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Abstract; As a group of emerging flame retardants and plasticizers, organophosphate esters (OPEs) are ubiquitous
in the environment, especially in soil, therefore, their environmental and health risks need to be assessed urgently.
To evaluate the potential toxicity of OPEs to soil ecosystem, we investigated the effects of different concentrations
of tri-n-butyl phosphate (TnBP) on earthworms (Fisenia fetida) in artificial soil. The growth rate, activities of an-
tioxidase system and acetylcholinesterase (AChE), levels of malondialdehyde (MDA), DNA damage as well as its

ESTE . HE AR R AR BITH@1571468 ,41773115); VLI 48 FHE #4505 H (BE2016736)
FE—1EE . TA51997—), Lo, W58 4 F9E 5 0] R SR BE 8 F2  E-mail: 1970208324 @qq.com
* @ WI4E3 ( Corresponding author) , E-mail: meili@nju.edu.cn



551 1) FAGEE WRRR =1 T BR X e 0] ) 2E S RN 127

products 8-hydroxydeoxyguanosine (8-OHdG) content were measured after exposure to 0, 0.1, and 1 mg-kg™' Tn-
BP in the artificial soil for 3, 7, and 14 days. The results showed that 14-day exposure of TnBP did not significant-
ly inhibit the growth of E. fetida, while the antioxidant enzymes activity and MDA content significantly increased,
indicating that TnBP could induce oxidative damage in earthworm. Comet assay showed that both the tail DNA
content and the Olive tail moment values in all treated groups were significantly higher than those in the control
group. Furthermore, the presence of TnBP also induced the increase of 8-OHdG and exhibited a concentration-re-
lated response, suggesting that TnBP-induced DNA damage might be attributed to oxidative DNA lesions. The im-
pacts of TnBP on AChE activity were relatively weak. In conclusion, this study demonstrated that TnBP had bio-

chemical toxicity on earthworms, which sheds light on the toxicological effects of TnBP on earthworms and pro-

vides a scientific basis for further study of OPEs on soil ecological risk assessment.
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H 2009 41 E PR B B SOk IR
FRBHA 7] £ 75 S BR Y6 B 9 B 25 FHY . A5 LB B2 iR
(OPEs) A LA IRAH AR b K A LA K PR g 455
FF AT, T A TR AR BRI B AR Y Ak,
FEGRE AR 2520 SRR & A A
HHAE T MY, K e gk, BT
OPEs = ZLDI R Jinmi A b 275 & O 0 A Z 4
b DROHCTE (8P Ak 0 [ Wi ot e vp e B 3 oot 4%
K s A A AT RS 2 R R R BES gk
OPEs J54¢ H 25 , OPEs ¥ i /0 i 7E K A&7 K
S RPN v S R e A R P R
SR KT B A 15 000 ng-g B FE EEY
(HAF—HE A A B 58 ZE JU A A K R AR v &
BT OPEs MyfE7EM, K Milgm s L &M,
OPEs fig5 [t fh & B #pth A st whadtt ;W
SRR BUE S — RIS T B AR Y,
WwERR = (2-5 2 35K (TCEP) M R = (1,3- &5+
PIEHER(TDCIPP) AT 54 5 1 A I I B A 52
JU, IR MRS BB UE W B A 2 B v R B0
PENT S WS Kk BLR 22 B TDCIPP 7K 75 5
P HFUIR R 2 (THs) KT BRAR R ZL I E KT
A T WL, OPEs T fE X AE 25 BR38 AAAAK
fidt e v 6%, N WP 5T OPEs By R P340 BA

HRIEHURILA A H , OPEs 1] 40 A0k btk
RTINS Ho | e EUR OPEs J& £
Y P S F PN 4 B A sk A & AR N 35 K
HPO AR — S b X, ff 4 PN BEJE 2% OPEs ¥
52 ORREA S H LAY B2 OPEs 44 6
M2 = (2-T % & ) ik (TBOEP) | 5 8 — & JE T
(TEP) WR —(2- £ K: C B4 (TEHP) MIBEMR = 1E T

fis(TnBP)* , TnBP J&H i i F i — B, 1% € [= 2
B4R (US EPA)XIIH 24 155 7 1 (HPV) AL 27 i Y
PEAdiTh, 4Bk TnBP AY4F 4 3 000 ~5 000 t, 222
FAAERG YR 7A) ¥ SRS RR R [RIAE PR R
2, TnBP L1E Z P A BE A BT b gl A . Ak
I 1 5% AR = R AR (A T 1 FTIR 7K
oA YR TnBP, B 75 A 1.43 ~6 000
ng-g BEREED AR T 24 MNP EA
At ymT e e 2 Y M R DU A i, & BRIV TnBP
TSGR el AR R i AR S RS A
L ToBP V5 FIMEA AR A, AR, L8502
Bk WAL A Y TaBP 19 BB EAN . XBJE
SR A T DX /AR08 DX A g v R ) s s K
(%) TnBP, Cui I HT T 67 kA ET
TG B T T B A RS A I AR R
DX () MR 5 2 B N T X8 -3 b i) OPEs ¥R
TR 0.041 ~1.37 mg-kg™', B RS A
TnBP Kt He S5 1 v ) 5 B Tl 28 4 20 o
OPEs W% f&, K BLH W EEJEFI 2 0.35 ~ 1.37 mg -
kg™, Wang PV RGEWAE T 49 PR JZ HHEH
difr , X L R AT 5, R b TnBP
BONFEE, 5B OPEs 14 28.5% +15.6% , JLIf 253
2EWF 5T 2R B TaBP 1] REX 2 4 AL A 5 7= A= 22 Fif
AFIFEM 40 TnBP 7] B AR 91 IR 7K G ( Corbicula
fluminea) ' Bt 48 £k i AN I ER 1 AH O 3K A K
F-E ) Hou %5PHFSE & B, TnBP 1] 7675 A fif) il Go-
biocypris rarus)F It IR AFIE R &AL, = PR
521 TnBP X BE MRG0 St fig wg vk, &
BRRGIEAL R 7058 DR S 2 i vk i 2
TURH G, T S5 2600 2 ARG

YEF ToBP 43 |1z HHA — i &%, ol fExT
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A=A R GeE B KB, PR R e RS (B A5 DG
AT KA A 25 R S8, TnBP 78 HIEAE B R G Y
R AEE A R, B AT U R T ToBP 7E - 5 i 5E
S0 U1 T i w5 78 A B e e
PEAS X A B B PR AN A 2 LD i ] 4
J B RGN TR W R 4 S R S RE
HEANTTERIER, BA T & WE i, © k%t
i M PR B AT B LA T A S XU PPN 1 B AR R A
PRI, gE b AR SCEE R T R OR BN S T 1
TnBP M504, 5k B 4 AR =X A W) ok 1 2% ik |
(Eisenia fetida) 521X AW , 18 52 TnBP X it 5] 1) 2
PERRER LI, LAt 5] 9 2B 1 B S AL Bl L 2 TR JIF Bk i
Tit 1% R 8L 12 B PR 4 A 1 e 8 22 Ak SR AR SE TnBP
XoF e 5] P REPE AR, 2 T Ry S5 B AT A A AU
PEAG PR HERL =R

1 ## 57 % (Materials and methods)
1.1 Rk

%2 = 1F T B (tri-n-butyl phosphate, TnBP) 4 1k
224l CAS 54 126-73-8, W [ J5 M 483 Bk 41k 2%
i BR 2 ) A7 92 BP (CAS No. 14808-60-7) ., = I
+(CAS No. 1332-58-7), 4l £ ¥ 4 99% , % R 45
(CaCOy), R4 #rall , ¥ T rg s Ak 2# 1R A FRA 7
AR ZENE [ N S B R A R R AT BR S F] et Tt
20 H i ;A BEER K R 0.9% 14 5 AL 80 (NaCl) 3%
& ,NaCI(CAS No.7647-14-5) K434 4, W F 7 524k
2R A BRA ]

I MRS (E. fetida) FH YT 544 /) 25 B i) 775 3
At PR A B B IG5, R E AT 03 ~0.6
g MR 0 AT T TN T 4k 24 h, 5k
5,

1.2 RE ik

KN T A 8 B 58 TnBP X ir 85] £ 75 M 54
N, NTHERGSBLFSIESREHAD
(OECDHEFEMIARE T I PGS Y itk . FLARL
Hl AR AR AR 350 g A ERP, 100 g ik £ DL &
50 g 1820 HIfi T2 TG FRGD , AT,
A 175 mL L7818 /K R B R A R B2 19 TnBP 1A,
TR 5T I {45 Ak #1240 fe 2 v B 4331 2 0,0.1 .1 T 10
mg- kg™, A IR KRR 35% , IFFH CaCO, 14
T pH £ 6.0+0.5, HAEE 6 VAT, B FEEE
BIFFRAE 7 d, M5, BEUBA 10 Z&WE AT
YAk 24 h 5 R EIEE SR 14 d, A4S 1T
MBS, FFRARERE N 20£2) C B

R 80% ZiAv VLIRS M 12 h AT 12 h JR R
— MG OEIERE N 400 ~ 800 lux), T4 3 K .46
7 KA 14 K, 4350 S A E SET- 5 % #
SR IR OB R IR P LG 3 FH TR
L53HT .

1.3 (REARNE

TES 3 K B 7 RHIES 14 FKmPIAS [ b 2 20
W E IR TE 555 0 KabAT g, R~ A =01
HARE AR,

REALH =W, OW,)/W,x100% (1)
Ko, W, W ¢ R 051 7 5K B (mg), W, AR O
R ML 1] 9 °F- 14 (mg) .

1.4 AAbFRFRI
141 FEH &

B2k Y B A BRI M43 A 24 b, BEAH BEFE 3
SR ATV A% BRI e PRI, A 10 mL
G B O T 7 E () R (mL) = 1 :4 LA
AFRER K vV S FALKAIH ,3 000 remin™' 4 C
250 10 min, BCEWE W BRI 20% R, — &85 H T
(MDA & 80 5, 55— 53 P43 0 s e 15 )
10% Fi1 5% ZLZV5)30 T4 A APy 5 AL B (SOD) Tk
P A U (CAT) 16 P | 2 1 IE B 16 i (AChE) i
PR 8353 57 (8-OHAG) & HE 22
1.4.2  BEEEPENE 7k

#HH & 5K ] BCA (bicinchoninine acid)k: & H
S T it & (R AR ) AT 4 . SOD | CAT
F1 AChE 17 M35 2R FH e o A= 9 TR 5 T e 1
AR G, FE Ul B HEA TN E . I SOD TiE P LL 450
nm NG B P e O RV AR &
SOD il %1k 50% F i & ; CAT 36 P Lk 405 nm Ab
W GR35, 87l U-mg ™" prot; AChE W& PELL 412
nm AW SCIETHE, DIKff AR & 1 mol &
KU ANTE T, I E B AR A BRI 3 ALEAT, A
APATEENE 3 K,

1.4.3 MDA &1 8-OHdG & &€ )%k

MDA Ml 8-OHdG 7 & 4 B 050 & Jr ik itk
I 70 6 R e ot AR TR S T AR L
MDA & = b AR v, B B T, Tk
532 nm Kb W' FE A 5 8-OHAG 75 230 5 15 il
WHRER 10% L5130 T, F UK 450 nm 4k
5 1 O FEAH
1.5 DNA #if5

TEZRFRRIEE 3 K 5B 7 KA 14 K, HHLASS
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ARFRLCH 3 At ls] i 24 h JE VRS, 2% Eyam-
be S50y 1 H HU ] A fas 200 L, 61 2% B 200 L5 M PR
VKB, 222400 eI, FEHL R 25V, HLIE 300 mA
ZRAF T EECHLIK 20 min, HORITRVESS Qe BT
6 B AR, IF B AH ML IR, Comet
Assay Software Project (CASP) % #1 #K 4F #4773 #r
YEHURE DNA & i (Tail DNA% )l Olive F2%E (Olive
tail moment, OTM)2 ~>Z41E}y DNA i1/ 46475,
Rk R 5T 50 AL,
1.6 FdlEsatr

B Ab R I #k 1: SPSS18.0 #EAT 48143 #r , 3F:
FH OriginPro 2015 K2 &l . T A SE 528 Rk
YR+ bR EZE (Means+SD)#% 7~ , F1| H Student” s t- test
K5 2 AR BTN bR T Y80 25 S 2 B HoAA St
22 R DL P<0.05 MR B E AR,

2 ZR 5148 (Results and discussion)
2.1 TnBP 5550l 55| 5 T FA R ()5 0

He T Z R R8T TnBP J545 3 K 457 KA
H14 REIET- HAERKGEA MR 1 s, HE 1 AT
A1, ToBP 25 A 8], mix 45 2R 0028 21 B g i ST I 42
GET R AKMBIL 5%), WWIHZE AN T HEREE T, A
SR 1A I T R X e 5 AN EL A ) 8 BB AU , T
BP ZPEFEMERSS, MRV TnBP b HEZ
i M| L ot 2 5 o 1 B T R 388 in , IR AE SR 14 K
TR B 56 o 09 T 174 e AL, R T 3 KR AR i
H34.6% ~81.1% (Kl 1), RN T 509 E F75510F
W S| 4 A KR, B TnBP 2 Mk B PERR, Rt
Bl A A B A, Yang PRSI A 2R
IZ5 5 8% T TCEP 1 TCP 4 #i 5] ok H 31 B .48
T, L | i [ i 14 S R84
2.2 TnBP %20 b 5] 37 480 Ah BT 1 B9 5

BB 22 G AH G BEE ARSI TS Y P 41
AR 36 0 G S 2R, o R A R R e e 2 T A
FEAIFE SOD Fl CAT 5", SOD fefEIH BR i N

(R A B B (05 ), TEPU AL B T R Goh A
M7, CAT W3 5 17 534 H,0, $% 78 H,0 1 0,,
SR H,0, WEZERZKYS, —HN BT
LWy ian T e | 44 Y & AR 00 A 2 SO S AR

EL A WFFEF I, OPEs 4% Hir W51 47 48U fb Bl 7% 1
AR TnBP 252 J5 Mois 1A N T A AL SOD #l
CAT IR b IE S an i 2 s, & 2(a)nl %1,
W i5| 52 5% 3 d J5, 4% TnBP 4L HE4H SOD 3 ¥4 fif
Hh(H 22 AR 28 (P>0.05); BRI 7 K SOD i
PR AR B B A, R A B2 XY 52 3] TnBP
USELN IR RN 2R A RO SRR 2 =S
SOD A Hik it 22 (4 B H 5 0h ik A HoA ) Bt 48k

100p

IRFARIA %
Weight change rate/%

7

R
Exposure time/d
E1 AERZEEE ToBP 3ToriEEET W RN
T * P<0.05 % * P<0.01 7R AR & BE 10 7] % Ab B 2H 5
X HREAH L B W R
Fig. 1 Effects of TnBP exposure on weight change rate of
earthworms under different time
Note: *, * * indicating significant differences between treatment and

control group under different time at P<0.05, P<0.01 level.

*1 WE=IETES(TnBP)&E e T &

Table 1 The mortality of earthworms after exposure to tri-n-butyl phosphate (TnBP)
TnBP ¥ /(mg-kg™") 3 d TSR/ % 7 d BT/ % 14 d JET2%/%
Concentration of TnBP/(mg-kg™") Mortality of 3 d/% Mortality of 7 d/% Mortality of 14 d/%
0 0 0 0
0.1 25 0 25
1 0 0 0
10 0 25 25
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WL 2 5 % A RN, i CAT 2550 Tl 5 ¥ BE (10 mg
kg )RFELLT SOD GG X AT HI LLAE S 7 Ko
BREAR, (A 22 5 A8 3, n] B 2 i ] A A 22 57 T 3
BERFEH G NS 14 d, ZEREEEHA mg- kg
110 mg-kg " )SOD itk i % - F+(P<0.05),SOD i
PEBE G , 2 B ToBP FR22 5 58 X b A ALl & 4o ik
ARG, MR Mittler™ %) X i, 4 it 5] 52 3] TnBP
pif KB RN = A i/ O -, ATTA S SOD
P 0 DA B e S | I 5 1A E
JB, X5 Wang S5 B AfF 57 45 SIS, i 0] AE B
) = A R QYR30 V) BRa ™, R P 77 A R v 1
A H H A (ROS), SOD M [FIFE#: 15 5. HIE 2(b)
AIAT, M 7E TnBP 25555 3 K, #4404 CAT i M
BN A 2 b TE, CAT S5 359 P B A % 0, 26
CAT fEPiE L R G b oA B M, T Bl
WHETH i, BV (10 mg - kg™ ) B84 CAT {GE#K
AT — VR A T RAIG, 400 v] B8 2 th A AL R 45
52 2P S0 v B N TR 2 AU R Fe bt
AALERTEYES Sh R e, ERBENE 7 K
I 14 K S ALBRZH CAT 15155 e B8 52 B 5 i) 1F
K, BAORTE 4 A B4 CAT 1% M 8 & T+ = iy it
PO A A, CAT W R & T
XTHRZH , IFAESS 14 RASRAERER 1 /K-, 13X 55 4R
WA 214 d TR, BT CAT i
PEASZRB A 3 200, 26 W i 15133 14 35 3 CAT 7
PETH 7 LATE B i 451 R P9 K TnBP B3t = 4 il ROS™ |

307 () x 03d m7d mi4d

25+ *

A Y

SODJEE/(U-mg™' prot)
Activity of SOD/(U-mg™" prot)
o

~ CK 0.1 1 10
TnBP# & /(mg-kg™)
Concentration of TnBP/(mg-kg™")

BB L) SEL N G LN E = B
e B AR AR I R VR OF HL
HE AR b 5 2 58 59 2 A [R] 35 %5 U] A 6™ SOD
I CAT 3 MR T2 X TnBP £ Ff = 4= ROS Y
BN, TS bR S e A A A i S B0
i H AL, DA R A AR AL PR B AL A AR B fE
A ERAZHIST, Chen ZEPHFFT T 2 Flviy WA HLEE
PR PR RELIASR) , Wi R — 251K (TPP) I R — (2-58 £ %)
FE(TCEP)XT 5 &t - /)N B AR N 1) 5% i, & 30
2 TPP A TCEP 4b 35 , Ik v SOD i 4 34
CAT [P P DA s Aoy X, 5 A S 56 &5
HR—%, Meng W & BLZ TPP 4L FR AT L) 455
DL ZM g SOD il CAT MG 1, LR EAT145 A F A
[5G SRR,
2.3 TnBP Z#X MDA &% & 150

SAK N T i T 02N M S 475 A G B
FHEY, MDA E—F ey [ R 551 & B g i 4
o7y, e fr s SO L T A I HLR B 5 32 S Ak i 4 1)
FREEYD ) FEIEH A ORGSR, s 51K N MDA & i
A, T 24 AR TS G i = AR A B S FE R
PUE AL B R G0 A i, 2 S EHLIK MDA
HHE T, NFEWE TaBP 28 T, i i) 14 iy
MDA &AL anE 3 i, tEl 3 nl Al bl 2 %
I E] A 38 i, MDA 5 230 1 SRR, FL7E R R 56 7

KA 14 K Wil fAR ) MDA £ 5800 B4 R 3% 1
FHP<0.05), X BRZH 1K) 144 ~1.67 45 ; il TnBP
) 03d m7d mi4d
;
= *
e 6 * *
g—fl ¥ *
S op 1
— g5 * * *
) il 1
S
=0
s 3
ez
Sz of
<
1,
0——CK 0.1 1 10

TnBP# & /(mg-kg™)
Concentration of TnBP/(mg-kg™")

E2 TnBP RE THBIALRPBRUYEEE(SOD)E M (a) ML FILSE(CAT) EE(D)
T 2 * 7 SR [ 2% i 1 ) g %) R ZEL A L B W 3522 57, P<0.05
Fig. 2 The superoxide dismutase (SOD) (a) and catalase (CAT) (b) activity of earthworms under TnBP exposure

Note: * indicating significant differences between treatment group and control group under the same exposure time at the P<0.05 level.
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WEETH i, BRAESE 3 R EE41(10 mg-kg™' )MDA
T CET— VR B LT Rk A, HoAth 4 41 MDA
S BIRE TaBP YR FE 1) TH s 1 b T, -5 % B4 AH
[ 2% 5 3%, %8 SOD #l CAT 1 S 7 TnBP 2%
A BT FOR AR M ] 60 37 1 SR AL R I ke )
Z 3 R AR 7, T BUR PR I i 4
167 MDA & & EJF, %5 3 K MDA & & iy T [
FIRESE SR B A R A R T 2R b ALY
B, A5 Ak I E IR A T i, 5
2L, Chen Z5IHF98 T TPP 5258 % /1N BUE AL T 14
ARBE B B, 45 B, 4 TPP i 5, /N U IE
MDA & f i 3N, F A7 e —  F AR, 54
L LR —E, FEARRE H, TaBP %555 5| i i 1]
A 5 A i I o AR A B, L A R U0 i o e T
1R, W 5] A7 AR A AR AT P R N R

127 03d m7d ml4d

¥ ok

b

e

0.8F

0.6 —L

MDA & #&/(nmol-mg™' prot)
Content of MDA/(nmol-mg™' prot)

 CK 0.1 1 10

TnBPH#JEE/(mg-kg™)
Concentration of TnBP/(mg-kg™)

E3 TnBP 2B TMHBIEALAFR_E(MDA)ZE
T 2 * 3R SR ) 2% R A ) (9 %of BRZELAR L LA 325 5, P<0.05
Fig. 3 The malondialdehyde (MDA) contents of
earthworms under TnBP exposure

Note: * indicating significant differences between treatment group and

control group under the same exposure time at the P<0.05 level.

2.4 TnBP %X DNA #5473 A5 0
EHEIRE, X PN Tk R H AR
W5 Yyt A R AT T M B
WEFEUESE OPEs %% 55 fit 5 | i 351 {4 I 40 g 19 DNA
B3 B OPEs HAT L s tE™ 3 AhASIRIVR
TnBP % &% T ik 5] 44 & 40 i b Tail DNA % f2 il
OTM AL AN 4 Fior . 455 R E R 3

KNG T K KA E ToBP AEFHZH (0.1 mg-kg™" )i 5]
R0 Tail DNA % 2 1 OTM % AR fb A
2 (P>0.05), Mi7E# & M4 14 K, Tail DNA & &
Xt R AR HE 2 B TH(P<0.05), 42 7% 14 Js 40 it v
DNA 2 ##if5, MWETHEE 1 mg-kg™' A1 10 mg
kg "B} fEFRFREE 3 K, Tail DNA & & il OTM
L T T IER A BE i B S B TR X T R
SRR B e B B TR, TnBP 3l 7 i 351 4 P
FPA R ROS B At v 8] 77 38 i, 38 148 i DNA
PR RINR . X L5 5 Yan P —3, %
54 1E T TnBP %85 23 5| AL T W0 ( Corbicula flumi-
nea)DNA 51451, H 1 TnBP i 511 DNA #5345 F2 5 L)
F AR T 3G N, AL, Chen 5P ARG AL
W TDCIPP % 5 2% it J30 A A7 ) 6 T JIE  DNA 19
05, JF SR AR, Bl R ER I ] RS ik
JELH(10 mg-kg™") Tail DNA #7650 7 K, N
22.13% ,1E57 14 RE T RS HRE e RE R
W TnBP Jri8 T, di 35| 9 B 3R A& & WL & 5 1R
F® OTM WIZE | mg-kg™' 2588 14 REFAS RS

AW ROS 51 E AL 3T 520 DNA
455", OPEs 5% 1) DNA #4145 5 & Ak 1 % = [7] )
RIKCAE AT = S Py L i ™ o i iE . e
MAEA LS T, TnBP 2 8% 1 55 M 451 /4 21 i DNA
Pinl Bl A AR N S T Y, T ARk, R S
T 8-OHAG /K5 b1 DNA #5473 FUEAE & 0
Z 1A A AE S, 8-OHAG © 8% ) 12 FHAE S AL 13 B AN
o AEYIbRIC ), L5 A AbE ' A S ik ROS
X} DNA fl hFEE AR AR . ASWE 500 1 A [l ik i
TnBP 27, 5|1k N 8-OHAG & Y2 1b( 5),
M 5 ALA 7R R R A 3 K M A N 8-OHdAG 7
I AR R 7 KM 14 K, BRI 7E (R
W TnBP 2 5% 2514 T ,8-OHAG MK 2 3%
T+, HIC 55 5 ToBP % 88 e B A7 78 W 5 i) 371 4 -2
MK, ML UL, TnBP % 55 £ £ 5] i a5l 4 7y
Ba AL 25 F T (HESRESE 21 R ROS, M
1M1 A DNA #5145, Chen FPUYERFSY OPEs it f% 2f
PRI & B, TDCIPP 2 5 23 5| & 7 A fif 6l )1 0k 41 i
1 8-OHdG 7 it # L F+, H TDCIPP 5%/ DNA
WA R T2 et DNA 405, SAHFTE 45 1 —2L,
FHTI R B 25 Ab PR ZH A6 - Y 35 S5 1 8-OHdG & &2
PRSI/ IN Gk, nTRESE R N 28 14 d ZRER A
9K 8-OHAG 7r 3 W44 Py A BT SRR, B L5 = A 15
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Fig. 4 Tail DNA (a) and Olive tail moment (OTM) (b) of earthworms under TnBP exposure

Note: * indicating significant differences between treatment group and control group under the same exposure time at the P<0.05 level.
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