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Abstract: The contamination of petroleum hydrocarbons in soil is now seriously threatening ecosystem safety and hu—
man health and therefore the diagnosis and risk assessment of petroleum-contaminated soil is becoming one of the hot
topics in the field of environmental science. In this study the earthworm Eisenia foetida was exposed to the soil con—
taminated with different concentrations of petroleum which was obtained by mixing the natural contaminated soil with
the clean background soil. The acute lethality and avoidance response were adopted as endpoints to evaluate the toxic
effects of petroleum-contaminated soil on earthworms. Results showed that the values of 7d-4.C5; and 14d-LCy, were
32.5 and 29.4 gkg™' respectively. However when the concentration of petroleum hydrocarbons in the soil a—
chieved 8.0 g*kg ™' the earthworm showed significant avoidance behavior ( avoidance rate = 80%) . The former two
endpoints were 3.7 to 4. 1 times as much as the latter one. It was demonstrated that the avoidance endpoint was more
sensitive than the mortality endpoint while evaluating ecological risk of petroleum-contaminated soil. The avoidance

response of Eisenia foetida can serve as a sensitive indicator for assessing the petroleum pollution of soil.
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1 ( Materials and methods)
1.1
) ( Eisenia foetida)
, ( OECD 207) "
’ . 20%C
’ ) ’ 400 mg
’ 20C. .
24 h
~ 15
=, 3 100 ’
mg'kgi 1% > 000 (37°7'N 118°22°E)
mg-kg o
‘kg”' pH 8. 3;
10 g*kg”" 275g.3 ;kg*‘ pH 8.4,
10.8% ( MDA) 12. 4% Lo
( SOD) 9.8% ° .
3d4dDb,, 117.5 ML'L_l 5 1647
d SOD . )
18 R
3 o
° 2 mm
5.00 g
. 150 mL 55°C
e he 55°C
7. . 3
N 1043 kgflo
1.3
o 2 mm
. OECD( 1984)
~ 14 o
. 1.3.1

LC 50

59.0 g

24

110 g -



314

7
R 14 d 22,
g kg™ 15%
. 1L 37.5 gokg ™! 100%
500 g 7 d -LCs,
60% 24 h 10 14 d4.C4, 32.5  29.4 gekg '
20°C. o
22.5.25.0.27.5.30.0.32.5.35.0.37.5 40.0 ¢ ; LGy,
.kg71 o 4 o °
OECD S .
7 14 d o
1.3.2 Yoo
25 emv 15 emy 12 em 7 14 d
2 o
60% o
10
o 48 h
0.5 e,
3 o
0.0.1.0.5.1.0 .5.0.10.0  20.0 g*kg™' 0 gkg' 225gke’ == 250gke?
5 120 275 gke! === 300 gke' mm 32.5 gke!
° 66 emm 35.0 gkg?' e=m 375 gkg' mmm 40.0 gkg?!
80%
0, NR= (CO)/
N x100% NR C
T N
1.4 0 HUAE A/
SPSS 18.0  Excel 1
+ (AV +SD) . Fig. 1 Acute lethal toxicity of petroleum-contaminated
(1LCy) soil to Eisenia foetida
s0) o
2 ( Results and analysis)
2.1
223
2.2
o 48 h
7d  22.5 g kg™ o (0
25.0 g*kg ™' ~0.5 g*kg™")
40.0 gekg™' 100%

(20.0 g*kg™")



3 315
7 d4.C,, 14 d4.C,, 32.5
29.4 g'kg_l 3.7~4.1
o » ( PFOS)
PFOS 160 mg*
o kg~ ! PFOS 14
d4.C,, 542.08 mg- kg71 3.5
o (' TNT)
o na
48 h ISO 2005
i 17
( 2)-
80% . _TNT n22
o 8.0 g*kg ™'
80% 6.0 17.
1 gokg™ 50%  100% o
120 +
100 4 %I (1963—)
$ 60 - @
40 1 M.
20 A = - I;ttl 2004: 57
0 = 2 Gogoi B K Dutta N N Goswami P et al. A case study
0 0.1 05 1 5 10 20 of bioremediation of petroleum-hydrocarbon contaminated
W/ (g - keg') soil at a crude oil soil spill site J . Advances in Envi—
2 ronmental Research 2003 7(4): 767 —782
Fig. 2 Avoidance rate of Eisenia foetida exposed to 3 Gaur J P Kumar H D Growth response of four micro-al-
petroleum-contaminated soil with different concentrations gae to three crude oils and a funace oil J. Environ=
mental Pollution Series A: Ecological and Biological
3 ( Discussion) 1981 25(1): 77 -85
( PAHs) 4 ’
J. 2001 11(1): 36-37
PAHs N .
2 Lv Z P Cheng L F. The influence on corn growth caused
° by petroleum concentration of soil contaminated by petro—
leum J . Environmental Protection of Oil & Gas Fields
o 2001 11(1): 36 =37 (in Chinese)
: 5
J.
3 2008 36(1): 116 - 120
’ LiCR Wang WK CaoY Q etal. Eco-oxicity of petro—
LCs leum-contaminated soil on the growth of soybean J .

8.0 gokg ™!

Journal of Northwest A & F University. Natural Science
Edition 2008 36(1): 116 — 120 ( in Chinese)



316

10

11

12

13

14

15

16

2
Cu™”

2006 27(7): 1415 -1419
Sun F H Zhou Q X Zhang Q R. Toxic effects of petrole—
um hydrocarbons and copper on polychaete Nereis diversi—
color and on its antioxidant enzyme systems J . Envi-
ronmental Science 2006 27(7): 1415 -1419 (in Chi-
nese)
Mclnerney M Little D J  Bolger T. Effect of earthworm
cast formation on the stabilization of organic matter in fine
soil fractions J . FEuropean Journal of Soil Biology
2001 37(4): 251 -254
Puurtinen H M Martikainen E A T. Effect of soil mois—
ture on pesticide toxicity to an enchytraeid worm en—
chytraeus sp. ] . Archives of Environmental Contami—
nation and Toxicology 1997 33(1): 34 -41
Spurgeon D J Weeks ] M Van Gestel C A M. A sum-—
mary of eleven years progress in earthworm ecotoxicology:
The 7th International Symposium on Earthworm Ecology
Cardiff Wales 2002 J . Pedobiologia 2003 47(5 -
6) : 588 - 606
Loureiro S Soares AM VM Nogueira A J A. Terrestrial
avoidance behaviour tests as screening tool to assess soil
contamination J . Environmental Pollution 2005 138
(1): 121 -131
Achazi R K. Invertebrates in risk assessment development
of a test battery and of short term biotests for ecological
risk assessment of soil J . Journal of Soils and Sedi-
ments 2002 2(4): 174 - 178
Schaefer M. Assessing 2 4 6-rinitrotoluene( TNT) -con—
taminated soil using three different earthworm test meth—
ods J . Ecotoxicology and Environmental Safety 2004
57(1): 74 -80
International Organization for Standardization. Soil Quali—
ty: Avoidance Test for Testing the Quality of Soils and
Effects of Chemicals on Behavior-Part 1: Test with Earth—
ISO/DIS

International ~ Organization for

worms ( Eisenia fetida and Eisenia Andrei) .
175124 S .
Standardization 2005

Geneva:

Organization for Economic Co-operation and Development
( OECD) . Guidelines for Testing of Chemicals No. 207.
Earthworm Acute Toxicity Test S . Paris: Organization
for Economic Co-eperation and Development 1984

Abdul Rida A MM Bouché M B. Earthworm toxicology:

From acute to chronic tests

ry 1997 29(34): 699 —703

J . Soil Biology Biochemis—

17

18

19

20

21

22

23

24

25

2004 20(1): 36 -38

Tang S L. Using the method of infrared luminosity to deter—

mine the petroleum in soil J . Environmental Monito—
ring in China 2004 20( 1) : 36 —38 (in Chinese)
Daghbouche Y Garrigues S Guardia M de la. Liquid
chromatography¥ourier transform infrared spectrometric
determination of cholesterol in animal greases J . Ana—
lytica Chimica Acta 1997 354(13): 97 -106
Risdon G C Pollard S J T Brassington K J et al. De-
velopment of an analytical procedure for weathered hydro—
carbon contaminated soils within a UK risk-based frame—
work J . Analytical Chemistry 2008 80( 18): 7090
-7096

. M .
2011: 532

International Organization for Standardization. Draft: Soil
Quality-Avoidance Test for Evaluating the Quality of Soils
and the Toxicity of ChemicalsPart 1: Test with Earth—
worms ( Eisenia fetida/andre S . Geneva: Internation—
al Organization for Standardization 2004
Amorim M J B Rombke J Soares A M V M. Avoidance
behaviour of Enchytraeus albidus: Effects of benomyl
carbendazim  phenmedipham and different soil types

J . Chemosphere 2005 59(4): 501 -510
Jones K C Stratford ] A Tidridge P et al. Polynuclear
aromatic hydrocarbon in an agriculture soil: Long term
changes in profile distribution J . Environmental Pollu—

tion 1989 56(4): 337 -351

( Eisenia foetida) J .
2009 4(4): 597 -601
LiuW ZhuL S Wang ] etal. Acute toxicological dosa—
ges of chlorpyrifos malathion and fenvalerate on earth—

worm Eisenia foetida J . Asian Journal of Ecotoxicolo—

gy 2009 4(4): 597 —601 (in Chinese)
Pérez P Fernandez E  Beiras R. Use of fast repetition
rate fluorometry on detection and assessment of PAH tox—
icity on microalgae J . Water Air & Soil Pollution
2010 209(1-4): 345 -356
. PFOS
J . 2011 22(1):
215 -220
XuDM WenYZ LiL etal Effects of perfluorooctane
sulfonate on acute lethality and avoidance behavior of
earthworm ] .

2011 22(1): 215 -220 (in Chinese) .

Chinese Journal of Applied Ecology



