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Residues of DDT and its metabolites in the sediments from a captive
breeding center for Chinese alligator
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Abstract Captive breeding of the Chinese alligator serves as the last resort for ex situ conservation
of this critically endangered species. However, this effort may be compromised by the environmental
chemicals such as DDT-related compounds which are proposed stressors contributing to the declines
in some crocodilian populations. Here, we reported the presence of DDT and its metabolites in the
sediments from the largest captive breeding center for the Chinese alligator in China. The
concentrations of ) DDXs (sum of the concentrations of DDT and its metabolites) in the sediments
ranged from 4.30 to 11.9 ng-g™' dry weight, with significantly higher levels in autumn than spring.
The most abundant DDT compound in the sediments was p,p'—~DDE, comprising approximately 73%
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of the Y} DDXs. In particular, two high-order metabolites of DDT, p,p'~DDMU and -DDM, were also
consistently detected in the sediments, with contributions of 6.5% and 0.5% to the Y DDXs,
respectively. The profiles of DDT isomers and its metabolites indicated that there is no DDT fresh
input in the captive breeding center. The concentrations of DDE and DDT in the sediment samples
clearly exceeded the threshold effects level set in sediment quality guidelines, suggesting potential
ecological risks of these chemicals.

Keywords DDT, DDMU, Sediment, Alligator sinensis, Ecological risks.

W72 (Alligator sinensis) &= ERFA YRR . 20 40 80 AR LK, 47 F-H B A= Fh R R 28] R 2,
FEI PR A SR AR5 B (TUCN) E85- 47 785 51 A B Wi i b SR, 4% 163 B BOR L] 5 A 143 1 48 . A
U, WG B 98 Kk Ak AR IRBEAR Ak K IR BE 15 Yo ] RE 2 4 T 6 B A A e S B e ) 2 R
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T 6 (DDT) Je HAR =4 — & 2K 5 &% (DDE) il 4 7K 54 Z % (DDD) 254k & ¥ 2 3
BT Z AR N TR . R E T 20 4D 50 AR TFER A7 DDT, BiJG T 1983 4R 8k 25 . SR, -
B 25 (40 = SR W) AR 57 TP SR 5 A5 DDT 4, X 867 5 v () DDT iR 45 F5 22 B 2 A5 . 31X
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B 75 2 B B B A 0 -4 1 0 1 T B T B TR [ R N 4 T 0 L 9 M (28 R SR T T 0%
T RITH gLk z S, Jid FiZi X DDT 87 0 2% B R . 3R ATTA %) 48 BT & B,
R8l 3747 7 K 1 v DDT Kz FERE At =4 1) 5 i b 13 a5 U5 e b 62 2453 6 35 e iy 5 i i 3 (L 1Y) 15
Y[ 7 DDE 5 #8 f5 {H E 322 30 1T A8 77 A Mk 0 S % 19 DDE & it BRAE . SR 00, 1B 3% 4 1 6 i B 3R B8 v
DDT 254k i5 G SR 1 AT 2E.

A gE IR T E e KA 85 P R AL MK 3 DUFR Y h DDT. DDE., DDD, 2,2-— (R 3)1-4
2% (DDMU) F1 — 50 — K H 45 (DDM) %5 DDT A 5635 Ye ) 1 1 f AL, PEAS T X 2675 e v e i 24k

1 MRS (Materials and methods)

1.1 FESCREAE SHTA

DURWIRE S 3 F 2017 23 H(FEZE) . 6 H(EZE) M9 A () RETLREA T T EEFUR
T3 T B AE EOK 5 CEAEIE) o0 T 2808 BT, J& 3R E IR K i1 7 85 8 55 2 . R Van
veen HIH AR Yo d R 4R R ZUTRIIAE G, PRIBURT IS5 28 W) J5 B3R QIR A, SR Rz [ S0 %

TURUIRE it A0 T Ak 8 R v Al R 2 M SRR, R & L2 W T, WS i 75 H (0.2 mm) N4
BT FRELLY 3 g RESL, A ISR $E 7R ) (BC-PCB 141, PCB 65 il PCB 204) Fl4 - (LBt K6 J5,
FHAER/E CBERATER (11, V/v) RERIMEE 48 h, MEEBIR A = 1 mL A4, o 22 rE I A AR kA
Hedk, T A e/ 1E C IR AR R (121, /) Ve, BRI 48 2= 1 mL 247, BE 0 0] 1E & ke, AR
FEZZ 100 pL. fim A 60 ng NFR1EA ¥ (PC-PCB 208, PCB 24, PCB 82 #1 PCB 198), |- #H {01/ i
(GC/MS) iz,
1.2 AR

il GC-MS-EI(Agilent 6890 GC-5975B Series MS )l 2 DDT K H:Rfift 7=y 1 75 . e $% 25 T Kl
(SIM) B, Toor i dEkE, HERER J9 1 pL. SR DB-5 MS B4 (5354 (60 m x 250 pm i.d. x 0.25 pm; J&W
Scientific) #47 H AR LA Y10 73 25 . ALER M A5 142 WL 3Gk [15].
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1.3 BRSSP (QA/QC)

JoT s AR AN ORI M A R AP 25 L AR s DL Rk b E SRR A AR P DRSS /R ) °C-PCB
141, PCB 65 F1 PCB 204 {4 [RICR L4354 86.8%+5.6% ., 82.9%+5.8% Fl1 90.8% £5.8%. FEFas 11 (n =
4) kit p,p'-DDE, {HH S fE e il TAE M iz B W & it (< 5%) . Inbr=s A (n=5) 4 8 F ik &4 (p.p'-
DDT. p,p'-DDE. p,p'-DDD. 0,p'-DDT. 0,p-DDT. 0,p"-DDT, p,p'-DDMU #lI p,p'-DDM) {1 [ i 5 3 [l
92.6%+5.8%. FF it B ARAb G W) e 20k B R 28 LSCR B TE s (RS IE. FESVEEE AR HARfb B & &=
(A X AR T 25 (RSD) /T 15%.

p.p-DDE f K BR (LOD) # 77 1: 25 U 09 & =00 3 A8 hm i O 22 1155, At H AR k5 9 19 LOD $%
5 fHE MR L (S/N) L. VURIRE 5 rf DDT B LR 9 B R 4 0.01—0.11 ng-g ™' 3.
1.4 HdEaba

S 95 04 R A Excel2019 F Origin9.0 3K {4 #F 47 Ge i+ 4 5 . 43 #r. DU p,p'-DDMU 5 p,p'-
DDE #il p,p'-DDD 22 [] i) &5 F A M R FH Pearson #4047, Il 5 2253 M (ANOVA) K 56 A [R] SR A 2
Y DDXs 1 fg 2% 5 014 i

2 LEE 551G (Results and discussion)

2.1 YLRWIh DDT R H A re i i & b

WY ALK pp-DDT. p,p'-DDE. p,p'-DDD. 0,p'-DDT. 0,p-DDT. 0,p'-DDT. p,p'-DDMU #
p.p-DDM % 8 il DDT 245 ¥, % o,p-DDT 4b, H A L& W) 1946t Z2 149 5 100%. i 2635 e 4y K
YDDXs(DDT K H: [ =iy & B 2 ) By & 0L 3% 1 KIEUTRR Y P Y DDXs (9 F- 45 &4 (7.97 ng-g' -
) 125 Tk [ 9 MR X 3 S TR h Y DDXs 5 ik (M 1.22 ng-g ™)1, 53 22 A vb i X i 5 LR
YDDXs 7 f2 (¥I{H 6.70 ng-g ™) A 2417, AEAK T3 = 7 2= 0078 b X £7 358 (271 30.0 ng-g ) 1™ FH1EL I 3t 4k
3 (Y {E 81.9 ng-g ") U K B[ B g% 1 3 5 > s 3% (43 1) A 366 ng-g ' Al 449 ng-g ) PP Y
YDDXs &) 1—3 M.

xR 1 BEFRG N BKIETURY) | DDT K HACE =9 )& 2 (ng g )

Table 1 Concentrations (ng-g ' dry weight) of DDT and its metabolites in the pond sediments collected from a captive
breeding center for Chinese alligator

7 Z(Spring)(n = 12) K Z(Summer)(n = 12) FkZ=(Autumn)(n = 12)
A o o —

Average error Range Average error Range Average error Range
p.p-DDT 1.05 0.11 0.02—1.60 1.17 0.13 0.02—1.79 1.30 0.14 0.02—1.99
o,p'-DDT 0.05 0.01 0.01—0.07 0.05 0.01 0.00—0.08 0.13 0.01 0.09—0.19
p.p'-DDE 5.26 0.25 3.79—6.67 5.89 0.28 4.24—7.47 6.53 0.31 4.70—8.28
o,p'-DDE 0.02 0.003 0.01—0.04 0.03 0.003 0.01—0.05 0.03 0.003 0.01-0.05
p.p'-DDD 0.18 0.02 0.07—0.30 0.20 0.03 0.08—0.34 0.23 0.03 0.09—0.37
o,p-DDD 0.03 0.003 0.01—0.04 0.03 0.003 0.01—0.05 0.04 0.003 0.01—0.06

p.p'-DDMU 0.47 0.03 0.32—0.69 0.53 0.03 0.36—0.78 0.59 0.04 0.40—0.86
p.p'-DDM 0.03 0.002 0.03—0.05 0.04 0.002 0.03—0.05 0.04 0.002 0.03—0.06
> DDXs 7.09 0.39 4.30—9.47 7.94 0.44 4.82—10.6 8.88 0.49 5.45—11.9

Y DDXs, DDT R AR ™4y & it 2 .
>'DDXs, Sum concentrations of DDT and its metabolites examined.

DDT HRRNES A7) p,p'-DDMU i p,p'-DDM WAETTRRY AR, H& R E/ 598 0.53 ng-g
F10.04 ng g™ TH (5% 1). TURYh DDT i 8 B 7= 1) & e il 40 (3R 2) L AR UL pp'-
DDMU -3 F 5 L) M 7R S8 R A A Hb X P A 3 P ) p,p'-DDMU 75 i 1 AN B, 5
B TS DU Y b p,p'-DDMU & £ A 24 P, (EAR TV T D K == 4 37 R R AR W) b pp'-
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DDMU % & 12 =21 52 [ (14 71 3 397 55 2k 0y A i 22 DA K% TH 4 LV 6 5 YT 30 R g ke 000 380 1 A 3 e B 1
p.p-DDMU, H & o i Y B EH 2—3 DN EE g 7. YUY p,p'-DDM 1B B D, A58 0T
Y p,p'-DDM & AR T KT (3.56 ng-g ™) 2 DL K 5 5 (14 A 9 307 35 2 507 KRl 22 DA (12 ng-g ') 12
H p,p'-DDM 5 2—3 4 4% DDMU A fig J& DDE 8¢ DDD B R f# r= 4 22 AW i pp-
DDMU 5 &5 p,p'-DDE( r=0.85, P <0.0001 )l p,p'-DDD( r=0.70, P <0.0001 ))& =¥ HA B E 1
Kt (1), &8 DDMU W] fig £ 2k § T UiF49 T DDE #1 DDD (¥ F#f#, ok DDMU 5 KA &L &9
HA MR =17 0. p,p-DDMU J&—FhMERR W) T, X AE AR (%) 9 43 1 ) g S 2B B g 0 7T g
PR TR FEAE PO B 3R 1 S SOK IE TR T p,p'-DDMU 1 8 6 A 258 by 5 RS DG

&2 SCHAGE TR pp'-DDMU & (1 5)
Table 2 The concentrations of p,p'-DDMU (dry wt) in the sediments reported in the literature

RFEHE A SRAETR] WeREEH/ (ng-g™) Bf#i/(ng-g™) 225 3k
Sampling sites Sampling year Concentration range Average concentration Reference
P 3547 T B S K 2017 0.32—0.86 0.53 AHE

TR REER YR 2006—2007 ND—0.22 0.04 [20]
TR AR IS s 2006—2007 ND—0.12 0.01 [20]
ENGRE 2002 NCR 0.2 [21]
KT 2010 0.03—3.76 1.16 [22]
T 2002 0.48—5.8 1.64 [23]
e =2 A i 1991—1995 NCR 1.9 [24]
5 FEIE % 30 1 2eh T 4 1992 510—956 712 [25]
FEHETE 1993 1.1—190 39.89 [26]

ND, 45 Hi; NCR, JCHI#iE .
ND, not detected; NCR, have not reported the ranges.

r=0.85
P<0.0001

e
w
T

Concentration/(ng-g™")

021

| r=0.70
ol goe ® © o © P<0.0001

0 1 1 1L 1 1 1 1
0.3 04 0.5 0.6 0.7 0.8 0.9
p.p'-DDMU Conc./(ng-g”™")

B 1 VY + pp'-DDMU 5 p,p'-DDE H p,p'-DDD 2 [i] i % Al &
Fig.1 Correlations of p,p'-DDMU concentrations with p,p'-DDE and p,p'-DDD concentrations in the sediments

Xif HEAS R SR AR 2215 DUAR Y A (1 Y DDXs 5 e &3, KB DU 1 YDDXs it & TH S (P =
0.02; € 2), M FZME K YDDXs & o 125 (P =0.2; K 2). X 0] i 5 5 2 A Ao x5
(TR A G, B IR A AT DDXs MR i B B 2K b, BEJS A RIZ TR . BLAb, 4
o P TR e 2 fin sk - 3 v DDXs W45 %, 11 Bl R AR I S T X BRBUE R Z VIR . 4 T2 4
B2 AEAIRKORE 50 A K I, T2l B X6 PR 575 e ) (45 DDT K AR =4 ) B R Uk, Bk Z K PRI AR
Y 4 5 (Y DDXs 75 18 X 4l 85 02 75 5L A 2 AR N g — A i 5%
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Fig.2 Seasonal variations of ) DDXs (Cppys) in the sediments from a captive breeding center for Chinese alligator

2.2 UL DDT M HAHEAE Wi 4,

B A DURR AL S, pp-DDE Jyf% % DDT 2575 44 %) (5 Y DDXs & & 1 73%) , Hik M pp'-
DDT( 5 YDDXs & & 1 15%) (& 3). YLA Y RE & v DDT 3 A4 (% f# 7= 49 p,p'-DDMU Hl p,p'-DDM [¥J Lt
514539304 6.5% Fi1 0.5%, 5 5T A ARIE TRy 3 8857 7Y RE A 7= 0 A AFLAE 55 s AR,

2 p»-DDT 4 o0,p-DDT
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Fig.3 Profiles of DDT related contaminants in the sediments

DDT 7 335 1 7] LUK fi# > DDD #1 DDE 4%, 1] F| DDT B i 7= 4 () Ll 38 75 2R3 Hh DDT 24k 2
B % A DT 52 . 24 (DDE+DDD)Y/DDT & = HfE > 1 i, R BT DDT 2875 ey 120 I s sk B 20 ik
G, 4 25 = G K W 2 DDT B 5 A 9 E 2R IR 2 — B = SR b DDT £ 2K o,p'-DDT(0,p'-
DDT/p,p'-DDT = 1.3—9.3), i DDT Tl 7 DDT £%4 p,p'-DDT(0,p'-DDT/p,p'-DDT = 0.2—0.3 ) B4,
A 5E UL Y H (DDE+DDD)/DDT % i B4 > 4, H. 0,p-DDT/p,p'-DDT & it HL ) < 0.15(& 4), %%
W Ve 554 T g 2 A5 rh DDT R 2RI T Iy sh 5k B . AR 9T B 3724 i B0 rp o b AR YT b R Ui £

Kz %, P b DDT A g 245 1 R fili IV,

015

2
k5]
= o
8 010 o o
2 -
S o
[a)
2
=
< O
005 F o

(DDE+DDD)/DDT ratio
E 4 Y (DDE+DDD)YDDT Hl 0,p-DDT/p,p-DDT & Ho
Fig.4 The concentration ratios of (DDE+DDD)/DDT and o,p'-DDT/p,p'-DDT in the sediments
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2.3 DU DDT K H A = P i A5 28 AU

H Aij 1 JCUTERY) h DDXs X 5208 0 A8 25 XU PEAL B . Long 55 FH USRS P (IR (B (ERL ) AU P4
HE (ERM) A TR H DDT B H: R gt 7= 40 04 A 25 AU 20 200 i 2 3 TR DDT K Hi %
gt = 0k K A AR W 7 A B O O HE SR AT MY, RIUTR o DDT K H R r= 4 0 &5 B 15 %)) ERL 5%
ERM {H I, 33 2635 YLyt 7K A= A 77 A= 35 5 19 JL 3843 31 < 10% AT > 50%2. ERL F1 ERM A] FAl T
TR b G 0 A 25 KBS 24 UTRR Y b DDT K H RR it 7= 1 1) & BE<ERL B}, 3 2635 YL 1) 4 25 KUR: 448
fi%; 24X 275 Ye W) 1 5 A T ERL AT ERM 22 [A] i, 3 B HHLAG o 252 i AR 28 XU 2475 e &% >
ERM, X 264k &4t 7K A A= ) HLA e v g A= 25 AU

fr A DL A 5 DDT, DDE A1y DDTs(DDT, DDE il DDD % & 2 fll) () & # ¥4/~ T ERL I
ERM {i Z [f] (DDT, DDE #1YDDTs fi ERL 43514 1. 2. 1.58, ERM 45k 7. 15, 46.1) (& 5a., [& 5¢ Fll
K 5d), 2018 324 T B2 8 /K JE DR Hh i 6 75 e At K A A ) LA v SRR T I A S KUK TR
H1 DDD {9 & i <ERL(2) (& 5b), B 3547 7 #2118 /K 3 v DDD Rifi 7K A= A= 9 16 A= 25 XU B

a.DDT b. DDD
7 ERM T% ERM
6 o
o0 0
4 2
< 3 <20
£ & ERL
g2 e g 15
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Qo o B
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Eh 23
5 1s g
£ EY
P HE
g ERE
3 6 S
© @ @ ERL o 10 @
3 5 @ 5 ERL
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5 IR TR EOKIETURRY  DDXs 94 25 XU A

Fig.5 Ecological risks assessment of DDXs in the pond sediments from a captive breeding center for Chinese alligator

3 451 (Conclusions)

(1) Bl F=4 F 851 S oK IE TR Yy DDXs i & yu B 4.30—11.9 ng-g™' T8, #kZ=Y DDXs & &t
BERTHEZE

(2) p.p'-DDE JEUURY) th i F 2% DDT 254k G4, H& 5 5 Y DDXs 1 73%. DDT 9 Fl i [ 5 £
7=4) p,p'-DDMU Fl p,p'-DDM 7EULFY) T3z Kt Ho 8439 1 Y DDXs 1 6.5% F1 0.5%. DDT 25i5
YA BT BN, T3R8 T A8 K 95 JC DDT Hrii A

(3) A= AU T 45 5 2 B, UL A v DDE F1 DDT 7K Ak AF 4 B v S5 B2 0 £F 28 KU . X 2675
YLy xt Bl 574718 0 B 0 75 VR FH B E— 2B S
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