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Sensor Technologies Used for Monitoring and Detection

in Water Environment
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slom ool ool {40 7Hsatehe Fel o
oleft DR ol oAl F W heaniel SUAE Age
XA, NanoGene assay (Kim and Son, 2010; Kim et al.,
2011; Mitchell et al,, 2014; Lee et al,, 2016) = A4
795 ZR(Park et al., 2017) 5ol tEHQ] ofolc},

(ii) A& TE AlA(immuno sensor)

HEE AW E= Al ] TEo] oS o3k U
Alel(immunoassay)7t iAol T HE il Hlsto]
S HhHe] PAIE sk Alzte] &
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o] E7bgsict HORRE-S o83 AAR Thgutolg|a

WA u)AE(Poltronieri et al,, 2016)

Sol4o] & AHo]

(Tang et al., 2010)

)

(iii) B]RE HE AA(whole—cell bacterial sensor)
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(i) A7)3FsHAlA (Electrochemical sensor)
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E 1, OZQHEET i e MAQl £5 Y EX
og=x _ HESH, R
. ousx MM B8 =2 oy Kp on B2
Anatoxin—a (ATX) | H7|&f8t (Impedimetric) Alg 81.3+8 nM 0.5 nM (Elshafey et al., 2015)
Microcystin—LR -
HIA X2, 821 - 0.37 nM Li et al., 2016
(MC-LR) | T2, 24 n (Li et a )
A=z | LiPopolysaccharide pum—— . . TIS0H :
SZTEN (LPS) M7|2ket (Impedimetric) HoigdH 12 nM 0.01 ng/mL (Kim et al., 2012)
Aflatoxin Bl H|AH Ho{2H 97 nM - (Malhotra et al, 2014)
=13
Saxitoxin (STX) | . = T8 0,128 uM 0.5 ng/mL (Gao et al., 2017)
(Biolayer interferometry)
H7|3ket (Photoelectric) &8 Hr 0.13 uM 33 M (F: t al., 2014)
XM7)35t (Photoelectric) | _ . . an et al.,
178 —estradiol (E2) 3, TRE “
&zt 3k - 2.1 nM (Yildirim et al,, 2012)
it
s = - 1.86 nM | (Yildirim et al., 2014)
) (Wave fiber—optical)
o Bispehnol A (BPA) Pu——
m STk TAZ=, OTr T, _
o423 A2 FRET) S 0.071 ng/mL (Hu et al,, 2017)
Nonylphenol H|AH L=l 19424659 nM | 2.239 nM (Kim et al., 2019)
Polycholorinated 1515 . _
X7kt (Am t S - 0,01 L Wu et al,, 2016
biphenyls (PCBT7) |88t (Amperometric) s ug/ (Wu et a )
Polycholorinated s . -
biphinyls (PCBT2) H718k8t (Photoelectric) = - 1 ng/mL (Sun et al., 2019)
Oxytetralcycline H|AH 4204 - 91 nM (Yuan et al,, 2017)
. Rei t al
Quinolones = =8, &KX | 0.1~56.9 nM — (Reinemann et al.,
2016)
- _ Nikol: d Strehlit
Kanamycin A = 5] = 24 uM 5 uM (Nikolaus and Strehlitz,
2014)
Ampicillin e 2R 9.4 nM 1.4 nM (Song et al,, 2012)
oM 2 (Derikvand et al
s et a
ojokz Diclofenac H7|skst Urine 43 nM 2.7 nM erevat B
2016),
Ibuprofen St H {291 1.5 uM - (Kim et al., 2010)
Ciprofloxacin 7|3kt L2 - 0.26 nM (Abnous et al,, 2017)
‘ a3 K 0.77 uM - (Mehta, 2011)
Chloramphenicol -
H|AH = - 8.1 ng/mL (Li et al., 2019)
Tetracylcine 7|88t (Amperometric) H I 63.6 nM 10 nM (Kim et al., 2010)
. - _ (Arvand and
Edifenph St X|ES - 42 uM
difenphos S L 0.42 Mirroshandel, 2017)
. . H d Soot
i Fipronil gy s 48+8 nM 105 nM (Hong and Sooter,
ASH| 2017)
Acetamiprid HM7|gket (Impedimetric) | £, - 1 pM (Madianos et al., 2018)
Atrazine HM7|gket (Impedimetric) | £, & 10 pM (Madianos et al., 2018)
Malathion H|AH S5 - 0.06 pM (Bala et al., 2016)
Bromodiphenyl _ _ . .
J|E (= 2o 0.2 nM Ki d Kim, 2016
IEt ether (BDEA47) < HH o (Kim and Kim )
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et al., 2020), Qb= |4, G, Y3,
W) A =

A\sie) 5 clat
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Spoba] ek BARE, e/ 9 e o] o]
TS o=
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28 US| ot gt A7 A9 o] FofR|A] 2 A
olct, &3 7o) vt FAHTH(US EPA)S A5 Q9%
22 (Contaminant Candidate List 5) &¢FS WhEs}
=t olFol asibET dEdleldhEe] s 1 gkl
==l Z37e Ao] ofzt

I5 RS Zdete A4S YRen ole HRt asitike

rlo

oxt

ol
B )

garkgol| g4
= 7 LFEEE HsaE A AT 2 Thede B
oA,

njFedEde] avkael muge ety vk Al 7l
& A837] Haire SEEloF she el 3 7 A
A HAR, 71E s3E dFEY nFeded
H Al At iR Add ARl S
ARE 2 o] gtom, Adskealidely shd, @
oM A Aee EEeh] A YEh

&9 HZekE ffsiMe o w2 R&D 99 2

mln
=
o
jiass
o

5 A4 58

L

o AA E

N v E

AR BaE A B, A4S Holt BAZ0] EAY

7] mige] ol 2 et AlAZE 52 AL

2
A E7] 93] 9%9] PCBYF AdtES Adde o I F 4%
7} 30~50% A= A3t A71E HchWu et al,, 2016).
%, o] Y] B FEAE HagE W) PCBT7o] thgt
A w4 o2 Aoz deigt E a5 EAske
A}915-7]& A (natural organic matter, NOM)E¥} o]&4 &
A0 T Btz st LHEE] AETAATE ok
7FAE Qlek. dlE 5ol g e AlMe urine 2794
SHAA7E SR 2AEY 108 S7Fsks ZloR b
ERitHRagavan et al., 2013).

E3E n|Fo PR Ao aFEE BAA7RS Ao ¢
S 287F Qi eHEEn e A ko] BHl
dutaom 5~30% A AT o= Yehe AlAe]
ARehs 8% Qoo ngedEde
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o} 9 w8 HASE & Favt ot tE AA TeE
TRPHRZ AA7)e, vA7s, fAAV s, 3471, &
ks EA71% 5 olg] favleso] BRHOR 3 o 2
g AN 7sE 3 dEh AlAe] aRkE
3k 3t 7] edEdTks tdes
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Ir
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A W vdE 2fS FH EXo]go] ¢ won,
Hodd % Hiyeddomiy nE S Wtk
(Alderisio and DeLuca, 1999; Cho et al.,
2012; Guber et al,, 2006; Pachepsky®} Shelton, 2011;
Oliver et al,, 2015), ol#st HYE LA B4 2AH

AR 9, A9 §24el O 09, Telm AsieE

2010a, 2010b,

QItHGronewold, 2009; Bougeard

et al., 2011; Shoemaker et al,, 2005), I =3}E]1 Q=
SZANE H 98al0], o8 RO ulaE B 4
ool E-gsl= AREI7F Wobd AR ol

22, %9 EU Bathing Water and Shellfish Waters
Directives (EUPC, 2006a, 2006b)x} u]=+ Food Safety and

A ter
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)

] HRE &S 8l FFH0R mlshe AS 848kl ¢l
THUSFDA, 2011). < FSMAQ] A< thoFst =9

ZRE S e v pEvser ¥

iy

o A= quantitative microbial risk assessment
¢ PARRES Foto] 3SRt
ek, ol2fgk QMRA
85710l nlAES] 7ol
73 WellMe] AsS &8 Al HES AHeE 37t

Ut Whelan et al., 2014; Schijven et al., 2015).
AEo] BEYfew

we 1 g o]

}o] U]/\ﬂ L5

L g uelel weg vlue @

294

Modernization Act (FSMA)E= ZElE] 7S G829 #9  49 &8jgje 22 &4 971E 5] AUtkOliver et al., 2007:
Deposition
Survival P
Above- l
ground
Survival in
soil — waste R‘“?off Direct
5 = tr:?n -
mix o Spoq deposition
Partitionin ®
between § l
" % =
soil solution — | Transportin groundwater
and solids and/or artificial drainage
Partitioning Release due to sediment
between resuspension at high flow Settling
runoff and Hyporheic exchange
infiltration at base flow
Survivalin sediment Survival in water column
and/or periphyton
O3 3. & &d W 0|42 78524 (Cho et al., 2016) LA 3| 7]
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2012) B2 AT FuE F 2] 498 5 Ut

et al., £l
(Oliver et al., 2007). 7

¥0,
o
n:
.
o
_1

§z
= ¥
A=)
l
o
ﬁ
ot
s
ol
=2
2,
o
ol
3

W IE e L3t
FAME E2zollMe] AR, Adp-Aske weh AR,
a3l % 5ol g8 Y Heth ofFA 9 W vidE
o 7Aee W vEe] 71d W EgoIAY] B, +EaH
A E HRE AE B4 22| AN AE 5 3
37k Q4 WAl AZksE 2 9ok

] %AL—_ == ALASH

oa o=
g A= g Aol il T83HL & ¢ Qi AE =

W Aolstuz, 4Ese EAS Mot TR BUH

Ao Fapeoleta & 4 itk

et MMl AxE| DY BM 22

IT 7]&S0] tefsA 7ol 2&=e HolM A2 &

OﬂAP T=
+ 550 AL gl o HHe mluh Al £
e 7HH, AR EoiE AR TE
olm|A9] B7] gk5el Aol olgsto] #4
71E 9 7B, @4 AARE 2UE
7 7]%(In—situ real-time monitoring technology) 9] 3}
Uz o= 4 9IthRudolph et al,, 2019).

A 4 FolA 53], EelE ez she 245 A

wopollA Eefat Fo] WAshs whe

ARt Aol &

& 44 4= 9 of

nEL
=
D
8
o
I
Q
=
D
I8
=3
=
Qo

S ATEol 7] wiwel, 34 AR Ee AdAAs
(Computational fluid dynamics, CFD)Q} SAsH= A &
2} 2o AUE A or ek A E3 7R
7] wZolct,

weare] AR el 289 v e AAlelle e CCD
(Charge Coupled Device)9} -2 7hedst AHX] 2 HE|(Kim et
al,, 2019; Kim et al., 2020), 42t9] chzAAN] A5
BT ARR] (Optical Coherence Tomography, OCT)
AT TR eAl7E QlekFortunato et

O 1_.
oF AL IS A
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Performance evaluation
(Water flux, rejection)
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] ——
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[
T o —
]
: i
i |
T uf
»| i
pe
| I, i
EEXFFEEXEEEL]
Gperation time (4)

a2l 4. atSR(Membrane distillation, MD)($)

Real-time
monitoring
&

Image analysis

Casting Kniie

2 MME(Forward osmosis, FO)(OF2H) SHofIM2| OCT 7[Ete] AMAJZH LR
H7(Fortunato et al,, 2018, Im et al,, 2021)

In-depth analysis
(membrane and fouling layer)

[T —

8
ERNITATTI
' —

23

AHA| 5] E.7]

B

* Sr ALO

7204
& PVDF

Fu?+, Dy**

UV, visible-light irradiation
2 < 400 nm

Y

eﬂlrlfy" Rel

" Exciation Stae
S AL0 7 Eue*, Dy

33 5. Fajeio] BR0] OFyES HofEt

=543 nm.
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BOOANT
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MD set-up with visualization system

Feed ﬂ Permeate
Plate-type l/

LED light
Camera i /

Visualization for pore blocking

Laptop

MD module

I3 6. UERF 3FoIMe eyt oSS SAldl MARE EHsks BT Ali(Kim et al., 2019, Kim et al., 2020)

al., 2018, Im et al., 2021). E3l, 2 IZ=2U Aldo] &

Qeprhalet oA 3 B o

a7k AR A gl

of 25 it

=

sPl WS- ofelgol gliE, o@Bae] A Hols] Sl
of W Q8 5L o= A9, 98 HolH togd 24|

bio—foulings AAIZFe R BAstaa; & off WS = Q=
Al webA, mES Eddele 9oy 4] de 4
T, 7hsshd @AoF e @A Io] mES] wey £4
of Y= FA th=Al FelslioR gk 22 g AtollA &
aF ZHo] obde Hofste] wre o] WAEE= wAHllA oFF
(luminescent)0] 7tAdk= FES ZAsk= At g v}
QtHFan et al., 2020).
ok opet a4 BEfute o8k USSR 34

ool m oo
o Soldow WS uALe] diEt Azt 2] g

R’duc ed g,
ENo g e
's

Softened seawater

Intrusion of scales

|
| / CaSO, AHECaCO, ===Mg(OH), Y prisly

A5 27
Ao =, 27t Aifdos w2 £9 Fo] &4 &7
o] 3= YRR Utk 392 757 FHE ofstt &
27t AR R e &
FAolc}, o] ol Eejatel| Agul= SAQHTrans—
menbrane pressure, TMP)o] Ha|2te] 4pXS o] g3l &
o ol5g e 4

&= £ Q)& ol8(Liquid entry pressure, LEP)S

2 e 35 W= 50| olEsHA &
Z-2(Membrane wetting)o]2k AoJata ik,
2T W ISR Aol RS FAl it #4 2 b
S Atelal Qv TS @ibo] WA o, Eejete ¥

32 59 ol B AL olgsto] ANzoR THae

=
o
>
o
-15
_L4
mlo

1

O

== &0l RO FIo= e
& gofehs A57h AE HE Qlom(Kim et al., 2019), ©]
S Sslel s 349 WA BHE AR A7
T A3E v JHKim et al., 2020).

s 71t @A AA7E ZYEF 7]4(In—situ real—time
monitoring technology)®] A< =& Y sk Ax)9 AX

9] o] SO BE A A A8E & g=
52 7K Qi
autopsy2l 7

AR
AL 712 3R 9 Membrane
Hajato] wro ol FAe] ALEL Ao o]z
£ ASTTLZHN, ool i3t olsf=

2 3712 4 9 3K B4 jER 26 4 U A
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