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Toxic Effects of Atrazine on Earthworms in Three Forest Soils

MIAO Huan" 2, XU Jiamingl’ 2 YU Yue?, BU Yuanqingz, WANG Genmei!*, ZHOU Rongz*

(1 College of Forestry, Nanjing Forestry University, Nanjing 210037, China; 2 Nanjing Institute of Environmental Sciences,
Ministry of Ecology and Environment, Nanjing 210042, China)

Abstract: The responses of earthworms to atrazine in different concentrations in three kinds of forest soils were quantitatively
determined by laboratory test. In the toxicity test, 40, 80, 160, 320 and 480 mg/kg were used as exposure concentrations of
atrazine, and the fresh weight, body width and mortality of earthworms were measured at 0, 7, 14, 21, 28 and 35 d after exposure.
The results showed that lethal effect and inhibitory effect of atrazine on the fresh weight and body width of earthworms increased
with the exposure concentration and time with obvious time-effect and dose-effect relationship. At the same concentration, the
effect of atrazine on earthworms in the three soils was expressed as typical yellow brown soil > weakly developed yellow brown
soil > lime soil. The toxic effect of atrazine on earthworms was negatively correlated with the content of organic matter in soil,
and positively correlated with the content of total phosphorus and available phosphorus. The results of the study revealed that the
toxic effects of atrazine on earthworms in different types of soil differed significantly, and correlated well with soil fertility, which
could provide basic reference data for assessing the environmental risks of atrazine use in agriculture and forestry.

Key words: Atrazine; Earthworm; Forest soil; Dose effect; Soil properties
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FREAE s =Rl AR P55 25X i 951 ) R R AR 1317

PR, BRAR T 1A s, 3 PRHE R A | RO K
XHEARVEYIF=A: T — 2 REEAE AR, FRENR = AR
FH 43855 25 (E 20 137 mg/kg #1134 mg/kg,
HRHR A i 3 3 b 35 vk i o 3 s TR e
1O VTR A R O R MR N
79.32 mg/kg, FATEVEAEA S,

WRFUESE, 55 RS R R RS 1
AR R0 E S filan, 4+ rp s L
i1 0.5 mg/kg BKE S KRS ERUSRIED A K5 Al
Wz fE S kAN R AR R . At R AR
AR BT A, m R AR £
e Yy ) 2R B AR R B B BT R AR
B, e i A sh Y, o —fE i Ak
JRE AL . DNA 545 LA K5 Wi A BAH G 3 R 658 5
J5 2k 3 E YRR IR = 3E 10

[ PN 273 O T35 LT 3 sh W 5% (9 B 5T 32
SR PR RE AL 0, M) A A R T A AR
SN T AT AR, MRAHRPR 5 i
F5 F R g PR ARAR PR 1T i B R AR 6
T35 R bR L P | FEE RGN BB R,
AR % N R ER 3 AR AL
35 FHET e W] A EEEREONE , AR R A 35 2 Ll

RS ZRAR 398 A 0 1) B I35 KU B2 BEAR 7
1 #RERE

1.1 iRXIewr

111 ZikAEY T Mz 5] Sy % % Pk W5l (Eisenia
Joetida), W 5 TTVL T UG FR 58 3% . kit 2 ~ 3
A% AT . AMRE R 450 ~ 500 mg, K/
24— A i B AF i s A iR IR A 9

112 A HS IR A R T L RIX
S IN(HIERA AR, MRCRTN), SEX T
(R R+, AR IR R MR T Rt
TRASHO L BT T X fe 1l (H 3R £ K+, FEph
TN RERR), 285 YA IR THIA, SRR R
AENAE AT AR Y, AR BAHSC AR R . SR
TS REEERAE 0~ 20 om + 2 e+, SRAERT 25545
TIERR A, IFRMEAEE T A A I E
TRES ST 40 B AR/ MG TR R 555
i, BT 4 °C WA, FHT 55 25X s
BRI FRES KT R RAE, I E 3
FARBAPERT . 0 3 E R LR 1.
1.1.3  EZLH FERE, 4iERN 95%, WTHE
DAL T A BRA ;. PIER, 284k

F1 RGN EERUMER

Table 1 Main physiochemical properties of tested soil

+ 4 pH  HHLET &K FH &7 25 46t A R SR KEHER sl AR
FH (g/kg)  R(%)  H(cmolkg) (mg/kg) (mg/kg) (g/kg) (mg/kg) (g/kg) (mg/kg)
BRI 4.49 37.9 25.2 23.7 36.9 221 198 15.1 325
gL 6.65 99.9 41.7 28.6 8.4 5.29 376 10.7 243
ey 6.93 90.2 223 213 3.4 3.21 113 13.9 295
1.2 RIWAH*E SRR, R R+ BER AR AN, 152N
1.2.1 32U i i ] NG TR U R RS B FEREEE R, B E A PO I (CKL

Bk FEAR [R] B PR BE S5 A GIRUEE 20 °C +£2 °C, 1R 80%
+2%, JEHE 500 ~ 700 Lux, YerEEFE] L 14 h 2 10 h,
WINA-ZEE R E SR ) T 1SR 7 do

1.2.2 FHRHEMES O FREL2.105 3 g 35 (Ll
9 95%), NNPIER R E A S 100 mL, el sk 5N
20 g/L WIREWE o G AREVR 43 5 0 A St P A s T
100, 10, 1. 0.1 mg/mL /) TAEWK .

123 FFhAHEREFE ARt 6 M LERE
WEEALF, 435124 0. 40, 80, 160, 320, 480 mg/kg
+o HMRGE TREE AL, Sy BIFREL 500 g B fef £
AT LARANE T, 10 g R4 A Rk
2, RS, PEIBOGE RS T XT 6 h, FREPIER S

gy, SO MERIXTECK2: Angh, Hnm
FRAIK) o FEAFRAI A 10 £ E AT 25 H RS
TR SR MR 1 A, SRR B RS
WP 3 A EE . IIRAERR S R T
105 C ZMFHETFRE, Wl HSKE . AabHn
ATE KB TR LI R K & ik 8 T &R
30% ~35%, FuoHERE, A KA BER AR
REFRAEGIRE 20°C £2 °C, WJE 80% + 2%, JGHE 500
~ 700 Lux, JEREEHAEIEG 14 h @ 10 hNRESR . KRS
TR R 5 8], B R v B RN A B FH 7K 43 3 A
PRI W& 138K 73, ORFF T IEIKSMTE 30% ~ 35%;
1.2.4  FHEROVE  EREEESE 7. 140 21, 28
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(160 320 480 mg/kg)35 2 LA 8 X e M| (Y B HE 500
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We W5 BE TSR S B L, R AR
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Fig. 1 Responses of earthworm mortality to time after exposure to different atrazine concentrations in three soils
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Table 2 Lethal effects of atrazine on earthworms in different soils

Rt BRI RN+ A+

() Les(mgkg) 95% EEX[H(mgkg) LCs(mgkg) 95% Bf5IX[H(mgke) LCs(mgkg)  95% 15 K[H(mg/ke)
7 450.2 381.2 ~ 580.9 493.9 431.5~582.9 - -

14 320.3 232.8 ~571.9 405.0 262.8 ~861.7 5152.0 1667.3 ~11709.1
21 258.7 158.6 ~ 657.6 262.2 166.9 ~ 724.3 1340.0 894.8 ~3228.9
28 153.9 97.4 ~363.1 160.1 104.6 ~ 506.2 4252 370.2 ~ 480.9
35 435 24.4 ~244.0 98.1 54.1 ~406.2 199.4 130.9 ~ 384.6

TR, FHEPERE T A, LCs RI N H R <
Pl t, MR A AR SR B 5T B 14,
21, 28 Fl1 35 d W), BHs|) LCso YR A dAT <
PRt < KA. WO, 35 KRR ERVR AR R
TR P 14 e 051 52 30 A SROPE KON B, A R P )
5] 7 3] ) SAE RS 5 559 o
2.2 HXIEX U8 E R F

H I 2 AT, 3 Fh 5 BR 40 mg/kg VR BEZLSL,
Al A5 v 3 A e 5] i o R ) A B 38 B T
EMT R, HWBEBR S, SEERIEZ

TR B] PR A AP v A% v 2 i ] e B 5 ) TR
HAHM, AR R 2 2 57 (P<0.05), VLB st
40 mg/kg 175 7 Fa R AT X6 e ] fif 7 7= A BH I 1)
MEIVER . FhErE R A K b, B 40 mg/kg
FEALA, FA v B 20 o 45 6 o 5 0] REAHL AR 1L, BIFEAE
3522 5(P<0.05), Ui iR WIFl 34 80 mg/kg K
DL P A 35 2 T R A ) e s e A A P S A 4D
Hil1EH (P<0.05), H 5% 35 d e K] gL TCALU0 ik
J&(NOEC){H ¥} 40 mg/kg.

& 3 ATLVE, 3 - gErhiar il &Y ECs,
Wit 25 R I %) S0 A T 2 00 /S, B BH 3 o - 4 v 35 25
X e 5] 7 P 0 A A0 40 B 5 B D 7 S K 17 2%
580 o AN 7] - 438 55 20T i 451 (A 5 (4 10 Sk AT A 22
o FRER 7 d B, MrisEEE Y BCs, RN EARHEN:
d>FOK A >HREE, o AR R K L
Wl fif B () ECso (HAC AN, Himm T ki, 2
14, 21, 28 F135d i}, M|l ECso ¥l i
P <R <K U5 R R VR A
RIS, s 8 v i ) A 2 38 A o 1 T i, R R
J& 7 d N BCARAEPE RA R e v ke | 4 37 2 4 B o
VEFAAHIE, 2R 7d J5, A0 b b i) 1A 5 37 5]
AU 4 P 45 55
2.3 FHRIEXFHLEEEE G

3 RT3 b 3 rh 35 2 ) e AR S 4
VR PS4 BV B A G TR 0 . FRERE 35 d B, AR

SRR L, B EELL(320, 480 mg/kg)hir s
KRGS X IRALAH LY, A 35 25 7 (P<0.05); A K+
H, AV 480 mg/kg e E £H i 45 (A 5 5 % REZH A7 AR
255 (P<0.05) 0 IZLE R W] 2 e FE 10 55 25 TR B 0 e
WA i A A B S A4 A

H & 4 AT LUE Y, AN TR) -4 v 35 25 ot i 45] {4 5
FAMEIVE A e 25 5 o 2288 35 d B, S5 FE () ECso
(HR BN EAIE<HAE <A K+, B35 L
T S VA R (RN , BRI v ) e 5] A 5 52 3 (41 T
FRERR, A0 v i e | A 5 2 280 R 4 iV R e 5
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S AT LI, SRS ], ] ) 7 R 2
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ARG EE R, 3 b g v i) f o A G 52
A P BE 15 U 2 B o] [ SE I 3G 9, SE TR BT
JeRRER I AT Ty, EL35 R Bl sy, 4 1
FBssi: , 52 IR 8 P Ik ] 5 10 5 2R A5 2 RO K
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Fig. 2 Responses of earthworm fresh weight to time after exposure to different atrazine concentrations in three different soils
£3 FRELEPFEEUE S E R0
Table 3  Effects of atrazine on earthworm fresh weight in different soils
— Bk B b+ Gk
(d) ECso(mg/kg) 95%FE (%X [Al(mg/kg) ECs(mg/kg) 95%F(FIX[Al(mg/kg)  ECsomg/kg)  95%EAF X ] (mg/kg)
7 835.6 624.6 ~1260.9 1886.9 1451.4~2699.5 1802.3 1150.0 ~4157.1
14 300.2 222.5 ~ 460.8 628.6 443.7~1076.8 1223.3 732.8 ~3699.6
21 73.4 56.5~104.7 363.5 258.1 ~614.6 799.3 503.5~1934.9
28 19.5 12.9~39.5 205.2 150.2 ~323.5 4452 256.1 ~1699.7
35 5.5 43~7.6 66.3 452 ~124.1 1353 95.5~231.8

LR R ey, e s e R AR TR U OR
FHUEARIET Y 55 F 0 i ] (B0, & BE 40 mg/L 55
FHFRER 24 h N, MEIIBETSRAUR 10%, 1 50 mg/L
FRHRGE 48 h N, BT HRIKE] 90%; HIREIHE
FEAN [ T 5% 2 0 M M OSBRI, 4 T
1E 40 mg/kg M T 48 h IPHTds| i BFET; TR A
FKHANT EHEE B, 7525 X br i 2% 7 d Ml
14 d (2B FE LCso 5391124 204.8 1 180.4 mg/kg.

AR FIRRTSEAE RIEA— T BRfe B I [a]
b, 35 BT AL A LSRR 2 e X L AR B
TR o AIRAE SRR, AR e rh i 5 AL
BIAFAEZE S, BURRHE i d6] A BOLRN ok, 1 K 1
Hh e 5] Y B E RN fe 55, X S e T B A M T 2
W 575 25 O M85 A BE PR RN o S MBI FE TSR LCso
AR - e PR A A DGR AT A B, A AL A
535 R EAEABORM AARCH:, X5 RIS
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I CK1 I CK2 40 mg/kg T 80 mg/kg M 160 mg/kg B 320 mg/kg I 480 mg/kg
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Fig. 3 Responses of earthworm width to time after exposure to different atrazine concentrations in three different soils
R4 AE LR FE LR XKL A R0
Table 4 Effects of atrazine on earthworm body width in different soils
S5 1] BRI PR 1 faxL
(d) ECso(mg/kg) 95% {5 X [Al(mg/kg) ECso(mg/kg)  95%E 15 X [A] (mg/kg) ECso(mg/kg)  95%H {7 X [H] (mg/kg)
35 235.8 166.3 ~415.8 288.0 247.5~325.1 367.8 188.011 ~ 8 460.5
F5 MWEBEMHSTIERELERBEXRY
Table 5 Correlation coefficients of earthworm properties with soil physiochemical properties
LI pH AL e AR o IKIEPER H Exil
LCso 0.667 0.831 —0.849 —0.862 0.152 -0.474 -0.197 —0.096
£ & ECs, 0.761 0.898 -0.913 -0.923 0.283 —0.351 -0.327 —0.228
158 ECso 0.704 0.858 -0.875 —0.887 0.202 —0.428 —0.247 -0.146

55 25 HEE AN [) 38 v 0 S A M3 25000 45 SRARAT < X
AT RERE N LA LT RERS I B 55 L1, R R
FEARIL A YA R . ARTFERMT, AL RE RS i
B JHE ., FHREHSE S ML 55 LA A AL
AF YIRS in 5% 22 HE AR R, A A0
TS YR E DT AR ARG A 25 I R LB 7

BEAh, AW LB, TIAWE . evE RS &
PR 9 A TE AR SCHE o AH S t ik S MR 2
R TS R T A2 B Bl
WHFE R B, LAy AN A i 15 55 25 Y A
970 80 AR OGHER sl U I SIS T LA 3 -
ThIE LI RO XA R 2 R, ATRER
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