e fAden TE WE wiar @ adifh Aels & wedl ®1 W| X b
fore amavgd WY 3R YOI &1 WM BT 8, eielife 9 anfl off Py w7 | AEEgel W A e H
Sugrf € (Aed &fiR 3, 1997; 99R 3IR 31, 2002)

TH-re—gie Rrew 99 wigel W ar fhar o1 wea 2 R e ger @1 gfid o g g,
foreri doatioio, THodosiodl, e alv gfera srgy wnfe & (Hofodoso, 1998) TF & @A Hew@yl &
fr TO—aiR—deiie teNfifral @fed gg@ o1 AN & wgel W oy 98 8 € ok g' 99 gf¥d uarl &
fog ve smedd @d fabed ® ol A & W @ @ e g wH gorier 8 (@Riihe Areldee
Yool ARES), 1994: SHT 3R 4, 2002) Wl 9UAR gHgdl & fou weW #Ew@yul omd aReEred @rTd
(ol W, anfe) 8, ot uNuRe ®u & wge iR gftd fAdvdmel & SR o) gud $1 9 yuE $100 gfd
1000 AT uie aF B 2| gufery T AR Fredic ariel B WA STER fAee & wU A A W uge
foxit e @ wauriyde Sfia AT qgayol @ |

fftpa /ufafpardfia SR dar

39 ¥ STAR SRl @1 e Uh WRdl g2 aeie @ R fied ge vl § & Qe sk
BRI frar T 2| SUAR $ AR AR AUl el WX UY o aid g yeid @ STER § iy
iR WU A nfi AREA & (YewH 1997, favd 3 3, 2003) | AR B[R b Ay F gy garedf
B o WY @ AU 9TER @ AR ol @ wiefe 1 o fel wdt € (TR, 1996) S Bl gf¥T AfoTel
ITAR F AR ¥ ToRal 2, gfa uaref A1 o SUER @ AR # %W 9 & a1 AR W e Faer ard
giftRfad gerf § sed W & (Gouwiogodiono,19967) FifSpa SuaR ARl & fory <féd wgue Wi A
HroatioxNo, vHodiosliodlo 3R arpd~® 3Md & (TH0NRO EI03TR0, 19991) |

3 §& UHR P SUAR CER

TR AR @S 7 SUER @ SRl &l Wad AR WY 2 3R $HH U Wrg B! 8 ol ofH
A @ Ao F del AN &) Rived Bt wrd WieaR AR TRTRr Gl @ W Ry wenfod far S
29N A ot oE dER & "rm @ e dedr v, gfvd uerlf @ ffte semEe ewdiarer gthanst S

B4l NI Sl IKSI—2019 IS SAfas™ SR, Seal

S



TR IR, THod0g0 &R srawiyer SRt fafte <ermiRer wfbaeit gRT Aol @ ®er femm wmar @
(g2RE, 1997; fav® 2R 3=, 2003) |

Bl 3R e Rieed - o @i @iey @ forw gfia o 9ga 99 41 9gd T B § 99 s6aT g
WY W IUAI AT ST €1 39 GAEN @ g B @ (Y, o @ SUGR @ foly @ YNNGl arelt
be—aith ARl W gb Teh Need @1 Ue B ¥ i dar ) g e B e A wenfid e
S 8 BAe 3R e Riwed @ |1 &1 B wHA, e b1 SuanT ufafsardiia far @ Awmm 9 gfi|
YoTel Bl UG 6 & forg farar orar 2, iR e &1 SuanT Rived & oW e @ AegH | U @Y 9 o
& fog far S 21 SuaR @ ARl &1 STAnT SR dioshowlo, THodiosiowio iR swEfE g gfid
Yolol & forg 81T & | I8 AdId 3 o BSgidhled @ Suar # Ml 8 (ThoTRocI031R0,1999T; fava
3R 31, 2003) ITAIRT ART B STAT H¥ B QO AN SUeTed 18 2| @leAifh, T B wfifareder
AfEar 3R oid # Heus Aigdr W AR 91 S g |

TRSHATT

TISHAT v 7% dHID & Gl TRSIEET Ggudl @ WIdd IRIRARSYS &1 gem@r ad
IR B ¥ b S B g wx & fg qrEiEfcn ofik degm—wafta 9t @& dll @
(eflofiog0aN0, 1998; THOANROI08MR0,1999) | AT Rieed § By 21 & R Te waRSa o @
FRY Tg @ BN ©| WORY I Bl god IR—oTelid dRU o¥el (LNAPL) URd ¥ SART ST ®, S @A
Uy { el Bl &, R Juid & G- I 99IG bl AT € | 98 S fuid & ArR—rRl 30 WieY

& B qurd Wigel W AT off wadhdr @ (sdve Rud §¥Eicye, 1998; HwU, 1999; AT SR 37, 2003) |

RISTH—3ITRAGT SUAR

G (gdl)—ofiairee STar fAfy qoa SuaR o weaqel denfifeal 3 @
AR WX AT Uebrel & |1 Iifadrer IMRa fRiise (SR 3o a1 gggoH WRIawTss) &
€1 39 uibar 4 g ded U Ruder # 9 W E, St oifedise yord # SuRerd gfid uerlf &
T & (STATT—5TE, 1996; fdeew &R a1, 2003; feremwT 3R e, 2003) | I8 d@-ied W TR &
SeqTEl W AN A o wadt & | 8 doshowo, THodloaowo, TR, chiEd, ddeH, FeH, TeSETRSy,
fiprer, SoR, TSR W AT B P §1 ST Fudey, saifia, e, doga, e, i,
Aol AR Sifiifrs BT B o1 SOl (SoSEIAROEI0T0H0) TR H P IRAT B | $H qABAD BT STANT
HRA BT AT AT JUH $10 ¥ Uy $50 ufer 1000 Ao Su=IRT oied 2 |

IRIRIRSTT

arareforT wfesar # gar iR diwe awdl @ W O W) @ A @ B F g9 e o 2, et
g Whfad ®Y H 9T S drel oidl gRT gf¥d ueref & &Ror &1 9erua (JouHogodiono,1995; Ealdiiy 3R
37,1997, FTS 3R 371,1999) | 3 39 ¥Ig, AP-ild ¥ AW dR W <Hl GeAoidl &1 I9anT fdHar e & |
SHST IUATT YoTd H Hol, AT WH oA wWR B A9 T F iftrenfya dgiform Soarel W) fhar o wwar 21
SHHT SUANT ITFER THOGI0S0 & WY WA & WY A fhar onar 8, W] o arudie Aijg g 8
(gouHog0Ulono,1998Y; UALTR 3R 37, 1997; AROTOTOSTO, 2000) | TARATGIT HI IUANT AR THR &
ugifergd gftd werell W far @ wadr 2, df ffe wmg o @ dRur A Wi Ugiferam W wH ¥ @A
7Tl & (J0UH0S0UI0T0, 1995) | $HGT ST R fg—de 3 orgex Ugiferm arell |rgel W b mar @
(gouw0g0dion0,1998T ; Era Y iR 37171,1997; §TSH 3MR 3=, 1999) |

Yoldl IREERT HY

vofel qREEROT |/Y U 73 iR Aersfia dadie 2 Rrrer ST e iR dqa @A 4 gfia
uerelfl @ e @ fou fdar Smr @ (Jouwosohiovo,1998¥) | T fEumeA # omenpd Wie ¥ &R guH
YRGB AGIIHATY A 2 | 3ol IRTERT H3l & qgRErd 3 g9—da aur Rgfin, ga-—da R Rgfir,
g4, auR Reft, g9-g, ver Refihr ok derm amg frsgdor enfie €| qoier aReiarer & wfbar @mar
oiel | dioafiodlo B Wag W A far ger < B 39 dae @ ol dfdd Ague WHE gdloMcs
dloaNoo, THoFlosNoH0 iR e & |

A
%

2l

g
%

%%;?i

vodl TS T Fidi—2019 I STl G, Ssa!



faemfa fbar mar o, «fq 39 = Wﬁ?ﬂﬁﬂwiﬁmaﬂ?ﬁ%ﬁ%mwglﬁmﬁ
mﬂaﬁﬁﬁmwmﬁm%ﬁmmﬁmwwwm
HIEd T 3R qud e Read # far @mar 8| &1 9 ueR & dfow o &1 Suer afafaferi @

forg @mp frar war & @ wU W R sERewEen—{ye v v wE are AR @ei @ fBferr # smerea
TS A ARSI @ YR @& Wy Wiy il arelt oiR d6fher o wnuer ) witd &1 Ue &t &Y @

SRS 3o U BIe A dlel dReldd &I Ieuled el & 3R 8 SEalER U B U P THE 8
(STios=goamRocIonoio, 19960 | &l J{U @ WU @ g Wige falte SR®1 & A gend ©, A
$5000 ¥ JUH $850,000 T FHY TF = |

Ui &o (Natural Attenuation)

wofad &vE, R Fftpr Star, g9l qerAfsueE, oniale gafdave, areeden , iy
idRes arNRAfSe @ Wy # N W1 S 21 98 Us g4 Wie, SuAR ugfd @ o wipfde ufhael @
UGN RIS Belrd ¥ HU & HHR $1 Ah MR g werell W aguer Bl Al 3R A Bl BH b
& forg e & | wrpfere afior wftharrall b srR freer) a1 IR-fasrerdd & wu # aiffee fbar war 8|
faererem ufhamd wgmor ﬁwmﬁmﬁ?—ﬁﬁmmmaﬁmﬁmmw
gdl & (qowos‘od’roqmggeﬁ | pa® & Udh AR 9Tl SUERIES addid © | $adl anTd @ w9
§ Wige g 3R FREY & arrd @ 6T 2|

7aT ars fsRyoT (THodlog0)

He1 9y fAepdor (ghodiodo), ot gar dfén ar dagw frspdur & wu § f S e 2, dioaiiozfo
3R wHodlosNodo & gfdd sgw Mgl & gem & oy v wigd, Agdr ar, AR orTd wardl deeie 2
(YIRE,1997; ¥ 3R UTh, 2002; deiHH 3R 3179, 2003) THOI0S0 b1l H gl & Hawor & &3 § Feafer
3R /1 &fas gail &1 wrur fid ® | arefieRor gfihar o HEdr @ fou SeR TEY &@lIeR & SUEnT
fobar <irar 8 | gf¥d seme & arelia gl @) iftud -4 & oy Heuur & |id & e el & A |
dqgH MY ST & O 91§ Ueh fepder U @ wegd & 9w o fag wra § | e g arw @) argded |
BIS ¥ Ugel AR R HEF J@eNVT & Y IUAR {HAT ofar & (JouHosodiono,1995) | 9 Wi @I
STANT i oid & SUAR & foy fue uf ofR R wgfhr @ e off fea S 8 s ®ew
RHed HIeHRE woldl @ S ER, THodog0 IRETe | YW $20 ¥ Juw $50 /T gfid gt Bk 2
(Fowwog01070,1995,1998¢) |

frrepd

TR, SAENfTHIERr 3R qaedl oflad Stell § SWRA BU UGNV & HRUI Yufdl UGN &) THwT
gefl o I8 8| 9RA gfid ucrll &1 fveyu v S9Hd SUGR B St ddele @ AR i @l
MARIHAT & | URIRE T iR gieHe o & STIRT Yuid SUaR &g a8 faar smar or | greifs,
IS AT AR TH-Te—gie Rfed @ gRT STaR & IR-favaw-igar @ sRoy, 98 drenfife e sy
H HodI080 & |1 QAR WISHT &1 SN ofd yy@dr 9 @ 2| fAfve a9 wd v wifoer @ aga v
I H 93 U # A WGl B BH B Bl GHAT D) Yl Bl 2 | bg Wigel N TH-Te-gle &
gul T @ SEANT B SUER @R U $1 U 1000 feE SUEIRG 9 A FH € | Ellid, Hy el W)
¥E YU $100 Hfd 1000 AE IUWIRG Ul & avER AT WUIET 2| I8 W wY ¥ 30T &l @ b SR
drTd wrge 3R gfid fadiwarel w e w2 urlifie eremgdl H yoral uRwEeer @i @ s
AR & Fhaaydd Y[ fhar T € &R uee Seedl & oy @@ gl W 39 WenfifeEd &
SUANT gof 99 W fhar R 7| A5 &S @l dedle B by GURIS dbeid] §RI AU T & 3R
THOd1080 3R 3 STARIHS WENffdHdl gdd I - ScaEuHe IR fe@ &1 wedier Hail daiis
D gor A &faor il dE e B SUANT Nd g8 Uil P g # 9| AT 9iE g% 29 39 adeid Pl
ITAM B & H AR I B W@ 8| I TARY oIl & gWa W dad e & giferm
EISQIPET ¥ gUd Wscl & foly HWId &M, §9 Wig, TSy (FRiafes / arivafsueF) oir wafas e
JYYH AR AT WA SUARTSTS qdheiid Afad g8 ¢ |

B34l TR S GISI—-2019 U ARSI R, TSd!

e B ™



References

Adams, J.A. and Reddy, K.R. (2003) Extent of benzene biodegradation in saturated soil column during air
sparging, Ground Water Monitoring and Remediation 23(3), 85-94.

Asante-Duah, D.K. (1996) Managing Contaminated Sites: Problem Diagnosis and Development of Site
Restoration, Wiley, New York, NY.

Bass, D.H., Hastings, N.A. and Brown, R.A. (2000) Performance of air sparging systems: a review of case
studies, Journal of Hazardous Materials 72, 101-119.

Bayer, P., Finkel, M. and Teutsch, G. (2002) Reliability of Hydraulic Performance and Cost Estimates of
Barrier-Supported Pump-and- Treat Systems in Heterogeneous Aquifers, IAHS-AISH Publication, vol.
277., pp. 331-338.

Bear, J. and Sun, Y. (1998) Optimization of pump-treat-injection (PTI) design for the remediation of a
contaminated aquifer: multi-stage design with chance constraints, Journal of Contaminant Hydrology 29,
225-244.

Benner, M.L., Mohtar, R.H. and Lee, L.S. (2002) Factors affecting air sparging remediation systems using
field data and numerical simulations, Journal of Hazardous Materials 95(3), 305-329.

Biorem (1998) Air Sparging Bioremediation of Petroleum Hydrocarbon Contaminated Soils, Biorem
Technologies Inc, Waterloo, ON, http://www.bioremtechnologies.com/assets/
field_study air_sparging.html.

Birke, V., Burmeier, H. and Rosenau, D. (2003) Design, construction, and operation of tailored permeable
reactive barrier, Practice Periodical of Hazardous, Toxic, and Radioactive Waste Management 7(4), 264—
280.

Brillas, E., Calpe, J.C. and Cabot, P.L. (2003) Degradation of the herbicide 2,4- dichlorophenoxyacetic acid
by ozonation catalyzed with Fe2p and UVA light, Applied Catalysis B: Environmental 46(2), 381-391.
Brown, R., Leahy, M.C. and Molnaa, B. (1999) Bioremediation-a powerful and resilient companion
technology, Pollution Engineering 31(10), 26-29.

CPEO (1998a) Bioslurping, Center for Public Environmental Oversight, 425 Market Street, San Francisco,
CA, http://thecity.www.sfsu.edu/ ~cpeo/techtree/ttdescript/bislurp.html

CPEO (1998b) Pump and treat technology, Center for Public Environmental Oversight, 425 Market Street,
San Francisco, CA, http://www.cpeo.org/ techtree/ttdescript/pumptre.htm

Cresap, G.H. (1999) Case study: application of short-duration, periodic bioslurping at a petroleum
hydrocarbon release site, Hazardous and Industrial Wastes, Proceedings of the Mid-Atlantic Industrial
Waste Conference, pp. 159—168.

FRTR (1999a) Passive/reactive treatment walls, Federal Remediation Technologies Roundtable, USEPA,
401 M Street, S.W., Washington, DC, http://www frtr. gov/matrix2/section4/4_46.html

FRTR (1999b) Bioslurping, Federal Remediation Technologies Roundtable, USEPA, 401 M Street, S.W.,
Washington, DC, http://www.frtr. gov/matrix2/section4/4 39.html

FRTR (1999c) In-well air stripping, Federal Remediation Technologies Roundtable. USEPA, 401 M Street,
S.W., Washington, DC, http://www.frtr. gov/matrix2/section4/4 45 html

FRTR (1999d) In-well air stripping, Federal Remediation Technologies Roundtable, USEPA, 401 M Street,
S.W., Washington, DC, http://www.frtr.gov/matrix2/section4/4 45.html

Guerin, T.F., Horner, S., McGovern, T. and Davey, B. (2002) An application of permeable reactive barrier
technology to petroleum hydrocarbon contaminated groundwater, Water Research 36(1), 15-24.

GWRTAC (1996a) Technical documents-technical overview reports, Groundwater Remediation
Technologies Analysis Center, 425 Sixth Avenue, Regional Enterprise Tower, Pittsburgh, PA,
http://gwrtac.org/html/tech_over.html

GWRTAC (1996b) Bioslurping, Groundwater Remediation Technologies Analysis Center, Publication #
GWRTAC-TO-96-05. 425 Sixth Avenue, Regional Enterprise Tower, Pittsburgh, PA.

GWRTAC (1996¢) Ultraviolet/Oxidation treatment, Groundwater Remediation Technologies Analysis
Center, Publication # GWRTAC-T0-96- 06. 425 Sixth Avenue, Regional Enterprise Tower, Pittsburgh,
PA.

GWRTAC (1996d) Horizontal wells, Groundwater Remediation Technologies Analysis Center, 425 Sixth
Avenue, Regional Enterprise Tower, Pittsburgh, PA, http://gwrtac.org/html/tech_over.html

B34 TN S FIS—2019 I ARSI GRIH, TSP

— 334 —



e Halmemies, S., Grondahl, S., Arffman, M., Nenonen, K. and Tuhkanen, T. (2003) Vacuum exiraction
based response equipment for recovery of fresh fuel spills from soil, Journal of Hazardous Materials 97(1—
4), 127-143.

e Illangasekare, T.H. and Reible, D.D. (2001) Pump-and-Treat for Remediation and Plume Containment:
Applications, Limitations, and Relevant Processes, Manuals and Reports on Engineering Practice,
American Society of Civil Engineers, vol. 100, pp. 79-119.

¢ Liang, S., Min, J.H., Davis, M.K., Green, J.F. and Remer, D.S. (2003) Use of pulsed-UV processes to
destroy NDMA, American Water Works Association 95(9), 121-131.

e Mackay, DM. and Cherry, J.A. (1989) Groundwater contamination: pump-andtreat remediation,
Environmental Science and Technology 23, 630-636.

e Midwest Research Institute (1998) Petroleum hydrocarbon remediation, 425 Volker Boulevard, Kansas
City, MI, http://www.mriresearch.org/ ae/phc-tech.html

e Moyers, J.R., Nichols, J.D. and Whitlock, I. (1997) Disadvantages of Pumpand- Treat Remediation,
Groundwater Pollution Primer, Virginia Tech University.

e  Muchlberger, E.W., Harris, K. and Hicks, P. (1997) In Situ Biosparging of a Large Scale Dissolved
Petroleum Hydrocarbon Plume at a Southwest Lumber mill, TAPPI Proceedings—Environmental
Conference and Exhibition, vol. 1.

e Nyer, EK. (1996) In situ Treatment Technology, Lewis Publishers, Boca Raton, FL.

s Pacific Northwest National Laboratory (1994) Groundwater pump-andtreat,
http://www.pnl.gov/WEBTECH/nonvoc/pmptreat. html.

s RAAG (2000) Evaluation of Risk Based Corrective Action Model, Remediation Alternative Assessment
Group, Memorial University of Newfoundland, St John’s, NF, Canada.

e Suthersan, S.S. (1997) Remediation Engineering: Design Concepts, Lewis Publishers, Boca Raton, FL.

e Theis, T.L., O’Carroll, D.M., Vogel, D.C., Lane, A.B. and Collins, K. (2003) Systems analysis of pump-
and-treat groundwater remediation, Practice Periodical of Hazardous, Toxic, and Radioactive Waste
Management 7(3), 177-181.

e USEPA (1990) Handbook of in situ treatment of hazardous wastecontaminated scils, Office of Solid Waste
and Emergency Response, US Environmental Protection Agency, Publication # EPA 540-2-90- 002,
Washington, DC.

e USEPA (1995) How to Evaluate alternative cleanup technologies for underground storage tank sites, Office
of Solid Waste and Emergency Response, US Environmental Protection Agency, Publication # EPA 510-
B-95-007, Washington, DC.

e USEPA (1996a) A citizen’s guide to treatment walls, Office of Solid Waste and Emergency Response, US
Environmental Protection Agency, Publication # EPA 542-F-96-016, Washington, DC.

e USEPA (1996b) A citizen’s guide to natural attenuation, Office of Solid Waste and Emergency Response,
US Environmental Protection Agency, Publication # EPA 542-F-96-015, Washington, DC.

o USEPA (1996¢) A citizen’s guide to bioremediation, Office of Solid Waste and Emergency Response, US
Environmental Protection Agency, Publication # EPA 542-F-96-007, Washington, DC.

o USEPA (1996d) In situ soil vapor extraction, Office of Solid Waste and Emergency Response, US
Environmental Protection Agency, Washington, DC, http://www.epa.gov/techinfo/case/comm/soilvape.hml

e USEPA (1998a) Biosparging, Office of the Underground Storage Tank, US Environmental Protection
Agency, Publication # EPA 510-B-95-007, http://www.epa.gov/oust/cat/biosparg.htm

e USEPA (1998b) Field Application of in situ remediation technologies: ground-water circulation wells, US
Environmental Protection Agency, Publication # EPA 542-R-98-009, Washington, DC.

e USEPA (1998c) Soil vapor extraction (SVE), Office of the Underground Storage Tank, US Envirenmental
Protection Agency, Publication # EPA 510-B-95-007, http://www.epa.gov/swerustl/cat/svel.htm

e Yen, HK., Chang, N.B. and Lin, T.F. (2003) Bioslurping model for assessing light hydrocarbon recovery
in contaminated unconfined aquifer, I: Simulation analysis. Practice Periodical of Hazardous, Texic, and
Radioactive Waste Management 7(2), 114-130.

e Zhan, H. and Park, E. (2002) Vapor flow to horizontal wells in unsaturated zones, Soil Science Society of
America Journal 66(3), 710-721.

e Zheng, C. and Wang, P.P. (2002) A field demonstration of the simulation optimization approach for
remediation system design, Ground Water 40(3), 258-265

Bodl IS T FIS—2019 T TAfaeE 4RI, Ted!




