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Abstract: The widely used 2 .4-dichlorophenol (2,4-DCP) is a common refractory organic material and has some
residuals in the soil. To investigate its acute toxic effect, Fisenia fetida, which was at the growth and adult stages of
development, was taken as the test organism, and the acute toxic response of earthworms to 2,4-DCP at different
doses of exposure was investigated by means of the filter paper contact method and the two-compartment avoid-

ance test. The results showed that the LC,, measured by filter paper method was 80.71, 76.20, 73.64 wg-cm™ re-
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spectively at 24, 48 and 72 h at growth stage, and 82 .88, 77.63, 74.65 wg-cm™ respectively at adult stage, which
was slightly higher than that at growth stage. In the earthworm poisoning phenomenon, some of the links are swol-
len and bleeding, the color of the body becoming transparent, the body shrink, and the broken segments. In the
two-compartment avoidance test, when the concentration of 2,4-DCP in the soil was 10 mg-kg™', the earthworm
comprised more than 80% of the total number in the clean soil that exhibited signifcant avoidance behavior. In
70.74 wg-cm™ concentration group, earthworm epidermis structure damaged, chloragogenous tissue ruptured, while
in 88.42 pg-cm™ concentration group, earthworm epidermis was severely ulcerated and necrotic, the cellular lacu-
nae widened in the longitudinal muscles, and the chloragogenous tissue and intestinal epithelial cells ruptured, de-
generated, and separated from the intestinal walls. In earthworms, protein content, SOD activity, and CAT activity
initially increased and then decreased with 2,4-DCP exposure dose during 24 h exposure by the filter paper method,
showing a significant low-dose stimulation and high-dose inhibition effect. The protein content, SOD activity, and
CAT activity of growing earthworms under low-concentration 2,4-DCP stress were significantly greater than those
of adults. Under long-term exposure to high concentrations, the activity of SOD and CAT in the growing-stage
earthworm body is almost less than that of adult earthworms. Earthworms have been shown to have different re-
sponse to stress of 2,4-DCP in the growth and adult stages, and their tolerance is also different.

Keywords: 2.4-DCP; Eisenia fetida; acute toxicity; enzymatic activity; histopathology
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Fig. 1  Eisenia fetida 150 ~250 mg in the growth stage

earthworms group (a) and 350 ~ 500 mg in the
adult stage earthworms group (b)



488 s #F

ooz 4R 18 &

PRt hE A R, 55X CH,CLO, K5
JIT FH PR Bl S50 Y8 S o3 B
1.2 {1

R A TR N T VT AL TR X Y5 Y A AR
M, LBRA PSS BART i 10 B4
Mo &W5E % 3 pH 2y 7.52+0.17 , AL & &
(17.69+1.08) g-kg™', Hr K4 2,4-DCP,
1.3 Rk
1.3.1 el

Vg e 451 3 5 L 9 7K Uk 25 3R B Ve £ B HE
WY Lo AT 2 K 3 Bl i ] T 22 751
KATHRRYIELR b, B T 1 d,
1.3.2  UEAUE YL I 2,4-DCP W T

TEARYLHES % OECD No.207 J5 M Fk 0.5 g
[ 2,4-DCP % T 40 mL PN B 6 A% 12.5 g-L7' (1Y
24-DCP NER# W, 45 T HAR 9 em i3RI, %
WA IR 4 mL PN B T 4% 35 2% I, 7553 ) W R
160,165,170 . 175,180,185 ,190 . 195,200,205 nL
[ 2,4-DCP PN B ¥ W T 4% 5 37 L b, BRAS 70.74
7295 75.16 77.37 .79.58 .81.79 84.00 .86.21 .88.42 .
90.63 pg-em2IX 10 4Nk AR B (35 X IRAL AR TR
Iy, TBCA R B S 1% 908 208 8 L ) 49 3 7 5% 7% LTS
W, % IE24-DCP HA LM, FF N % & 72 2 )5
BIZEREANRE SR 0 4 mL 28087k DUR 5 ik 48 5
SR B S TR IR I S 2% 5] 3 ke nig ] 44
) e 51 Pt /AL B SR S R A AR B 9 1 2 Tk
TR (23£2) C BRI 70% BmE 546 1,
TR 3 AT ,24 48 1 72 h WA M 51 S M
BTG, 254 Sk 09800 ke 5] Sk 3508 0 B 3508 447 TG 5 v )
N A
1.3.3 IR = e ot

+ YL )72 % OECD No.222 77 %M Bt
600 g M1 /5 1Y T B8 T35 140w OBk &b, 23 ) ik
B 96 240 480 720 960 .1 200 pL ¥ JFE K 12.5 g-
L' 2,4-DCP SRV T 45 Rk & b B3 m , 1F
VAR % 2 Jer il e P A 5 b 55 748 S0y =XUd 1 0
524-DCPIRGE], BIFS e H 2 .5.10,15.20,
25 mg-kg ' 2,4-DCP J5 %+ |

a2 % 1SO 17512-1 7MY Bk
165 cm . P& 11.9 ecm . & 6.2 cm WA ikl &, T34
&b ai A —JERE 0.5 cm Bk, W0 43 B A T
T T RN [RI BE 2,4-DCP L35 13 600 g, #iH1&
IKZEN 35% e hhih AR IT 4% 12 A%k i) 7 [ e Al Ak

i3S R O W 7| 1. 7 b 5 A %l 1 = i)
mm 22 A5 LA DA 3738 X, 48 h S5 T T A ) i
ANEL AT IR SRR AR AL Y M 5| A 4R
w3 AT,
1.3.4  SRmIHEY) A6l

FR 061 BT LR ) i W 25 2 AR Ak, R
FRIRAN D21 Y (0 1] £ Mic 5] 20 210 i LA EE 70.74
pg-cm fl 88.42 pg-em PR T IE4RIE R R 24 h
Fi ke 51 B2 i 1 A AR A, ELAARHRARE A e 5]
0.86% (m : V)NaCl B Mk , i FEE = L A
A ZRARK T A TCIK O BERRIE e 151 J7 45 e 45 7 1
JCFUEAR b W TRk sy T R FA SRS 1 em
AEYTEL 0.5 em T 10% (V2 V)#E IR T AR i v [
FE 24 h, 1EHSIBKHLP K )S A D) 5 AL
YIRS wm Z24 V1R 7 200 55024 B 540 8E (Axio-
Vert. A1) W LUV IB I
1.3.5 i/ N 3 5 5 SOD 6% | CAT I 14
blpAes

T AR R BRI B (LC,) J5 , T EE
W 1326 ,26.52 .39.79 .53.05 .66.32 pg-cm > 54k
4350 F 24 48 A1 72 h X i ] AT AR R
SOD JfPEFN CAT T M , I 2 ¥4 R FH B T Ak
PRALAIRT &, FEAE A AT Z T, S8 2R IR K I Uk
WM F A, AT i 9 5 AR 0.86% (m ¢ V)
NaCl ¥, T4 C TR, B R2I5 M L 4 000 r
-min~' B0 10 min, P8 L IE R A E 8 H &
i SOD & MM CAT 3 Pk, Big TG 547 U-mg™',
[DRER VA 4= Uiy s
1.3.6 Hdabr

fifi FH SPSS 27.0 H 44 % 52 56 B 4 347 g 1 4y
Bt K H Probit M2 BN 0] )7 30 H 4% 3 s 5 I
BFA] R 2,4-DCP X i 5] i) LC,, A1 E 15 X /], %X
(B DS 34 80 o v 22 52 B, 56 [) — s i) AS ) e 8 s
JEE R R M W5 45 01 A W AR AR AT BN 22 0 B
(ANOVA), #4722 5 47 LSD Z 8 LBk K
B2 ] 25 5 i M P<0.05  P<0.01 XmEHF BE,
St B Origin 2022 #4221

2 455 (Results)
2.1 2,4-DCP Xif e 5] () 2k 21k

AU FERRRE TR 2] s B8 T BB 4 )
*1.EK2,

B 1.3 2 Bl fili H SPSS 27.0 1 Probit £/



4 4 VT4 :2,4-DCP X7 85( 3] a1 ) 2% 1~ 2 I 051 g AR OB 52 489

PEAT AT, G5 R 036 3 s, 24 2,4-DCP i W5], 1 SPSS #4540 s 3k 5] 24 h 48 h .72 h
JEHR 7074 pg-om i}, 24 h MR TICAET- S, B9 LC,, 4051k 80.71.76.20 .73.64 pg-om ™, A5 Y
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&1 2,4-DCP IREKEMERBIETHER
Table 1 Death of earthworms of growth stage by 2,4-DCP filter paper contact method

. . 24 hZET 4L 48 h JETHL 72 h BETTHL v
AR (g -em™) 24 h death number 48 h death number 72 h death number SETA%
Concentration/(pg - cm™?2) Mortality/%
1 2 3 1 2 3 1 2 3
CK 0 0 0 0 0 0 0 0 0 0 0 0
68.53 0 0 0 0 0 0 0 0 0 0 0 0
70.74 0 0 0 0 1 0 0 1 0 0 6.67 6.67
7295 0 0 0 1 2 1 1 3 3 0 26.67 46.67
75.16 1 1 2 1 2 3 3 4 5 26.67 40 80
7737 2 1 1 3 4 3 4 4 5 26.67 66.67 86.67
79.58 2 4 3 3 4 4 5 5 5 60 7333 100
81.79 3 2 1 5 5 3 5 5 5 40 86.67 100
84.00 2 4 3 5 5 5 5 5 5 60 100 100
86.21 3 4 5 5 5 5 5 5 80 100 100
8842 5 5 5 5 5 5 5 5 5 100 100 100
1. CK Mg28 {4 HEZH 2,4-DCP R 2.4- 40,
Note: CK is the blank control group, and 2,4-DCP stands for 2.4-dichlorophenol.
R2 2,4-DCP R4 MEMBITETHSR
Table 2 Death of earthworms of adult stage by 2,4-DCP filter paper contact method
24 h JET-HL 48 h FET- %k 72 h JET-HL
S pg-om”®) 24 h death number 48 h death number 72 h death number SETA%
Concentration/(jLg - cm™2) Mortality/%
1 2 3 1 2 3 1 2 3
CK 0 0 0 0 0 0 0 0 0 0 0 0
68.53 0 0 0 0 0 0 0 0 0 0 0 0
70.74 0 0 0 0 0 0 0 1 0 0 0 6.67
7295 0 0 0 1 1 2 1 3 2 0 26.67 40
75.16 1 0 1 2 2 3 4 2 5 13.33 46.67 7333
7737 2 1 1 3 2 2 3 5 3 26.67 46.67 7333
79.58 1 1 2 2 3 3 4 4 4 26.67 5333 80
81.79 2 3 3 3 5 3 5 5 5 5333 7333 100
84.00 2 3 2 4 4 5 5 5 5 46.67 86.67 100
86.21 3 4 4 5 4 5 5 5 5 7333 9333 100
88.42 3 2 5 5 5 5 5 5 5 66.67 100 100
90.63 4 5 4 5 5 5 5 5 5 86.67 100 100
92.84 5 5 5 5 5 5 5 5 5 100 100 100

TE:CK A% FIR IR,
Note: CK is the blank control group.
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Table 3 LC,, of 24-DCP on growth and adult stage earthworm measured by filter paper contact method

BBt 2 fuh sy 8] /h AR RIrfE M LC5y(95% BB/ (ng-em™?)
Stage Contact time/h Toxicity regression equations Chi- square Sig. LC54(95% CL)/(p.g-cm™?)
25 1) 24 Y=32.841x-62.626 3.062 0.801 80.712(77.735 ~83.860)
Growth stage 48 Y=43 829x-82484 0.709 0994 76.196(73 882 ~78.482)
earthworms 72 Y=72249x-134.896 0.880 0927 73.636(71.692 ~75407)
i) 24 Y=29.619x-56.822 1917 0983 82.881(79.926 ~85.929)
Adult stage 48 Y=33204x-62.757 1.663 0976 77.630(74.593 ~80.195)
earthworms 72 Y=48.936x-91.659 2.137 0.830 74.650(72.316 ~76.759)

(ARG
Located at the bottom
of the filter paper

| EK@
- SomafiC atrophy
HEFHERR

Enlargement of tl

fﬂlﬂ#ﬁ ﬁ@.iﬁﬁiiﬁm
: g and yellow *

Enlargement and

%2 2,4-DCPERKEBREEBIHAZNKER

H(a) =

23 [0 HRZH (BT 8 AR 51) 5 (b), (¢) 70.74 ~75.16 pg-em 2 HEJE4H ;(d) 77.37 ~79.58 wg-cm 2 JE4H ; (e),

() 8179 ~86.21 wg-em™2¥RJEL ;(g) 8842 ~92.84 wg-cm 2K JF 4 ;(h) 92.84 wg-em™2 LA FIREL
Fig. 2 Photos of earthworm poisoning by 2,4-DCP filter paper contact method

Note: (a) CK; (b), (¢) 70.74 ~75.16 wg-cm™>
concentration group; (g) 8842 ~92.84 wg-cm™

concentration group; (d) 7737 ~79.58 ug-cm™>

concentration group; (e), (f) 81.79 ~8621 pg-cm™

concentration group; (h) 92.84 pg-cm™ above concentration group.
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Fig. 3 The repellency of growth stage earthworms (a) and adult stage earthworms (b) from soils

contaminated by 2,4-DCP at different concentrations
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WP TR R 24 h US| RN B 450 s BP FoR R, CM FORIFIL, LM FoRPIL, IE Fom i L4, CT FoR s @ aii,

Fig. 4 Changes in the epidermis and intestinal cells of earthworms

Note: (a), (d) The body wall and intestinal structure of earthworm in CK; (b), (¢) Epidermis and intestinal structure of earworms exposed to

70.74 pg-cm™2 for 24 h; (c), (f) Epidermis and intestinal structure of earworms exposed to 8842 wg-cm™> for 24 h; EP means epidermis;

CM means circular muscle; LM means longitudinal muscle; IE means intestinal epithelium; CT means chloragogenous tissue.
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Fig. 5 Changes of protein content in growth stage earthworms (a) and adult stage earthworms (b)

Note: Compare with the control, there is significant difference; * represents P<0.05, and * * represents P<0.01.
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Note: Compare with the control, there is significant difference; * represents P<0.05, and * * represents P<0.01.
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