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CAS(Chemical Abstracts Service) Registryo] S2%|o] )
onf ofF ARE F oliol L5d 7MY, A, Y S o
OFgh Hofoll A AREEIL QlT}, Ffoll® 47F F o]4ke] SekE
Aol SEHO| lom, o] £A= ALA solvkarl UrkE
A, 2016), dWroR R/MEES el 54, RA
S fJaidel & ka4 91 welEo] gov, 471w
HHE 7|Eoe LAEERE AYEHA Y AER T ¢
AW AF oFgedEdEY] EA7F Sl weh e
o} v LYo RRE FAR fRlEE nFedEE i
gF A ARl AR Bejol gt dhalo] ST o] it

NFeHd=ES & ng/LY| SHFeR: A E= AR
A FFe = & U 7] =EEE diHoE SFoA
F ng/L - & pg/lL olskz EARHE nFedEd
(micropollutants; &= vlEFialE2) FARE F579] 24
LHEAE 7H)e 8ol2e & 10 AYE A o] AF

2 HEA (emerging pollutants), A1E3H4-531E2 (emerging

A Y AELEEAE & 291 o] A TR ¢ AU
g} RS 42 9)om  University of South Carolina®l
Susan D, Richardson m=7} 202090 v]=3}e}t3](American
Chemical Society; ACS)7} ¥7bsk= #jd  Analytical
Chemistryo]] 'H3#et =2} o] & o AlEatd v9 11
 18eg FHSE 4 Q)tKRichardson &, 2020). 1)
Antibiotic resistance genes (A WA +AAD, 2)
Sucralose and other artificial sweeteners (1% 70|&),
3) Nanomaterials (L= 22A), 4) Per— and polyfluoroalkyl
(F=3ekds),
hormones (2JoF ¥ s 2% E4)) 6) Disinfection byproducts

(AEFANE), 7) Sunscreens/UV Filters (R4 APcHA]),

substances 5) Pharmaceuticals and

8) Brominated and emerging flame retardants (YA,
9) Dioxane (t}o]2Al), 10) Algal toxins (RFEA), 11)
Microplastics (W]A|ZEtAE),

o, AEssd, 549 548 7R

ol & dd¥F ¥ NAEE

"

contaminants), A& G329 E 2 (contaminants of emerging < TEZE AESH R A & HE & & Ut 9]
concerns) 50| 2o, U[FLPEAL o]0 HEE w3l v[FePEAES IS AT o] AIEAY
EZIT 4 Q= Fofo|tk(Nam 5, 2013). AX, BUER By 2 9], Aeried g S e &
gt L HEAET o2 kel o] dasit
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¥ 1, O[ZRHSEO| CIAsH HO|(Nam and Zoh, 2013)

Item Definition Organizations

European Environment

Micropollutants Pollutants which exist in very small traces in water, Agency (EEA)

. . . . . Network of Reference
. A substance currently not included in routine environmental monitoring . o
Emerging . . . . Laboratories for Monitoring
programs and which may be candidate for future legislation due to its

pollutants d ffoct a4 it of Emerging Environmental
adverse effects and/or persistency,
P v Pollutants (NORMAN)
. A substance that has been detected in the environment, but which is
Emerging . . . .
currently not included in routine monitoring programs and whose fate,
substances . . .
behavior, and (eco)toxicological effects are not well understood,
. Chemicals are being discovered in water that previously had not been United States
Contaminants of . L . . .
o . detected or are being detected at levels that may significantly different Environmental Protection
emerging concerns
sme than expected., Agency (US EPA)
Substances that pose a hazard or risk to human health or the
Emerging environment or are likely to be exposed to pollutants that are newly
contaminants illuminated in recent years due to the development and use of new

chemical substances and the development of analysis technology.

2 47 W DS EF ¥ WL S, 2014)

Major sources

Category Important subclasses — -
Distinct Nonexclusive
NSAIDs", lipid regulator, Domestic wastewater (from excretion)
Pharmaceuticals anticonvulsants, antibiotics, Hospital effluents
B —blockers, and stimulants Run—off from CAFOs® and aquaculture
Fragrances, disinfectants, Domestic wastewater (from bathing,

Personal care products . ) . . L.
b UV filters, and insect repllents |shaving, spraying, swimming, and etc.)

- - Sources that are not
. Domestic wastewater (from excretion) i o
Steroid hormones Estrogens exclusive to individual
Run—off from CAFOs and aquaculture . .
categories include:

Domestic wastewater (from bathing, Industrial wastewater (from
Surfactants Non—ionic surfactants laundry, dishwashing, and etc.) p?oduct manufacturing

Industrial wastewater (from industrial discharges)

cleaning discharges) Landfill leachate (from

improper disposal of used,

Domestic wastewater (by leaching out of defective, or expired items)

Industrial chemicals | Plasticizers, fire retardants .
the material)

Domestic wastewater (from improper

. Insecticides, herbicides, and cleaning, run—off from gardens, lawns and
Pesticides ..
fungicides roadways, and etc,)

Agricultural runoff

% NSAIDs: non—steroidal anti—inflammatory drugs
b CAFOs: concentrated animal feeding operations
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22| D|ZHRH=EA 2|z szt E 3, Kio842| X S84 0 Al I2fsi0} B SHSTNWR, 2013)
Compounds Criterion | Compounds Criterion
29| AR Cotinine 1ug/L |Atenolol 4 g/L
ujo] AC obd 28<M(The Safe Drinking Water Primidone 10 # g/L | Carbamazepine | 10 4 g/L
o] 2o - Phynyltoin 2 u g/l |Estrone (E1) 0.32 ¢ g/L
. A 7|EAo A 7% o A dl
Act: SDWA) A3} 71248l 4 715 ofejel= =4 8L Meprobamate 200 # g/L | Sucralose 150 mg/L
3 o= L3 T3 Ak AN HEe] ol , N,N-Diethyl—
Tris(2—carboxyethyl 5u g/l | meta—toluamide | 200 1 g/L
= 20| fslo] v} 5uulc} Q@THEA B2 (Contaminant  phsphine) (TCEP) | ° # & puial “8
Candidate List; CCL)& A3t Qltt, o] LHTHEA = Triclosan 2.1 mg/L
£ Z 48307 oleh) LAEEE AYs +EEUHHYS A
AlSHIL QIAl Q1814 5 ALesl A o RE sk AlLE 1) =24 712742
= ooff AFed=Ae tgt &4 e shal itk o ‘A, e 2 A BAS 9 AR 28

£ 3opes WRSA 4o APAgAEY 95 Ay AEY S8 A, LasEEvEgA 2
2k

EUVE AR Zh=o] dAe =3t M, Fso= A
7] Yol o] A AoR e QEgEEE] diet
et A7 9] AR ARt 584 SAVIEE 5
i AEZAE AAJBEL glon, Mg AR 947,
Ale] opstal Qty, EUE 20139 &3] A3 (Directive . . N
_ < SOl AARES AAstel AF71A RUEHHYS A8k
2013/39/EU)#}+ 20159 Decision 2015/4952 &3 10& o] ] A -
2 %

=
21’.
El
; o
i)
[\
(@}
[\
(@)
o
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X
b
B
|

=L Ak T A=l FHAF AslE & e e A T8
TUAME nFedede B gt ARAe) #E x %

Aot AR, 2AANO] S gy, iAo (1) =2 oPS B +4s)

3 718AY, (2) #x= waled dHERAL ) M= v w3, 2) 99, 3)

SR A Aol (4) FAA AT FEAAE (S ek, uEReelER U Al AR w96

S 4 glon Ao Bt 2t He AF B
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SHHEH:

4) BRI LjARIE) &
shigeol that 4 OloRE A Aleadte} A 4t
seAe 5 R oorauel Mg © WEARs 19l

7] 1sh 200893 201797k FEAU] GAA e
o) FaTol LoeAe] A4 Aasidion, AAae §
Wro WRS A, B B9 HEA B A
Aol ot @77k asloict

== NEEEE 27z

] A2l At A2)e 2 Ajejz

BS = AL He)7)eo] wol o
TFE Ik TPTARE(MnO,)olu 67FH(FeO,™) 52
MBS Felste] SjorgEd Aefshs A9E Huwa
oLKHu et al., 2009), 7F} BHHoR AMLEE ¥

22(0y), WE(Fenton),

EPS
o
°
B3 (photolysis) &l 743t 31k
AFSg4 (advanced oxidation process; AOP)o|t} LEAISH
FMe AR OH)olzle 2482 At 1
ot A (ABHAS) 2.8 V)& o8l WFLeHEAE
ShA7IH - GokEEd T B vFedEdEll del =
SRk on = 10°-10"° M's™) (Lian et. al., 2017)&
tH ™ 1), ki) 38 WA RE AAlolEike

oo
(electron 4B 289ke (hydrogen

O

il

=
[

Shid
rlo

a8

H

ful

transfer  reaction),

£

61 2 & i
O . i ] L] L ' H . 1L
PRCEl . | . 1 H
t‘_=j 4 i - & = e - 1| : .
g 31| . | . I " . 1B
= - i : . | : 1 E b
E - | | N N O . 1B N
2154} : . | i . : 1T H
o s o L1 TN Mttt L TN el 4
HEHEEEEBEEEEEEEEEEEEEEE
=== =l = s ol s|l=s|T == g =
Y £ 213l Slaol| g =l €|5|5|=
a5 8 g z g sl gz % =| 2|5 gleleleleg|E
2121 2(Z| &l 2|5 S g5l sl&12l& Elglc| gl g
b1 9 =B 5 - = =1 C =9 s
S| < gls|El |3 8 ElS|g|5| =58
2 RN R EE EE R
2 S = El=1&l g|~|™ S
o 2= £ &
= 5
= 9]
]
=
EDCs Pesticides 1 B-blockers Analgesics 2

T3 1. I=AEE|(UV/H0,)2] DZEE

=== Removal efficiency

|~

abstraction reaction)x} A7} Hk2(addition reaction)o]H,

53t7] ghizol SAlel of
0] QItHGligorovski et
al., 2015). GO R TEABEANA = 0s/Ho0;, Os/UV,
oo B3l el de A

HlEA uHE R SR A5} v

2 QAL

UV/Hy0,, Fenton reaction
g, o

Ao, A

th, AR SR nFeHED Ao 1w TS
3 A ES AR, A o] Uyt ¢4 3
of Hjal w2 AAEEE Hol=

it ol9jol, ﬂﬁi}ﬂ%ﬁ(szoﬁ*) o=
oz 7)eke] umASREY ESE Hdoe FE
SO, ™ (E = 2.5-3.1 V; Neta et al., 1977)
1.9-2.7 V; Buxton et al., 1988)X2ch o &2 Ak
I glem Hrlolgiky ARE F& kgshe efrizol,

HEspelkEoly FAMTACI0N) T 22 Aee 58

-

Aol S AR vFLHEAES e g Arle ®
& 25 A7 glh G7HE(RS) 5o S FUAIE o

$7 Helem oo AR glov], Had: Sezehy

FEEgo 7]Hket =3 lF Y (advanced reduction process;

N

ARP)E =& Wi Qith SOL U 179 22 sensitizero]]
UV BUS 2A o PR 2R e, e T A

SR, nFLFEE TIME 53] el dAsl
< HEtlas Barh He AeR HAuHIHGu et al.,

—— Influent

1| ‘N . | = . 8
1| | | . n | 8oz
- . . | 5
1| - : |} . 2
] | - . ] = F 60 &=
w i & i+ = ] & “
‘n n . | | 3
AL 11 . |t | 40 2
&~ u-w-.h o—tot 1IN | 1IN l 20
GEEEEZE?*_*_E*_;E*—EEG—E
=] = =l=|l=l=|2]|3]| T =32 = o= ©
_— = B — - B~ = 3 = = = 5] —_— - -
AEIE R EEEE R R EHEE R EE g
HAEIEI R BEBEEIFEE I E R N R E R S
= alz| 5818|1212l 21E158|38|2Z2lsl8l%5] e =}
SlElclEl2lEls|=l2slel=s]&8]Els]8)s =
AREEEEREEEBEEEEEE R £
=lz|s5|5|E|&El25]2 5] S|E|l®R|E =
N EE N RN EREEHHEREINE
2 [3) © Z|E1 5| = S =
= SIEE
a3
1]
3 [NSAIDs Antibiotics Lipid 4
Regulators

A X2|&E(Ahmed et al.. 2017)
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2016; Park et al., 2011).

ohE eH Aerleze A7IERst 7EE Ae)7lsol ok
Boron doped diamond4 doped—SnOs, PbOs, doped—TiO;
29 ATl HARE T ARG (direct  electron
transfer)ihs B FARRINZ S& WA= w7

Hmediated electron transfer)ih-3-

23| tloksl n]gko o]

4% EfdtHChaplin, 2014), o]9fol= FZuf 7)&
A2 A NG FEEWN 71& § e B
7| S8et nFeHERS HerlsEe] AqtEaL ok

gt Membrane Filtration)

= - WoHOR TRt ATE i dEAl Holnt 34
o] @ol ARG Qlch offgt Hoint FAL EEHe| 7%
7)o wfet 4712 FAHORE ERE ¢ k. YukHos Fejut
W 7182l 2717H0.1 1 m 0P -

I nm oW 0.1 pm oYY 3¢

Aol microfiltration),
stojoj T ultrafiltration), 2
nm ©J3}2 < Weozknanofiltration) 123l 7]30] $le

L A= (reverse osmosis) 2 S-FECH

= W nFedEdS 9 g/mol =) EAFS 7HA
I glo] AHoE o83t n|FeAEEY a&A AA=
A E7Fsol 7Pt weba gtelojiEs g A
A AA 71sol tigt A7 wol AaYEHAL Qlek, HefoiE
ol &3 nFLHEHY AAE 2o B9 d3e A W
© AR UEidth 53|, &9 759 277t A v
FeAEHY AA mEol ke AE ¥ &
2017), E3, gtejolnt Zejure] A o
AA Eeol FFe wAAL Azt E2e]d)
Hop a@ap ZefollA & AA mgo] wEEEd ol2gt
Aol FeHe] /] ZoloA sk A & 4 et
(Kaminska et al., 2015).

grejofatint o 22 7]
S Weojik 9 9p

uhe- s AaE 9t 53,

olgat

(Comerton et al.,

A gL dEde

°1~J

032 9ls) ol& 48| A7 7
4= AR At
st Aolg2

S SIAE

AES 0] 83) nlEke

C:\‘i'Mter

4FutureC|ty

st W EARk 0 @B AT B4 ol Sl
eofh} SR o] Fol AEHT glof vFe @B F
A AAZ FRsBleR HolH B AHE /T Qe o]
Thoh SRS vmsh el Belute)] 715o] S £
elghuct o 217] o] AZgol o Wk AL & 4 gt
1980), B3k, U Helahs gt}

AR mgollM 2 2folE Hole 2 2l

(Couarraze et al.,
T njgedEde
3+ A o]l__ ]

2 T MR

a1
olol] 711}, %, wlskogRAe Akt EHl A3, 7]

Qlt}(Bellona et al., 2004).
[FeY=4 AA 712 29 2
o} o] A7 47 = yehd
A WA= 37] wiA|(size exclusion) &¥}o]c},
29 7155 SHetHAl LdEHo] AARHA HEH, £,
o 7R & eHEdEe] A AAE 5 ik F
= a4 AS AL (hydrophobic interaction)o]th, & &

B9 AR £44E BT Yok F BB HZ Fol]
=
hl

(o]
o
ot
Ehid
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=}
e
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e

o

2015).

O(‘]):])\t

QthOjajuni et al.,
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8] Aago] HSSlehd v]gko @B o] Hejut Eeto]

=]
5
Hejo] Gy AR A WAL B A4S
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| of ionic MPs
by size exclusion

Membrane

a) R
LI
oo

Rejectlon Removal of MPs by hydrophobic
interaction or Hydrogen bonding

%% ﬁ'ﬁ’?m

(b)

Ogu, v ﬁ ® o 0@&. e
‘P & . S
o' l ® e'’e l ) 9
Water Water
Permeate Permeate
Electrostatic Interacti f .
(c) Rejection Mel’s :l)istha:er:::newn ° (d) Rejection Fouling Layer by

/ Charged membrane
surface

Permeate

organic/inorganic
t Contaminants deposition

Membrane

o g/‘. &
& @& e ¢ - ®
® ©
a%% ', () o -
Watse Permeate

Ozl 2, Eajato| njZEEA! MIH 7% (a) size exclusion, (b) hydrophobic interaction,
(c) electrostatic interaction, (d) adsorption by fouling layers.

= o3} AE §9] Aolo] AAHORE WASH: ARG
ol83lo] o] ol AT AE o4 Aste

o]#th(Yao et al., 2018).

EZH(Adsorption)
52k AHphase) 7+e] E&o|%5(mass transfer) 7
SR, HAlof =AY F7lof NVFeR EAfshs 4ol
Fdof gdehes Aot

FAA oIt ER

=

% %

A]
=

=1
oflt
il
rO
el
B
s’m?
o
QR

8

o
[0}

g
1o

£ 3ol ot FAloH, Yok I FAlE= Al oofd Ao
e Ey T AE 2
framework, molecularly imprinted polymer, H}0| 22} 7}
3} 7)EANcrosslinked chitosan), Ald - X57]19&4, A

dedl 5 AT PR FAAS] A AlRlo] ofFof

2 A metal—organic

A e 2fol= Eetal AA ARl @AM AREE

A BHT, ALeolE, olemie 5 wAE 2 7

A 552 AvEe] gt olAe o3 olF 4§ FHA
So| AEA Ak Gt ASET AAK, Helag, We
A 59l ZvolA 9910 9] wolch

T NFLEEEY iES Aske 7= A &
E2E A tE FAAEY drdoR w2 HlE tH
ANE AT R Mgk, Egk(peat), I3W A, &
A 59 YRE EsHcarbonization)A]7] & 4
243t BAE AAH 1000 m?/g 2 vlEHAS ke o
% AR T Aot $Ad 2
3717} 20~50 ¢ me] B e powdered activated carbon,
PAC)Zt H#dA=7] 0.5~3 mmSl
activated carbon, GAC)O.2 upylt}, EUEAERS. 0 ¢lamof
ks Felstol U A7 EE

B BYH FRUA

L

Py eH(granular

Y
ol

o

N
o
o,
oo
b
2.
=)

FodEdo] S BAES ERNH EEjshs Yo A
SEm, 9] 71& Mo 33Ho] o dAFoAY &
A Aot WAsh= e HEd Ao thgshe ol a3
ot AR T2 oMxl(loaxcked bed) FEfZ 28]
QolE shAol A Fakaet

RLEE= = Ao Nile

o, nFedEdo] A&z

2o} dAsH AL B4 AW8(carbon usage rate) 2 =Y
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g APl gAo] 7hsdlt 2R719EHoY HEH s Ele FHOIY Yol 3 Sl Hia) AoiHes §hgAtol
ool tulehe Aol F8 HAogd Aol Hud Zo] ol FE3l7] 8 oA M2 A4 2 Vet F
o] SgAo] wotoL), AESANE, TESSREE, WiHld Ao HEskE Bl WA AT ATt o)Rolx|n
JoiEA, 9okE 9 QI - BEEE] FAGgo RS let, 3 stsbAeagola] AeEE ouAY] a&ds
AH} A AE Bed Fao] ok Aol Hje] @ A BQ% Qltk Fou UV/H0, UV/persulfate &
Ao gedet 34 At ool o - wlA] o] RASIAEY)%9] A el ouR] Ango] AR
A0 A3 dE Mwsshs o] Bt 2l 18 digo] 1 kWh/m® oJslolAlgt Zetzuht Av|sist 7)o A&
o} QAER AR 3RS Al BAE B A FAERS ofukx]  1-100 kWh/m? AEolx FEmjo] HLol= 100 kWh/m?
of FA3 & U4 TRHEIH) o] A7) A7 diFEe] f ool A8 ol ke AR W egu|goR o]ofA
tate] ufe- =2 AAEES Yehith,  dAiE F2 vl Afud, Zas T 9 AR
53], HEsiEletE 5 AEd - sk Ao dig A & FACET 29H A7 Qlth HE Sol SEURE H
o] Uj¢- &2 n|FeHEAE o] Y = oAM= 90%  F3f F, olagtd 5 Foblel, FEAY YEEdAE =

ru&fl
rﬂ
ofd

!
OQL

N
oX
=)
ot
o
of
iG]
X
=
ne
(e

oY) o AAREE AL 4 Y Aow oA k. U Awshn ol U A4S ARISE o, 1EsEEd
71%9] Y AL ok 9] 27ldkARkL & 4 oltt,

AZ O[UQUSX Ha|7|20| SHAQ} HITHIEF  olslolx Ashizel B § o o@BAS pigoR
BISIA7IoE oi Ba RSARME o fafet kol

si5i 42| WA % ok, o Sof 928 QIS ) 4% Br-
U EAES Dajg BUR BRI ol 4He  7h EARK A9 REAMBO; )0l A4E & Qon], 1)

Holt 8RH4 Ae7iae] HBAY HES AL FRaloE SR IEIAE G0N oM BIAA(CI0No]
ste EAIS0] Ik W, ASHEY weo] Zlu Sk A AVYsK: Alsh BuE v Seubler et al., 2015), o

Ozonation * ] - « [ 25.-75. percentile |40.15 104
| 5.-95 percentile
Qs/H:0; < - i — median 102 28
_. DII average 1
Eckon besm x min and max values| Q.3 - 18
5 o

UWichlarine — *® '—[B—' X 10.39 g 4 28
U\/persulfate | [ 0.67 E 12 2
= =
0,/UV - {T= . 107 £ 431 3
UV/H,0, - x _Dj—._. . 10.75 g - 149 §
Photo-Fenton = »—D:'—. 126 % 4g 2
8 3

. A w .

Plasma = »—E— 3.3 < 48 5

BAOP : | x {381 § q 44

E

UVicatalyst x { | 1335 128

Microwave - "E 1543 18

Ultrasound —{ = F 12616 N

1 |l T 1 1 1

1 1
10 102 10° 107 10° 10 10?7 10? 10 10°
Egp [KWhim*order]

2 3, IEASEA E oflfx| AZ2HMiklos et al.. 2018)
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Ho B4R ARS 39 29209 AHE 2 716 AFS

53 a3kt 4 2o pilot scale ¥ full scaleo|A] 0|2}

aanl

T AtepA{E|et vlalste] thE A 99
glo] Blua] Helzoz el njzke gedy vhedt 4
o, 5ol EAshs 2T FAEAEA o SH
o, o= QI A7jed asAol AE, E3F AerE
sHrolut ApdAlf W Aeolls £7] IS F8 oA
g 8] &M et gl auEe §EAee 4
Hkgske Bel7ls
& N BE A o]FojAof gtk

o2 Ae7|E3 fABHA ssbde)7]s E3E o] 5

1 Qe HESRREY teliAes o7 B dAF e
sich HESisleHE 5 djEE29] perfluorooctanoate(PFOA)
9} perfluorooctane sulfonate(PFOS)2] )3k Agl= og
L=HolA HalE|Q o) Ekaolrt 47 AwQ] perfluorobutanoate
(PFBA) 52 AHzlago] W2 o2 yepythTenorio et
al., 2020). E3, HEIBRIEE 0 AE Aok ¥ ohHE of
T T AEselelE 2AT EAks Aol ofyzt ofF it
EoRRES 1 A4 2850 A EAE olg&
A agA R Aeste 7le 9 349 /fdo] Algst,

352

9

-

s nl,

UM 7lET AAY el A0l %
AASH: d Zxtdolehz 7|E Atdle B3 A4 WA
olA grola} 3] AEA AE-S SlaiAe ol 71 #A
e F5dfor gk Fejojntol A nFeHELY AAE
Qjojao] 9 AA 71221 A7) wiA(size exclusion) AT}

opd Fzto] o3t wFedE=d AAoITHComerton et al.,
2007). ol Yyb¥og m =20 FARge| wiaf 3¢l
of} Fejare] AHer 2 7]FoR Qs AlA afol w4
7] whzolch, webA, ghejojate] nFeHEAY] AA as

= TP felide Aze FEe L2 Aido] Bas)

NFedEds

t} Ag7l Y=Yt carbon nanotube(CNT), 1]
graphene oxide(GO) 5= &3] wejat Az Al njFFed
B4 disl 80% o] AAES 24T Aol BiE )
tH(Kaminska et al,, 2015). E3t gkjoju} @ wmARS}e]
TS 5ol vEFeAEEY AA 5ass PFINE S Uk
Uieojnl, SR 9 AR Hejuke ghofojl Bejulof v)
A - 2R 715 7HAAL Q7] wEe] o] nlFedE
Aol dfgh AAgo] e =

o] 1% 29 37| vjA(size exclusion),

TiOy, ¥

ol nEe A=Y AAZIE
] ATAE
(hydrophobic interaction) @ 4712 AlEAk&(electrostatic
interaction)o]7] ot} 1Eut vjo|LA mjgEe dEA o
5 BAA71A geago] 7] wiioll AAEo] Wtk 24
7} ARt Nghiem et al., 2005), wfeba] H]o]2A] vlFhe.
e AA B82S wol7] shHe 22 EHef =23t
SH B P PAIAC gtk At U GOE o8-
o O o9 29 Ee SOl nEeEEdE AAEe
9] 4 9JtiRakhshan and Pakizeh, 2015). ¥354 7l
2 oA e e AAES gET 5 Stk & vEedE
AE o 2ol gsia AAE =t w2 s
JAFE = dthXie et al., 2013).

il

A grei) sl AT chad) nsre g ae) el
A7 B4l o b 2 gaF adolct webd, Fbyel
AAZ ogck & 4
ek, HEA WAL AR s
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