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Progress in earthworm biomarker studies and theirs applications in soil pollution

risk assessment
SHI Zhiming, XU Li, HU Feng”

College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China

Abstract; Earthworms perform a number of essential functions in soil and are ideal indicators of soil pollution and declines
in soil quality. The effects of pollutants on earthworm biomarkers are often investigated to assess the risk of soil pollution.
The aim of this review is to explore whether the currently known earthworm biomarkers can be used in practice to assess soil
pollution risk. In this paper, we review four aspects of earthworm biomarkers based on studies published in the past two
decades and especially in the most recent 10 years. 1) The role of earthworm biomarkers in soil pollution risk assessment
was first discussed, leading to the conclusion that although earthworm biomarkers cannot replace conventional chemical
analytical methods, they offer a good complement for the flaws of chemical analysis, and may provide more comprehensive
and straightforward information about soil pollution risk. Therefore, earthworm biomarkers may be very useful for primary
screens in large-scale soil pollution surveys. 2) The earthworms tested in previous studies represented many different species
and all three ecological categories ( epigeic, anecic, and endogeic ), but most studies involved FEisenia fetida/andrei
(epigeic). Earthworm biomarkers could be classified into different groups: physiological-hiochemical, individual behavior,
morphological, molecular genetic and immunological. However, most researchers have focused on the anti-oxidant defense

system, metallothionein (MT) , avoidance response, lysosomal fragility ( neutral red retention assay) , and the comet assay.
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In addition, the range of exposure medium, exposure time, other components in the experimental design, and differences in
the results were critically reviewed. We concluded that earthworm biomarker studies have been carried out mainly at the
laboratory scale, that many biomarkers have been screened, and that the response mechanisms of typical earthworm
biomarkers to typical pollutants and to combined pollutants have been elucidated to some extent. However, in the future,
studies should focus on the feasibility of using earthworm biomarkers in real soil conditions. 3) Published studies vary
greatly in experimental design and results, including the range of biomarkers and the response level in earthworms, and
therefore are not directly comparable. This fact may pose a challenge to inferring broadly reliable conclusion and might limit
the practical applications of this research. To elucidate the problems, we discuss the varying responses of superoxide
dismutase, an important component of the antioxidant enzyme system in different earthworm studies; the results varied by
three orders of magnitude which is confusing because the change of physiological-biochemical level should not be so large
even in spiked earthworms. As a result, standard protocols for earthworm biomarker assays may be needed to aid
comparisons among studies. 4) We recommend a set of research guidelines ( such as the earthworm species to be tested,
exposure times, types of biomarkers, etc.) based on the current studies. In addition, future studies should focus on methods
to screen earthworm biomarkers that are simple, sensitive, and highly repeatable. Establishing a database of basal biomarker
levels in earthworms in different soil types that is integrated with a national survey of pollution sources should be useful for
practical applications in China. This review provided a global evaluation of earthworm biomarker studies and can serve as a
reference for establishing standard earthworm biomarker assay protocols. Therefore, it will promote further studies and

practical applications of earthworm biomarkers in assessing soil pollution.
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Fig.1 The role of biomarkers in soil pollutant risk assessment
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Table 1 Studies investigating earthworm biomarkers response to pollutants

iz 1] o HWIFRIC ) ZAXY) FEFEETE]/d AT 27 3Lk
Species Biomarkers Test pollutant Exposure time Exposure medium References
E. fetida LR FARA Cu 28 [SP N [12]
E. fetida EiaRta I 1,2,7,14 AL Rz [13]
E. fetida ﬁiggﬁam&mgm@,@% Pb 2,7, 14,28 PN [14]
E. fetida TEAS 4R, 2B B R G f REALIE 1,2 4L [15]

http ; //www.ecologica.cn



5372 £ OB ¥ I 34 &
iz 15| b A YrbRie ) ZAXY T ST/ d RN S 30k
Species Biomarkers Test pollutant Exposure time Exposure medium References
E. fetida LAlFan ity Ph 28 ERS R N Y [16]
E. fetida FPPELTIR Pb 28 B8R REE [17]
E. fetida [ i 3 TNT, Jith 2 K5+ [18]
E. fetida LA dFART ) AL 28 AT A3 R 2d [19]
E. fetida LRl AR xR L 5,15,30 AT e RVA [20]
E. fetida Ei=RiA P 1,3,7,14 AR 1 R 3d [21]
E. fetida B E LA i (538 P450 JEk 2 B4R [22]
E. fetida T ARG it , 20 2P0 B i A LB B 2 IEAR [23]
E. fetida itz XU 2 TEAK [24]
E. fetida FRPELT As 28 Wt [25]
E. fetida B A L [TEEEiRE 28 PN [26]
E. fetida EiE=RiA YRR A 7,14 ANT 5 FElk [27]
E. fetida B AL A0H (3R P450 I 1,3,7,14 AR Rk [28]
E. fetida FRPELTIR Cu 21 K0S e+ 4 [29]
E. fetida PR Zn 42 B8R 5 FE 7d [30]
E. fetida BRI E AL =&k 2,7,14 EIN T Y e [31]
E. fetida AL A AR EIREE 2 IEAR [32]
E. fetida B aRta 3 28 HR L R [33]
E. fetida R P AL TNT 1,2,3 BT [34]
E. fetida EiE=Rid HHCB 3,7,14,28 HAR 1 FUE 1d [35]
E. fetida i eRtd E A 14 AR5 P 2d [36]
E. fetida ERLEa R F L Cu 14 EXVACE e [37]
E. fetida EieRla PR 7 (S S S C A ] [38]
E. fetida Bk nta 1,2,4-=8% 2,7,14 AT 43 Kl [39]
E. fetida Bk aRta I B 28 N A3 S 15d [40]
E. fetida Bk nta hiAEERS 7,14,28 AR, K= [41]
E. fetida B aRta SRR 28 EI [ o o A [42]
E. fotida B A Cd LB e 7 [43]
E. fetida [ B B Pb Zn Cu 2 B X5 g - 4 [44]
E. fetida P LA EALY SO 1,3,5,7,14,28 HA L%, T0E 1d [45]
E. andrei [ B B HE)E FEDAL e RIS RS AU DAL M e ut [46]
E. andrei Z. T N g iy [l 1,3,5 FAR 13 R30E 3d [47]
E. andrei U ALEg , £ Bt NERRAR A TR A Mg 1,3,6,15,21,28 AL A3 Kzfe [48]
E. andrei B4 AL, 2 BRI B E SRR 1,3,6,15,21,8 AT 8¢, ki [49]
E. veneta LTI HE)E 14 FRRT X [50]
L. rubellus LT Cu 28 AR BUE 3d [51]
L. rubellus FRPELTR Cu 17,40,70,110 Spu: [52]
L. rubellus CAT, 4l (4 & P450 4 42 AT 5 foE 1d [53]
L. terrestris ing ety Cd 10,20,30 N T3, APy [54]
L. terresiris rpPELT I S AT TR H4JE PAHs 12 KM T gL () A 45 [55]
L. terrestris FRTRTR AL 1 e [56]
L. terrestris ﬁ;”\g;fgﬁ{zﬁf%ﬁ t wem SR, KRR AT 1 [57]
A. chlorotica JIEH g ity A% HUA JEATAE  KIN#EE RRE [58]
A. tuberculata IMGLE L ALE R P4s0, 4 Cu Zn 2,7,14 Tl S 5 e £ 4 [59]

JUH KEE R Rl

http ; //www.ecologica.cn



19 1 SRR A S AR M AR C W TE AR S KU T A T Y 5373
i 5] Fef A=WbRic ) AW FE TR H]/d REEA 275 3k
Species Biomarkers Test pollutant Exposure time Exposure medium References
L. mauritii PUR S, SRR BRIy 28 FLAA 8, B 7d [60]

HeRe il
L. castaneus PR HEEE RO K IREE Tolis e -4 [61]
A.caliginosa REAS B , 256 H BREE FL T TEHEM 7,14,28 KW ARt iE [62]
A.caliginosa HELG A i b PE LT AL 28 ST e AL el 41 [63]
il S e s
A.caliginosa ﬂﬁ’ﬂ‘)ﬁ{inﬁf, LECLES L A TR AE 28 AT+ K&k [64]
LEFARTN 5
D. octaedra il oIy HE)R 28 KI5 e FRph £ [65]
Aroctumalolobophort gz 15 %, 2, kB E i s 7 Ve S [66]

icterica

2.1 EYbsicRR

2 2 RSk B A AR e Y 2 AT T
2, ATLE N HATE &0 1 20 2R84 YbR
W, WIROWL 531 7K ~F B i A2 A B 2 A A A7 S B
B AN UL AW K, (HBTFEE XX L84
WYIkric Wi S TE R B SR AR TR Y, Herh e 2 i A AR B
A EEPU R AL R GE, &R B 3 (MT) |, % 14
FRASE M , A7 S 2 b B0 [ i Sz B o3 38 A 2 b Y
BRI, 5380, 050t 0l 5 T X R E 15 e )

LI E BRI , I S D 145 5 30
RO LA SRR T B O T 2605 4
2 RERB 9 4T BLUR 0L T AR 2) 5 2 B
AN KE ML R IC R ST S, WL
I 4 76 4 15 L P 5 ) LT R R A
AT BLIG S 5 2T 0
L0 % WL CF RSB A 005 U B3 B A
g e

K2 EWREMSE

Table 2 Classifications of earthworm biomarkers

2Rk YE Classification

HEWIFRICYIFIZE Type of earthworm biomarkers

H B A {2 Physiological and biochemical
17 42% Behavioral

14U #2E Histopathological

Ay i G 2# Molecular genetic

A= Immunological
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Table 3 The range of anti-oxidant enzymes in E. fetida in different studies

SOD CAT

POD MDA

mﬁ"mﬁ'/j(‘;]/‘ ;)fe‘ida Superoxide_:lisnillnase Cata}a]lse_l Peroxi_(llast-i | Malondialo}Thy(_l]e Rciiies
/(Umg™ pr) /(Umg pr) /(U mg pr ) /(nmol mg™ pr)
0.3—0.6 40—60 10—12 — 5—7 (407
0.35—0.45 16—30 70—120 40—70 0.4—0.7 [68]
0.35—0.45 100—300 1—s 0.2—0.5 — [22]
0.25—0.35 40—60 6—10 — 3—6nmol/mg [33]
0.3—0.4 0.4—0.8 3.4—9 — — [41]
0.3—0.4 0.3—0.7 15—40 — — [26]
0.3—0.6 0.84—1.41 3.65—6.99 — 0.035—0.081 [31]
0.4—0.5 — — — 0.4—0.8 [32]
0.3—0.4 50—60 3—5 — — [43]
0.3—0.5 150—250 6—10 — — [28]
0.3—0.4 30—40 2228 — 1.2—2.5 (277
0.3—0.4 3—6 1—4 40—100 — (457
0.3—0.4 150—230 5—10 — 0.2—0.4 [21]
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