Journal of Environmental Science International
27(12);1279~1290; December 2018

TECHNICAL NOTE

pISSN: 1225-4517 eISSN: 2287-3503
https://doi.org/10.5322/JES1.2018.27.12.1279

Aetsly HWo|Zu7)(Larus crassirostris) €2l DDTs ¥ 42

SERE A}

- - ¥ -
Z|¥3| - gt - oI5H

SR A AT

Distribution of DDTs and Hg in Eggs of Black-Tailed Gulls (Larus
crassirostris) in the Coastal Environment

Jeong—Heui Choi*, David Chung, Jongchun Lee
Natural Environment Research Division, National |ngtitute of Environmental Research, Incheon 22689, Korea

Abstract

Sea gulls are high trophic level consumers in the coastal environment, and thus, which have been widely used to monitor
contamination biomagnified through a food web. However, such monitoring studies using sea gulls have been rare in the Korean
literature. The National Environmental Specimen Bank chose eggs of a black-tailed gulls (Larus crassirostris) to serve as an
environmental specimen for the long-term monitoring of the coastal ecosystem affected by terrestrial pollutants. Black-tailed gull
eggs were collected from Baengnyeongdo, Hongdo and Uleungdo, and their DDTs and total mercury content were determined.
The highest concentration of 2 DDTs was 231.6+106.1 ug/kg wet in Baengnyeongdo, followed by 230.0+123.8 ng/kg wet in
Ulleungdo, and 117.7+18.3 png/kg wet in Hongdo. In addition, total mercury was detected at 414.5+£97.6 pg/kg wet in Ulleungdo,
363.9+123.6 ng/kg wet in Hongdo, and 237.5+42.3 pg/kg wet in Baengnyeongdo. Relatively high concentrations of the target
pollutants were recorded in specimens from Ulleungdo. Additional comprehensive and prolonged studies are required to elucidate
spatial and temporal patterns of contamination in black-tailed gull eggs with regard to monitoring contaminant trends in eggs and

prey.

Key words : Black-tailed gull eggs, DDTs, Total mercury, Distribution

LME

B FL A AAAA ] FA=A QI7Fe] YAkt 4
] 950l Sfalol S, MR APOPs,
Persistent Organic Pollutants)Z 335} Tl @ G
o] sfeko® U= Qlrk o]FA flEE 2 HE T
T AR ekelkg, HEs], &-wh -8, 5

eS| E5 5 TR A Hgks ARG nilE
ol Wdslbg oz AT WEre2 w2 S e T
08 5 et Hok ke B3t QAU S2te0]
=t Batrakova et al., 2014; Choi et al., 2017). POPs T
St & XA 54, e s o R sk Al A
Z13F BAIE o7 |8lal Qith(Bazzi, 2014). POPs 2] t 4]
©HE=291 DDTs (dichlorodiphenyltrichloroethanes)=
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$71 94 ‘5oF 5 Shi= BRFAOR gt
dofn, /do] Zstar itH| Al wekede deA
thRios et al., 2007). ©]2]¢F POPs= A4 9 4=A &k
o ge] AU 53], A=A HA FAE= 4d
o] Qlof A= Bl A9l HoldAIA] o5k
3 AEAE A7 = 5785 Z=tH(Choi & Kim,
2014).
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J7ollA DDTsE 55 % 2415171 1
AlERo] o] Attt Hark, 3784
o & HuESlek sfe] 3N S Tt
159X 71, S 24 FAl AR
Jo = ShEE o] Qlar, Follw} KL, of
15 5o AN =S 7], & B9 B3= 59
A AlRE tdem AlE7IEe] aLAlE o] itk
(National Institute of Environmental Research,
2017). ol F A7 = &3 2419 229
FEAA, HA-HA| 57 52 ol8dlo] AR=EE
POPsE &3}l TIAASZH(SPE, Solid-Phase
Extraction)o]] 2J5f] &% A5 44 W 5531, 1L
o7 2uE 18 3(HRGC, High Resolution
Gas Chromatograph)?} I1E35REA7|(HRMS,
High Resolution Mass Spectrometry) Fa= ZTFEAl7]
(LRMS, Low Resolution Mass Spectrometry)E- ©|-&-
sto] st A4 9 Aol o= GdE0 9l
k. o]e} FARE 9] FYAH7IEC=A vl=e] EPA
Method 0023A, 1613, 1653, 1668B 8082A, 8280B,
8290A 50| 111, -5-H%ke] Commission Regulation
(EU) 2017/644, CEN 1948, Q9] JdEF A4 JIS
0311, 0312 5°] 3tk ol& A== F= 2 4
A o] BUSHL, W A1} cee] Sujr) )
= o] o] ol BSIA} P A7Ho] ofs)
QuEChERS (quick, easy, cheap, effective, rugged, and
safe) ®}§Ho] A2tk Shi et al., 2012; Chamkasem
et al., 2016; Cloutier et al., 2017). ©]% QuUEChERS
Hpo  njEwl 9o FIAEY|EZEZE AOAC
Official Method 2007.01, CEN EN 15662)0] =1L

(Association of Analytical Communities International,
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2007; European Committee for Standardization,
2008), F=5AREETE ol gt S| RolA] ok} &
SROJORE 52 HAT] $fsto] Y] AMBELT it}

(Stubbings and Bigwood, 2009; Bruzzoniti et al.,
2014; Grimalt and Dehouck, 2016).
=712 A =-28)(National Environmental Specimen
Bank, NESB)2 Q17+ &50] 2J3t £ 2. o] A
o m|Aj= Pk BUEESH | flall S, Sk, sl
5 TRSRE AEARRE S0 BEsS sl
AR oJalf AHF - Askar Qlek S4371Y
L A= ot ALt A VS HUE ] 9

ANEFo2A HIGAE 53] o|8slal =t ok=
9] Al Y18l qlol X7 d=Eo] Yol
AES Bl AEsSEuE 2 mUER] AHs|
o]t Furness and Camphuysen, 1997). o]2Jg} s}
S 5 A7) Sl AEIA] 9] ARl B AY
22 mUEY 70 R0 gEoR BeET 9l
t}h 71 o234 1971 J5E Canadian Wildlife Service
(CWS)oj|A+= Great Lakes Basin®] &4 slsh=213}
oegao] 250l nlAlE Fakl ARE ane
HUE|Hsk= ZAEC= Adul7](Larus argentatus)
£ 0|83} Qlil(Koster et al., 1996), Lf2719]
Adak, Amchitka, Kiska Islands | o= 4~ W 7]
B B0 AR, WD) FE 0)nE 9le) 1 A
of|A] Malstal Qli= ==zl 7|(Larus glaucescens) <]
ofgl7IAHI A2 ZIE A o2 28-S Burger et al.,
2009). T3t =3P E-28)(German Environmental
Specimen Bank)-2- 19885 E] North Sea Island X]<
oA Adul7] & 45to] POPsE #-4151313L 1993
Hojl= Baltic Sea Island A|2] zjdufj7] &2 =7}s}
o] 7 A|0] o ¢EH FE BlWsh= o] ARSI
(Riidel et al., 2010).

A%teE o] e dEd HUEHS 213t HISHY 5
o]Zulj7](Larus crassrostris)= $2|Ugt SFAHE=
SR, AEE TR, AEE &5 A71E 84
o, Aepd= Gt S AlsflollA salioll o= 71|
HSHA| FESIaL QAL e}t 24|, ¥ ASA] 5ol
A Ao g HASJeong, 2017). 3L H| WA &
Uelolla] ATt Qs ThE slef Rl uls) ek 7
5171 4k o] Slck uebd NESBE 47191 29
=of| ofgh A9t Al FkE EUEFSH] fltt Al
BEORA Holdul7] L& AT £ AollA
= Holdul7] &5 AHFeHAL QUEChERS FZ&+7x}

ot
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Table 1. Geographic location of sampling points for black-tailed gull eggs

Point Ulleungdo Baengnyeongdo Hongdo
(U-do, East Sea) (B-do, West Sea) (H-do, South Sea)
Ulleung-gun, Baengnyeong-myeon, Maejuk-ri, Hansan-myeon,
K- jin- Inch T -si
Geographical Gyeongsangbuk-do Ongjin-gun, Incheon ongyeong-si,
. Gyeongsangnam-do
coordinate

(37°30 “ 77 "N,
130°48 " 17 " E)

(37°59 " 24 "N,
124°41 ' 74 " E)

(34°32 " 18 "N,
128°43 7 67 "E)

F\ A AR I — WA 0|83k DDTs &
K, AESLBAE o] g3 B4E HAS ANJ5lo]
Ao 7t 1S u] sy,

2. M2 ¥ w

21 NEXF X1E 2 ol NE

HFoldm7] & W3l f15k A=A, Pold
uf7]9] o3 Rt ARFA]Q1 MR (A sh) e} S (H ),
2TE(EEE AdsIsiti(Table 1). A= A= E
S-FH Ao &5} (Lee et al., 2013; 2016) HJEHRY 7]
O] U2 Akgk Afol] TAIGlo] FARI= 20169 4~5Y
o A AFIstslct e AlEe W Hste] U
AR £7131 AAELA (7, length; T, width; &
=, weight)S &73}th Lee et al. (2012; 2017b)2]
A3l Aol o] Het( LIRS Eelskal AAEA
(713 1 -196C) ®Ao] Haksto] AR Yzi(<
-150C)AIZ o, HA|- Ao ofsf] WzhE B2l 7Rt
o[ APt} B2 obgsio] shafalich Tl ol
2] ok el Sla) Wzke A= Ao
%7131 B(Fritsch Planetary Mill)& 0|85} #23}
om, A2 ApE) B Wrhslo] L7t Akl
A5 ot Wzt Aol A] sk soldulr] oF
HAE ] Ofsf -150C olskz A E= B=o] =
A2 Hasisich

ol

o rlr

22 HESE I A

4289] FFAM(1,005 mg/L)-S Kanto Chemicals
(Tokyo, Japan), 915 EZ=ZZ(NIST 2976, mussel
tissue)=National Institute of Standards and Technology
(Maryland, USA)olA] S£9J5}5ck DDTs 6Z(p,p -
DDT, o,p ZDDT, p,p 2DDD, o,p ZDDD, p,p°

DDE, o,p £ DDE, Z}Z} 100 mg/L)-2 AccuStandard
Inc. (Connecticut, USA)ollA Fufjg}ict DisQuE
Dispersive Sample Preparation 50 mL FH(4 g
MgSOs, 1 g NaCl, 1 g trisodium citrate dihydrate, 0.5
g disodium hydrogen citrate sesquihydrate)2} 15 mL
TH(0.9 g MgSOy, 0.15 g PSA, 0.15 g Ci5)+= Waters
(Massachusetts, USA)9] Z-& o]83}3tl. HPLC
-grade®] acetonitrile™} acetone> Z}Z} JT Baker
(Pennsylvania, USA)2} Merk KGaA. (Darmstadt,
Germany)ollA] 311, L-cysteine> Junsei (=
98%, Tokyo, Japan)oj|A] G-}t

0.01% L-cysteine +0-2 -cysteine ZF= 0.05
N a0 R gajstel Azt F48 #ad
ol}(1,005 mg/L)< 0.01% L-cysteine -84 02 345}
o] F2 EFE(10, 50, 100 ng/L)= THESIEE ol
FFENE 224 boate]] AR Fsto] AE=HA
% 1,2,5,10,50, 100 ngo] Hl=% ol G Alw &
At sdgt o s BAsiglon HEE T2 &
3 A o 8sle FA=AlE F-5I3iEk DDTs #29
MO T acetone O F 345191 GC-MSE HAl510]
%=1 40, 80, 120, 200, 300, 500 pg/kgollA] AAZHE
T-SHA

2.3. Al Hxz| & 2N

2.3.1. DDTs
DDTsE E4517] $J3ll, DisQuE dispersive sample
preparation 50 mL F-Hof Ho|dul7] & A|& 1 g3}
acetonitrile 20 mLE- €31 vortex mixing (1 min), ¥
AHE2](5000 rpm, 5 min)SIRAT}. S oF 13 mLe
%3} DisQuE Dispersive Sample Preparation 15 mL
FrEo]l Yal thA] vortex mixing, HAHEEISHH O 4

S 10 mLE F5to] AAEE3I9T) Acetone O &2
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Agafste] 25 1 mL7} E=5 519131 GC/MS 24
AR AGSROM, 2k Aulet 1074] ek S}
ik

Holdulz] Lol DDTsE #4sk7] $I5t] Gas
Chromatograph Claus 680X} Mass Spectrometer
Clarus SQ 8 T (PerkinElmer, Massachusetts, USA)E
ol-gsi3irt. IRtEe] EEE flsled DB-SMS (30
mx0.25 mm id, 0.25 um film thickness, Agilent
Technologies, California, USA) capillary column<-
ol 4819, inlete] Lo} elnm, Qub)e] 44
2 717+ 270°C, 1 uL, 1 mL/min©]¢].o ™ splitless ==
£ AMESIITE @Y 2= 100°CoflA] 1 min 7F-5-4]
319911 20 C/minC 2 £-23}5).0™ 280°CollA] 2 min
ol 8X5l9itt 2E IRIELS 70 eVe Electron
Impact (EI) modeol|x] ©]23l51937 Selected Ton
Monitoring (SIM) modeo|A £45}%ick. DDTs2] A
T8 ol 21E- 0] 22 Table 29} Zth
Folzul7] Lol X DDTsE 5 9 AR AIFH 4
Tels AR ATHLee et al., 2017b)o)l4 oo,
73] (%) AEdH, e, slege 47
>0.99, 10-30 pg/kg, 40-120 pg/kg, 80.1-96.5%0]%1
=3

O:

Table 2. Selected ions of DDTs in mass spectrometry
(Bolds for quantification)

Compound Target ion (MY2)

p.p - DDT 235,237, 165

o,p - DDT 235,237,165

p,p - DDD 235,237, 165

o,p - DDD 235,237,165

p.p - DDE 246,248, 318

o,p - DDE 246,248,318

232 2
Holdm7] 4o F4--& A5k S8l 7HE71s}

FEOP Y AAEEEE HEVIR AE A
20 B ]

2B M7|(MA-3000 Mercury analyzer, Nippon
Instruments Corporation, Tokyo, Japan)Z AR&-5}33
o}, Z2AoA wtEStstaL ARt Foldm7] & Alm
0.04 g2 boato]] Ho} auto samplero] Y17 furnaceol|A]
ALAA 422 24519 ] 12} decomposition Z

AL 180CollA 120 s 521 714, slope A|7F120 s, &
2F 0.4 L/min°|}3l, 22} decompositionS 850 Cof|A]
120 s 52 714, slope AJ7F30 s, 5% 0.4 L/mino|}
th A& AAE $J5lo] A ARAE ARSI, ZF A
oJufe} 107j0] oS BAJsIgOn], HAAR 107jatc)
Q1% FEAEAL BA510] 7]7]e) RS shelsteit
Foldm7] Lol TS AT AT et
2= ABYH(Lee et al., 2017a)of4] o] R0 a1, 7ict
] AT AEIA, kb, ek, AuEe
7}7+0.9977, 10 ng/kg, 30 ng/ke, 101.6%, 13.8%0]%)

5

.21

3.1, dolZoi7| Lo WHISHX|

Foldmy7]e] 417191 49 —59(20164), W=,
T, S3EONA AFEE Lol BAIELAE F7st
Fig. 1o Vebiolar, S4Ake] 2o )= Aol
| EAEAS AX]EE & Tukey HSD TSR o=
BTt A M=ot Bat 63.140.7 mm, 3%
61.8+0.6 mm, SS% 61.6+0.7 mm=H] WH 7} 713¢
o, Ao 7+ FARCE Fo5t Zol= K2t
n=10, F=143, p>005). e w=es} wHz
443404 mm, T% 44.1+0.5 mm, SES= 42.8+0.4
mmEA], W= 0] thgo] 7P 7l o) Feol= o4
Q1 2o |7k UFEfLRA] Qiokal S5 0k= R-o2 0 & Alo]
7} Atz n=10, F=3.55, p<0.05). A=K Iz
o] FAS WPt Hdh 65.1+14 g F=
64.141.8 g, S2T 56.741.6 gO2H, WYL} Tr
ol 2po|7F PR F A2 S5 =t FAH o=
frofgt 2lol5 Belar, W o| sgolduly] o B
o] 7K 28 oF 2= QIIth(Z} n=10, F=8.41, p<0.05).
Yoldm7] o] F7)= ANk o2 25 wolA] A3 H
ool 71t A9kar, Wi o] o] ZEo} vk L oF
2 E A=

3.2, HolZuH7| ¥o| DDTs B U Hoft

QUECHERS %< o]g5te] o] 27| ok
DDTs %58 243117, 2|9 7h v]is F42 24
A} vlime} S PO T Sasigich A 4ol
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(a) Egg length
p>0.05
70 a a a
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E 50
E w
a
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0
B-do H-do U-do
Sampling sites
(b) Egg width
p<0.05
50 a ab b
—. 40
£
E =20
o
w20
10
0
B-do H-do U-do
Sampling sites
(c) Fresh egg weight
p<0.05
70

Weight (g)

a
I |

H-do U-do
Sampling sites

a
60
50
40
30
20
10

0

B-do

Fig. 1. Biological properties of black-tailed gull eggs
(Statistical significant differences were identified
by the letters a and b, nonsignificant by
combination of letters e.g. ab or the same letters).

A5zt &2] DDTsE w415 At DDTE] thAAR] p,p
- DDERH HEE| Qi) wepi] 2 At A7e] F- DDTs
3120] FHETDDTs)S p,p £ DDEY] =S ofufsic.
A Mol ] ko] Wi SDDTs Fek Bt
231.6+106.1 pg/kg wet, 3= 117.7+18.3 ng/kg wet,
5% 230.0£123.8 ng/kg weto 2 W Lol 22 =

AR Aol= AL St FAR R ot 2}
o7} Lt} e w o} 250 SDDTs 57k Frn
o =52 o 4 AUSMHFig. 2(a), ZF n=10, F=4.76,
p<0.05).

sofztel] 2] Aol FEHOULE Bt 61.044.0
o, T 60.0+5.4 g, 22T 52.9+4.8 9)S o] 8alo] o
o SIDDTs 25ty(tte] 2ol Z35 % DDTse] o)
<= AXtsto] gt Ail(Fig. 2(b)), WP Fat
13.9+1.9 nglegg, Sr+= 7.1404 nglegg, 25—
12.3+2.2 ng/eggo| it} ZDDTs = npE7|R| 2 i
9} g8m0] SDDTs Hafhe B4 Aol 913
A5t =0} §.9149) o]} Lie, 2] TDDTs &
shepe wigtEoh 57 e, Fik 7 wsleker
=10, F=4.69, p<0.05).

(a) 2DDTs concentration

p<0.05
300 a a
B
2
o 200
Y b
2
s 100 .
o
o
N
0
B-do H-do U-do
Sampling sites
(b) DDTs load
20
a p<0.05
= a
b 15
]
S
1]
2 10 b
o
)
e .
0
B-do H-do U-do

Sampling Sites

Fig. 2. Concentrations and loads of >;DDTs in regional
black-tailed gull eggs (Statistical significant
differences were identified by the letters a and b,
nonsignificant by the same letters).
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3.3. Ho|Zoj7| Lo E2 =

AEG=2HA71E olgsto] Poldul7] o
SRS HASIRLL, o] 7 uli AT 2AS
SR Bl v RAREL A (Kruskal-Wallis)S- AIA]5}
Ao thgH| = YREE 9 HEEE 5 Tukey HSD
2 AN Al ASollA AfFRE Lol T2 s
(Fig. 3(a))i= W==ol|A] et 237.5+42.3 pg/kg wet,
T 363.9+123.6 ng/kg wet, &5 414.5£97.6 1
ghg wetO=2a), 22w SdoA] 7hg o FEo] &
S-o0] HEETL Y| FEoks BAHCR f0
ol ZJol} oL} W EOR fofat Zolsh Liepgtet
(ZFn=10, F=8.44, p<0.05).

T2 FoFd(Fig. 3(b))-2 WP =7} Het 14.4+0.7
ng/egg wet, == 22.0+2.8 nglegg wet, 2=

(a) Total mercury concentration

p<0.05
500 - b
_ b
T 400 |
2
& 300 a
S
- 200 |
T
100
0 A T
B-do H-do U-do
Sampling sites
(b) Total mercury load
) p<0.05
30 b b
E 25
220 a
[T}
2 15
g
I 10
5 -
0 - T ;
B-do H-do U-do

Sampling Sites

Fig. 3. Concentrations and loads of total mercury in
black-tailed gull eggs (Statistical significant
differences were identified by the letters a and b,
nonsignificant by the same letters).

21.8+1.5 pglegg wet O 2, 42 Frol nR X2
ZE0] dollA] 7H g Folde] AEE o 5=
o] 2 goj21el Aol gglil W] Ralahs
fojel Ao|S BTzt n=10, F=5.54, p<0.05).
ojdul7] &4o] T T} Fopd ANtA o= uiy
ool QR E gol 7P Wkl S50t S o
A2 BlE=sieich

4. 1

Lk

DDTsE 2313 POPs= Z4/d 0= Qlaf) a1x} Foet
AlYrs e SAEE F3e 7P Qltk(Peck
et al., 2016). olZl7]e] Zp. Hop= W], 1Eo]
7htE], 67801, Aolel, 2ol 5o ojFet AR =
Z(Korea National Park Service, 2012), 21¢HH4

ROl 2] ZAR1] ] o]5 o] 414
ofh Al %GB F3o] Sk 20064 FHLE sl
A A3 2 A of(Todarodes pacificus)e] DDTs -
= 164~4,430 pg/kg lipid=24 A= 118~4,430 1
g/kg lipid(B<t 1,298 ng/kg)Ql HH, F3f= 52~753 1
g/kg lipid(Bxt 292 ng/kg)o| A s3]l B|sio] Afsf
©7ole] TDDTs 517} 2118] 9k, of gt 91l
DDTs7} Ajelz Je8] $)el] ujolela slgich
(Won et al., 2009). Takahashi et al.(2010) E3+ 55
=9 fldaA RME st BAEEYE off
“Tohoku(2&) He} 1, 553t5H9] Alafol % DDT
w0 71 SRR TG ol A
B19IT. S 19831 B4 0% DDTE) AME-S 24
SRR o8] H3E Q)] DDTsE A4k ARESaL
QIThaL 8}13(Qiu et al., 2005), BHH $-2juel= 1971
W S 5ol ol ) DDTE] 528 H4ak7 AMg
< FABIH.LH, YEAAE 1970 2 ARS-S T4
3K Choi et al., 2001; Choi and Chang 2008). 5}4]
uF DTS} 2 POPsi= & o 5417} 154 0%
7] =gkl sl 52 E3l S - o ZF AAARR]
olg2 g = AL ti7folsel o3t FHo o 2 5
=0 2 HE]9] DDTs -3-%(Choi et al., 2001)S 3123k
Sl (el o laol] ote] At & SIDDTs
F(231.6£106.1 pg/kg wet)= =0 22X E] DDT
frE = sl HolAks 2t a1A; Ao ot A
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24 Z717} 27 ]IS A0 BRkEIIh

o &5 Holdrr] ¢e] ZDDTs “5%(230.0+
123.8 pg/kg wet) = W =0} AR & FeE Ho|
11 Q101 Won et al.(2009) oI+ Aijofjr= 53l 24
©]2] 3DDTs F%=7} Alsfiol] Hlsf -F-o]4 0% e 52
—753 ng/kg lipidE 2tk ¥hd, Ueno et al.(2003)<
1997—2001, Won et al.(2009)0| ¢35} SUst =
o] 2Ao|(T. pacificus)E AFsto] 4G A, 53
QFe] >DDTs E&+= 320~1,300 pg/kg lipid=4]
Sagami BayS A|<Jgt Y Pacific Ocean Coast?] 5
=R 91(54-120 ng/kg lipid)H ot =4 2 <20 3ich
Soflote] YE Pacific Ocean Coast 2T} =7 HEE =
of E3F HAlofet F=0] 80T X DDT ARG 54
Sl oL o H5] st s AdolA ARESIAL Q7]
wol Aoz FASITE E3E 1940 t~1990
Soviet UnionS =3} Y&, oggjolHr} uf-$- w2
technical polychlorinated biphenyl (PCB)E- AJAF1%
T, PCB BERAJHE DDTsS} GARH She] ©
dolollA] = AEE= A Aol Yo mRE
PCBO| #4U%= 2 WI9EA|= HEaral sieich
H]E Won et al.(2009)2} Ueno et al. (2003)2] Al %
2 5-9] AIZF, 23] A4e] B Zol(Won et
al., 2006; Ueno et al., 1997~2001 5=8})7} Ql.oL} ==+
3} 2JAJofe] DDT AR 4] Ol 5ol Feeat A8} 5
2, DDTe] 93 75 54 52 Eajgle] ofFa 74]
o2 si 285 Holdul] Ao} £& TDDTs =
Q11o] A 24t Ao 22,

s, Seiuet Akl Bafelel o2 1387)
24 ok B2E(1997~2002)2] DDTse} PCBsE &
YE|FeE 21} dissietollA Arides =4 A&
3L, ol Fihta upikte]] FgAldoe] HREe] Q17
o] Ao HsIIct (Hong et al., 2006). 371 <
QoA ZHF(1997~1999)3t ol A7 ¢kl
Al QIHER), 1ok A, nhiE Ak, A s
%, 2 5 5 E A4S s B StollA DDTs&= 4
o8 A HEHUL o5 A& AlQlRt 370 gt
o] th2 R 9xfa} Z2z0]9lckKim et al., 2002).
E3E Kim et al.(2002)3} Hong et al.(2006)-2 1970
o = DDTs7}F AR 54 AL oF 30do] A&l &

Tl olF Ao = HEEE E UE o=

y ©

<

lo g

DDTs 9] 2 274 wholtheial sieict. o]ef 2ol
U SAIA e fEHo Lfes sk
DDTs= Q9] thit AEA| =R o|mjafl 7yt of
Uzt Foldufz] AU S FFe vIH & F
DDTs #&9] Hglo] E 4= Ql& Aotk whepa] ol
7] &e] 3DDTs 5= A< 1t Zpo| 5 Agstr| 9fsl
Ae = 719 = 73R DDTs o] gkl thet
F7HA) A7 B asielck

Fejuet Holdry] o] XDDTs 5% Hek=
80-476 ng/kg weto|1L, L] Wt EATHT74%)=
TRE10] 7ES 7] %3 DDTs == 308-1831 1
g/kg dryo]itk Canadian Arcticol AJAlSk= 759 v}
SHl(ivory gull, black-legged kittiwake, thick-billed
murre, Arctic tern, nothern fulmar, black guillemot,
glaucous gull)E o]&3t 27| HUEH(1975~2010)
S 723k, 9te] TDDTs i )% % 71 414 2 o}
%, oJoyebAle] Aol wet s} vk SR
43.5-2,367 ng/kg wet X5 HTKMallory and
Braune 2012). 7jubche] ejsoF cdelolA] 1970~1985
| st AR HisAie] & F DDEY| sl
186-19,200 pg/kg weto]T, 19850l 23t o] =
= 145-1,540 pg/kg wet O 24, 57| gaA 2 J=2
O] 57} 1970\ d) Zxtof] Bsf 1980\ FHERE
HHA © & | AZEEIcK(Elliott et al., 1989). Jimenez
-Castro et al.(1995)2- u}=+ Z42]3Lof(Southern California
and Northwestern Baja California, 1991)9|4] Western
gull®] =& AFfsto] 65| DDTsE EA16I31L, T4
B HEO pp I DDE O 24 3,500-12,600 ug/kg wet
olgirk. ofetzlofe] shzelolo} Aol Hering gulle]
oS HUE|R(1981~1986)5F At p,p - DDEC] 5%
£ duic} 7Hassto] 19861 75 4,500 ng/kg dry©o|2L
Il o= 19814 9,260 pg/kg dry ] “Aulof] 2UA] b=
Hog 1 v} T4 FASIEtHFocardi et al.,
1988). 9-2juie} sfich oldul7] &4e] ZDDTs Fee
ol R9| Aele] 5ol vlwslo] YL SARE 42
olglont Zelo] ghe: ¢} o] mrk g7Ael m]
Ej2)& 4sislo] ZDDTs s=0] 57& ZAlelat ofo}
Bl sjelely oiEAe] AR His} ol o
spefat o] Uik
vtk 2)(Alaskan murre, Uria spp.)9] &2 o]&st
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POPs X UE|% A7ollx] Vander Pol et al.(2004)& &
$2.9] R|g|Ad BiEZE= PCB, p,p - DDE Y chlordanes
o] R0} ARITET stk e & Q1] Wi
o} 25 2DDTs =7k &0l Hlsl 7| A== 7]
oizol] T2 E3t 7 A HollA] A BEE 7Fsdol
RO T4 SFEeF FolA EA HEEIA
Q3] WP ok 7MY R s HAth s
sfjol] 122k Zhoushan Adof|A] ZFIgt o} 7o) F42 &
3= 20-600 pg/kgo]%l3(Cheng et al., 2009), 2Lt
2} Exfslietol] 9%gt £=+2] Laizhou Bay (Bohai Sea)
oA 2.1-344 ng/kg © 2 HEFICHLiu et al., 2013;
2014). 20179 FEASolA AL fe5e i
19570 & ol (Aald olfF thdels, AT A<t
HAFE] & F== 500 ng/kg ©l5HitkLee et al.,
2018). BlE, AP ofF7t == Pouh At
I} FA] 070 2w T Aot (ks A A
(Kim et al., 2012)2 0]So]Ho} 20174 S]] o=
9} ARF 28 F= 500 ngkg olskeal 71y 4
QL2 Aolck. WIA, 47| ek oF 109 91 2006
~2007d AHFTE Ak A9, |7 dY, ik
Aol A6l) o7 2 FE(BD) wHE= 279
("BE)-96.6(5+5) ngkg O& TR WS 5ol RlaL o
(57 A= 2o Hit 94.8 nug/kg(RuEEh) 0|9
©(NeoEnbiz, 2008), 79| Aot AME & 1155
ofe} e F30] AR ofRel e R 18
~168.6 ug/kg?l o2 =it (Gangwon Institute
of Health and Environment, 2010). SHF= &9t ofF
T F=Y AP Aels Aol mie- Al
JHol7|= S olde] AF-ANE Bl R =Y
ABlIRE 01 F79] 42 “siea= Halleke] olF e AU =
< o AoR Wtk o Eatskal Wy
L= olzdul7] &4o] Fo-& Tl Hallohart FojF e
T & Eolqlek

Ackerman et al.(2016)-& oj2| 5158 ARG Ax}
2152 EFR 175 S 27 2] -8 FEE 3
WA ATh A Aol URFA O 16% ZAFaL,
Lee et al. (2017a) E3F = o Zul7] = Hz) eko]
T F A R g fojd o s Welthal s1gL
t}. o]2fgt o] whzo]] 7 ] -2-0] Zjo |5 s}
7] flsiAl= LRt A d AFele] 2 B

AT a7t QIglont 7 dAtollals ol Akt
Aol ot & Feo] 2lo|E AEHA] Al ¢ejo)
= Flsto] EAEIITE AfFt e Ao o] FY
At A o] o] of)7] wiize]] A1 7F =2 =0
o7} 7t A9l e WHFRThaL Ko tha
ojglFo] AU, e 7 QY] 0] HrE WU
Fol7] SR AEFomA Foldulr] &5 avpaon
o[-§3}7] flehAl= AlReA7IA] ERIskaL Aol AR
3= 7o) Rl
S2ete] QR B, LB A3 ol
27 o] T2 = el 149-640 pg/kg wet©|
L, LO| Bt EFH74%)S 1efsto] AERS 7]
%3t 5= 573-2,462 nglkg dryo|3lt) £ 2|92
Aldul7)(Larus argentatus) il 1980 e
2000\ Z27pA] BARE S F WPl 144-425 1
g/kg wet (Riidel et al., 2010)0]%13L, 7iUcte] =4
R of|A] sfjoFzFo] &2 530~6,400 ng/kg wet (Peck
et al, 2016), 7iurt S5=x|olld Afzvli7|(Larus
argentatus) &2 120-880 ug/kg wet (Koster et al.,
1996) =201 3]t} ul= L A7} Aleutian 4150 A4
3= 47| (glaucous-winged gulls) &S] Hat 4=
2 L= 703+70.8 pg/kg dryo]ATHBurger et al.,
2009). -2utet sfiel soldul7] &do] T4 =
ol 319] 2|fe] Bjof 2R oFe] F4e ol u]wal
of WAL AR A0 2 B 2 Qlgich
Holdm7]= vIF YAHA 39 257 2ARe 7=
3L} North Atlantic®] Great skua®] 73 £Q WHol9]
FLHA Zfolof whet Lol L HEHe| e Afol7h
AYsl5zo)(Leat et al., 2011) Afall, H3fl, “s3fioll A4J5t
= oldulj7]o] =8 Ho| JPeAIL] Hol= L] &
FEE 5 A0|E o7 |8 o= Qlrk otk ot o)
7] o] AR, Tl BolA]l ofs W UE
2|20 ZJo], @ AL 2Jo], 71578} a0 Aol S =
A| 285k Flo]ch(Vander Pol et al., 2004; Kojadinovic
et al., 2007; Mallory and Braune, 2012).

o

24 ol

>

5 28
NESB= A¢rebg HUE P2 913k 241 egA=
o] gg A Ygtow, AokEhH FAE FOFA
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oldul|719] &g Adsto] WP=(A), T=(dsH),
S5 (E3M A AHFEHAE. HFRE L2 AASAA
£ AL Al Eefote] AR AdHjol
o} - 2743t 5 QUEChERS &%} GC-MSE o83t
DDTs 24, AFgm2247 15 o187t T2 Aol A
Bokek Al Ao AFRE Foldu7] o] L=
AL BAR A} &5 TR F Ao Hlusio] 4
Oj4 22 DDTs®} S-2 B 7] AEE3IH: Bl
20164 13] 24 Aagko 2 DDTse 2 52 51t
2] zfolef 11 A A= ol oldr]
o] e HEH HES TP AU LAEHE 1
UEIFsP] 213t AlRFomA] sPoldnlr] o] St
7RIS G A QASIH: o' jkely U Ee] 9
T o=l AlEtH #jo), Holdul|7|e} 2o AYel
o2 - slek4] Hale} lokely wate] A 55 =
ARetaL Advgst7] 1%t AAE o)L 714 Q1 A5 P18t
o] NESB] &jgto] F-a3jrtal & = Qlrh

ut

el 2

B l=fe signol Aglow ekl X2
2 o} 2351994 L CHNIER-2016-01-01-055).
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