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LIU Ren—yan'?, DONG Yu-hua*, XU Dao-yan®, LIANG Yu-bo?**

(1.Environmental Science & Engineering College, Dalian Maritime University, Dalian 116026,China; 2.National Marine Environmental Mon—
itoring Center, Dalian 116023, China; 3.SOA Key Lab of Coastal Environment and Ecosystem Research, Dalian 116023, China; 4. Depart—
ment of Aquaculture, Dalian Fisheries University, Dalian 116023, China)

Abstract: Organochlorine pesticide 1,1,1-trichloro—2,2-bis—(p-chlorophenyl)ethane (DDT) is a persistent and broad toxic organochlorine
insecticide. DDT is slowly degraded in tissues mainly to 2,2—bis(4—chlorophenyl)acetic acid(DDA). DDT and its decomposition products are
ubiquitous micropollutants in seawater and shellfish. This study presents a novel method of preparing the polyclonal antibody against DDA to
investigate the levels of DDT and DDA in seawater and shellfish using indirect competitive enzyme —linked immunosorbent assay (idc—
ELISA). Under the presence of N,N-dicyclohexylcarbodiimide, the complete antigen can be obtained by coupling the hapten (DDA) with
bovine serum albumin (BSA) and ovalbumin (OVA), respectively. The female BALB/c mice were immunized using DDA-BSA as immunogen
to prepare the polyclonal antibody against DDA and its characterization was studied. The results indicated that the antibodies produced from
five mice immunized possessed highly sensitive and specific immune reaction for DDA. Using DDA-OVA as coating antigen, the 5# antibody
was employed to develop the idc—ELISA method to investigate the concentrations of DDA in seawater and shellfish. The limit of detection
(LOD) of the method was 10.0 ng-mL". The average recovery and coefficient of variation (CV) were 122% and 30% for seawater, and 131%
and 22% for shellfish, respectively.
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PR, FEER HUAR R DDT 8 G W e Al oy = S8 e

(2,2,2~trichloro—1,1-bis—(4-chlorophenyl ) ethanol, Di-
cofol) .
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Figure 1 The structure of DDT and its metabolites
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Figure 2 The metabolism and

1.2 Hik
1.2.1 PHUR -2 AR BRI A L

PP DDA SEARE A4 M3 A& (BSA)FI
R (1 (1 (OVA) I vk IR ¥ © & 28 SCiik[12],
DU SN HT I H 2 S TR I L
1.2.2 fge/ N5 ZH G

L DDA-BSA SAHuE, fegss 5 2 6~8 JEi ik
BALB/c /N, B R 53% A DDA-BSA 528 (KF5E 4
IRECAAR, S FUA T B, MR SN 2R
3.5.7.9.11 JHHUA & DDA-BSA 52K TR 5E 4
AR e e 24, B 5T . BRI, A ELISA J5 ik
WE S, BRI DDA-BSA (1) PBS 01 1 1 5
SRAAPE, 3 d i ARE/NRBUML , B, B0, B2
I, INAEARFUH M, 4328, -20°C JRAEFEH .
1.2.3 EH G W B 7512 (ELISA ) I R LI A

DDA-OVA 1ER T E , Bl £5 2% vh i (pH9.6)
ke k96 FLEGFRAR , Bl 100 L, 4 CiER ;572
TR, TR (PBS=0.1%Tween—20) P 3 UK, A 1%
i) PVA-PBS %3t (4541 300 wl),37 °C 3 h, fAF
TE 4 CREF s D B, 5925 B AT, el 3 Uk, I AGE
YRS BRI (4541 100 wL) ,37°CHEE 1 h; PEAR,

metabolic products of DDT

TIAE 576 B B bR F0 BUE oA, 37 CIE R 40
min; PEAR , MU IR (SRR — e . pH5.0 MR RREE—F7
BERRZE TR AT 30%H,0,), 37 CA# 4 13 min, LA 2 mol -
L™ H,80, H 1EJW,492 nm P K OD B,
1.2.4 DDT RYNYFRUERS R LT

FIH B DDA pp’-DDT ,pp’-DDE ,pp’-DDD
1 pp’-DDDE 4 Wit 5.0 mg-mL" BIGE45 U, FH PBS
i T A% R B 1) 9k < 2.5..25.50,100,250 500,
800 ng-mL™" 1 1.0,50 250,500,800 pg-mL™" .
1.2.5 [B] 4255 4 WK B 5 W B 5 2% (ide —ELISA ) 73 #r
DDT R

96 FLAK 1A FREF P W) IV 0, 3 2o dt
PR, DEAR 3 YR, A 50 L 2R3 His BR il 45 R bR )
JA W B 7K s DL AR TBORE, N 50 Ll 38 76 B 11
zb‘mlz% PRPEIRA), S EMCE: 30 min, HoAb B[R] i

TR RE | LA A 0 S0 VR e AR S

ﬁ%aﬁlﬂﬁ/ﬁ%ﬁéﬁ 50% M1 FE 1G5, (41 %8 Bo—
B/Bo=50% % N (IARIEM BTk ) . A8 LW (LA
DDA 1) ICs, 2 100% ,DDA [ 1Cy, 5 3t b7 v 9y 5
1Cso F 43 ) AR AU (5 30 %) BROYG R AT
0.1 Xt AR ED B AR ) o
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DDA-BSA F11 DDA-OVA {5 BE /1 23 9l 2
34:1 Fl16:1, HfE 6 U, M\ 5 Rl i RS2 BBt
A WFHEAESEEE PRI DDA-OVA 8 Hi 5 s 4
BRI 1:80 000( WK 1),

& 15 ARmEaRm
Table 1 Titers of antisera prepared from five immunized
mice by ide-ELISA

B 5 iy
1# 1:120000
2# 1:100 000
3# 11140 000
44 1:120 000
5# 1: 80000

5 FhHL I XA [ DDT [/ 22 40 4 S ik o o
FPERAFR, XF DDA #8HEA L B3 i 20 =2
B (WL 3) ;15309 5 Rt i i X pl b DDA-
OVA FIH H1 Y DDA 73 F#8HAT G 38 1 SR A R
FE ODg, nim {F A ] 25615 9 i i HO X B0 =22 ] #R L
AR AZMERIACR, (HEHTERS A ; 1#,
34 44 1 5# B AE BIPTAR IR EE ST Y ide-ELISA 434
DDA (7 A HA Bty 0 R AU FRAIE: 4# BUInE
A BARARS HHBR 44 P X DDA B R fcs
M 1.3ng-mL (WK 2),

14 2# 3# Fl 4# HLILIE X pp’ -DDT 1Y 35 FI ok 46

FW B FEAARRL, XM 1Y pp’-DDT HUJi, #A
HA RS BSR4 Fh 250 i g HOHR m v B
pp’=DDT (K F 100 pg-mL™"), A5 B v & 34 i i 7
HERAMHIERT (LA 4) .

3 BURMEH 4# PULTE &7 Y ide-ELISA J7
AT H AN DDT RGP0 AE X % RAE
50% ) ¥ 2 4# BT X pp’ ~DDT . pp’ ~DDDE |
pp’—DDE Fl pp’-DDD 52 3 i #RAR /)N S48 %
pp'~DDDE E A — A~ i S0% il e, (HJEH) i
AN T ARG Bl AR e 2R (JLIE 5) X a]
RESE RN 4# PLIMTE X A8k HT 5 DDA-OVA HA
pp'-DDDE HT5R i A1

2# PUMLIEXS pp’-DDE [EHI L 5% pp’~DDT
AEL, WM Y pp’ ~DDE HT 5 A HAG 4 53 1 3 1
P FEAR B BE R (5500 pg-mL™) , A7 A B i )
Il B, A0l R A P X B LA AR AT A ek [l
HKZR (] 5), 44 ZHMIEXT pp’-DDE 155 M i
REVE E—L8 | 24 pp’-DDE YK >450 pwg-mL™, X}
M4 ZHUMIE IR IS (B S) .

24 1 4# BTG X pp’ -DDD (1) 3 1 2 v 5 %F
pp’-DDT AL, XHICH LR pp’-DDD P A HA FE
SEI R A BRI ZRAR /N e = MR T (5500 pug -
mL) A7 AR B AR S 3 5 R X £
HEARIF L RHXER (B S).,

2# F 4# HLIMLIE X pp’ ~DDDE A4 35 F1 5 v th 26
Py, SR BE (49 pp’—~DDDE i 28458/ | 75 e vk JiE

F2 WE DDA MRBEREIFAE

Table 2 The sensitivity and significant linear regression of DDA

NI [l e ICso/pg * mL* REJE/ ng + mL" EIEES P
1# ¥=0.291 4X+0.092 4 2.5 0.986 8 P<0.01
24 ¥=0.360 2X+0.987 2 15849 0.992 1 P<0.01
34 ¥=0.405 7X-1.123 9 6.3 0.997'5 P<0.01
44 ¥=0.113 9X+0.779 7 13 0.9947 P<0.01
St ¥=0.117X+0.232 5 10.0 0.976 7 P<0.01

Y: Bo—B/Bo; B, the ODnm value of analyst; Bo, the ODnm value of 50ul. antiserum.

X: log the concentration of analyst (ng-mL™).

R 3 A4 HLMERT 5 FRTIMEIZ X R ERE

Table 3 Cross—reactivity of 4# antiserum against each derivant

ST ICsy/ g »mL’ LB EIVES R /g » mL'
DDA 0.501 100.0 1.3
pp’ -DDT 158.5 0.4 100 000.0
pp’ -DDDE 398.1 02 10.0
pp’ -DDE 10.0 5.01 630.0
pp’ -DDD 100 0.5 31623.0
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Figure 3 The inhibition curves of antisera against DDA
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Figure 4 The inhibition curves of antisera prepared from four immunized mice against pp’-DDT
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T (>1 000 pg-mL™), 7= A BB SR A 0l 2 i 5
] 25855 e B 1 o B ELAT A B B e 1T I G
R4 ZHUMIEXT pp’-DDDE HATRESF 1 2B,
SUBTEARMREETT | H0] 258 55 v B2 X% 0 (E ) [ 1 i 2k
REE/ANES)

FH 5# 230 IS Y ide—ELISA Jik, S28 T
DDA ZINENE KA U A3 R g DR (L3 4 Fn
25), MRHE RN KR (>150%) , 285 RECR K
(>30%) ;50 ng-mL™" F1 100 ng~-mL™" BN B 153
ARG [N 3R RN AR S R B, RETH 2 3 T e 28K

3 iTig

PO 2 A0 SO R PR R ST R B ELISA Al
RE RN R 22—, BriAxs B B 09 AT FE A e
PRI AR A AT 75 B G SR R
20, A BRI AE R L . A S RS
PR XT B H 1) pp’-DDT . pp’-DDE Fl pp’-DDD
1) 25 R T L X B 6 19 pp’ ~DDT . pp’ ~DDE Al pp’ -
DDD YRR/, STk SIS AP ARERE
H PR, A B IE R ik AR =
BF , A RESE AR BB, R 2 w7 8 R SRS AR 5 T e

7% E F A DDA #REPUH ARIRAY LRI, FEARHe
A 2RI A e A o 2 TR AR e PR oy R A
DDA ZMHT )5k . BRI R AT , dr R g
BRAE AT S0 5 2%, USRI R s IR Rl
DDT 43F45F4 I8 AT 3% $e 28 1 28R 0 775 2 3
A, PRLEERE A DDA RSB B E B AR AT
J5i, ATHERH M DDA-BSA g, FrLl 5 HE™
A= BIHUANT DDA (25 R BIRE I ik, dT i)
R

i FH R —FPes, A5 RS I BTIARSUN A
] ; X} DDA #F AT LR A T4t A, (i vk
FEMRGEWHAFE ; X pp'-DDT, pp’-DDE pp’-
DDD #il pp'~DDDE 4 F 5 i il fa A — 30, =
W BE IS A FE I B A 254, (R P ol 2 o 45 A ]
B9 ;Ji Youn Hong 45\l F [W) A% 1) B € It | 45 31 X
DDA i1 pp'~=DDT B8 J1&Rs® LA mT ULk A [
— PP, (AT Z AR R I A2 5 B
H RS B XA, F= A PR R 250,

M5 BB rR A5 0 4 B AR AN Rl FH Sk g Sy A
DDT DDE .DDD 52 , BREAZE IR il /G Tt v
WP IS IR i 5 44 ZH0INTE EEST %) ELISA Jrik



27 5% 24 & W B

o oy 811

R 4 iBKH DDA FRIMBIE YR (5#)
Table 4 Recovery rate of DDA spiked to sea water determined by idc—ELISA using 5# antiserum

7N DDA /ng  mL! MEAE g » mL™ /%
25 42+13(32%) 168
50 49110(20%) 98
100 100£10(10%) 100

a:value= mean +SD; value in parentheses represents coefficients of variation; n=6.
%5 F A DDA R EIKER (54)
Table 5 Recovery rate of DDA spiked to scallops determined by ide ELISA using 5# antiserum

7N DDA /ng « mL! MEAE g + mL™ /%
25 45+16(37%) 180
50 62£11(19%) 124
100 89£10(11%) 89

a:value= mean +SD; value in parentheses represents coefficients of variation;n=6.

73HT DDA A RGEH : 1.3~2 000 ng-mL™; Xf F#E/K
K B PR A2 1.3 ng-mL™; X F DUZEKG PR 2 12.5 ng-g™',
ELISA [R5 55 i Al it vp o B i il B i LA AR
WU 25 R A8 5 K, X 5 Aurelja F1 An—ping
Dong B S48 FIE— ), ol Bt T4 Fh s
B (A0 45 SR S S0 O 22 T, T P A AR A
WL TSR O = LSS, AN SR P DA i v rh 4
ol Al eSS RN AP as 3

SN ELISA Bl 25 R RIRZE , FEESUA
PRI SO RIS St RO A S5O0 (/K Bt DL AR RO SEE ) o
1§70 = S 0T iy o P G A N 19 3 O LA
g2 22 TR B 7 19 ELISA 43 BT DDA Jr ikl L)
I T SEBRRE S DN |, BEAS TG R BT KR

DDT FI'E (R M%7~ 4 DDD il DDE 764 /E 5 &
S5 I IUEERIESY ELERTIC, WX DDT 1) 2224
DDA AT, A RMITE D Rl 1E
TV 8 A A S DA AR D LR, B
Heberer 282 JEAE Berlin 2% A1 /K FRRG H oy ok
) DDA, DDA 7V IR AR VIR B | G T 4
57 DDA 50T Jiids, WF9E T f% DDA BOAAAERLAE, XF
FATH AR DDT FEIEE P A G PR 5T T i )15
JEH B,

ELISA #rly: il LU AL e A= W/ Nk, T
FALEARE L AT 1 | X T PHPERR &, FdEA T 2= A
AT, SR BRI A HLEA 25 DDT K AR
B AR AR A SRR S A LTS G
P o3 BT B4 T RS R RN (R Y 4B ik o
T AN A WIS G 5 ARSIy B A4 T T
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