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ABSTRACT

Passive samplers are environmental monitoring devices that are accumulating pollutants in adsorbing medium by
diffusion. They are distinguished from active samplers which are generally required electric power to create artificial and
advective movements facilitating mass transport from environment to samplers’ adsorbing parts. Passive samplers have
been applied to various environmental media such as air, water, sediment, groundwater, and soil with different but could

be sometimes similar purposes. They have been primarily

used to measure concentrations of pollutants in both

homogeneous and heterogeneous environments with high resolution in space, i.e., millimeters. They also have been used
to quantify time weighted average concentrations without multiple sampling efforts at different times. Human and
ecological risk assessments are also a representative example for the application of passive samplers. However, it is hard
to find a case study in Korea that passive samplers have ever applied in soil and groundwater with any of those purposes.
In this research, extensive literatures are reviewed to identify the utility of passive sampler application on various
environmental media and diverse pollutants including VOCs, HOCs, heavy metals, and etc. Finally, the potential uses of
passive sampling techniques to the area of soil and groundwater science and engineering are critically evaluated.
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Fig. 1. General passive sampler application practice in soil and groundwater.
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Fig. 2. comparison of bioavailability and passive sampler processes. Modified from (NRC, 2003).
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Table 1. Applied passive samplers in soils

One sentence result

Reference

Pollutants Passive sampler type
Se (IV, VI) DGT
Cd DGT
Pb DGT
Cd
Pb DGT
Pb, Zn, Cu DGT
Cd, Zn DGT
Cu, Zn, Cd DGT
U DGT
Cu DGT
PAHs POM
PAHs POM
PAHs PDMS
PAHs POM
PAHs PDMS
PAHs POM
PAHs POM
PAHs POM
PAHS Sorbent packe(.1 per-
meable cartridge
He PVC pipe
CH,, N,O Silicone membrane

N,, Oy, Ar, CO,, Polytetrafluoroeth-
CH,4, N,O, Hy, Ne ylene membrane

CO,, N,O Silicone
NO, N,O, CO, Polypropylene
CO,, CH, Silicone
Rd Tube or container

Cpgr predicted bioavailability of Se(VI) in different plant-soil systems.

Cpar and Cg,, were highly correlated with plant accumulated Cd concentration in plant tissue than chemical extraction
methods (EDTA, HAc¢, CaCl,)

In the non-polluted soil, the correlation between effective Pb concentration and concentration in vegetables was more
significant than chemical extraction methods

Cpar was significantly correlated with Cd concentration in plant tissue than C,,, but Cpgr showed no correlation with
Pb concentration accumulated in plant.

The correlation between Cpgr and earthworm uptake was higher for Cu, but lower for Zn.

The mean concentration in dandelion was weakly correlated with Cpgrand C,. In contrast, metal concentration in
plantain was highly correlated with Cpgr, Csoln-

The correlation between Cpgr and Cg, Was positive.

Cpgr was somewhat correlated with Cgy,.

Soluble Cu in rhizosphere was not related to the change of Cpgr,

Activated carbon amendment sequesters PAHs in contaminated soil.

Polyoxymethylene was demonstrated to be appropriate polymeric material for passive sampling PAHs in soil.
Plant rhizosphere amendments reduce the PAHs in soil.

Addition of biochar to sewage sludge decreases freely dissolved PAHs content and toxicity of sewage sludge-amended
soil.

PAHs in soil pore water were measured by passive sampling.
Passive sampling estimates bioavailability well.

Passive sampling explains the mobility and distribution of persistent organic chemicals better than leaching test.

Passive sampling explains the bioavailability of PAHs better than exhaustive mild solvent and cyclodextrin extractions.

Sorbent packed permeable cartridge was used to study the flow of PAHs.

Real-time monitoring was used for detecting the diffuse of contaminants.

Passive sampling with 10 ml diffusion cell with a 3 mm dia opening covered by a 0.5 mm silicone membrane was
applicated.

Permanently installed equilibration chamber with gas permeable polytetrafluoroethylene membrane was used for pas-

sive sampling at equilibrium.
Porous Silicone tubing with diffusion cell was used for passive sampling.

Polypropylene tube was used for passive sampler.
Stainless steel pipe with a 1 mm orifice covered with a silicone was connected to IR/FID for real time monitoring
Solid state nuclrea track-etch detectors housed in a cylindrical was used for time integrative measurement.

(Peng et al., 2017)

(Yao et al., 2017)
(Senila, 2014)

(Zarrouk et al., 2014)

(Bade et al., 2012)

(Muhammad et al.,
2012)

(Senila et al., 2012)
(Duqueéne et al., 2010)
(Cattani et al., 2006)

(Hale et al. 2012)

(Hong et al. 2008)
(Marchal et al. 2014)

(Stefaniuk et al. 2016)

(Ter laak et al. 2006)
(Arp et al. 2014)
(Enell et al. 2016)

(Gomez-Eyles et al.
2011)

(de Jonge and Rothen-
berg, 2005)
(Laemmel et al., 2017)

(Petersen, 2014)

(Magnusson, 1989)

(Jacinthe and Dick,
1996; DeSutter et al.,
2006)

(Gut et al.,, 1998)
. (Panikov et al., 2007)
(Papastefanou, 2002)
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F ¥RAIZKTeyS 73F Hav} th(Emstberger et al.,
2005). 22 =504 DGTO 2Jsk] F=d S5452 A
3L

=]
ol59] FE3 T &= BoE RIFHUG. F
= 2718 A3 S o] 8sle] EAkEe] 2R of
w5 TEE SAslaL BEY 3 149 Alvw &
TGS AP A= Tk (Docekalova et al., 2012).

FHZol EolM= DGTF EY Fue] el
(bioavailability) 578 2 o|Sol Bo| o]8=1 ot B
£ 479X DGTE BCR, NISTOA AAIEH i 3=
=9 F 3 o r ARREE x5 (sequential
extraction)°|W} = F=Hol| HIglo] wl¢- vk 0|84
TEH SEE QAUTh 3 dE LHES YWE A &
A Cuel vE= BEY F5=0 02% ©|3}Z, DGT=
=% ABol A T EY F 559 0.06% 5=
AN DGT T=/=F w59 HIE 02-08% 2t
A=K Cattani et al., 2006). EFEee]S A|xs}]
DGTZ AE084 55 55 S48 47 DGT &
7} 8lEH FEHTE 1000-100008] HXx A Ay}
E RAF7I% 3} THDocekalova et al, 2012). Table
19] A7 5 dF= DG} slFE4 Be A
I vlasl] AEARY 55 55 o & dSske
AIE BRI (Vandenhove et al., 2007; Yao et al.,
2017). YEIE oRYHE o]83lo] Cdo] ABECIEEE =
gk A7 DGTZ 2HH 35 Cd F5=(Cper) AlEH
2 38FEER(EDTA, HAc, CaChL)o® =43+ F5Ld
Hlgl] 2129 Cd F59 U5 52 s 2o
(Yao et al, 2017). == TR o2 MZ U $59 U
L Bl mHEe] AE A 5 Fof HEel O
SIS ekt & 4 H29) T U F5E S5k 9]
£ DGT % 3Pl Hlugt 23, DGTE A4
S}slE ol Hisle] 218 U T=9 ts =2 Jade
RS tH(Vandenhove et al., 2007). DGTS ©]-&3F AYE0]
B4 dSE FAE g o] =7o] A& o843
T Fa dEd ol DOTOl % F5% ¥4 F
5T =Y adolgle 7R HAUSe| A= el
283} vl A7) miEeltt. 2ol DGTE ©l8s)
of =0 gt EY TEE o8-S WK A 2
7} RaEchBade et al, 2012). o] A4= A|Hol,
Eisenia foetida,®] Pb, Zn, Cu %3S DGT =4S
Avstazt stedl DGTE S48 sE= A" ol
(Eisenia foetida) %) & B TAF=2] AEol8A &%
(I+1I of the standard measurements and testing, SM&T

I+1), A2]85+%E F=(PBET, stomach+intestine)2} w5
2 AWES RIY(Bade et al, 2012).

B2 oA B8 d5S flste] #HxA W
Toe AFE SN 5 MMFE o8-8t HxlY A
AW FFFY FEE FE(CpenE ARSI WS

T Hoe GRoRe] Fas Y
7} e84 Sl ts aAcle] HEe] w=RellA
AA = ATHSimpson et al., 2012; Amato et al., 2015;
Amato et al., 2016). o= EHHAIGTT o184 sk
o] A g&Es, 35 U 55 kS 9ot
317] oo 2z} slelgmint Al ggks] dEA Q)
A e ool 711%H

DGTE ©]83 A& T35 A&y =4 %
7kl tieh A7 B3 3] HarEal Qitk(Roulier et
al., 2008; Simpson et al., 2012; Amato et al., 2015;
Amato et al.,, 2016). BXES] 9= i AEZH A
T, 2N, €9l T AXTHTF FEe] FE A
AU, DGT AECI8A Aihe SA524, A3EA
33lE FAIFEH(acid volatile sulfide-simultaneously
extracted metals, AVS-SEM) ¥ oz} AEE, HE
59 ¥4 54 WPEs BlaEAckSimpson et al.,
2012; Yin et al., 2014; Amato et al., 2015; Amato et
al, 2016). Y= DGTe} 8247 2N Tellina delioidalis
£ Cu A9 73| HIER 99 oy 249 F

AEo|| MdXslal DGTEEAE et B85 Zold
Z ZA3 A+ Har}b JAck(Simpson et al., 2012). ©]
AF= Tellina deltoidalis BEEZ 743 A& A=
£ F5TY DGT Cu EY2e} ATsds o vie =
& =34 BAAS BoX DGV 5449 ril=

i

SF =798 ST Simpson et al., 2012).
Ed riRPHRE A S tigh o2 F3eXE Z
W02 DGT o] sxlg-ERolu 2B dgslE &
ANFEH Bt 22 2475 BYtHRoulier et al., 2008;
Simpson et al, 2012; Amato et al., 2015; Amato et al.,
2016). ol= SBIEEHolv calEHo] 54 Bulol] vt
She TES TEE o= sk deigddl Bl
3l, DGTHEHS 355 Ul T55S AEslaL
AAPAM BESY FEES AlgEshe 93 IS 7|
£Oo= BT ESPA} 7R AEol8AS Kt Hu
siA| 1jal 71 AR 2A SAs] WiiEos AziEn
I8y DGTE ©]83h A&l 8487 54 34 9=
EY, T, 183 AEe] SRl et A=
< Ho|BZ, DGT A8l $XX 54 F550 Aes

= E
e 54

J. Soil Groundwater Environ. Vol. 26(2), p. 1~16, 2021



6 AYE - USE - BAA - D
RICCR ?i%lf‘z} 2P} ddslole @k 1 2 E1
ol s5¢ FTE9} B F&, oMAHI0|E OLE‘_E—_O
2 2Z3 =% DOT 52 H|wdk Az 289 U

© DGT Hth= EY opEolE Ry % 5%
2 68 & 4= (Duquéne et al., 2010), EZE0|
AXgE DGT A7+ 7% @3o] 229l 554 Cr, Ni,
Cu, Pb == DGTE oF 7}&3ldoy Zn, CdY 7
= F2 P&Hi RHolx] e:tth(Yin et al., 2014).
$lol) A DGTE} BISzEr 712 DETe #|71Ao]
flo] slo|=2AT} 2pAF Alojol] HEHE PA3 FF
& FLE =Asl= ¥8]o|H(Fones et al., 2001; Leer-
makers et al., 2005). ©] 7]&& T3} vl$- vlS=SIA|RH
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Yol ol2& A& 713l $th(Davison and Grime,
1991). oF7HA] DET= A9 vibs®, 559 FA), &
A A sMe) day, AFAEe 0 T FA= s}
of B4 7kt TE5Y AlEe] TRV Al el o
S}Zd E|%4&°| DET ZP7<lE Ax|ste] oy F:‘ g

] EO]‘?\?\Z Fe, Mn, Co, AH 78‘—01—‘: 'E‘@;g] ’ﬂﬂ/g
=T (Leermakers et al., 2005).

DET®] ol8AlElE AwEy dF 4o 7% DET
54 s57F it SA3 357 Ed Histeo
=4 ="K Leermakers et al., 2005; Gao et al., 2006;
Garnier et al.,, 2015). =EY 3959 AsS EY Zo]
HE 249 A9 DET 34 ¥5v 359 $5H0 =
A ZAEA=H ol DET 9] =kekd 3zl 2
2 A=K Gamier et al., 2015). 7 qu‘joﬂ*L_
Y o= Fe®] DET &7t 3= }6:—1—“?—‘:}

FS BATHGao et al., 2006). ©]213 EAIM =
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212 EF IRR71e89E TS
Al FFA 5712 A= (persistent organic pollutants,
POPs)d] AJE0]871543S ISA718H7] $18iA, LDPE
(light density polyethylene), POM, PDMS &3} 72
Ze)e) 71Qe] ARARV) olgHTE. TlE BHE 4
HEH F5HEHPOME o83l ESYF 35 AHrE
A &3E /7] 9EZ(PAHs, oxy-PAHs, N-PACs)2]
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thal Fe =s 2EANA. B B & =2
(PAHs oxy-PAHs, N-PACs)2] AEol8 =5 SAsl= W
T TAZEPOM)St EY = WS Bl 4

=]

§Eﬂ A3 An FEAEYE 35T 58 08 BE
o8 E Wrisked Adslal EY AE e 355
& 710984 F v5E S8 549 As =790l
Agslths 222 WHTHEnRell et al, 2016). PAHS%
gpoz B & B4 AE08EE Y5 Y F
exhaustive mild solvent -%—%Bd,
cyclodextrin =S A|Ho|9} Fxo] PAHs AE5Z
/\1-542. 01_9_3‘H ]:]] E_A LA /\1754 @_1,]. _,L/JL_E%EE_ o]
&3l A4S 559 =t 7 Asite A48 4
AtHGomez-Eyles et al., 2012). 3+ ZH=E-2 54
Z2{(LDPE, PDMS, POM)E ©]&3] =43 Eollr<]
52 (PCBs, DDTs, CECs, PAHs)?] sE¢} o] tf2
ATelM B ok, AHol, B4R N, T 2
T, 5 fU1e9Ed SHEEE Hlﬁﬂ 7Ur
5*“*3%7} E4o AEol8E 24
A=T}Joyce et al,, 2016). 53] SHET=9} *Jﬂg F5E
‘:9Jr4 IS R? B AEE] Aldeict vlash 2y
PDMSE A& wf 0.76 B2 7P =2 ATdS 7}
Fal LDPE7} 0.68, POM®] 0.582] #k& 7Ith.
g FEAEEE ol8Sl H¥EY] 3= & 1L
=49 % 3730] 7Fsslal o|F o8 E49 AF
JJr sl sl 45, Rdgo] rhseh e A
540 A8 AL ole & EFEY A7t
T2 o]od & dthMayer et al., 2014). F5olA
AR A|HolE o] 83l YE=ZAHS st A}
TEHEE (POM)E o83l A4S & AHEA 8319
49 $E5 PAHsE 2HH T Azl Hl
5 = A8 25 AT (Muijs and Jonker, 2012).
U}Z]E'}Q_i TR 4:9] PAHs E=9F T5Z2(PE)S
olgs) =3t Fu];igill IS & PAHs T=F M1
AR A AFEAE e olE B FEE
27} BlZEoA EH AEOIEEE S + AT

Y
X
%
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FU
F
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(Vinturella et al., 2004). o|xH ©2 A 5=
9T olgsl B} BHEe) T, i Bol A
FA Zol She 719984 BT Zks S of
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A= Be Aqolx o 7] 535 fEl 7F
AEHE FHEY 35 & A &alE #7123
B4 55 343kt Aot H-E(Baltic sea,
Newport bay 5)° 8AMEZHE o|83sA 35 & A
A SelE A7IedE2e] =5 S AT (Maruya
et al, 2009; Burgess et al., 2015), (Lang et al, 2015).
TEUEHE o83l BFEY 35 & A7IedEEY
TEE =433l o= performance reference compound
A9 H3 Hrloll o] &3 th(Apell and Gschwend,
2014; Bao et al., 2016). T8AZHE A3 HZEL
T & B4 wEE 29I o2 ol8s) Bz}
% Aojolr] £4e] 58, AFe Hsied At
(Fernandez et al., 2014).

R Be A7 o) 71 2R A6 FEHE

2 B9o) B34 & A%E) LalE §7109EAe)
= )

£ Skt AT 2 dE EQelA PAHSE &
7] Sl BAEAE ARSShs WHY &84, AY
AL FRIsP| 98l sEHE EY 28217 Hale
et al., 2012). Oil-soot(lampblack)*2]3F Eol|A 4541
EYE ol&dl EYH & Alo] PAHsO| BETHIATE
ZA3th(Hong and Luthy, 2008). T3+ F5MEHE 9]
B3l EY Nl BEY & 357 718 Ed s=Hst
oF AEolA F= &l sl EAFH(Marchal et al.,
2014). Canola oilo] PAHs®] AJEo]&w9} AWEs|o] ]
e Y FEAUZUE o83 BEITK(Scherr et al,
2009). Hlo]@xfe] EYF WwAHANE FsHEHE o83
ST T A71L9=29] HskE Hlasiriy 43
a1 3 FEE FE9 W3S} Folsomia candida,
Lepidium sativum, Allivibrio fischeri® =/3%719} A%
2o} A Fck(Stefaniuk and Oleszezuk, 2016). E%<]
T 17192 FEE s H8l S

= o] 831 TH(Ter Laak et al., 2006).

AC)

2.1.3. EY IRTILEE FsAiEY

gz o g FEMEES t7lE VOCs AEHA 1A
3 ESXFVIE 2F 100 mL/min BC} B2 F7)f-a0
T3l ZE3E sample containers o83l AWEHsH=
ol o] 8=}, s9]ollA= Dedicated Vapor Probes H=
GeoProbe PRT system= ©]83lo] AMZHE Ak
AX|ElaL HFEEE o]838l] EYVRSE Tedlar bage]
U 2glg]2 28 A& canister o] 0.5 L/min®] %

o 2

rr

o7 AMZFsle] oF 2-5ppbve] VOCSES EA31ch
(DiGiulio et al, 2006). |23 WL 272 Q19Ho.
2 FYs] Wel] EY T vocse] BES 34s)
At 3 HEE T A TSR =S AXNE
Atk HEFF B Axe] wE AP} TheslEs ok
A FEE o]83)] poly-use multi-level sampling system
(PMLS)E 73l AMEHSE All= Joh(Nauer et al.,
2013).

ol} L FENEY W 2ol A=Y uhy

Ty
ki

ofr
bl

T floll AHE AE Askdedle 5 77
(VOCs, sVOCs, Hg, H2S, CH4, Rd, and etc)
olel QJsfAdo] AR 7%= SITHUSEPA, 2015). ©]
FE7 13573 = (soil vapor intrusion pathway)s I}
o] S el F835k JEs sk, EY T
U IWR7ILA=S] w55 S S8l TEAE
27} o] 8%]7]= SHHITRC, 2007a). B F= VOCs
o v BEY T sE2TEH FIEE 7Pk 54
I sht B9 Am AR vocs AL Al 8
71918 wekgel AT AG el B9 HelolEh
Rl Al 5 7FgeloR hoE 1 olSgkell B
o] =t} A4 =AY EY T VOCs?] F%(ug/m’)
13 Bl 23 A% g

121 A8e Edel SRS 7L e &
ofFil LAEA il o) FREHE As ol%

It BEY 2715 A1¥ o= wpA] %71 o)

N 0
<>Té4rﬂ§§ﬁ
A b o

O

o

_O‘L'é omlm
r‘l‘ﬂl[rllrrui:}f’l~
E”‘l‘j_]x

2
o

& FollA VOCse] HEEH JeE wAF1A] &
= Aol i, time-integratived WEHo| 7}s3h7] W
ol Azl mE JEks HAsRs 4 gle AT ok
Efo] opd 7oA FEAEY WS ASTMOIA
(ASTM, 2013, 2016) L Z-8¥e] tisl] ArEs)] 3%k

u, Ag]Hgloldo] Hof QlA| ghol ARFHR] Fx(ug/m’)
2 H3lo] of9], Usms] AMEY 5 TR uglZ
Axe Rusly ok

2.2 X510l HBE S
Aol 5AEH WHES Table 20 3}l

o, thekshAl A= EH JATHITRC, 2007b; Johnson and
Hajcak, 2007). Z[8l9] A% EL FALSHAl Aleke
AFel ot felids F71E W) FEEE Ve R S,
A ST FEEOIY 7] 8ES] e Rt
Aol 87bsslthe A7 Bol Atk Ed grab
sampling®] E7F&3t |G 5AZ 27} o857 = o
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Table 2. References of passive sampling in ground water

Pollutants

Passive sampler type

One sentence result Reference

PAHs

Perfluoroalkyl sulfonates (PFSAs),

perfluoroalkyl carboxylates (PFCAs),
perfluorooctane sulfo-namides (FOS-
AMs), fluorotelomer sulfonates (FTS)

Micro-organic compounds

PAHS,
a group of organochlorine pesticides
(OCP)

Dissolved CHy, CO,, Ar, O,, N,

Rd

Benzene
naphthalene

He, Ne, H,, O,, N,, EDB(ethene dibro-
mide), benzene, TCE, toluene, PCE

PAHs

VOCs (1,2-DCA, cis-1,2-DCE, TCE,
PCE, 1,1-DCE, CT)

VOCs

VOCs
TCE, PCE

TCE

The ceramic tube, caps as well as the stain-
less steel holder of the Ceramic Dosimeter
passive sampling device provided by IMW
(Tubingen, Germany)

Microporous polyethylene passive water
samplers

Granular activated carbon from Merck
(1.5 mm, extra pure, food-grade quality)

Semipermeable membrane device system
(SPMD)

Modified gas tight syringe

Solid state nuclrea track-etch detectors
housed in a cylindrical tube or container

Porous ceramic dosimeter

Empty vial with LDPE membrane
wrapped around the neck of the glass vial

Ceramic dosimeter packed with Biosilon
In situ sealed samplers (vials can be

capped on earth)

Passive vapor diffusion samplers (PVD)
Passive diffusion bag (PDB), Developed
by USGS 2002

Gore Modules
POM

Water

Ceramic Dosimeter, a solid receiving phase passive sampler using a
ceramic membrane

as sorbent container and diffusion barrier, can be used without calibration
for the long-term monitoring of polycyclic aromatic hydrocarbons (PAHs)
in groundwater.

(Bopp et al., 2005)

Passive sampling technology was applicated for the quantitative assess-

ment of PFASs in ground water systems. (Kaserzon et al., 2019)

Passive sampling has proved to be useful tool with which to identify Mos

in groundwater and for assessing groundwater quality. (Mali et al., 2017)

Toxicity response of bioassays obtained on SPMDs exposed in clean
groundwater can be used
as a background toxicity values for further SPMD applications.

(Koci et al., 2009)

Detecting the diffuse of contaminants based on equilibrium between chem- (Spalding am.i Watson,
icals and media 2006; McLeish et al.,
: 2007)

Time integrative measurement of Rd was applicated. (Papastefanou, 2002)
Time integrative measurement based on kinetic mechanism was pro-

gressed with dosimeter. (Martin et al., 2003)

(Divine and McCray,

LDPE can be a good material for passive sampler. 2004)

Ceramic dosimeter based on kinetic mechanism was used to measure time

weighted average concentration. (Bopp et al., 2007)

In situ passive sampler was used for snapshot of contamination. (Britt et al., 2010)

Passive samplers based on equilibrium were used. (Adamson et al., 2012)

(Louise et al., 2014)
(Endo et al., 2011)

Gore modules were used for time integrative measurement.
POM was used for material of passive sampler for TCE and PCE.

Cylindrical stainless steel dialysis cells filled with distilled water and

closed with membranes at both ends was used for passive sampler. (Laor et al., 2003)

e
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Fig. 3. Deployment of passive samplers to groundwater
monitoring well.

ot dukz o=z el BSElA Askr AEE AHF st
7] Sl 7 7EA el H o] ARSE AL o
HAHAIE 29] L= uphole sampling® & X3} A=
F olfjellA Al ARE AVFoE FEE o83l &
o] &8 APYellA AFshs WRolw, FHAIE Fig. 3%
2] downhole sampling® 2 AEAFHE 87|12 A3l
A= olE Uy A AFHs= el ok
(Britt et al, 2010). T4 SEURIIAE ThEE SR
WHHS APIAIEAH S ol8slal JloH, ol Als
A AsrAEgel A" =o] Ak 84S tiEst
2] Fiths 7Hgslell Aekrass K9] 3-5ulkE AlA
gk S AfEAl 319 ASKrE AFHEIAL UTHUSEPA,
2002; Barcelona et al., 2005). 284} o8 7ol wl=
H A5 A= Ao JA] Far Aekr ol
wE} 5ol = nghe Ydo7]a Ao R Hol &7
WA EA e TS A B 7sAde] A7
tH(Barcelona and Helfrich, 1986). =3k AX- X|s}4=
E50] =1 AYofMe sl BFol AY Erbssio
AFEAH olFgo] dE T Uk I¥HH oz Aslr=
EUEE L2 MAX|3lal purge and sample HHO R Al
=% 3] SITHUSEPA, 2002). AJslo] 739 F9d0]
ol A8l purging ©] E7FsSE AHellM FsAEE 7t

Zgo] ¥o] YrhBritt et al, 2010).

22.1. A3l T FEAUEY

Aslre] FEd % Aol T2 grab sampling®]
ARgElo] gfout 9o Hul AESTHATE =2 IS 7t
e o5 FH3ly| 913k DGTS] A-8o] Bl 9l
THLucas et al., 2014). DGT #&7|2 Askrol Ax)g
7B, pH, 2%, ol2A%, AXAIE 55 aEsor sk
o AgF @3] FRe w2t DGTY H87Fs pH ¥
7} A4 E). Chelex-1002] 74$- pH 5014 8.3 Alo]ell
Al 7¥ssith DGTE AA] Aldle WiEA] @8 _58
=43le] gl didt xRS AAsok sl
(Zhang and Davison, 1995), ©]73%=2] 7% 0.01-1M
9 oledEe Fad bl HAe dEe] mvg
207 BUHACHZhang et al., 2014).

Ak a5 AES fI8ld DGTE ARSS ARIIE
< AHEY DGTE kY AAY &l dx)s
T o] AELE AFEl Ajleke R A F
74 FEE =35I tHFig. 1) (Lucas et al., 2014).
Aue] AE TS #o)7] S8t A §lo] 0.13 mm

£ s = g GRS @49 Awel &3
=5 74 39tH(Lucas et al, 2014). A DGTS
[83t] 243 Aue] Frv BT AT ool
Ol& grab T} HIWS o g AlglA DGT
EE7} grab F& Bt E=3k=d] Hd 58l 7kR]e] AjolE
Rtk AiFez 50| =1 Aslre] 2, v
Au FE 55 1@ W o] AES HEL u7} =
AR SMEAL, =] AR AslkrellA] DGTE ©]
83l7] elMe E4ee] &8 18al pH, olA%, €
=, SRV, 850kA0] JFl tigh Adsh A}
o] "axs A7159 K Lucas et al., 2014).

T8 AEE] R A5 Aol Z780] 7hs
3t =El7]& (Donnan membrane technique, DMT)°] $J
o}, o] WhHE o] WIFAE o83t Aol 759
glo]] 71%¢F =3 (Donnan membrane equilibrium)S-
7iEde]E shetl, ol2uwdt TS Alold] Far gihe] &
Holet LA slelge] F=r) om ARl 7191%E A
714 FRES IAsle] whje] HEkE 71Xl olee] &
o] Wsh= Yg]o|tl(Temminghoff et al., 2000; Weng
et al, 2010). Z7]2] DMT 7|&2 A Wie] - (donor)
BMT} 8-(acceptory&BS ©o]FA7)7] 23l FEHZE
ARSI H719] Fgo] Thsst XeE R AFH7) Al
HAARE, o]Fof Hizo] AlLgo] B8 Fl= field DMT/}
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=] AcHKalis et al,, 2006). °] 71&S Fogdoz
sq;d—)\]ef—; A3l 8-EM o F = A} HISTE o]
J£& 717 Ca(NO;), 898 A83k=t] oJ7]d] EDTA,
NTA 5] U917 2ki=st Felit, Fulike] 214 g
=g TPl 349 AEWAE LAk DMT A
=718 7ol Sl Hd Q1917 Fge] glo] A
2o ofajo] Fojo} 48 &9 Aolo] Yol ko]
dojuuz I ARE Fol| NG FAsNL FEENE
Bejte] 34 S BYAh oA Asko] A8
3 Allie BusA) gk f ofe] el shagol

101‘ HHN

DMTE HXE 3 Ax} Cuol B¢ Aol v
cudl A%E F 559(0.06nM) 0.15%, Zno] A9

$52](237nM) 13%= SA=UATHKalis et al., 2006).
T2 drjelxde A elM FAS Bl &5 F
A3t 70%MWHCE 247417 1A & EYSE
slal DMTE 2183t3ith. S5l st XHOl%A H]
£o] Cde 3-52%, ZnE 11-72%= =35 o1A Cu(0.2-
30%)9F Pb(0.6-10%)°l HlgtY =2 HIES EA
(Kwon-Rae and Owens, 2009).

===

2.22. A8l 2T 1° = FEAEY

Aefroll A RIS AES FENEDE] S8
oreFst el AEErt /\]—%E]ME}. A 0.15cm, ¥
Z 8.5 ecm*] AlgtY] HHo TZAE ARE3E Amberlite
IRA-743 1.5¢& A3 BHIZ

S3ll 283§ ZERlels 2P H S0

o= el ¥4 ©f
o] PAHs

EUERS K tHBopp et al., 2005). ©] /‘”EEL‘\:
& =5 o3| Ak F=E S50 |

e O}ﬂ nﬁi

QF ol AXEHAL A7 B ARV s=
Jo] 7133k 91 em Z20]9] Low-density polyethylene
(LDPE) 2.0l lipid-trioleine F3F semipermeable
membrane device system(SPMD) FE|Q] FFAEHE
PAHs, OCP & T8 74 f71ed=de) 555 =
k=t ARREIJTHK o et al., 2009). PRRFIAIE B2
FHEEE o83l Ay sEE At 248
A TE FEAEHY AER AFEEHO] pesticides,
halogenated solvents, nonhalogenated solvents, domestic

o
o

>

and personal, plasticizers, additivesE X33+ 7|2 H&E
Aol Al FEE =AUt Mali et al., 2017). 3 g9
SRS 2HRIEI 2R AR ol Yol AR
t}. Perfluoroalkyl sulfonates(PFSAs), perfluoroalkyl car-
boxylates(PFCAs), perfluorooctane sulfo-namides(FOSAMs),
fluorotelomer sulfonates(FTS) <] Xgl] A7 +
719984 S4E S8l Ejodils o8 AR
ST AREEAAL HEEA S o8 Th(Kaser-
zon et al, 2019). 83 B¢t Ao AU grab
sampling?} ¥& IS B 7543 WEH S B
< Bl

223, A3 AAR7ILAE SEAE
Akl voc %
o) Tere E5el

-~ ﬁﬁm
}4

O
ox
>=~=
il
o
Ol
T
O
_l
o)
S
s &

Z27F "]‘9“5]91‘4 30-60 cm Zo]

Fig. 4. Various types of passive sampler for VOCs (by turns, Gore Module, Hydrasleeve, Snap sampler, regenerated cellulose dialysis
membrane sampler (ITRC, 2007b), syringe-silicone tubing samplers (Spalding and Watson, 2006)).
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o] Ade Fejoddlule] 245 A4 vOCs HUH
EEe }%E}(Vroblesky, 2001a, b). ©] W= AU
VOCse} FEMZ271e] HYEHE o] 8sh= MEejo|x
CHEZA Y %ol we} 48-166 hed] ATto] Hasile
o of 2% Hud A BE 0dEA B TR A3
A7z BEYo] 7Kt Needie type] 55
WERE Apslo] ARt 7Vl EAske HbER7]

LAES &A= o] &F 3 AtHAsl-Hariri et al.,
2014; Go and Eom, 2014). X3l #SFo FETH|
FHUE AEH VS doke XA WEla, Y78A]
F AEAFH F R 2 54 2ot AEdst
= Hho] A= HRoKBritt et al., 2010). A3}l =
o= VOCsE AEHst7] fJall, &0l BlolQe vl
YU7E LDPEZ Ajar, x|3l5=ol| Ax]sled, vOCs gk
o o3l ulo|d Qtoem AEYsh= o] A=A
(Divine and McCray, 2004). POM2] 7% E3H A%
I %2 HHE F55)e] A83fe] TCEY PCESF 22
VOCsE equilibrium passive sampling 3= 5402 A}
25 tHEndo et al., 2011). AlgtgAEe] F Bk
VOCSE A e BAE A1), Askrol Sols]
= VOCsE F-5AEH3I3aL, grab sampling I} ¥}
ATH(Martin et al., 2003).
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Fig. 5. Potential application of passive samplers in soil and groundwater pollution. (1) VOCs sampling in deep soil vapor, (2) groundwater
monitoring, (3) monitoring of pollutants in soil, (4) vapor phase VOCs in surficial soil, and (5) determining exposure concentrations to

organisms.
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