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Abstract:  Organochlorine  pesticides  (OCPs), including  chlordanes,  endosulfans,  and

dichlorodiphenyltrichloroethanes (DDTs), have been gaining much visibility in ecotoxicological studies due
to their growing reported harmful effects. In this study, muscle and adipose tissue samples from five Great
Knots (Calidris tenuirostris) and five Red Knots (C. canutus) at stopover sites (Table 1) along the East
Asian-Australasian Flyway (EAAF) were extracted using Soxhlet extraction method and further analyzed
using gas chromatography (GC) to determine residues of OCPs in tissues. Among 19 OCPs that we
examined in this study, a total of 14 OCPs were detected. The highest concentration of total OCPs in
tissues was 1 573.5 ng/g lipid weight (Table 2), much higher than similar work from other countries (Table
3), and seven OCPs had 100% detection frequencies. The highest concentration of detected compound was
p, p'-DDE in muscle samples of Great Knots as well as muscle samples and adipose tissue samples of Red
Knots, while endosulfan sulfate and/or p, p-DDT had the highest concentration in adipose tissue samples of
Great Knots. We used Wilcoxon Signed-Rank Test to compare the difference of OCPs contamination between
species, and the results showed that concentration of HCHs in muscles of Red Knots were significantly higher
than Great Knots (P = 0.05), while the concentration of endosulfan sulfate and/or p, p’-DDT were higher in
adipose tissue of Great Knots than Red Knots (P < 0.05). Paired T-test indicated that residues of OCPs were
generally higher in adipose tissues than muscles (P < 0.05), suggesting that OCPs mainly concentrated in
adipose tissue rather than muscle. We compared OCPs compositional profiles (Fig. 1) in this study with
previous studies on OCPs in sediments in the Yellow Sea region, and found that OCP profiles of the two knot
species were similar with that in sediments. Spearman Test further indicated that OCPs detection frequencies
in the two knot species were positively related to that in the sediments (P < 0.05, Fig. 2), suggesting that there
are close relationship between OCPs in bird body and in the sediments in the Yellow Sea region. Although it’s
still unclear of the lethal threshold of OCPs in shorebirds, this study indicated that OCPs might have profound
effects on the shorebirds along the EAAF.
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HHLEA 25 (organochlorine pesticides, {#]
FR OCPs) J&Ff AMEA MY 444 (persistent
organic pollutants, &K POPs) 1—41 &4k .
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TR 1 (Mehmetli et al. 2008). % WA
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FHSAY) CHEARTR T ) PR 02 LG,
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¥ (Abdollahi et al. 2004) %, OCPs {E¥f 54
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(Berg et al. 1998, Covaci et al. 2002, Mehmetli
et al. 2008), Jf HAKMIFEERAT LG RY0EI
QU2 B2 0. T E H AT R Rk

P E R ok 2y, 20 tHAD 60 4
% 80 44, LA DDT 4 F (K] OCPs %4 7k [
KIE A (Wang et al. 2005, Hu et al. 2009).
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2l AR R HORIR R 5 R SRRk
—, DDT A= Fi ] (Tao etal. 2005,
WHSE 20060, %FAEPEM I, £
StV PR3 IR Y/E PN R WS
WEEH ) OCPs, JUIL b T By h s mi gt
(R £E 40T OCPs I 1) 16 35 50 N (Chen et
al. 2010, Hellou et al. 2013, Fernie et al. 2015),
DAL ISt 5 B E S5 v R A 04 P 1Y) OCPs 384T
FEAE IR I HAT 25 X (Wu et al. 1999, Hellou
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T B f bR R 1 2598 CAmano et al. 2010, Hua et
al. 2015). RIVIZITHERR LR A PP S
TR S PR R E B R DR S B . AR
EAAF ITHER L, T ie X s
ORI T HE AT A, R
300 J7 RiMsig ettt (Kirby et al. 2008), 1%
— X3 IE 28 5 A DRI 1) Ak T iy b it A
(Liuetal. 2008, Huetal. 2010), KHUALHA
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2005, Zhang et al. 2009, X304 2011). 7
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s, b DDTs 1 HCHs [ 5 i 5 & 4
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2003, Tanabe et al. 2010), Wit 2yt
15U BN A B{H 12 nglg (Su et al.
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G AR AL . fEaA NIRRT
B SE, R R AR TN HE T
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Ji PRI UL PR S R K o

I 1 g 2 AR I 4L 20 & 6 g T /KR IR AN
WY S e, IEACEL L 2R AR N 5
W2 g ZEA IR A, F VB4R L TRAE SR HX
AN IR TS, DURIERE A iR
Hio FH 100 ml A CGEFIA I (10 1 AARFIEE) TR
B BAE ARG, TEREBGE NN 100 pl ¥R
J% 24 100 pg/L {1554 F% PCB53 Fll PCB200, %
SRR 48 h 5, K S SO R e E T
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Table 1 Information of samples
KA I 1) PRAn|
BN (FE-H-HD PG 2 Y=Y P e BN GE-J3-H)  CReedus M Rl
Species Sampling date Location Gender Age Species Sampling date  Location Gender  Age
('Year-month-date) (Year-month-date)
i e i [P
2009-05-05 Male Adult 2008-05-12 Female  Adult
2010-04-20 it Male Adult 2010-05-25 Male  Adult
- B oRyL
LRI 210,053 T ooosay | HE M
. . costal Male Adult C. canutus Nanpu Male  Adult
tenuirostris

wetland " o " "

Vi DAL 3 5
2010-05-09 Male  Adult 2010-06-01 Female  Adult

i By i B
2010-05-11 Male Adult 2012-05-24 Male  Adult

Sl i b BT S e ROk R R . LERRIIRE
S IIAFR CBEL 3 ml, EHIRAE A 2 ~
4 ml (FRGR IR E R IV 2 A icAt, SR8 HE5) )5 LA
4000 r/min A6 250 5 min, B EIEWOT
2O T T MR T 2 ml SR AbEEvE
P WM IR, FA5J5 FHUGEOH FiE
P NAE T, HESADE 2K, K 3K
() iR A R EWRE 3 ml, TN R
STHATRRAR, FFE8 R BRI IS I E i v R
21ml&H. AEKEDEE (NIRRT mm,
1 230 mm) JE A VB, KM 0.1 g
TR 0.9 g MRTERERS: H 3 mi 3R Cbeitk
VEAE T, PR R S R TR B,
1 ml A 23 JLKA, I 0.5 ml 3 Ceis vt
AN, B — U DI H 2 R T L A g T
AT, JFRWERTE DR, 0.5 ml R Cbi Fr
UOBEYERE, IR PR A, AR5 DR A
G e (10 1 ARRRERD TR A Ve Rk e A,
FACEEL 15 mil ARE A AR s KRR
WA 0.5 ml 5 BRIk SRRk &
200 pl, O 100 pl 3K 200 ug/L AR
PCB189 fif < AH (A 1Al o
1.3 SAHAEEW &4

AR AEA I AE 5 H K22 3 B A Hh gt

1T KA A% (Agilent 6890 7 fic
®Ni-ECD HL ikl e ) A 19 P hL4
K2, A REA R HP-5 A7 B 414E (30 m x
0.32 mm x0.25 pm), Al UM<, i
Jy 2.1 ml/min, BEFE DR E N 230°C . FHEFE T
J: 80°C, fR%F 1 min, LA 15°C/min J14 190°C
545 1 min, LL 2°C/min T} 2 240°C, ££%F 3 min,
FLL 20°C/min FHEA 270°C, {45 5 min. K
I BSUELFE A 300°C, ANAMURIERE 1 pl.

AWER AR GRS (R 2). Rl
f57~%) PCB53. PCB200. 454 PCB189 ¥y
5% [ AccuStandard A 7 .
1.4 JRERESHELE

WA HLER A FRAE B BOR B 20 5 12,
30. 60. 120. 180. 300 pg/L Sk bk ik,
Bt il 2 (1) Ze P AH G SR 47 0.98 DL | 5256
R, A5 AMFEAIN LANTES ARE, S
FES T H RSP TR B o A3 S50 1T
AR — VRN, R R A
Jio PR AR PCB53 Al PCB200 A 24y
WILE 55.3% ~ 119.7%F 64.6% ~ 137.7%2 [d]

FEHAT ARG, AN 75 e dnt
A S [ <0 s TP = N L i R Ol L

(endosulfan sulfate) Fl1/ak p, p'-DDT ZEA -
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(10 Y W R TR AT [, LI P AT B AR 24 R 5
RIS AT IR ISR LR R K
PF(3.2.2 [ A sh AT ge v o3 A, i85 Wilcoxon
PRATSTIG ATECRS ¢ oz e AN [ P Ff 2 18] L & [A]
— IR AR 28] OCPs & B AT 22 etk
Bro TSR R 1A KIS A FEAS
FEXF RIS AR AL AR 4123 OCPs 5
UECXT t R n=4, T L0 IR ES K AN A 20
ZUP AP 25 S R RN A%+ n=5.

2 ZRELWH

7E 19 B OCPs 1 14 Pty (F 2). ¥
A, SRR p, p-DDD. Sk FCHEE AT 42
W 5 Fhyg MK R 05 a-HCH.

B-HCH. y-HCH. p, p-DDE. &} HifHiilg
BRF/EE p, p'-DDT 7 s ek i Z61k 100%.
ERIERS AL AT 10 Fh OCPs #ib i, o,
FERIERS IR A2 b P34 5k B fd i ) OCP
M p, p-DDE, &8 (435.3 £281.8) ng/g G,
T AE K TS 1A I I 4 22 rb 6 B R MG R/ B
p, p-DDT [Pk M e f i, A (1 049.8 +
507.5) ng/g JlIE &, Xy p, p'-DDE, ik (785.8
+565.9) nglg IEHE . ZINEIEAESNLIA AR 227
HiAT 11 M OCPs gk th, b, Bk & &
¥4 p, p-DDE, 43424 (368.9 +£550.6) nglg
JEE I (239.8 +249.8) ng/g IEH .
2.1 FHERGER PP 5 E B

X LG R i AN 21 S P 4 A AT () OCPs

K2 KNERAMAIERFSOARARPEIARARREELE (ng/g fFED)
Table 2 Comparison on residues of OCPs in different tissues of Great Knots and Red Knots (ng/g lipid weight)

WL Muscle g Adipose tissue
AR R (%)
OCPs Detection frequency PN AN P AN
Great Knots Red Knots Great Knots Red Knots

a-7N737N a-HCH 100.0 32405 0.6 £0.2 6.4+18 42+18
b-757575 B-HCH 100.0 239+154 87.9+44.8 39.2 +26.4 136.1 £126.0
g-75N757N y-HCH 100.0 3.3+05 7.1+18 2808 35+25
d-75757% 8-HCH 5.3 <LOQ 0.6+0.9 <LOQ <LOQ
B-7N7N78 Sum-HCHs 100.0 30.3+15.3 96.2 +44.9 48.4 +26.1 143.7 £129.1
-E5 Heptachlor 84.2 0503 24+16 0.6 0.3 0405
R Aldrin 0.0 <LOQ <LOQ <LOQ <LOQ
R4 L& Heptachlor epoxide 0.0 <LOQ <LOQ <LOQ <LOQ
J30E S+ g-Chlordane 5.3 <LOQ <LOQ 37472 <LOQ
S} I Endosulfan 1 5.3 12425 <LOQ <LOQ <LOQ
Mi=C5Ft a-Chlordane 421 0.8 +1.7 <LOQ 1.8+16 22+19
p, p-DDE 100.0 404.9 £253.3 368.9 +550.6 785. 8 +565.9 239.8 +£249.8
PG5 Dieldrin 52.6 <LOQ 90.8 +£117.6 <LOQ 101.0 +£125.2
53K EGHI Endrin 0.0 <LOQ <LOQ <LOQ <LOQ
i+ 11 Endosulfan 11 100.0 335.2 +176.1 154.4 +234.2 169.3 +231.5 29.6 +17.4
p, p-DDD 0.0 <LOQ <LOQ <LOQ <LOQ
SAKECHIEE Endrin aldehyde 0.0 <LOQ <LOQ <LOQ <LOQ
iji?ff;‘dm"an sulfate 100.0 67.1+51.0 36.2+34.8 10498 £5075  165.5+160.1
4T Methoxychlor 0.0 <LOQ <LOQ <LOQ <LOQ

LOQ. & FFR. LOQ. Limit of quantification.
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TEHBP I EE (R 2) , KA R AL
EERIVLAFI IR TR A, BT T A RIS )
WIAAZA PR, HEERK. Wilcoxon FLAI
K30 45 W EoR, 2 IRIEASLIA T HCHs & 2
FE T RIERS (P < 0.05) , HIEHK a-HCH
TERIERS LA Zrh & &8 (P <0.01)
AN, BRSHERREE /S p, p-DDT fE KIS
N A2 b B i T4 RS (P < 0.05) ,
LRl OCPs FEAN R R ] (R AH R ZH 23 rp 55
TRFEES.
2.2 ANFERAEANFAR S KRB FR
A FEALE LA R G 7 0 075 e 25
HBEATHCRT t A, V@S T 1) a-HCH (t=
3.58, df =3, P<0.05) . fii]HiREEFI/LK p,
p-DDT M5 & & B3 m TR i
& (t=4.05, df=3, P<0.05) ; o-HCH 7E4l
JI S g 7 b Bl B s T WL 4L
i (1=3.98, df=4, P<0.05) , ifij y-HCH 7
CLIIERS LR AL b ) B s TR T 4121 (t
=-036, df=4, P<0.01) ; HAeFANELS
FERl—HFp AR R A b & S8 TC B3 2 7

3 g

TE 2R M -ROCR P P A5 S5 2 B, K
(NN it R U S e U o N S R
(Choi et al. 2014, Piersmaetal. 2015) . HT
IX—ITHERK 2 TG 1Bk A b R S5 M PR
FEXARE, ARFFCHEN, AR BcHb R PR B AR
TSR IR R A A & O T L A
 (Maetal. 2013, Huaetal. 2015) . #ifhifs
Fb 3B DX 3 AE by 25 -3 KR 7 S A i 2 1A
EERA AT IR G W RE R b ul, JLPTRESE
PER BB IS RS IS R Ak ST AE DL SR 211
FHAAT M AT e A5 (Hu et al. 2009, Hua
etal. 2015) o WH5EAIE NIRAGFILLIGTRAS 1) 3
Y, RO AT R X X5
FARN POPs Al 4h W Won, S Edm
(175 404 DDT K ILARU =), HiX—HhX 5%
B B e d i 1) 3 AN SRAE DX 3Ay v (5] K i v e

[X (830 ~ 29 000 ng/g) - 7t (640 ~ 61 000 ng/g)
kR (220 ~ 34 000 ng/g)  (Monirith et al.
2003) o HEVEEEX IR DDTs 3 2RI T4
2y AR HRFFIREANDT V5 A (Wu et al.
1999, Huetal. 2005, Wang et al 2005) , x4t
V5 Y YFAR AT B S 25 -3 G ST A 1
A B R AR A AT LA 2 1) 3 BRI

H 20 thalid—RIMEATEANLTG 3P
Bl 1 s BR AT H S, 449044 4 i) DDT #1 DDE
DURUKE 5 R a3 (Grier 1982) , HMRK
(YIS TR R BE RN IR S RN R, X %
P I AFaE (Dittmann etal. 2012) . T EAE
N IR ZE BRI EE KA 2y 42, 7
1960 ~ 1980 4 [n] 4 K= A WLE AR . #5458
1, 1970 FErR [EAEH 729 19.2 Jlif¥) HCHs.
DDT FIBEASE, At SR 254 &1 80.1%
(Wang et al. 2005) . HT-H L5 Gk 5
(R, R H AT SRR 2 O 28 AT A,
RIREE ik B AL RUR 25 DA S LAl A A A L
ARG MPIED, TREMAR B B
) {d B . Yeung %% (2006) 7E X 22K B %
(Platalea minor) 57+ &8, DDTs Hfig
ST BRI B AR N R R 2 —, (1
H A P e & O E AR A s e
SR A, PRl Gt S A AL
IR MR PR BRI BR 2 000 . TR
KL 19 R LR 2, 2K IGH R AR LI
B ZAPATH, BR ST T AE KIERS I UL
TR, X RTRESE B TR AE M A DL AN
ks (Zwarts et al. 1992, Zhang et al. 2011)
(AN ) BT D o 55 EE TRl — Bl AN ] 2 21,
KB OCPs N b i & & & m TN,
XAfet T OCPs HAENENE, N4 5 7E
NEWI AR s 5.

S5 STk A OCEE  (Hu et al. 2009)
XFALH LA OCPs 7RSS 1 21 23 rh R i) it [X 45k
DR A s IR A b (B D, K
B RIS RS 23 rh R OCPs [ e
WA AN IR L&A A B OCPs
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L BIAE 10% 2647, AERS AR I AL IX
Rl HLEAR 29 BT by LB AR T 1%, X W] RE
Je TR OCPs fEIREEH RIBI4LE b (1) 4
AR OIS 45 R iR B3R, 4
IR A TSR 4Uh DDTs 2 e AT
Mﬂﬂ% DDTs 7EAS#SS RV A 2 2R T 7
L2 BT by B I 50%, T AR RS R A
45.1%.
IEAh, TSI HRSIN AR R] OCPs (1)
Ky 3T EL 8, Hirb HCHs. DDTs(p, p-DDT
Hip,p-DDE) \ L& fifh 1Lk R A,
Al AL SR, &aREPH
R, X &5 R S5 i X SRR G
Yesrm R SE R (Hu et al. 2009) #H{BL.
Spearman AHOCPHERT I 45 R Eos (K 2) , MBE
FSESS LR (AR OCPs [k H 2R 5L 5 3%
1EAHE (rho=0.48, P<0.05, n=16) , {Ei)
TS PRI % A7 AE ) OCPs ZE 882 4141
*mﬁﬁﬁﬁ,lW%M%%T%Eﬁﬁﬂm
75 YU o

FERTIN G5 R, KA i g i 1 24

100 i i i

=]
(==

[=2]
(=

OCPs TR R 2 L
e
(]

Percent contribution of OCPs compositional profiles (%)

[
(==l

[=]

p-DDE it nl ik 1573.45 nglg IEHE. T
B2 AR AEE AT, H NS VAV AR
TR OCPs XS M) fe TR . S 21t
FYAH HL# (22 3) (Schick et al. 1987, Senthilkumar
etal. 2001, Kunisue et al. 2003, Aharon-Rotman
2015), Aharon-Rotman (2015) 1 Kunisue (2003)
RIS IR vh s gy, DRk, BUAR
WS IR FEIIREAAN], AT 5T 45 R v i) G
Wi E S A RAA T, BATTME R
KIS AR p, p'-DDE (K iR &k i 20
S R IR R 42 £, HAEE A NS
Fer DU B REAR ) DDT A AR =i
W15 = 2 100 ngl/g

BT AN R BA SRR IERIRFIE, B2 R
i 107 AR 23 R] e s 28 Ak N AT LTS e i) 2L
BRI AW RS R RIS, REE
XA AR R AR ZE R UAT IR, HB = B I [E]
JUZLRIREAS, A DB EE A N 5 e O &
o BEIN A AR BEAT . WHRST POPs % R
- K A VY M ST A e b AR T A 1 2R
e, PATEW LR N RN RREAS, X%

W i DDTs

O 757575 HCHs

B #J} Chlordane

B t% Heptachlor

B 7St 1 Endosulfan [T

MRK

FRK SED
OLPsuM"‘/Hﬂ DLposmonal medium of OCPs

B 1 N OCPs ZEMBSFIFREETIARY - I AR
Fig.1 OCPs compositional profiles in shorebirds and sediments

MGK. KIEmILALAIZ:; MRK. MM FGK. KIERNENTAZR; FRK. MM IENT412R; SED. METyiiid.

MGK. Muscle of Great Knots; MRK. Muscle of Red Knots; FGK. Fat of Great Knots; FRK. Fat of Red Knots; SED. Sediments.
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2 FEERMALAD OCPs Rl &
Fig. 2 Detection frequencies of OCPs in shorebirds and sediments
a-HCH. a-75757%; B-HCH. b-7N757%; y-HCH. g-757575; 8-BHC. d-757575; Heptachlor. -B%(; Aldrin. Y [GF; Heptachlor. 34L&
g-Chlordane. (% (JF: Endosulfan I. i)} I; a-Chlordane. Wi\ 50/}; Dieldrin. 2k [G7; Endrin. 5K [CH); Endosulfan 1II. i/} 115
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