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POPs(PBDEs, HBCDs, PFASs) 5%+

AZNE Q9] Aot $ BES HH 0T ARARY LA FAPOPs] T SETE Hoh L]
e Lr*rfoﬂﬁ&— SR B ) POPsS] .93 A0eh A 200142 SFeysh 5k

POPs A} 1 12 AVgstsich. sk el o) POPs 2t A3h, WlE 2L AHg:
Gl 1% PO F ol A% Bt A (ARt A el A
71 POPsel I3 e 0.2 7| Lhebsiet. A7t POPs7H %5 0% )

5131 9Je] AT POPSZHE] 72 BES] A st A fSo] Ak, 7] 2AF AIHES WA @
FHLPEA A o] AL Ao PR, wE b YAl 4 F4E Sl AR LR 7]

F 9 9] el vlio] LR Aok, & ATME AP REN ) AR 0B 24 AL B AR
SRR AEH BUF AT YU AAS AASA Fr.

Abstract — The Stockholm Convention on persistent organic pollutants (POPs) and Minamata Convention on mer-
cury and mercury compounds took effect. The aim of these conventions is to protect human health and the environ-
ment from persistent pollutants. The Ministry of Oceans and Fisheries has conducted surveys on the status and
progress of contamination of POPs in marine ecosystems since 2001, and in 2008, the law on the surveys of POPs
in the Marine Environment Act was enacted. In marine ecosystems, the concentration of dioxins, where regula-
tions on emissions and use are actively managed, showed a gradual decreasing trend in each year. While the con-
centrations of new POPs such as PBDEs, HBCDs, and PFASs were found to be relatively higher than those of
legacy POPs. Because new POPs have been listed regularly, prompt and appropriate responses are required to pre-
vent the environment from new POPs. It is necessary to reorganize the investigation system for persistent pollut-
ants in marine ecosystems based on the long-term survey results. It is necessary to establish persistent pollutants
criteria and preparation of management measures for maintaining the marine ecosystem health. In this study, we
analyze the status of surveys on persistent pollutants in marine ecosystems and suggest policy proposals to effi-
ciently manage these pollutants.
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771 29 E2 (POPs: Persistent Organic Pollutants) 3¢
,3AE ol FA, B A, AEA FoE ste] 19704
B =S SR ARgo] SAIE AL Al 2L IAIRE, -
71947 5°F & DDTsS] A-¢ olZel7t 57k 5 Yol &
ZoE oysh] H3t H4 02 AT ARSI 912 (Bouwman
et al.[2019]; UNEP[2019a]), F712] o]5d % Q13}o] POPsE At
B3kl A 982 H7F R S ol A = AR AL QITH(Luek e
al.[2017]; Pozo et al.[2009]; Wania and Mackay[1996)).

POPs®] 735t 570 0% Qo] AelA| o] ABEA] it ofuet
QIZF] A7 $1835)L 2] (Jacob and Cherian[2013]; Sweetman
et al.[2005]) <11 8+7 A & (UNEP: United Nations Environment
Programy& 3.0 POPs2| 714l BoAJo] AI7|=a 873t ¢
’3& AA 20013 5€ell POPsell #Hst 255 Fofo] A=<
CHUNEP[2019b]). 2525 @k tho]$Al, PCBs, DDTs 5 12
7] ] AR, A B aliES AR B 2] QlEl A
Ad FAFHEO R 2004 5Yol BaE O, 2018d7H] 182
7§=re] ZKdsaL 1527]=50] Argslgith. g2 2001 102 el
7kdskar 2007 1€l Fokell HI=sISith. A555 ok wa o]
5 goFoldle] Agide Hrksl] flall 57} e A eele] By
HE& AAslel 54 Aol gk <914, d 27424 2pe] 3E

& Hu
=2

=45 Q] 4200 B3t mvrel Foke 2013
A 1€ 583 A1 (UNEP) #1521 5 7F 2dellA] 14009 =7}
, 2013 109 L wyniElelA] FAAoR X
oFS AlAstict. niubter Fok 2017 8ol HaE o,
2019 dA 12871=¢] A3tar, 10771=¢] vlEsklct. =2
2014 9 ool At @A vlES 918k HAE gkl Qi
ujupelel goko] B e wkel 202035 E - digo] B 5
A AF] Ak FES vl A viERE 2o WA "t
o] AR5 B3l sldehd Foll A8 22 sliklEA Ul
Ho|AReS B3l S PAEL B2 QA 711 Mol Az
FHE 7 A2 2 wEEA] oo FAE o] 7 2178
o] A&A o w2 =4 JI &S vAE 585 7 AL ik
3] HE4=2-2 212]4 (lipophilic)©] ol e
AA BslaL ojulFel T ke T S4B AHE B8l =
= &7 25E Hole Zo® dEA gler, 14+ (hydrophilic)
o] AU O R 7t Fr)gol vlal] 22 % oA oF 100
Hj 9] =8 =418 B QITH(Mahaffey er al.[2011]; Nielsen[1992]).
FAR FYE 72 H4E T2 3 A ateEotel] o |
g2 0% ¥H3E th(Mason and Lawrence[1999]; Mason ef al.
[1999)). Bl &= Wl T4 T g5 s5E oF 1-3%= A3}
U AMA ool 7] A 42 T2 oF 80~90%7} HE 4
He|= EAsh= 202 dEA Itk (Henny et al.[2002]; Mergler
et al.[2007]).

_ﬁ
o et

143

7t =7PEE Tl A =5E S3llA POPsE L3l 518k 9]
A, TES 55 ] ATAIBKL QAT hitps:/chemicalwatch.com).
EU= sshazle) ok fJslidell et 55, 7Y, 571, Alstal= A1
5}&-E-21 7H2] 4| ' (REACH: Registration, Evaluation, Authorisation &
Restriction of Chemicals)E 200758 Alsjskar Qltl. T2 4l
TR AR, Y SsE o] AAF Y Al 52 A
Aol ek WM&, Murh= AfelstEd 23 717 58 St 3
g4 wE] 9 1 AlE Sk Utk UNellX= &8hAEe] 9138
ggdel Tk i 9 A9 AlA L3 A8 GHSEHER

=
=4

g | Al A2E)E Adskit. vl A

3T
ar

-

S~

=]
RLe

3

o 2

st dEAIESl shetad 7t 2l e 22 T73(ChAMP:
As: Q

Chemical Assessment and Management Program)g- %33} 1T}
UlelM= sk, siekeddey, A, R4
F712954 deyield popsell w3t e} 11 AIE skar Sk
sk o= 19695 =7 (Aldrin), E2 2691 (Chlordane),
v =2 (Dieldrin), $1=% (Endrin), $1EFEZ 2 (Heptachlor), T1T]
E}(DDT)E o 1415 AlFste] @A) 1009%2] POPsel| tf
A Bl skar QITHKEI2000]). 873504 ASEE 3ok
A& 9late] Foroll A 43R POPsS] Telel H st Ald-S
o =M POPsS HS=FE =1 A7) $ES Heskal
SAHY L HH o7 20077l A H71 295 TS
Attt ~A5EF ekl olS 3l 2009 49 =71o] A
M5 DA sto] GAler F3]o) AlESIATHKIm and Lee[2010]).
FloAaroll = slioRAJElAl Ul POPs Bl $1319] 2008 &
d e Mg o @l E el Al3ox, Alsta Al24x),
3, A E A E 2 S ) POPse] LA e 9 18R
g Tetsl] fsiA T 0Z 2ARE AAlekaL ot &
et nuntel Fokel] whE o o]alg 913 20199F-E F7]
off #et ZALE F7H] 0= AAfstaL qict.
A 2] sl W g dEdel uidt ZAF AAlE A
AeAEAe] 2dE W A7 AE RIS gelshs o, &
A ARES 43 A AR e k9 oD &=
H2 ofA] ek Aot wEbA] 2 At A= sl EA Ul
I AER ] AL | 9l & AL AAI] EAA 52 vkt
slo] A A= Aol tish e 2 oS et Soll thalA AlAl
skaraf gt
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2. POPs SH{ &

2EZ 5 gkl wlz} 2001 de] tho]SAl, PCBsE 28 12%F
o] POPsZ A= 30m, 20098 9%F0] A= FA= I, o]
F it} 1-3F2] A28 f3l=2o] POPsE SA=o] 20184
7] F 28%0] POPsZ A7 = o] tH(Table 1). A2 POPs 5
7F= POPs AESYS] (POPs Review Committee, POPRC)] H7}
£ G3lA olFolxink. St Al ® AlRKE shekEdo] ok
oA At 2 FHRAY, 5543, A7 o83, A8 s)ye W



A7J51A FTHUNEP[2019¢]).
POPs= A5-25 PoF 754 A, B, CE T-23te] SAl=<] 9l
o, BEM A A 2, AR 2= A, 54 Bl
Aol = =42 38 8 B 5T ST AR, ARgo]
385 ASER, F<5A G v|9=g] WY BAR FREETH(Table 1).

POPs:= 7103’\ Al sk, A ek, Al e AR
TEE 28% POPs % PeCB(Pentachlorobenzene), HCB
(Hexachlorobenzene)— A Al 1l B s, f719407
Bk &= 2 (Aldrin), 2 2 2 9|1 (Chlordane, CHLs), DDT(Dichloro-
diphenyl-trichloroethane), T] 2! =¥ (Dieldrin), 1= (Endrin), ¥
El& & 2 (Heptachlor), 7] &~ (Mirex), 5-A}3l(Toxaphene), Alpha-,
Beta-HCH (Alpha-, Beta-hexachlorocyclohexane), Gamma-HCH
(Lindane), &= = 6| (Chlordecone), PCP(Pentachlorophenol and
its salts and esters) “72] 37 SN%=2d38 2 71 ©]/d | (Technical endosulfan
and its related isomers)E ¥ 3FetT AH¢]E 313522 PCBs
(Polychlorinated Biphenyls), HBB(Hexabromobiphenyl), HBCDs
(Hexachlorocyclododecane), PBDEs(commercial octabromodiphenyl
ether, commercial pentabromodiphenyl ether, c-deca BDE), PFOS
(Perfluorooctane sulfonic acid), PFOSF(Perfluorooctane sulfonyl
fluoride) 72|31 SCCPs(Short-chain chlorinated paraffins)°]™, H]2]
1 A== M to]<S4] (Dioxins)? F13F(Furans)©] Z3HE ),
HCBD(Hexachlorobutadiene), PCNs(Polychlorinated naphthalenes)=
2818 shelE oA v ARl AAER R f71da

Cz%o

Al sk T2 AFTAZ ARHC] ko, ol B2 873 el
A Eal7E ZEA| ol ZBAdol ZFelod, DDTE] 78-- Eqfellr

HEZ17F oF 10~15421 Ao defA] Q. o]5¢] flaid o= Q1
3l 71927 sk 1970 v THOE ARG]
FAEo] gkom, Sl 1970dth-E] A ARE- A=)
1:]-0]_' Al F< 7183 HCB 5& 97| & /KZ}-_Q_ ﬁﬁlz‘ﬂ- 2E AL
3 A oM WA E] = BAME- = (El-Shahawi ef al.[2010]), UNEP:=
olE FAMES Q191491 = &5 (anthropogenic sources)ellA] H]
e ow Y s wiEEe SAE ol
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A= &~ %% Hekel o8y 2l =] POPse] AAIA A
A E §3l FRAdR7IedEd #El A 2007d 1€) U A

32008 19) o} 3T} POPse] A7t W 218 POPs A
Z, &Y, AMEA e A, POPs BlE 1A, POPs &7 7]
=2 A2, POPs $H7171¢] #e)71+ 5= vhdsitt. 3424
HE A3l viEs1E71E 5 T4z AI3E) ¥ HE &
Az MEAE 7|71} AFRE HjEEE POPse] W& 87
& gt Mg s MiEs87s 298 A A E =
A, WA S oA & Al AHSFA W,
F7F Vs A RS & =S HoR g Eo] Qi
3 H-ellA= POPs #Eel] sk 7| E-arel e,
AAE, =A71T 9 = -9] 713e] JEAE 55
e 7| EABE sk 9o, At vy,
o th&t POPs2] 20“1511 oL i‘é% & SEA o=z dotebr] 9
OH/H POPs = _ax%uL yS) z] o
shar Stk #73%-2] POPs %Xé W2 ti7]e] Ag- A
&, FAEo tBixlE 22 A 13] IS 7]R0R 3§
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FAR719 54 S AA 29718, 2017). B3t 2013 42
of st njuniel ool gl mel WRdfrledsd &
2ol A A e AR o R sl eH(2016d 19),

vlupete ot whi Aol FEvhel FETIH016-2020)

Jsieic.
sfegsAL oA 200810] SRR A39%) ) AT
3471998 24 v 0 Ao, 2017d Feel

'«ﬂ njupatel Yeoto] kg el wet 2017d) # W
FALAEAE HAsIT S EAl U] 4
2001~201017F4] =4 Akahd ol A] =383

Sl o ® & ARjlo] o] gE|o] 3|kt
141°1W AR A% eIk 2013 5Bl
é“& 4 ARRlelA ] Eo] S EAl
AL AN o= S| JEE QITE ZAF 5 7]t(2003~2012
Wyel] A=relor 2571 el 2013A5-El= 507 FHo= st

Table 1. The list of the chemicals targeted by the Stockholm Convention

Year

Chemical name

Aldrin®, Chlordane®, DDT®, Dieldrin®, Endrin®, Heptachlor®, Hexachlorobenzene (HCB)®®, Mirex®, Tox-

The 12 initial POPs in 2001
zonfurans (PCDDs/PCDFs)®©

aphene®, Polychlorinated biphenyls (PCBs)®®, Polychlorinated dibenzo-p-dioxins and polychlorinated diben-

The 9 New POPs in 2009

a-HCH®, B-HCH®, y-HCH (Lindane)®, Chlordecone®, Pentachlorobenzene (PeCB)® ), Penta-BDE®,
Octa-BDE®, PFOS®, Hexabromobiphenyl®

The 1 New POPs in 2011 Endosulfan®

The 1 New POPs in 2013

Hexabromocyclododecane (HBCD)®

The 3 New POPs in 2015

Chlorinated naphthalenes® ©, Hexachlorobutadiene®™ ), Pentachlorophenol and its salts and esters®

The 2 New POPs in 2017

Short-chained chlorinated paraffins®, Decabromodiphenylether (commercial mixture, c-decaBDE)®

Chemicals proposed for
listing under the Convention (3)

Dicofol, PFOA, its salts and PFOA-related compounds, PFHXS, its salts and PFHxS-related compounds

@Annex A: eliminate, ®Annex B: restrict, “Annex C: unintentional release
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Table 2. Comparison of persistent organic pollutants (POPs) monitoring in environment of Korea

Division POPs monitoring in marine POPs monltorlng in the fishing POPs monitoring in land ecosystems
ecosystems ground environment
Legal basis Marine environment management Act  Fishing ground management Act  Persistent organic pollutants control Act
L . Seawater, marine sediment, Seawater, marine sediment, Atmosphere, water, soil,
Investigation media : . 8 .
marine organism marine organism
Investigation period 1 time/year (February) 1 time/year (February) 1~2 times/year (Spring/Autumn)
.. . 50/seawater, 50/marine sediment, 50/marine sediment, 30/atmosphere, 36/water, 61/soil,
Investigation stations . . . .
50/marine organism 30/marine organism
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— — —
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Fig. 1. The station map of persistent organic pollutants (POPs) monitoring in the coastal region of Korea. The red color circles represent

the stations investigated since 2013.
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o < 13]2¥) A AAlskL QEHMOF[2016])(Table 2, Fig. 1).
FAPRHEL- Sl 2] g z19do] et da3lel 3t (PFASs)ell of
A RE AR AAlskaL, sE T A E A el tisliAlE 2
tolEAl A& HIEe 177 @5l dialix] AR AAleka 9l
THMOF[2016]). 20135E 2017dA7HA= wid Sdda]e) o (-
2R, WAk, Sk, Fekut, Akl Akl tisliA =xb
Ao w AdzAkE AAlE

A 247 E1
635 AR o] agFQl
Ao - 24 5& ¢
Atk A LU E S A=
IARE AAlEkaL Qo AR e dEd S
HAE 5070, A= 307 FA A
I QJEHNIFS[2017)).

3l 7 T2l s ZARS A olA 1980FE] AlZsISH
on, A ALY sFBEEHFHT)Ol A= 199937E =

1

AbE ekl Qlvk @A st S EA W TS £
AFE

FFESE 2D A S El Axlska glem, 2019
AR e} sAE A Ee ek 19870 A, sk Eel sl
Mz 507 Aol ZARE JsFolnt. 20 A U2 R
t §71972-0] BAo] o] Bl o5 Bl st AR He
do] el whet s A E A =3 =
2 S LS (KOEM, 2016), A E A& sjddaE 5 77
o] tgt ZAME 201935 €] A= A9t 5070 HH
ojct.

Aol M= wvulel ok kg A AAFQL tl-g-S $15ked

20135 H 20159704 72 S5 BUEE A 75S 91 <
TARE FREglen, 201635 F 20209 744 =7F 52 7

SAE AHA S A8 Tl Utk o)F AKjle] AT ES B
U2 202135 E 7} 2 S 29T Aol

201430 A=At 71E/A19F POPs A B A} A3fo) wp=
EdoR 425 Y PCBs 555 24%~19.3 ng/g dry
weight 912 TE A-elA NOAAE]S I3ldtlZ 1%l Al
AJ8kaL @l ERL(Effect Range Low, A2 A& 5 10%0] %3,
22.7 ng/g dry weight) 7|5+ olatE UERE W, DDTs 5 &4
£~12.2 ng/g dry weightZ A3l EE A& 2 &ihofA]
ERL 7](1.58 ng/g dry weight)S %I}k A S 2 e
(MOF[2016)). W& % ARgof tist 1fAlE Fall 2402 e
1L Sl TRl SAl AR AAPERE A3} ks A
< HATHMOF[2016]). 2AHRANHS: T 0 2 ZARSE Axfol A
€ Araox B aiAellx] Al POPs(PBDEs, HBCDs, PFASs)
F7t 71 POPsell vl8l “djA] o= 57 YERATHMOF[2016)).
20017} 200930l] POPsZ ‘5A1¥ Tho]5417-9} PBDEs?] 5%+
AR A 10d 0l AR Aue} nw S ) FElskA 7h
23 A BQTE AukA 07 7)E POPs FEE Azt E qiA
g Aol SJal A A 0 FhAshs AES Kol e Wh At
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et al.[2018]; Sun er al.[2015]), Joe et al.[2018]°] 23hA
QF AAEAE 2827119] B T Hul] AFEE 1S ENST
Al #12018-10%) F5-2 T71F F5(0.11 mgkg)s 2
7E oF 8%= XA|BIGILE Hhd AE 53 9 AAlel vX=
o] Ajdow HEg2of tfet A= vl n]S3t
glo]tH(Choi ef al.[2017]; Kang et al.[2017]). Choi et al.[2017
=l At Mashs AbE T 427 MlETS
stelom, MARTE S5 5 mlEFo] XA|8h=
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oAM= S LT E 218 POPs HIES 87 5=
dato] Aefetar glom, F= ui7)7kast s FEl viEE e
tolgAls AT 7]Ee] A= Qlek. =l 2RV edE
HEE 87| 7o =4 T Alssra] i 39
F=Ho} Qlom (@5 #7855 [AF 2018.12.13.]), T
B lERE 717k 9 Hl)el wet tho] S04 viEE] 875
o] A7 =]o] itk FEgh UPIAIES AVAAIE T 7IEAV R ]
of glo, HFR wWiEEE thol$Al wiEs]-E87]52 10~300 pg-
TEQ/LE mfed=|o] girt,

=i kel A POPse] aFEE el E 913 7152 mhed w0
A 2 A3t |7 E @IS 1Al A12018-10%)
W Ao A7 RS 7]5= PCBYY 0.0005 mg/LE A7 o] it}
TS LAEAE J3hHAS S 71E ol dF FE(PCBs,
Chlordane, Dieldrin, DDT) || tialiA A= o] SlchEldeAE4
= A kel W9 ol AR g @A AL A2018-15
) EHE 1). °o]E 7FXE= NOAAW] = SRS 7] 3ol A1 <]
%A= W ERL(Effect Range Low, A= < 10%°l &)}
ERM(Effect Range Medium, A2 5 50%°1 9] 713
FrAFSE o), vl AlUc), @ AEH U0 5] Tl A=
POPs9} #d¥l 7]zo] A7 E|o] 9lom(Table 3), 2173t s U el
AE 14 W AAZAR B2E HEke = AEE POPs 7]
T wllo] Hod Zlo= ey

el 2 E wEeS 7| wdato]
i O, QAT 5) T T2 8871 0.5 mgkg ©|
st o, thgel, AT 5 Al9lyelar, MEa22]
8]-87152 1.0 mg/kg olsHAEA o5, vhgelw, AAF ol
skeh 2 Ad7g o] ) Th(https://www.foodsafetykorea.go.kr). FAO/
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Table 3. Marine sediment quality guidelines (SQG) values for organic pollutants

Chemicals

Unit

PCDDs/DFs* pg-TEQ/gdw  0.85

PCBs
DDTs
DDD
DDE
DDT
CHLs
Dieldrin

Endrin

ng/g dw
ng/g dw
ng/g dw
ng/g dw
ng/g dw
ng/g dw
ng/g dw
ng/g dw

Canada® Australia® the H\III(I)t:iAs)tcates Hong-Kong* ConsesrguGss—;b ased

ISQG" PEL® ISQG-Low ISQG-High ERL" ERM' ISQVi-Low ISQV:High TEC*  MEC

21.5 - - - - - - 0.85 11.2

21.5 189 23 - 22.7 180 22.7 180 60 368
- - 1.6 46 1.58 46.1 1.58 46.1 - -
1.22 7.81 - - - - - - - -
2.07 374 - - - - - - - -

1.19 4.77 - - - - - - 4.2 33.6
2.26 4.79 - - - - - - - -
0.71 43 0.02 8 0.02 8 - - 1.9 32

2.67 62.4 0.02 8 0.02 8 - - 2.2 104.6

*https://www.ccme.ca/en/resources/canadian_environmental quality guidelines/, "McCready et al.[2006], “Buchman[2008], “Burton Jr.[2002],
*Doyle et al.[2003], ISQG: Interim marine Sediment Quality Guidelines, $PEL: Probable Effect Levels, "ERL: Effect Range Low, 'ERM:
Effect Range Median, TSQV: Interim Sediment Quality Value, “TEC: Threshold Effect Concentration, MEC: Midpoint Effect Concentration;
*PCDDs/DFs: 2,3,7,8-TCDD

WHOS] = 4|2

331 THKim er al.[2010]).
2018-10%yoll= a4 =
A E A E elx

AR ke HeY A39x W AlErE Al24xE
AR ajoke] EAsh FFA A=A LA 2 Wyt
o thall $4 - FARE AAlska Stk = AR
A Azs SAZ A= 7724 -E- 54 = o
POPS-J a4 EH 4 O AFAE FFA o0& Tfelsto] POPs 7

ioﬂﬂ;q 523 o} A

= A 24 X174H -Er I

]_ P =z /\]_tﬂ-

O T,

8H°“§EH741 141011*1
=A)€ POPse] 7
(MOF[2016]). ©]&| 3k
AR= ARl wh

E]2-~0

|5t

%‘Uﬂe“r*_‘%‘l@roe
O gk
3

L 03 mgkg, TS AulolFel 7]EL 5 }gq o
TS 0.5 mgkg, §24 oFel thEHE 1.0 mgkgo® A4
S 7| F @B 314

5 F580) thaiA] 7150] meisle] glom,
o.0] 017127} 1] 7)Fo] nhas o)

L =20
- 5 Tw

o —{o
I‘N rr l-ﬂ

$1€¥13](Codex Alimentarius Commission,
CODEX)= Mg 7Pl meRlE S214 o729 749 1.0 mgke, &
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To protect human health and the marine environment from POPs

Consultative committee

[

Criteria for POPs

Target POPs monitoring

Pollution control policy

Marine environmental
management criteria
(or guideline)

Intensive monitoring after
selecting the target POPs
that should be managed

Establishment of POPs
management plan
(Source control of POPs etc.)

l |

Analytical method

Long-term Monitoring

Ecological risk assessment

Analytical method
development on New
POPs

Long-term monitoring for
POPs including air-pollution
monitoring around the port

Evaluating the impact on marine
environment and human health

Fig. 2. Scheme of environmental monitoring and management system in marine ecosystems for POPs.
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