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ABSTRACT : Perchlorate contamination in aquatic system is a growing concern due to the human health and ecological risks associated
with perchlorate exposure. In spite of potential risks associated with perchlorate, drinking water standard has not been established worldwide.
Recently, US EPA has issued new protective guidance for cleaning up perchlorate contamination with a preliminary clean-up goal of 24.5
ppb. In Korea, the drinking water standard and discharge standard for perchlorate has not been established yet and little information is
available to address perchlorate problems. Perchlorate treatment technologies include ion exchange, microbial reactor, carbon adsorption, composting,
in situ bioremediation, permeable reactive barrier, phytoremediation, and membrane technology. The process description, capability, and
advantages/disadvantages of each technology were described in detail in this review. One of recent trends in perchlorate treatment is the
combination of available treatment options such as combined microbial reduction and permeable reactive barrier. In this review, we provided
a brief perspective on perchlorate treatment technology and to identify an efficient and cost-effective approach to manage perchlorate problem.
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20 1 AZRAEAA perchlorateZ AF LE579 £QL F - WoHeg A7 WFHD o), AAAHLE perchlorates] ofF
=7F Ade 74 718€ M R olF ¢la 9PERE FRIHAE L Agolth. AT wF BFF(US EPA)IA perchlorates)
AYE B AFAE HESH LM, perchlorate B4 9 Agr1&d] T AF7F @3] Ad5 32 Utk @) Fo]HE perchlorate
o tg He & FE71EY W& 38 71F Bol 4FF] JUA &, perchlorated] #FF T IFE 27] BAld HE21 glch
< AToIME perchlorated] 94 2 A 3P B @s nANRAL, 7129 ol 25 F(Jon exchange), 4B -3 7] (Bioreactor),
4F g4 FZ(Liquid Phase Carbon Adsorption), ¥]H]3} 2] (Composting), % A &84 AsKIn Situ Bioremediation), 44 vg &
A (Permeable Reactive Barrier), 4] &7 814 (Phytotechnology), &) 7]4:(Membrane Technologies) S3 22 A7 7)&¢9 A3y 2 58
of #8 LAs A2 8243 P e FFA S g4 AEHE g9 71€9 EF B dF A7 2 247)& Al
M= LASET B =2& B3 FF I 230 2= 1589 perchlorate AR ALe 9¢ 712A8E AFsaR

SHATh

FH0 : B2=23 ) E(perchlorate), S EQ, AA7&, BAFANE

1LME

HEZHo)E Y(perchlorate salts)S m)}Zo|A] 19403t =
tho] X AAE7] AFsgon, HZoAs FAE Zu

2% BAES FHAY F2 AHLHJT £F EFEolg

FRE, 71EA, A3, §8F, oY, J2lu 5 vgdx
AHgE0) g0 W= SEPUS EPA)S 20029 perchlorate
AR 9 AZGAE 2AF 8IF A, AT 227 F o
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o)A perchlorateE W&alal gluty Rustgon” oz
AR S8 9 perchlorate @ F-L FHa 1,500%F o]} Alg
SoA 4¢g 73 5 o= vask Y 2y
A% Zopz, LCDW AZA ABA, 2FA AHgol per-
chlorate®] F9 W&oz <A lon, 20068 57
FA ¥ FFAM HEE BA B=E 17~18 ugl 3
=Hon, AZdY & 1&F 557 6 ugLZ AEHA0=
Ba7t dek'? o)y 2 - WA o2 perchlorate 2 Q18
€579 2¥ FAZE 443 dFEI 12w, perchlorate
AA FaT LHT #EES 93 YL 2T S A
FHEDo)AT, AMAHLE perchlorated] W& 7}
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AL A A1EE 7ML obF gln dgEdE TR
HAZ ¢e ZFoitt. A 2006d 1€ u= FAFUS

EPA)e| A perchlorate®] o] @x 29 AAAE LT E=
Hl, ol& 20059 %9 A71Y 439 7% FLY oF
hRFE7] 321, NAS(National Academy of Science)®] 229
ZAs FEEHYen B 49 perchlorated] tE ou)3
3 ZHAE 245 ppbE AFF A2 ALE ZAAAA
oltt.") @A) FhAAME perchlorated] T Hi B g7
Eolu WlE 518 7IE Fol 4BHA YA @A fa5%
28N Y F5E T BHREAEE AFHo A ¢
o HZ SU Fao A ¢ -’H - B A perchlorate7}

2 FEE PEHE § #¥ ¥F FEAE0 AZHEA
2o BRSO DA T g}z] 9, perchlorateo] BF =)
AT 7] BAC HE 519}‘:1'

FT perchlorate #d 37 FA71F0] AA FAY &7
L2 A3 g FYEAE Bﬂ 4st7] feiMe 238 A
71€9 =¢o] FHo|ng old WE AL rldstdof
doh s AT FFE —T’—B‘Pﬂ E 0 957]e9 =)o
Brbolleg, B AFdME FF Fu 234 2= I
Zlede 4% 7]_7-:21-55 ]*6‘5]'7] 3l perchlorate 9]
A% 9 A FAPe Bl 39S mAstT, 712 AR
71l s st @t

2. Perchlorate2] M A EM 7|=

21. SC(EIEY EY 3 HZ 6=

Perchlorate= Eo]] 3t =7t Eom olEMo] =
et oz Qkgste 4A BalHA FetiTable 1). @]E
£, FF2 I EE(sodium perchlorate)e] LT 2,010
gL o)™, g2+t 2 E(ammonium perchlorate)d] {3 =
£ 220 gL F=olth?

Perchlorate A=A A 2A 3E7] 9 m¥d =
F 93, 78 7 9B 2R 7153 BEo) Ao g
AL EdoeREH Q08 55408 A BE /B

ﬂl[o
i

¥ Z 2 d o] E(Perchlorate)d] A3} AA7)e &7 1061

3 A YAE 2ES= 7152 Sk, perchlorated] &
Ae oldd 295 fvtg At M & s22
AE WA Aok olEd 42 d3Foz BEM 7
5 FAZ(hyperthyroidism)e X FE 3= o) &2 & UATH
=5 A% EAE st 990 HE &) Fe w3
2= perchlorate s I SE&TY 549 HFgn & ¢
slen, HZ AN FdFU R/olA perchlorater 2
EFAte B3k SISlEd, TS 1878 FoA fHE 47

M gt 367 BGE AN B} 2 pg/Ls} 105 pgl
perchlorate} A& F ] A13% ol4%7} H7E sttt

n)=e] E3Hs)Ad 7 BA] A (Integrated Risk Information
System: IRIS)2 7 FoA LAFE thgd 8520
g =2 25E s ARSI B3 ARE =
3 dHolglWo| 22 EPAS] ATF7]d=(Office of Research
and Development) =3 8723 7} 4 &](National Center for En-
vironmental Assessment)d]] ¢Js] £gH}. IRISE= <k 500
A SSHEdo] # EPA TAIZ RS #d BRE T
=d perchlorate= 71 HIAEAEEo] EFEH Ao} IRIS
AR w2d, mMd d3 = EYIAE QA XEH
A HE YA g, M dAHEFES HehlE VE
E=ZF(Reference Dose: RfD)E 0.0007 mg/kg body weight-
day2 2R Aok

el A& perchlorated T3 FHeFED A &
-SHEEUME B9 SAAEEY A7) vHlstd 4184
= A5E S F ge 48, IRIsg 22 S4AR
ol W] 2E && e T HFEER gtk FuelA

FF EFLARANED N € WEFHE7]E #HE(2008
), 98 ZAEE AF- B8 (2008d 3}4H7)), perchlorate
AA 2 e A= & HIh perchlorate S {8/
& 48 ot 55 Fd FAELEZEH A AN e
FAG FPo|AL BERAN HEF # Yok

Erﬂrlr%?zgo;‘,‘,

22. &M 7120 M 7|&
AANADLZ perchlorated] thE 7+ QY FA71E2

Table 1. Physical and chemical properties of selected perchlorate compounds®

Name Chemical Molecular Density(g/em’ Physical A ance Solubility in Decomposition
(CAS Number) Formula | Weight(g/mole) ensity(g/em’) ysical Appear Water(mg/L) Temperature( C)
Ammonium
200,000 at 257
Perchlorate NH,CI0, 117.49 1.95 White orthorhombic crystals 0’02 49 ;20 C 232
(7790-89-9) ’
Sodium Perchlorate . . o
(7601-89-0) NaClOy 1224 2.52 White orthorhombic crystals 2,096,000 at 25T 492
Potassium Perchlorate Colorless or white 15,000 at 25C
KCIO 138.5 .53 ’ 653
(1778-74-T) ' > 2 orthorhombic crystals 20,620
<250
Lithi Perchlorat
am Ferehorale | icio, 106.39 2.43 Small white crystals 29.9% at 25T ~400, become
(7791-03-9) .
rapid at 430
Magnesium White, h i \ luble in water
Perchlorate Mg(CIOM), 2321 221 tt€, NyETOSCOpIC, ey SOum 250
(10034-81-8) granular or flaky powder | with evolution of heat

T19rI% S 12I%] 20 9%, 20074 0Y
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Table 2. State advisory levels for perchloratels)

State Advisory Level Comment
1998 health-based guidance level;
Arizona 14 pg/L based on child exposure; to be reviewed after EPA issues final
Reference Dose(RfD)
i inical ; incl 10X rtainty factor;
o 6 ug/L - public health goal(PHG) for Em?haSI.zed human cllmca. stud}.',.mc. udes unce am.ty actor’
California erchlorate in drinking water California EPA(Cal EPA) is anticipating a proposed maximum
P ¢ contaminant levelMCL) in 2005
i i istricts for chil d
Massachusetts | gl Prec.autlonary r.ecommendatlon to local water districts for children an
at risk populations
Maryland 1 pg/L None
New Mexico 1 pg/l - only for monitoring Drinking water screening level
New York 5 and 18 pglL 5 pg/L for drinking water planning level; 18 pg/L for public notification
level
Nevada 18 pg/l - public notice standard For contaminated groundwater
17 ng/l. for residential protective cleanup level(PCL);
T 17 and 51 pg/ . .
exas an ne/lL 51 pg/L for industrial/commercial PCL

o}7 gloul, EPAE 71 9IS Al did S8 B&
24.5 ug/LE @IS U™ Table 26 VFebd npe} 2
Z+ Fojh 43 J1EAE AAEL Atk LYy 2
HZ F9 74 3 45 2 FXEAA perchlorate7}

B U3 &3= 2 0540 Eou, sstqoz st
o] 47 Eal=iA @ perchlorated] 3453 £Fo2 Qs
299 Aseu AEFE Ay A HE 7 Ve
2 Aol «F o, ol2nd, AEFF A, #HE

2 F=E AEHO AEA EYE doF b o] T
A 7128 Aol ANFT A3k

w=¢] Unregulated Contaminant Monitoring Regulation(UCMR)
The Safe Drinking Water Actdl] vlgg 31 @A B3
2 AN old 2 2FGER S #EFY) A% 53
ZHA A gt} o|E§ UCMRe] 938le] AAE o &2
Zof perchlorate’} EFE o] lom tdED #e
2Afol AA I glrh Table 34 RoAl= uis} 2o
EPA 314.09] IC/Conductivity H-& X &9 47F4 EAWo]
AAIE L it

HT-AlE EPA 9 7} 39| perchlorate WiL7|EX])9 $X

oE Hf o o wfu

qr 1o tlo jo rfo
4

it

& S8%te ANESY 473 §& B8 perchlorate AL

NEAE 8 pgL2 F3 w Aok
3 Mg 7l

Table 3. Analytical methods for perchloratelé)

71€, A7 B4 59 Jl& FHgo| 7tedd, g0l a#e
AS W8F AYst 7Hssa nEgolA T, aHgolEhe B
o] 9t} E3 b= HEf(nano-filtration)t} & 4+HF(reverse-
osmosis)E ] &3+ 7]&°] Metropolitan Water District of
Southern Californiad] 98] T8 A¢E YA <]d 9
e 2EL oleugrt © B HEo] Lggne £
B AR ek

2 20053 5¢€ EPA ¢ B34 “Perchlorate Treatment
Technology Update”= 87}A1¢] Ex-sitw/In-situ {7 7]1&€&
2AST Ak o] BIAED 1&g AR Jled dF €
g AA WAUE, HZ 28 4&E F= Fo AR 7]
&9 FAH B B FERE FX Atk of BRI W
8¢ 3o WA AR A Aed B AR,
Az 9E A7 =2 Ed 299 AF ¥ 2ARLA
Fia=

I~

Contaminant CAS Registry Number

Minimum Reporting Level

Analytical Methods

Perchlorate 14797-73-0

0.57 pg/L

EPA 314.0(IC/Conductivity)*
EPA 314.1(IC/Conductivity)**
EPA 331.0(LC/MS or LC/MS/MS)***
EPA 332.0(IC/MS or IC/MS/MS)****

*  EPA Method 314.0 enhanced - Determination of Perchlorate in Drinking Water by Ion Chromatography.
**  EPA Method 314.1 Rev 1.0 - Determination of Perchlorate in Drinking Water Using Inline Column Concentration/Matrix Elimination Ion

Chromatography with Suppressed Conductivity Detection.

*xx EPA Method 331.0 Rev. 1.0 - Determination of Perchlorate in Drinking Water by Liquid Chromatography Electrospray Ionization Mass Spec-

trometry(EPA 815-R-05-007, January 2005)

*##+% EPA Method 332.0 Rev. 1.0- Determination of Perchlorate in Drinking Water by lon Chromatography with Suppressed Conductivity and Elec-
trospray lonization Mass Spectrometry(EPA 815-R-05-007, March 2005)
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3.1. 0|=m2Hlon exchange)™

ol2AE V&2 ex situ V1EEXN FE SLF, A,
A #5429 perchlorate® A A7 8] AL, EA7AR 7}
Z 28 AREIL e VIgolth 7bg REHOE o8&y
T Ol2AELAE FHFA, 4L2E, o)L LFA E
olm, AA &L 459 LHEAF Ao uig gEkxich
ol PP 89 Fo a0} UE ol ELS
AAsL7) A, ol A= 42L& 23 Q= B4
HEst AAAN 22 e ol2g T 27 - 8§35+
HH o2 o] LHEFR o] EA5Y L0]&& perchlorate 2
hA AN & A9 perchlorateS A AdHA Hrth.

Resin - CI' + ClO4 << Resin- ClOs + CI (1)

€319 perchlorate &ol29 Hejolmg, Zazda a$
FA7F AYFHoZ 9y o]8F™, divinyl benzene(DVB)<L
JtaA 2 A2 poly vinylbenzyl chloride 227} o]o] X
qET. ol2nE FAE REY A FH 2AHE 3
HE AFEEY odd 947 298 SHatuA da oY
EZo] n¥¢A Y b 0|27 AuEe 34 Aok o
SAHEL AP BEE AL AFFA Y BFFo] ©
g AEe ¥z + e F71E, F9ER F= UE o9
T2E AAs] A AFAAGY, oil-water B2 FF o]
ZEHrh

£ EPA B3¢ m2d, 137) B2 515 A7) Aol
A=A o, 27 G959 perchlorated] EE H9E 10~
100,000 pg/Lolgen, B2 55 BY 715X ols
OJAY 2,000 pg/l F=HTA Atk o] AP L o] &3
perchlorateE 2] & Z¢ & dFE F& SQe=E,
AR oY EA, 1E FAY 9 4 2 9
€ ¥ & Avk X, chloride-form $A& A3 A9 A
Y7t FFEe diole g TFst glo) BAAo] A
o pH E£& YolAle= 71¢3 AFAS 71X Ut

{

3.2. ME8+27|(Bioreactor)"”

BEWNST] A@VIEL Adet AR A o] &FHH
F2 ex situ FHE HE He 71golth A2 whgr]eA
LHGFG AA NFELE A9Fos B /15 nAE
3 43 JEAZDLZA perchlorateE AZA|7)A Bk gy
@4 9 g ol(Denitrification bacteria)= perchlorateE 924
ol A4Z B A £ e 5EL /MR ALz w
e, ol FPoJA ARFAAG HFF I 2AS
g2 Tl Perchlorate= 214 ZgYoz gy, Qul
HoR oMHEN, d@g, v, F4 Fo ARTAANR
AHgE )

Pl &S] 9 perchlorated] $ #HPF2 thed o,
BE&&% 273 dA = perchlorate(Cl0 )7} chiorate(ClOs) 2
235+ gAo .

Cl0y — ClOs — CIO; — CI' + O

) Z 28 o] E(Perchlorate)?] ¢l d# AR7& A7 1063

ES 9 Azt Al&Y £4& B3 perchlorate ¢
gop7t HAskA dvhe Aol WslF.2H, perchlorate S
& = lon =2 edtd P oproteobacteria) 2 F 2
e 3070 o14e @37t SAE A

AP FA BY AFSL perchlorate £ FHFo] F 714
9] a4¢ dga E3EH= A gAY #4d HEE ¥
vk W83 . Perchlorate(ClO4 )7} chlorate(ClO3) 2,
o]F tlA] chlorite(ClO)E FHHE Ae F A AMe
reductase enzyme©] 3o w2 A 23, t}A] chlorite
(ClO;)7} chloride(Cl)$} oxygen(0:).0. 2 H3E = 7390 chlo-
rite dismutase enzymeo] Zuj ZF£2 Jctn daA ot

f== vh37)(fluidized bed reactors)$} FHZE wHS7)(packed
bed reactors) FE|7} FE oL, RN w2 gy
AFxF A HEF FF Y5 W perchlorated] FxH
e 55~200,000 pg/lolgoeH, X F FEF9 BE=
2~18 gL AEHT &5 & B FYFIA
75~2,500 pg/L, FEA 4 ug/L 0|3t FE2 perchlorate
7 AEF TR gk EWNST)Z perchlorated A2 & 4
A 289 dF¥E 1E F e &4 AR E £E
&, A o298 FE, BaY9H Ve dU¥Ld 35,
Al(backwash) Fo] qtt. BERSIE o|&TF Y&y 7
W 5-2o] wFo] A AEe AA g&s VeEAT,
&9 Agd H&dH fE&T WY biosolidsE A A
7] & HAF 23 AYrt aF-drkes 9do] Ak

Mo
u & L

o o do 2

3.3. 9Ab Eb ZEHLiquid Phase Carbon Adsorption)'®
a4 Bh FHES GHWGAC), B4 TR0 E: o

2 A A= FXE e AEste VIeRA, g8
2 AEp, Asty 2 dAFE2RE f7 LGERH 344
LEEZ AAN FE AE He tEH /71EFFA ol
T2 F2E Y LHdEE Y AAE H& €3 A=
S AA AA(regeneration)H ™, o] HFoAe] &Y 7hA
(off-gas)= ti7]29 && A FHF A& AXA Aok

HE&5HE A o, dAFHoE FHEE o] &F AF
e &A=t 92 vSAH LH9ERE LEdE A
a¥Folgty d#HA 9o, perchloratedt & F7) 24
E2d e vagde V&2 5ol gt Perchlorate A
AE 95 84daE A8E B¢ A" &g FHEEE,
olEdt e Az &Fo] IF v FFH Ve G
Ao gk H2 BHEL ol&T perchlorate AAL A
g &FE Eol7] A AT E0 A= AFHIL o,
0]Z tailored GACE I dFoIX:= Q2L A2 PYHe &
ao o] & 7HEd H(sites)ye TEV] A HEE 47]
o}9l(quaternary amine, cetyl trimethyl ammonium chloride)
o2 A9 = 2AE I POt

o2 ted HES VI ©ad F9 ¥lE FHAA
71&9 HE o2 nE FAY AFS EA EZE dA
g 7+ A& 7Fsyol ArEAen, oY B9 perchloratest
F1LHEZY BA AAE 7T & Aok 53], L4

e A O X 29 9%, 2007 9
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29E722] Royal Demolition Explosives(RDX), cyclotetra-
methylene trinitramine(HMX), trinitrotoluene(TNT) = 3t
d FI1eEERY BA AAA FSE AY sbedE Hut
stazt e ATx J¥E vk itk

B3N w2 2 Ass Azol 48D A% AUS
perchlorate®] =W+ 1.8~5 pg/lolled, g &
9 FEE 035 pgl oFE HEHJh 4 &
Z 7le9 Ay 889 48E HE 7 e &4 Ix=
%%, 29849 34 ¥ S84, 4y Ay

= O =
TE =
1% 594 W $REAS AAN Ake 49 @
59 &

e

Y

;:O
o

i > o do &

99 ERL A% BE 395} 4 Bl
2 237 snz, $REd AAS 98 A48 ol
gasel, FGS AAY A ANA dske B9 49
o AYWel FHE ¥FBLL 44 HPg FAND AA
7 Asd B9 A F 098 Bat A7) A 429
A2 Hgo] BEH oItk ~

(TR
i
1o,

2,

34. ElH|3} X/2](Composting)'®

Hug A Ve 299 ELES A 98 =EA
HEH exssitu 7|E2A, £FY 2AY 54~65°Co| A WA
9 48&S o83 EY U A3 perchlorate® @ &
A FAER AGAT= AFrleold L9EZ S B3
= ¢ HAES o8 IAE 42 HY) frg 228 F
7¥A1Z1Th. Perchlorated] 23 - A8 g2 <) 3239 A
34 ¥87] & A& A% FYsith 2¥E EYE 2%
Al U RAEy], F, B AXZA) #HAVE 22
7] AEA e EF5HA Hed, 5ESE AFAY Hdde &
TFES 47 93 €310 dAold, 294 A
FA771 A% HE dhe F4 v)g EF
F etk 2MdE gees FEs] mUHP s
I 2EE fATeZA B 28¢ A € 5 9ok
Hulg 7S AV FHE 30] 7hedd, 14 1
A v Eul3Kaerated static pile composting), 7]A|d =yt
7] W ¥ #)3(mechanically agitated in-vessel composting)
a2 3 o]F s H)SKwindrow composting)o]Th Z7]4 1A
o HulgeAs EFHulzk & tireM 44 =y
E gz g8 277 FEEAL, JAF 2egy) U §
H|gte] F9e= wgrIHolA Byt EFEn 2790 O
23l o] Hu|gg ZA9d, Hulrl o]FAF 31 F tul
AASI o5 FAE o] Fr)Hom AT

H &3 7|eg fullscaleZ 83 ZZAES F$ 632
A EFAES AN 24 2}, 2] perchlorate 5EE
500 mg/kg, AE F =& 270 mgkg HTro. 2 velytth

35 8% MEsH A 3Hn Situ Bioremediation)'

88 4ESE F71£(ISB) perchlorated Hol 3
a2 A A F e FAEE o)8SE BEFFHY F
g Xste, 714 2PslA Adgg gdeigold 9%
a4 23 #F & 53] perchlorate Z4AE 7)dsA Pt
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A% 994 35 2 "AEY 47 €2& 270 8
tbansky and Schock='® @¥ wdhe|g o}

714 ZANA perchlorateE g0l Az H3 5

= A HAFE A Y. Ideonella dechloratans,
Proteobacteria, Vibrio dechloraticans Cuzensove B-1168,
Wolinella succinogenes HAP-1 5-0] old]| sjddtia 3}tk
3 9 Dechloromonas$} Dechlorosoma 49 & #F&
T perchlorate 3¢ 53¢ 7kd Aoz gy

HF-E9] perchlorate®] BESAA A€ 2¢ 54
oA SRR F, delgohd] #&o] 2FHal, oHE
nAEY 48 /7] A8 FES FHY 9% ¥
ARFeA 9 FFo] asdth FH4HLE ol&HEe AAF
A= §71AK. acetate, citrate, lactate), (. Glucose), &
F&(°). Ethanol), 8|3, 1g¥ EF(4. casamino acids,
whey) §°] lth AEY 715 dEHo| AAZAAZ A&
He 3¢ AX ofel 2AF¢ AAS FE Hol Yo
714 (substrate) 24 Z-g3HA He FHl Aok

Enhanced I1SB9] Z%-, AAZAAY FFEL] LHFA
2 33 F499, 7Y FAG s LFEEE plumed]
FAEY F9 X9 AAE. Aed, FE, 2R, E= AR
SHsubsurface)9} AAE, FUEZ S Fdl & H8 /A &4
of o8 ZFdth FUF 712 L perchlorateZ S FH A
oA e 3Auleg FE&A Ho) ISBo] €3 perchlorate
o BEFHQ Efe AAE B2 47 1Y FolA, &
ARG AF Ae] w=E, A gA FFoE FdEHe,
3229 AESH wg7] 71 & A9 sYsith

ISB A8 &8 98L F+ AAZE 7l Al (amendments)
9 %, pH, FEXZE o] Utk I AFAY A"
2 nAES 3 Bad HF vL, 229 F& AFst
7] A8 FFod, EF AESFIQ &5 gFE F=
TRLAEY &= o] 87t pH 2 wet 2
A E=F ABAY 2HF] FYL M= FEEAU
AR7 a7

ISBE perchlorateE® @40l 23 442 A RIAAY,
ISBo] 9d) A@ F2 dde o7t ENFRRE 28T
AHgE F glen, ol A4 A Fo eI Z
g9 BFo) FiHe], Holy BT F2 59 olsHE
Fola, Hegg AAHste 59 A A7l HAUt ISB
71%% pilot-scaleZ A &3 6719 Z2AEQ ZL, JF A
g8 Asere] SEHAE 4~22 pgl2 kgt

o 4
i
[
N,
o
o
i
oK

A=}
hin
=

36. B4 HI2 3| (Permeable Reactive Barrier)'”
Permeable reactive barrier(PRB)= ©] ¥A| & B33 A
849 588 Edl 29EH & 3FsK(immobilize) A|7|AE
A7 & WS EAS A & & e TY(@one)E
9ugth PRBE F73, wH9TF, Bt A4 AHZE 2
PEd ZEL /I2dY 4AHI PRBE EiHste AstF
e L9EEL 333 e AEFFoZ Radrh YA
£ E3 29E4 S AT FHOR = e EFHE W



EolA|H, PRBY A& EHE 984 E4RE, 9
Z18olt, I 99 A& 7§, BT 7287, 7
¥, 7194, H34, & 1 99 EFEFIE] Ut

AESAQ A= Aol 482 A2, g EZde E
FuBEEY e FAANINAY A e ¥
E4& AEFHE ZAHAE & e MR EC JF FF
gojok sl ZAF% Utk Perchlorate® S @E As+E A
g 2%, &4 HAldd = perchlorated P02 AR
AZAZD F e 718 geFoprt FYs ook & Folh

PRB= F 7HA 712%Q1 74& ol&std 43 8 +
=4, funnel-and-gate T continuous trench *4]o|t}. Funnel-
and-gate A|2W2 WY EZ(MIME & HAEL)E X
S gates} Ak 584 2L W= I LR FHE fun-
nelolt}h. The trench A]2H-E& i} o] 49 trenchE L9 &
2 phumeg 7248 ZH4¢ £ vy 4= ALE 84
ojt}.

Perchlorate® @@ A3l X E HslAe PRB A&
o] perchlorate?] Y& F=317] %t electron donors} m)
AEE HAAI7 A f7] 7124 (substrate) & EFTF T
4 EZE AYAA Ak

PRB Z&9 & F= ARAEE JAE Fd5t= £F
9 &7, TEAZT Fol Utk PRBE HEAF HAAE 24
A At Hol7AA e FZol EeHolw, ol du] =
AL e Y Astr 2F AP oHELE L&
9 7ed 2 & AH8dts PRB A&€Y Fe o 2L
EAA ARAE JbestA vk 2= BFelal, PRBE A
ko] 5o we} whgAgdo] ZAasA Hu, 9y Edoluy
7129 A, A¥E] AFE, T= AFY F°] st
AFHS 7/}X 3 o} Pilot-scaleE PRB 7|&& &% =
2HAEY AT, 27 94 13,000 ug/LEY perchlorate &
E7F Mg ¥ 045 pgll olst2 FaHU

Jjg ol

3.7. Al EX 318 (Phytotechnology)'®

AgAshie Ads, AxS, EYosry 9JEIS A
Ad7l A5 A8 ol 71eg BT AR
2 ZA(rhizosphere)o| 512] AESFHQ £, phytovolatiliza-
tion, phytostabilization, ¥ phytoextraction® Z-2 ThFst 7}
g ¥§51a vk Zd(thizosphere)o)| 9] FEEZHA &
3l (rhizodegradation E=+ rhizosphere degradation):= #d] &
AT Y= EF Ul EA%E TAEY B 28 1
=, AERYNA FEE A EF L VAELAA 9
FEL S AZI o) Y AETHeE EGol
A stgoll &8l perchlorates FAAFA ATt

PerchlorateZ 2 FH &7 wAES AEHSE & 0] &3}
o AAL A9 71HL ofd FAHA FRon, 4F4
TR AF ZHAES WEUE, £58, RUE, T8 F
3 22 543 4EF9 A perchlorate A7 7Fsde U
Woy ®R3udkx Qo

HAEFHH L AEF, 298429 5% 5 93 I AF

B Z 2 o) E(Perchlorate)d] S8l AZ71& &7 1065

[+
=

£o] 4FE 2& + Ut Perchlorate’} ofH AEd=
Ae Uehd § o=z AP AEFE L=2E Fo
Z 98, Fgke] perchlorates A& XEFA &S
BlER, A87R8E 4857 A, A9h 4EFY A
& AR stofor gk

AERFEL 2FGERY AASE 57 93 JEFS AE
3= AEE HE HFE HEshe APt 2 &
9 LEERAL 48 2% A HFE Pl 29U
283 & glow, 7133 Wile 4F g3 A4d &
AE 2T F erg, A 7| HEE Fook & 3
& Qth. EF, 7|89 AF AFHE o83 Y 2FE
Ao Ao B 4EFo] IFIA ZAser & Bad
T ok

it o

tio

ol

38, BH22|7|=(Membrane Technologies)'”

. = 234 2 o|&35l perchlorateE A A
e Jlgo] WEY7IeRE E£F @tk HVIFA (Electrodialy-
sis) T HAHE(reverse osmosis)’t Ayt A EF I HF
o A perchlorateE AAs7] A8 A&He HEH7E9
o Eoltt.

3.8.1. ®7| &M (Electrodialysis)

A7 FH L AFE olgshs TEFVIEEA EHAY A
whgolm, MF7} perchlorate @@l 7FlA 3L, LF47H &
olgg Mugor 3 A7l & EHAsHA €@t Perchlo-
rate?] 9L H-E ammonium perchlorate$} potassium per-
chlorate®] Fel2 vel}e=dl, ©]2]gt perchlorate salti= /-
o o %ol folRoz BIUHTh SHIE W per-
chlorate ©]2-&- cationic-selective membrane(go]2 E7-9h)
J 25y, ARHoz F&HF £ ¥ FHE x4 2
o} H)%3 A2, $AFE ¥ ol anionic-selective mem-
brane(£0]2 3T o] FHHh o]HT AVIFH P
% 7kA F99 APsES 4P Hed, 285 ol
# golo] AAY AASF &2 EY<(demineralized pro-
duc)2 Ho] §2doh AAF o2 £FH F5F5(Con-
centrate)y= A A2 FHAY H71E

B3Ae ved 71E9 47 FPaFEd g8, 27
{9949 perchlorate FE& 15~130 pg/LH L™, 9EF7]
& AL T 9559 5= 11~17 pgl E92 Yepgoh
ANNEA 7)€ gHogE B9 AAdEHREI GAY, %
3 Axol dojd A%, AVFAY A F&o] At F
Ate A, A F APD wFFE A7 A 22 AL e
L 2 g9 B I8 drvke Holnh

3.8.2. 2AtE(Reverse Osmosis)

Perchlorate A|AE $a) AMEE F e E OE st
gagy)eL JAFE o&F VEolth =t TUE
A HEFRY Hoz AUsPe W A=A Ae=
)7} 1Bt} PP L o) FHe S AFIAIH &

Loty 5ot el ] 293 9%, 2007E 9H
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o GHEEE 088 3%, = chamber: perchlorate 9%
7 E OE 9EL g4t ANAT, 1 AolE BERY
Hoz Aegitl, £U4g ABEZR sl perchlorate @ g4
2R &ud E£& EYse Re JuARHT ok e
st oFtg B2 AM87s8lH, perchlorates} thE @
FELES I 22 £HUE AR £ 7] A2 @t

B AAlE 71&9) A7 PSS dad, 27 §9
9] perchlorate FE+= 125~20,000 pg/LoH, QA= 7]
& 48 F /$E5Y BEE 5~80 pyl ¥E9=2 Uehgt)
L &9 /RI1BoIY HgBo] EAste LY4E Y
B % £48 298 + o, ¢ZE] ER Il
kaline earth metals)o] &4 2%, 2999 ¥ (membrane
fouling)g 574 A7 EA7 24T & Qo

3.9. Perchiorate E447(|& &t 22 93

HZ F999 perchlorated] B3 A= perchlorate 747
€ HEo, Hn} 9Ad FES 9% BAve F4F v
o)L AMEH T2 MEL V&Y FEo2 393 Ut
Li and George:?" Reversed-phase liquid chromatograhy/
electrospray ionization tandem mass spectrometry(LC-ES-MS/
MS)E AH&3tad] £49) perchlorated Z3st=d olA
0.05 ug/Lppb)7tA] 1 HAEIJAE FF902H, Seyfferth and
Parker=™ IC-ES-MSZ 2] E4:¢] perchlorateE 40 ng/L )
A ZASHNLATE. Wendelken=" EPA method 331(IC-MS-
MS)& Hgo g E49) perchlorate®] 7% 3H4)(0.03 ng/mL)
g 2338

2 F AT perchlorate ) & 2(ClOy reductase) Z
ol &3t} A5k 49) perchlorate £FE A1&351A A&}
A% wole NS AEs) WY ow, Thrash et al. 2™ n)4y
ES o] &% perchlorate $gwrgo| A7|5t8ls o]
o ATE APl gWere] $FH(cathode)o] Dechloromo-
nas$t Azospira %2 perchlorate 3¢ WA E9] HARZAH
2 ARSESIT & perchlorated] A2F FAIE 9% 87
42EN0 A FRE AFs BHAAY A7 ®
& JFEH Yt

4. ME7|E &E Iue| 22 A7 58

A9 3-8AA JN&F g H@7)ES0] perchlorate 3

ol HEE 5 AW, dRsEs WESLS tE 225
A AHE 9 JFEo &
A% perchlorateS T35t A
RFEZS DA BN :A £
oA Holghe EAAE otx Utk mEA Fzd @
gl 9 A 2a) % BEHNF AT 71&9 w
T £= FVHIANAY A "L 437 98 A7 =4,
O LFEATY FA AA Tl B ATV L BB
& A5k 9l

ug A9 Az 298 527 mF EPA AEERE 2
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A= perchlorate AW FH& g A&, I8, A
4 58 AFsRed, U Fa #4 F AEE s
gol Y= A5 24 FRES A Y5 A& 98 o
ettt #4172 52 ROS NF HHH1E 0|83 per-
chlorate®] A|Ad #gt ATE +P35192H, Tak-Hyun Kim
et al.2% mesoporous media® 0]&3}a] perchlorateS A A
St ATE 73T a vk AEFHI AHEred B35,
ZA3 £&* membrane bioreactor® ©]-23}o] nitrate T+5
o @& perchlorated] ¥3P8 A2 &€& Z JAAFTAA &
2Zgg dotetaz stk AFEdE JAAZAAQ acetate
7t 83 EA5= A perchlorate w7 JB 1019 o
3] perchlorate®} nitrate7t M2 ZAAH A& BA QL&
HAFgn H2d, HFE 597 g3 B e §
A3 o)l WY nitrate$} perchlorate®] A7Fdbere] F3h
d77F ABF U HEHMBR) FF & HE&% 2H, 1F
5 QEG%WE &5 YT BS nitrate= AT
7+ 8tAA g, perchlorated] e Y49 HE(90 mg/l)
TFEOLE ZH5Ho] HTIE WHElE Holx] gyt

HZ 799 B2 A7 F54 e 94 e 982
A% AFS vy ELo U AFolH, 47 & 84
2 o] g3aA e ATECl tgEA AFHD Ut} F
2 Oh et al. & @7} AF")S o] &3k LA perchlo-
rateE A3yl % ATFE I e, 2t 4%
of we} BPut-go] 2§k perchlorate & AAgo] Z7lsl=
A7 AHE BYch Son et al. 2 €717 zANAY G}
A(F)Y R o5 AHE £ FAE ARF
AR ol & e #FE ol &35+ perchlorateE $YA)7)
A slEed, 97 ZA} perchlorated AAEL acetateE
AATAAE FAF B9 vlsA Vel 65 mglLo]
o2& perchlorateE 6Ycto] AAsIHTt o]=4, Son et
a2 AFso FE {718 PIA gon favtang
£ st AP ARAFTAANZA G7F S Ao
perchlorates LA F1= FF(pure culture)E wE W gd
daglol WASE mixed cultureE AMEE A(FA F
29&BAE W2 enrichment §lo] AMEEE o] WP
HolZta HEstdry. S4B Yu et al. 2 Jrldo] g
2 o 2ske FA7tEE AAZAANZE ARSSH autotropic
bacteria(pure culture)’} E:5l= W78 /L3l =y, o
W& Dechloromonas sp. HZE Ve @32 WA ujgsiu
of sl MAZEO] Qo A4 A7 §8dE AFEo] 9
At

5 &% -y A #E

Table 4] 298 ZRAX¥ perchlorated] AL71&9 A
2 2994, 29e% B, 2999 B4 2 Ve A
A H2AY 4FS A o Fue AR FF
tIEEY A Ve g HHME $MHoE FU W)
9 B£XFE, Wedd 54, T4 F4 €. BFA49

oy e o o
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Perchlorate treatment technology

Contaminated media treated

Influent concentration Effiuent concentration

lIon exchange

drinking water, groundwater

10~ 10,000(pg/L) N.D.~2,000(ng/L)

Bioreactor

drinking water, groundwater

55~150,000(pg/L) 2~18(ug/L)

Liquid Phase Carbon Adsorption

drinking water, groundwater

1.8~5, 75~92(ug/L) <035, N.D.(ug/L)

Composting

57 ~500(mg/kg) 0.64 ~270(mg/kg)

In Situ Bioremediation

groundwater, soil

530 ~430,000(ng/L),
5,000 ~ 430,00(ng/kg)

4~22(ug/L)
40 ~500(ug/kg)

Permeable Reactive Barrier groundwater 120 ~13,000(pg/L) 0.45~20(pg/L)
Phytotechnology groundwater 34(mg/L) 23(mg/L)
. Electrodialysis drinking water, groundwater 15~130(ug/L) 11~17(pg/L)
Membrane Technologies -
Reverse Osmosis drinking water, groundwater 125~2,000(ng/L) 5~80(ug/L)

perchlorate 5= o] 4 A5l 718t F2xd 5o U3
Az Fu7t APHojof dH 71E9 EFAEE 28 A
A7& 9 A AldFHY A2FVEeAd dd A=
298 Aoz ARt FAFAY FHY S IS &
g 9% 1=dLAYTEY A 28 2 /A4S
o EAlFol NAHHA, GHFHE ]8T LEFFAY
FA e Aol AFHL e IS APIIR ¢
Ee71€S o183 perchlorated] Azl 71E9 F37#e] 2
o] HlaA gold ¢ Qe Ao oA

FF FW Fd LEiAE EF perchlorate & F 2
£ 53F)x, 28322 FYI] AdlMe 1EE, A
£9 AA7Ie AEe 9% a7 9 FAFA Ao F
Holok 9 HA% FF 71F 43 & 95l perchlorate
9 Al g A WA= 9T HF AR GRE T AT
7t Rk & Aoz gt

=

|

=
—

()

AF AL

E d7e R =483 9T 2(International En-
vironment Research Center)e] | gdo] 9l&] 8= 418

]
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