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Table 1 Characteristics of landfill leachate rejected

by reverse osmosis(RO)

EiztaD BUfE

pH 7.79
p(TOC)/(mgL" 4300
p (COD)/ (mg-'L™) 5620

p (BODs) / (mg-L™") 63.1

p (BODs/COD) / (mg-L™") 0.01

p (NH;"-N) / (mg-L™") 63.2
IhEE/NTU 17.5
p (BEEE)(LA CaCO53)/ (mg-L™) 6 100

T2, PIFRa A Kok e 2
W, BEE AT R <%, R AT R 1
d, BEMLPRBE N ARZE AT, (S Uk 0 fa ot
i
1.3 X5

UV-2800 A F55 AR ] UL 4 566 B 1 (L ifg
Unico {XES A RAF]); TGL-16 M & &4 %
BEOHLARAGE DAV ER A BRAF]); Synergy 2 £
WIHERFRL (EE Biotek X EA FRAF]); b,
Tris . EDTA-2Na DL S H &l 551 ¥ 0 B 7= 43 #r
ali; ALY L EF(SOD) . A Bt H K (GSH) .
Na’, K™-ATP REFIEE (0 2 3550 &l [ e a8
W) TREFSE AT .
1.4 SHIBREBENIEFRNE
141 B AHEMTR

96 h ZtEREtEmi S i N IV E E R
PR PRI 5 7™ a6 SR sk 7 Xk
17, WA 96 ho MRPETRSCIRLS R, Hil% ik
BB B IR SO 24 h A ROK IR R
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13.2%. 152%. 17.5%F01 20.1%, [@A}i% &4 H
XTHRA, 0P 3 AT, LA S L BRI A
e, BB 4 LIRS 10 258 D fh
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FIFE A EL H (FHBE RS2 o £ 1 B35, 08 s o B
INESETY), KmPiERRSEf . ] SPSS16.0 #ff
THEE BN AR 3 BL(LCso) il 95% AT A5 B .
142 FREFZE

Z B 96 h LCso H, JHEESEL 24 h
() R KA R BB AT A R, e A
0.26%(1/50 96 h LCso) B UEMR M B . 0.66%(1/20
96 h LCso) B IETRFBER . 1.32%(1/10 96 h LCs0)iB
TERFRBEIL . 2.65%(1/5 96 h LCso)iB I BH B

1 6.62%(1/2 96 h LCso)BUETRFRBER 5 541,
FHBESUR I R KOS FRAREELL . 78 5 L Bepk
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IR (24£2) 'C, pH 6.5~7.5, JElEL 12 h i 12
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B S AR 1% 215038, 4 CRMET
20000 r-min” B0 10 min, B R T-80 CH
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Al Na', K'-ATP [iff ) ELAA I e 5 E AT e e
AR A Y TREOFSE T & B B kAT .

SOD [ S i Sk . B mg LRI
1 mL W SOD iRk 50%Hf B v ()
SOD &A1 G S H47(U). GSH i 534 L
g HAEH T GSH 1Y mg ok R, Na', K'-
ATP Ji§is 1 LA/ N6 mg 88 170 ATP 774 1
umol FCHLBE I & —1~ ATP i 1 54
1.5 HIELBESEITHH

FHLIER 3 AT, KRS FR T
P 80+ b5 1 1R 22 (MeanSD) , 52 56 % 45 R H
SPSS16.0 %t it kA4 i 47 5L K 2 J7 22 43 #7 (One
Way ANOVA), ZH K57k (LSD) #1740 [A]
Z5BERE, 25 B EMKFR 0.05,
2 ZERESH
21 AMEHER
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FE PR R IO SRS, XA
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Table 2 Experimental results of acute toxicity

of zebra fish exposed to landfill leachate

SEEYEFT/A LCso/% 95% 1] {5 /% EVEp::

4 15.918 15.358~16.509 Y=-22.762x+18.939

48 14.320 13.846~14.806 Y=-25.429 x +21.998
72 13.420 12.992~13.856 Y=-26.978 x +23.922
96 13.244 12.829~13.663 Y=-28.296 x +25.219

SOD. Na', K'-ATP %1 GSH B /35Ul K 1~
Bl 2, K1 gt 28 d BREEALHES , XEAS[EIFG R
PRSI B IR, St SOD, GSH
il Na*, K'-ATP B & . MEIFFRTIAE 1, &
FRECR 1.32% . 2.65%F1 6.62% )17 $¢ 15 18 I
XD fafafrp SOD {14 2 B H B i () 41 il 34
N, 4y A X B RS 69.66% . 76.07% Fil
82.38%(P<0.05), 1M 0.26%. 0.66%. 1.32%3X 3
ASREFRLE X BE S fa g SOD 15 M5 %S X R
IS T4 X (P>0.05), 28 d BFTEZ)T,
Bifi 4 b B SR B B T, B fa i
) GSH Fil Na', K'-ATP FiHTEMIA o225
Wkl e ZEAES, 2R KRB EERT, PIER
TEMEIEARTRE )25 I IZH /K-, GSH BTG PELE
0.26% A0 H 20 57 2| Fe KRR FE M| , A xd BB Y
60.78%., BEhfufafiid Na’, K-ATP B 454k
P 2 [BJC i E ME 22 5, UAIHRIRB UE WO Na',
K'-ATP 15 4 TCH S 0 255 SR

B 2 fzeid 28 d RS, BERTEAFEIK
FR B0 857 38 8 W BE L 4 iFAE e SOD

sob [_JGsH Na',K'-ATP

(umo

Na' K'-ATPRG i M/
1Pi-mg”h")
o = N W A O O

Control ~ 0.26 0.66 1.32 2.65 6.62
B HU%

1 REMERSBHIBIREIER 28 d REINED A
BRI LER(SOD)., EREE A EHAL(GSH)
0 Na', K'-ATP BRI NI (%R P<0.05)
Fig.1 Effects of various volume concentrations of landfill leachate on the
SOD, GSH, Na', K'-ATPase activity of gill of zebrafish following 28-d

exposure(Treatments without same letter differed significantly, P < 0.05)

soD [_|GSH Na' K'-ATP

400 -
350 |

/(U mg ")
SN w
aB8R8
83888

SODFE /(U
2
8

50 |-

2

S 9

S S o
1

w(GSH)/(mg-g™)
"
8

(umolPi-mg

Control 026 066 132 265 662
IR H%

B 2 REERSBHIRETER 28 d RENH D & AT
BRI LER(SOD)., ERE A H L (GSH)
1 Na', K-ATP EgRI#Mm(* &R P<0.05)

Fig.2 Effects of various volume concentrations of landfill leachate on
the hepatopancreatic SOD, GSH, Na', K'-ATPase activity of zebrafish
following 28 d exposure (Treatments without same letter differed signifi-
cantly, P<0.05)

GSH fil Na', K™-ATP f & =781k, ME 2 AT LLE
W, 28 d RIS, MIRBIERIEF BN
0.26%. 0.66%. 2.65%1 3 A~ALHZIX} SOD Fi
GSH & PRI BH 2 i35 200 (P<0.05), Hirp
0.26%4bFHZH 1) SOD i PEF1 0.66%4bFHZH Y GSH
Z R R KRBEENES, XA 121.25%.
169.34% ., TERFRL 3N 6.62% 1 Ab BLZH AL,
SOD %A1 GSH iR I H A%, SOD {if
PRI GSH i M A I R B E 215 5 J5 gl
il FEBIB VR AART 0 E AL W35 1 6 P S A
XA, Na', K'-ATP B3 iy 28 (b
SR F R TR, 1.32%4B4H M 6.62%4k
FRZHXF Na®, K™-ATP g6 M (43 51 fy X B8 21 1)
71.81% . 49.53%)HA B EMHIVEH(P<5%); H
HABAFEZ ) Na®, K-ATP il 15 4 3 A 40 T %) 1R
LK, 1A SZ TR0 i A B T e 2=
5o MR Z T, 2355 uE w0 mY 1 il
T, BESAATNET SOD F1 GSH X a1 T
JBA L, T Na', K'-ATP BIEPEAE (AN 5/
3 iTit

YR RE TSI, B AR
BFEANEDRE, Hhar-t—RINERRDN,
WIFEEEPES S el i) . AUEEREIR . AR A
TR, ME5IE— R A B4k I
JO7, 33 At ] WS B B A WU R S o o2
TE 2 PRI 20.1%B IR, KD
ARSI TG 1 h Z BRI bR, ke
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YN SZAX M) 96 h Y LCso & 13.244%, £
BB IR K B A B R o X UL [R5 B
T BE A0 B B DR R E A BRI, R B £
YE A BRI AR A K B B SR AT AT o

SOD fER) IEMUAI AL 5, SEAURNTA
it RGP EEA N Z—, ARENIE
Y, fAEYIRNERES 0 VB, KHMm A
H,0, il Oy, XK E AP ATl s =
FE BT, HIG S FELIASZ B SNETEY)
SR STEN D e N R =93 ) e v
SOD ¥ AE AR R FREE 75 YLt ) o B A Wb s
22 AR, AR BRI 4 B3 35 DE TR
(0.26%) B n] 5 S 5 5 /0 IFIE SOD 6 M i 2% 7t
R, T 1.32%b 308 UG R TR 2 %) B o £ 0 il
SOD Jiff 1P 7= A 2 IO, X 1 B f i
E SOD il Xof 1y Y95 8 R S 7~ 38 v 1) e o
X 55 B A6 17 3 B W T TS e AR AE 2P IR
WAL G, BB IR AT AN, (SR
PRGR AR, FEEEMER AL

i JE RIS e H IR (GSH) 222 28 W14 ;9 B B bt
AP R G2 —, FEFRRIEPEE
H,O)) it e rf & 5 mEAEP), GSH 544
TERE—FE, 288 5 YW 5 st o] B 7= Az g
W, HES RS BT, FRH AR A
RSN, BIA MU GSH Bt /rEim,
A R R (R B 2,4- G5 (2,4-DCPY K
W FE (40 d)XHflffi(Carassius auratus) {4 fFEHT
AL R G A TR AR b H IR (GSH) I 243 50U LF-
Frelsz 2 s F AP bt a0 2% T+
Y LR R AN (SDBS) FIA I [a] B8 (B[a]P) 1, 4%
KB Bla]P Mt AENS 25175 S fa (R N Y GSH i
BRI (P<0.05) . X BE R FE 15 ey i
ARPUELI LRI, el eha T, Y
AT 38 2 1 P S AR Sk 3 i L PR 6 7 4
IREST, LU Rt . ALy, 2l
28 d KR, SRZPhamxamit, K
22 b FAH Y 17 08 D TN BE Syt A FAE R GSH R
OR35S AE T (P<0.05), T f Bl P S
BRI R 0.26% A2 GSH {F 13231 i
P o PR BH b B DR AT 5 | A T A A0 1
W45, I SECLAEI N TR . BRE
JEVRATIFE T GSH it /- BUE B K, XAl fg
SEANRIY T AN TR B W ) 25 57 e o

Na', K'-ATP [ /775 T shi 40 s I,
S RSB R TT E RR NS R, R
SR AN AT AR AR T2 B 1 A S A 2L A0 i
T, HIRE R PR IEH 2 a2 B AN -

S, TR T LT, Na', KT-ATP Y
RO REERR, ATP FA— B SEA
%] Na', K-ATP ) — A K& & BREHE I,
ATP BifRfb N B e, W e A B AL TR
B IR S P AR R,
AN EVARFRAT B B335 RO B 1) £ £ 8 Y Na®,
K'-ATP FE# 5 54 B 2, {H 1.32%F1 6.62%
FHASAE L ST TIE Na®, K'-ATP B3k )E 523 0t
HRZH A B340 ] (P<0.05). XA ] RE &4 Ik 18 0k
TR 75 Gl St N £ AR Y DS 2 6 AR 4
PS5 ol — o R 4405, S T B R P Y S
A, FeASEE T Nat, K'-ATP fiEE. K&
BIETHRAARBU MBI K, i Na®, K™-ATP
TR E EXT R, RS RIfMaAE Na',
K'-ATP Xt ZE@IEAE —EWEN, W mie
AR — AR UESE .
4 ZHig

(BB BN 2R %) 24, 48, 72, 96 h
) LCso 239K 15.918%. 14.320%. 13.420%F1
13.244%, SMEsEMEAAXTER, X UL HHEE L fa X)
BB UE WA B U, B S R R
RIS AR W I BRI K R S FT AT

Q)R FAS TR R A3 B0 b5 3 38 T BE 4 £
WATIS R MRS R R, BB B Sk
R 2 B AL FR bR B S e W TS R AR, il
o RZ A BENLEE TR . BE S b S AL B 1
FHOEAE Wb s X5 UG R AL B 38 ELA AR X v
IRURE, B Na®, K'-ATP [ AH X AS U LISk,
SOD F1 GSH Y] FfEL B Ig e Mra (A
BEYIbREY) o
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Toxicity and immune-related enzymes effects on zebrafish
exposed to landfill leachate
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Abstract: The effects of landfill leachate rejected from reverse osmosis (RO) on the acute toxicity, superoxide dismutase (SOD),
glutathione (GSH), Na', K'-ATPase in the breathe-gill and liver of Danio rerio were investigated. The results showed that the 96 h
LCs of landfill leachate was 13.2%. There were relatively high acute toxicity effect on zebrafish. Moreover, the zebrafish has strong
sensitivity to landfill leachate toxicity. Results of chronic toxicity tests indicated that landfill leachate had a promoting effect upon
the induction of the activities of SOD and GSH content in zebrafish liver tissue, whereas no significant effects on Na“, K'-ATPase
activities. In addition, the activities of SOD activity in zebrafish gill were significantly (P<0.05). Biomarkers of antioxidant defense
system of zebrafish had a relatively high sensitivity to leachate. except Na', K'-ATPase, SOD activity and GSH content had had
relatively high sensitivity to leachate except Na“, K'-ATPase, which showed that SOD and GSH can be used as effective biomarkers
of landfill leachate chronic stress.
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