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553 A317) (passive samplery= SIFEFONN A5 §E50] PP Eo] ol 4aa, A% 5 Yl Aol g
AES & A= A T 5 (freely dissolved concentration, Cg,,.)°ll T3t A RS A F3c} =58 A7+ 5
2 EAE 357 T vk B w8 29wl thall HEe) 7hssh, 8l 28 = ERolu ST 19
(dissolved organic carbon, DOC)2] 1M §lo] AH-8E4 555 A ST o alvk 3 =273 531e] e 99=4 3
TEE AN Qe 2 =2l By 849 sjofed vl f1Rk s AR Ao Bl el disl o)
ofehar, vt sl Whtsld 7109 Eds WA tVdo R § 53 ARP I7H A8 ArAklsel sl arEaisict.
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Abstract — Passive samplers provide the freely dissolved concentration (Cy,.), which exists as a freely dissolved
and bioavailable phase in the marine environment and is used by marine organisms and can directly affect bioaccu-
mulation and toxicity. The passive sampler can be used for monitoring of organic contaminants with the very low
pg/L concentrations in water and sediment pore water. Using passive sampler, Cy,.. can be measured directly with-
out interference from colloids or dissolved organic carbon (DOC). This method can provide time-weighted aver-
age concentrations during the period of deployment. In this paper, the necessity of a passive sampler was described
for more efficient marine environmental management, and the types and principles of passive sampler were pre-
sented. We also reviewed various case studies to apply the passive sampler in a various marine environment con-
taminated with persistent organic pollutants.

Keywords: Passive Sampler(753 |3 7]), Freely Dissolved Concentration(A}--8<54 & %), Persistent Organic
Pollutants(FH2-3l14d 771293 E%), Performance Reference Compounds(2 817454, Equilibrium(*33)

1. M =2 [1991]; Burton[1992]; Ingersoll et al.[1997]; Wenning et al.[2005];

Burgess ef al.[2013]). B3F B2 =2 A, 8785, =2

HAES At Al edwd miEel] oF JEFs wom, At Tl o) s 9 75 A=A Al FEFE 7] Wi
TEE U F71eE BAY A 98-S SKDi Toro et al.  °ll(Larsson[1985]; Salomons et al.[1987]; Burgess and Scott[1992]),
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ol Bt SRR A7) A2t 2151 ekl
T 9lol Qi f719.9T A A A F AFEES FAsk
SICHEU[2000; 2013]). whebA] crepet shkaigel ] wek Jeka
ogRal Pl Bleh] el ek B G sl B
eI Wl Aol Beshv, o)F e YA T 09 %
A A, AR08 W ARHA g At olalr) sl

Hrt.
PCBs(polychlorinated biphenyls) % PAHs(polycyclic aromatic
hydrocarbons)g X3sl= el 7712954 (persistent organic
pollutants, POPs) X1A]/J 032 Q& djefshd FollA 2 =k
3 Ao} glon, A= §EYR] TR W §ERT|RA
(dissolved organic carbon, DOC)%} A3glsle] EA|ST), L2 =
=50 AHEA S5 0] BEEelAl ol &5 & Y= F
=, A8 55 (freely dissolved concentration, Cy. )% A1
T or, o] S AR ABEe] o]guo] AEsE W 540
A = = SITHDi Toro et al[1991]; Schwarzenbach et al.[2003];
Lohmann et al.[2004]; Burgess et al.[2013]; Mayer et al.[2014]).
L3t AH-E8EY S5 (Cro) 2HEA 9 31814 A9} 274
ZAAY Qo] e 9 HAE e WY dEd R
FYERY] 2QEAY T U 4S5 oS53 = Qi)
oA AMEE FE(Cr)E 578311 &2
oANE Bl YAEE A §F 8 % 5
SEAIRE ol2fgh W 2] g 8ol oA = FEolE, DOC
9] ko 7 Qlal xR LA} = X-2FEA 5 5 (Chee)
5 1% 7Hoverestimated)sHA| Tt E3F B 2X=
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8 S (G S5V HOHHL HAEE e e
A s F7F WAZE Ao, QS ol FRE 5
Aa] Aelire S gl # #7} A goitt upebr 7]1E
Aigylens set 512 $SFIM AREEY TR (Ch)
=7g0] A1 okt s, ol Bk hdeta g eeh A

L TECFEE ?4'6‘11, G Yo s ol 83 FEd
A 31 7] (passive sampler)7} 3= $1THBooij et al.[1998]; Mayer et
al.[2000]; Jonker and Koelmans[2001]; Fernandez et al[2009];
DiFilippo and Eganhouse[2010]; Mayer et al[2014]; Ghosh et
al.[2014)).

otA o7 B A& AR ek Hrlsl] YEiME

BAE Yo 29EA FF5EE A3 tH(Long and Chapman
[1985]). FAINE o= E]3= WSk, Elli JJr 53 29
=4 ol 2 TRk SAES BE NI o glom, AAl

, EE”?H%(black carbon) % TE

R 2w, AR, 5
(soot)57} 2L BHE] EAL HAE RoEA NE U 53
Atoleld @ = Fullell W dE= %E} T PR S

A=A TEE FUEAEE odE
AEFHA ] QlolA] & Aol Kol A=
El= 797} Atk (Adams er al[1985]; D
2lgh SIS S| QlEl B4 54 %

9] o) 54, AEol 84,
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19 dElE E8st 753
ot EHA ¥FE T ”‘g% 184 5% %@3}01 3l
s dE el Agstee m¥o] dshA AlEE it

A, 753 A7 SRR opgt 7)ol M & AR

=gell Ful 2493 90w, HAE o] A2

= (organic carbon-normalized
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Aol M= 29=42 =EF o] W FAAQ] kS ot
=l AFEE 32 QIERUS. EPA[2012' 2017]). WERA 2 =of
A B a82Q) dlehy delE e 53 A%71e oA
9 d5del] sl gfetetar, LP—t'rz‘sHH 4719018 gpfo s ok
e 5 A7 I7E A8 okl AkIEel dhal] sl
2. 2EHMEYI BF

53 A= 257 229 771 8 A (polymer)e ™, 2t
T8 5(Cr)E S3P7] el A 207 5 ER v
wolA] ik wolell 4817 A2ttt Adams er al.[2007]; Lao
et al.[2016]). @A sl AREE o] A1 Qe T A=
Zo%a WA 471998 BAg o 1R 2= glom T
Bl T4 B8 538 AX7]E+= DGT(diffusive gradients
in thin films)7} 1o, a5, EJ4E 2 siFB =S vIEe ook
st 3ok 3ol A8+ o] 7 de] &85 QIth(Peijnenburg et
al[2014]; Dong et al.[2015]). YHEsld 7] ede2S Sy
o g 2719 75 AFVRE AdEEe oD (low density
polyethylene, LDPE) ©|5 2 Alo]ol] Ex]&2Q] (trioleinyS -2 ®F
T3 d el ] (semi-permeable membrane devices, SPMDS)7]- 3
UHHuckins et al.[1990]). SPMDs2] 749~ 2A|&4] =& A| LDPE’}
A ZolA EgZH1e] 857t ofel ] Aed Fu] 4ol &=

7hs sk dle] Qlo], Al 2 AR EHIAIA] 9L Q. o] % H
Zolli= o]FH FH7} ohd ©wd A FE2] LDPE, E2| A wE el
(polyoxymethylene, POM), 2 Z2|t]H[& 252k (polydimethylsiloxane,
PDMS)Z} 22 f7] T8AEe] del AR=E ik Al 7 @
o] AREH L Q= WY 7] e = w48 5@ A7
5 2 534S Table 10 YERJSIT]

ANHA O & AR QlE 7 A7 E AV
w2k 413}k ¥ AF(DGT 2 POCIS)O| U= 73%5 QUAIRE, &

Qo) BAUEAR A 79908 2
A7l A5 AFe] glovl, Bl wE T A9 BAR o
sl o2 7] SUAE B 4 0 B A Al 418

& Wgo] 7hssh o] qlrk. o
100 pm 779] gk 9 FE|E T2
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Table 1. Characteristics of different types of passive samplers for persistent organic pollutants

Sampling media Advantages

Disadvantages

Passive sampler-water partition coefficients (log Kp-w)

- Inexpensive polymer

Low density Robust and rueeed DDTs": 5.3 ~ 6.0 Fernandez et al. [2014]
polyethylene - £8 N OPEs": 1.1 ~ 6.6 McDonough e al. [2018]
- Simple to deploy and recover - Slower equilibration than .
(LDPE) L PAHs: 3.0 ~ 6.3 Cornelissen et al. [2008]
- Not limited by sample mass PDMS b
. i . . . PBDEs”: 4.1 ~ 6.7 Sacks and Lohmann [2012]
H H (greater analytical sensitivity) - Folds on itself, making cleaning 4.0~ 6.7 Lohmann and Muir [2010]
é_(l: - Flexible and not rips difficult 4'5 8.1 McDonough ef al. [2018]
I | _ . ~ . .
H H Good for both water column and PCBs: 4.9 ~ 7.9 Fernandez et al. [2014]
n sediment deployments
- Inexpensive polymer
Polyoxymethy-
lene : l;(:;uls; ?:((liéulgogegn d recover DDTs: 5.0 ~ 5.7 Fernandez et al. [2014]
(POM) P ploy - Slower equilibration than PDMS PAHs: 2.6 ~ 4.9 Cornelissen et al. [2008]

- Not limited by sample mass
(greater analytical sensitivity)

- Cleans easily

- Good for both water column and
sediment deployments

LDPE

|
H
n

- Can rip easily compared with

3.6 ~4.9 Cornelissen et al. [2009]
PCBs: 4.5 ~ 7.7 Fernandez et al. [2014]
5.4 ~ 6.4 Cornelissen et al. [2009]

- Fragile (need to protect during

Polydimethylsi-

deployment)

DDTs: 4.3 ~ 6.1 DiFilippo and Eganhouse [2010]

loxane - Inexpensive polymer fibers - Relatively difficult handle PAHs: 3.2 ~ 5.4 Cornelissen et al. [2008]
(PDMS) - Rapid equilibrium - Limited polymer mass (less 2.8 ~ 6.2 DiFilippo and Eganhouse [2010]
CH - Cleans easily analytical sensitivity) 2.9 ~ 5.6 Bartolomé et al. [2018]
Sl‘,i—o - Good for sediment deployment - Poor for water column deploy- ~ PBDEs: 5.9 ~6.7 DiFilippo and Eganhouse [2010]
I ments (because of the limited PCBs: 4.0 ~ 7.6 DiFilippo and Eganhouse [2010]
CHy |, polymer mass)

*DDTs: Dichlorodiphenyltrichloroethane (DDT) and its degradates (DDE and DDD).

"OPEs: Organophosphate esters
‘PBDEs: Polybrominated diphenyl ethers

AREE oA, PDMSE] -, tiH-2 27 100 pm o2 frelid
el 10~100 pm FAZE ZRHE X vEHEZE 1~10 cm o=
AHE-E] X A (solid phase microextraction, SPME), E & E| =
ARg-E 1%tk LDPES} POME: At &1 9] =3 o whet
FTUAY] FE AT 5 Qo] allrs) HAE 28] golshAn,
PDMS?] 3¢, The 5% &R0l vlsl IR =X SaA] ol
- o} @ =H 0] FETt =2 HAEmo] AREH X E‘r(Vrana
et al.[2005]; U.S. EPA[2012]). ©] 2] 9= silicon rubber %! poly
(methyl methacrylate) 5°] 553 7|2 AREE oA 1L % L
(Smedes[2007]; Prokes et al.[ 2012]; Lao et al.[2016]), &<F 4!
gJokET 22 FH AT A1 FEH AL A% T%ﬁg
AN 712+ POCIS(polar organic chemicals integrative samplers)
7} AREE 3L QJEK(Criquet er al.[2017)).
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= 2 xﬂ@ﬂ A u B s RIS
8 AkslolAIthA 2). 55F A7) A Fig. 19} 2
BPd 5 glom], 558 AR719h 8 Wi Fhells 2o o
s el ow zau P} o] Folaith. 25 A7)
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Fig. 1. Simplified scheme of C, uptake by passive sampler (PS)
and operating modes of passive sampler (kinetic (uptake) and equi-
librium regime).

sl 23 Fslold LR AL 15t ol 13k whg we
ol oJa) Thew} o] Vepolitt,
dCpg . L
= kCpoo—kyCpg (during kinetic uptake) @)
_ (jps iyer .
Kpg = (at equilibrium) 2)

free

Cps: AT = P uf 558 Q371004 2954 5
E(ugle)
ki, ky: 2920 F5 9l 22 A% (1/d)

Kps: TE5FAR719} E1H] A =2 2] Al (L water/
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Kg passive sampler)

Ao} Fo] E w= vy 9] 55 AFTVIZFE A
B2 FE(Che)E AR = QT ”é?%(equlllbrlum) Z7014 ¢
AR FE(Cre )= A 37850131 KpstkolH 71 30
A B 1%} POM, PDMS H LDPE?] K,Zks o831 2] (2)
S g e Aol 4= qlrt.

T53 A7) A -5 fleliMe vl f/l5S 1
gatofof gtk A, 53 ANY719} vheFst djershd w3
EA= 3=, 305, ’%‘%)Oﬂb HE el Zgalorsitt, 7o) w&
i@]rﬁlm(“ﬂ log Ko, > 6)2] 785 HE el Tdsh= AR ollA

A A7 Q7| %= kA Tk (Mayer et al.[2000]; Gschwend et
al.[2011]; Apell and Gschwend[2014]), AT 07 AgAfo] ke
(log K, < 4) 3}5E2] 45 2} w27 537deo] Tgsit. -3
3 AR tPdEd e A R opel AR EE s E
Ag71e) Aot FA1 9 S et YRbE o R Bt gk
FAE 714 25 um LDPEY PDMS7|F Z8 ¥ SPMEx % (in
situ) B2 iwE Al Slojx] A EAe] FYolA AL
ojofl Atha oz W] sJ&of EEekR| ek, Bl FA1(500 um ©]
/) POMZ} LDPES] 79 A tldEH o] o e w714
o B *]7}(A1~¢‘7H = BoE 3t HAE] A5 A% (in
situ) AP FHFED AT A5 98 dFEAES AR
A AFA A (ex siyS AT LAEAS] F5ETE 5
7R = 8ler, o] F SEl BHAES E8E slurry) AEIE W
o] WRAIA Fa1, o)) 553 AF7] 9 mEzre] A1 (boundary
layer)o] E015HA EMIEEr} S7Yete] wEA| FH ol EdalA|
Aot b EE A1 HAA ] T8A S, 71, B
oF 9l AN Adet A A0S 8t Bt wEA HY

o =g Fo] A o® Wit mEeE AREEY TE
(Ceo) 57801 7Fs8lt,

sHA, 71 Yol e EoA = ¢ 3@}?%9]
SN 5 QP77 A7IRE ez Rel ot *ﬂgoﬂ 9
3 B NEH ] &5 Ayt gAs MD]'(RIChaI‘dSOIl et
al.[2002]; Liu et al[2014]). ©]2} o] Fox= HFPof o]2X]
e 4971 sk, o] gt v E el (kinetic regime)oll A =

FEE2 TE(Ch)E TalloF 3 A% At Mayer et al.
[2003]; Vrana ef al.[2005]; Apell et al[2015]). ©]2]3t 75, A
(in sty AEA A (ex sim)ell A 53 AH71E *%01-71 =l
58 A7)0l A3 K A5 (performance reference compound,
PRO)E 2] S5AIZ1 3 e&3tar, 97 AIRE 47 - 55k PRCY]
ok o 2 H¥ ¥ =g I (fractional equilibration, f) -2 W&

Al5=(exchange rate coefficient, k)5 AFslo] Fa el wle] @
AEA 2 T3 5 Qr) HBE A ), 558 %7
vlg] F5Eol%l PRCE A =43 fAsE =234
Sl = 59, L AR )E 7HE SEES ARSIt 1
HEE 553 AP71elx PRCE AAEKES} 954 75
S sdaithE 71 stell RN 295 TEE

A Sl

¢

> >
O
o
B
>

JIN-

& ik B R et 22 4 3l 98l PRCE B

34 AxkElo] A 4= S)th(Fernandez et al.[2012]; Friedman et al.
[2012]).
Cpre
f=1-= 3)
Crre

Cohre: 27190 €Yol PRC &=
ClpRc ]'—_lé = /\]7]— O]T‘/l PRC

53 AF71eIA PRC7F WU b= S 13} HEEA O %
ERd 5= glon, o5 A E%!(Adams et al.[2007])S o] &5
1= Coae =gz vpeb 5 g,

CPRC

Cps = %IE
A7IA k= 12F WhS Ao n], HE4 0 & v 3] AEeA
21 By ol83te] 5 78 5 2] ()9} 2] )F ol&3te], BEY wie]
A2 E5(Cpe) B ARTE 5 QU

A, @7 BAES &8st AP A (ex sy 7B5- HEEY
550l QlofA 2’ glofeol 3h, o] Z7& “no depletion”
OIE]-_T’_ '('5}-];]. /\]84@ A3 (ex Situ)O1]}‘1k_’ QX‘] Uoﬂ/\i /‘Eé‘i XHFS
712 efd=4o] olgsh= o] HAE W e9=4e] & A
FAIE AT (1% olsh7t E|ofof ghrt, whek o] K} v wE Fe]
eEAe] 75 AMFVIZ o] FsITthA depletion FEIE 72
& glow, o] g H AR-EEY TE(CroE HB7H
Hot. wbA 71E Arelxds EA = AR EE A7l
o3t s}eHE2 o] 17 (depletion)y> H T 5% ©lskE FAISHES F
S Th(Jonker and Koelmans[2001]; Mayer et al.[2003]; Ghosh et
al.[2014]).

“)

T A= v 22 o] gink. AA, allFellA] il
W FE(pgl) T8 EAE HE0] 7hssith e AR =
ARl 52974 297d edE5Adnt Adgidor F435E R Sk
= W] At 22 A} StEo v BlAwel 23k S
2 BB F58HA] Pot Agt Al E XS AT 9]
3 ol E 2 FGEZ 9] 7&% | 7Fs8FH(Lohmann et al.[2013];
Booij et al[2014]). ©1213 8-S 243 AA R S
Hokspe] 353rellA niﬁ ZHX‘J7I polyethylene— ol-g3to]
pg/L 2] PAHs A8 F5(Cr)E SHT A77FARIZE
SITHLohmann et al.[2013])(Fig. 2).

A, 758 AY7)E ol 8 FEo)=Y S/ RS 7
A 010] A5=0] AFEEY BE(C,)E AW ST 5 9T} 3

5 EAKE $EY LRI CandFE FERECooo)
FEO|E(Cpp)y 1T AFFEEAN(Co) 22 EAITITE. Bl 5 2
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Fig. 2. PAH concentration (pg/L) in seawater across the Atlantic
ocean (Adapted from Lohmann et al. [2013], Environ. Sci. Technol.,
47(6), 2570-2578, with permission of American Chemical Society).

Ao A8 FE(Cre)® S S8l 712 FEEn
7 %Al oz ok E3l 8EdelM ] LHEE FE(Chaaned =

5t 5 SRV 1eA8t 2] AT (Kpoe )SF S5 184
L%k(mmc)g o] gsto] 3t =RV QHEAFE
(Coooy® 857 LBEEE 5 (Cooned)IH A LTTC2H A8
Z FE(Chr)® AXFE 4= AATHKIm and Kwon[2018]). ]
o L ol Al ekl o3, 5 W 8 EA S
A 9] mig- Heka el FAARNE o R St 8RR
Y A7 ol WA BOE R o w FAAIRHERE
ofef, FANE-& oiF d3ke 4 St

e e R
o?i r@ e

ol

mlm
\L

AR, =BV B2 LABAS FFFEE SHE F ek 7]
F2| A571% ol 83te] a5 ) SEAS B 2 A
ek BRI 99 el thet AuEks AT Y T
AA9) BiFEgo2 AP IOl Bt Slek AR 553 A

715 E-gshd Aol e A E7EA] AR gl whet Al
ol w2 e AEH] Hit sLE AT 5 e Aol st
(Chen and Pawliszyn[2003], U.S. EPA[2012]).

A, 5@ A7 HAE U e dE=41 9 3hehA %*
(chemical activity)g S8 = Qlth. E&EoM -84 =
(Cpee AL 38k FAro) et ARE AlwE 4 lon, ]
= i elM 9] FtERt ofe}, e PEdel mEE AEl @
0] whE AEferE] G gpolkdt ¢ QIth(Lydy
et al.[2014]; Mayer e al.[2014]). Muijs and Jonker[2012] %17-0]
oJehd frleaE HAE EAES 295 FE(Co)E o
SE|o1R VIR (Lumbriculus variegatus) A2] PAHs s A

Q84 54

23l 77192932 (persistent organic pollutants, POPs) 929

104+ :
:'5 A - § B /
S 10 - ¥ 2 102 /
= wsf yd = /
=] ] -
= 107 = 102 L P
=) o= /,/ =) - e
E 101 s E 401 pe e
3 // w // P
ol 2 el B
g E-]
§1o' - i 1011 -
2 5 S
© 402 - °1 2 e
102 101 10° 10' 10® 10° 102 107 10° 10' 107 10°

Ch, measurea (Ma/kg lipid)

Fig. 3. Relationships between measured and predicted PAH con-
centrations in situ exposed Lumbriculus variegatus. Solid squares
representing non-temperature adjusted data and open squares being
temperature-adjusted data (Adapted from Muijs and Jonker [2012],
Environ. Sci. Technol., 46(2), 937-944, with permission of Amer-
ican Chemical Society).

Cb, measured (Mg/kg lipid)

A SR A F= gh(ASEhel vlal] oF 2~2008)] =2 JE

W (Fig. 3(A)), A %‘i ANA7] 52 sl PDMS7E =
Y& SPMEZHFE ASE MR A9 5= A5k 40) o]

Yz AR ghe »}E}lﬂaiv}(ﬂg 3(B)). B=%+ Hawthorne e
al[2007]= SPMEE ©]&43sto] 2949 FHA&E o T2
PAHs AH-4E 55 (Ch) S35 B3l B -, Hyalella
atecat) BEA 88 AZE 5 e ST Sk,
E’é =4 JJr 3%% o= BAXORE
oJ3k S g
55 5 9 B4 ) SYEAY BRE AT F 28 4o
WS tH(Van der Wal et al[2004]; Van der Heijden and Jonker
[2009]; Lu et al[2011]; Joyce et al.[2016]).

A, 5% A7 = BERYEE AES tiilsks Al
o7 o] 4= 5= 9l o (Vinturella et al.[2004]), BE©] A4
?‘sjl— _/": %i?‘:— }_Zj(oq]; zﬂ/\]—é’\_ :‘]_7__9. E}\J)oﬂ 942‘;]— 0161:2_ u]—x] 0}7]
el S5ke] S = A 4 9l Aol ATHU.S. EPA
[2012]).

5. CHet sl etdol M2 =3 [ET|2
p.S |

SAHE

AAAI Aol a9 g B Ee] 5d ARVE ol
goto] el fr1ePEde] AHEEY FE(Cr)E SHT
oot AAlEEo] At (Mayer et al.[2000]; Kraaij et al.[2002];
ter Laak et al.[2006]; Fernandez ef al.[2009; 2014]; Friedman et
al[2009]; Maruya et al[2009]; Witt et al[2009]). Oen et al[2011]3}
Fernandez et al.[2014]%= dlF2.gd0] 417het 2] <] E|&&Ee &

& 55 =3 (capping)ato] HIGE 3 H, 75d AWVIE A
et} ol A-EEY FE(Cr)E ST OEN EZ
v o4 Astass IRlshs A8E SEsISict ks
5 oM, 5= 59 9% Al HA RN e s ARV E

A
A&
>3t
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Fluorene

Fluoranthene
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Fig. 4. Dissolved concentration gradient of fluorene, fluoranthene and pyrene from the overlying water to the deep sediment at two sites (+13 to
—44 cm) (Adapted from Belles et al.[2017], Sci. Total Environ., 579, 72-81, with permission from Elsevier).

4 2] 8} PAHs, PCBs, B &AW+ #| polybrominated diphenyl
ethers(PBDEs) 4! 71217 of|2~8 23}3}E (organophosphate esters,
OPEs)2] ool mh& A8 $E(Cro)E 573 THOen et
al[2011]; Lohmann et al.[2013]; Joyce et al[2015]; Sun et al.
[2016]; McDonough ef al.[2018]). B3t =53 A 7]|S a5}
Az Al dAleto] HA = srite] edumd SEAE
AFele, sk e gRlshs RUHH =72 E43]% 519
CHFig. 4) (Liu et al[2013]; Mayer et al.[2014]; Ghosh ef al.
[2014]; Belles et al.[2017]).

AA FHol vl el f7109EwdS tdo R
HAEe] s k] 8l 7@ AR7E E8eka qlom,
olof tigt 7lo| =elel= AAISIAL QIEHU.S. EPA[2003; 2008; 2012;
2017]; Burgess et al.[2013]; Miége et al.[2015]). £3] v|=2] 3%
eo] S48t X (superfund site)ol|A] HEI F109EL &
HEH 4 54 43y 5897} 29549 s 2 o=
A =T BHAE Bk flal FEd ARVIE AE
3}l QITHU.S. EPA[2012]). B3+ S519] 739 71Fe] oFal oA
AR QPIA 7 E A oS EYEI™E] flal vkt
PDMS AEE o] &3l A& 55 W HH= sy a8s v
olsl=t] 4317 IR THLI et al[2018)).
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(Prest et al.[1992]; Richardson et al.[2002]), =53 A=A 712l f-4
e o BAWHEEEC] EeliE e 2ol Avk(Liu e
al[2014]). 38, 59 AFVIE olget A A B, &
At H9Ed FE55 A8 F mg B3RS HVISHAE 2SS}

o, FZA] 10 mL ©]&ke] 7185 ARg-skaL Al glo] 7]
2] 3]
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Z5o] HARAG Doz sk
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of gt RS AA 4S5 12 (Ghosh ef al.[2014]), DDTs
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