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Wil 7E Bl a]P 43820 2 5 v AR R s 2 gl
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L1 kRS + i

P Bk B AT Bk (Folsomia candida) 5 91K H
P12 5 W K 2% (University of Aarhus, Denmark ) ,

TEASCR E R 3 4, BhIRAEFEA 0.5 cm |
AVE /T PE R (90 1) Ky 37 ik BT 1 15 F% 1L (90 mm x 13
mm) PSR, BEFRILE T (20 £ 1°C) N T AE
HL R ROEEER A 12 he 12 h (O I# 58 J& 800
Lux) , 2SR 70% +5% . LB HT4#% AT &
YE5 % J& ¢H 21 ( Organisation for Economic Co-opera-
tion and Development, OECD) #x ¥ J5 ¥ 3 47 [A]
S [

A 7 Fb L 5 0 R HOT R 2 B R
1 AR 25 S0 0 v PR M 21 8 (R K - udic-fer-
rosols) (N:28°12" ,E.116°55") I K {17 72 1] H. 5 )
Al 7 JE FE i Wt (R 42t aquic-cam-
bosols) (N:39023" ,E.117051") , + BEFE AL 14 & 4n &
L FR .

P - PR A Y AR AR S KT, 0 2 mm i
TESLHET 7 d, iR KAF/K B 50% ) 28 18 KO + 3
M, E T 20 = 1°C B9 T AU AR Hh s 5% o
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Table 1 Basic physical and chemical properties of test soils

— — HHLI SR i o B T A B it
A R . . . . .
pH Organic matter  Total nitrogen Total phosphorus Total potassium Cation exchange capacity
Soil type Sampling site . . . . .
(gkg™ ) (gkg™') (gkg™ ') (gkg™ ') (emol kg™")
i K
7.71 20. 03 1.35 1.51 22.80 20. 94
Aquic-cambosols Tianjin
214 & i
4.89 5.77 1. 04 0.99 10.91 9.76
Udic-ferrosols Yingtan

1.2 KRt 5514

K r) R [al BE(BLa]P) ARfe (LiE =
97% ,Adamas Reagent Co. , Ltd) i& T N ER& WG 1R
A RSy e E Ok BE & %1 01,10 ,100 ,500
F11000 mg kg ™' F + 1975 Y+ B, BT KU
P 48 hJE I A i ZE IR OK P SR R
R AF KB 50% o 70 % BRI 0E (& o 55
mm | N2 R 55 mm BEJESN 5 mm (445 HLEEES A 0
g n) B EE 30 ¢ M X IR IE 8
LT E 4 AN EE WERLL I ~12 d 1
FIAF BRI A S2 3 4 & b, B3 10 3K, 98800 3 mg T
FERE o AN TRAE (20 = 1°C) H5 5% 28 d. %
B 1 F N AGE B 22 R OK, AR 2R koK &, IR
INERE . SRR AEHE B S B SR IR R
JE/NT IR T S e A B A 2 A
T PR s R A5 0 4l R T AR v

FEWCEE LA 10 ml ZE 48 7K, A1) Bk {4 32 1)
U B LR TR o ] B S T A e N A
gy o3 AT B s et IR X5 BT A R DL KR A
DL E iR 4l SRR T AR I o
1.3 St

FH SAS version 9. 1. 3 G5 143 #1444 X 3 55 B
HATGEAT 3 B o A — L PE B Y ( General Linear
Models, GLM ) 2 J¥ X} [7] — L3 R[] W & B[ a]P
REFER A5 FE PR AT F AR SR, ] Dunnet 5 35 XF 4k
P55 25 P16 B TR E AT 22 5 S R A b, 3RS B R
TCRL R He BE (NOEC ) {i Al 55 1% 2% W ¥k B ( LOEC)
B, FIH Origin 8.0 2 [&] Hc 4 % il sk 4 K F0 4
LR 0N R A 3 W o 11 D6 L 2 1 B R R S
TP BT, AR AE 1.0 ~2. 4 mm, &) R K AE
0.2 ~0.8 mm Z ], % 0. 1 mm &Ky —> X [H, Gt
T A DX ) P ik e B o SR H
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Fig. 1  Number of adult survivals (a, b) and number of juveniles reproduced (¢, d) forFolsomia candida ( collembola) exposed to
B[ a]Ps different in concentration in aquic-cambosols and udic-ferrosols for 4 weeks
I3 3G 44% F1 26% (p <0.05) , £L3EH ,B[a]P
2 4 R R 1145 Bk 5% ) NOEC {2 100 mg kg™, LOEC
{fi 2% 500 mg kg ™',
2.1 FEBEZEY 2.2 mpHEK

TE W) & 020 S b, X IR 2H R HUAE G R i T
80% (P4l 1a, [ 1b) , A4 T 100 %k (K 1c, A
1d) , 54 OECD 3% TS i A 2 ki dn 7 . 78R
[ v i B[ a] P &b B f ) b FIZT 8 ohy | il oA 0 Bt
T E R

R E B a]P AL a3 v, 4% Bk 25l &
KPR FENERES (B 1), (HAELLH T, Lh B[] 2
P B2 5 (F,,, =3.55,p <0.05) ([ 1d),
St 5 B 21,500 Fl 1 000 mg kg ™' e B Ab B 5 %k
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fm12% (p <0.05) . B[ a]P xfi#l £ H 47 Bk A R
K NOEC {& 2 100 mg kg ', LOEC {& & 500 mg
kg ™' AWPERREE B[ a] P 4b B A £ b, B R A
KEFESALAE 1.4 ~1.9cm 75 H (68% ~97% )
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Fig.2 Length ofFolsomia candida adults(a) and distribution of adult lengths from 1.0 mm to 2. 3mm(b) after 4 weeks of exposure of the

insects to B[ a]Ps different in concentration in aquic-cambosols
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TEAR R B a]P b B 20 98 vpr st A K 4
FETER B 122 5 (Fy,, =5.94,p <0.01) , ln [ 3a
Jif 7R ,10,500 F1 1000 mg kg ™" ¥k B[ a]P 4b 3 1y +
$ bR fA K B T B, 4 BB T 10%
(p<0.05) 2% (p<0.05)F11% (p<0.05), £T
gerh BLa]P XF 145 8k i R AE K 9 NOEC {525 1 mg
kg™ ,LOEC {i°h 10 mg kg ™', BLAUAK E 2401 1E
1.3~1.8 em Y. (80% ~97% ) (& 3b) .
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0.2~0.8 mm AKEHE N, WA (ALK N
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Fig.3 Length ofFolsomia candida adults(a) and distribution of adult lengths from 1. Omm to 2. 3mm (b) after 4 weeks of exposure of

the insects to B[ a]Ps different in concentration in udic-ferrosols
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Fig.4 Length of juveniles ofFolsomia candida( collembola) exposured to B[ a]Pesticide different in concentration

for 4 weeks in aquic-cambosols (a) and udic-ferrosols (h)
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55 A AHARL, £ 58 v 4y B AR A [] A B TR] A
FEEM B % 2 5 (Fy 5, =3.51,p <0.01) . 1 mgkg™'
(p <0.05)F1500 mg kg ' (p <0.05) B[ a]P ibFHi
X A AR B 35 22 5 BRI T 4% (181 4b) . Bla]
P Xt F A4 Bk A K 19 LOEC {9 Img kg ™' o

Pl 6a Z[&] 6f NI, 4 AR K AE 0.2 ~ 0. 8mm i [
P, H R KR 0.3 ~ 0.4 mm 94 B4 B 50%
PLE,0.6 ~0.7 mm [X [i] ¥ M 10 mg kg ™' I 4 &
REAR 17 0.7 ~0. 8 mm X [A] MM 1 mg kg ™' # - 4G
AR, 1 2 1000 mg kg "2 .

0.70
0.601 0 mgkg™

KK
Length lerel(mm)

KA

Length lerel(mm)

Length lerel(mm)

(4

d 3
500 mg kg™

seesy AN RN R

0.20.30.4050.60.7
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Kk oR
Length lerel(mm)

KK
Length lerel(mm)

P 6 892 H A 7Bk (Folsomia candida) 76 A [ B[ a] P ¥ Ji 4b S£T b 4 i
R [ e 2 A 05 4 st 4 K7 0.2 ~ 0. Smm 9407 (a ~ 1)

Fig.6 Distribution of juvenile lengths of Folsomia candida from 0.2 mm to 0. 8 mm(a-f) after 4 weeks

of exposure to B[ a]Ps different in concentration in udic-ferrosols
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3.1 BFHRARERENEREES

Bla]lP @y FREZHGRE, HitkZ RA N
P8R O 28 2 R AR A B A R M B T
PEREPET AT R S0 00, — T 1 ~ 2 A A
(], 3% LA A 0 2 P &, S AN sk, N
BEPE L JEH R 1~ 6 A Hefh SN AL 27 ) BT R 7 A 1Y
FREERON o R, AT 5T SR I P R S B
Yy 5% 52 ] 6] Sy 28 d, DA &)y B 44 S5 ol B AR AIE T R i
PEHUR A A P FEVEFR PR AR AE

AT A B a] P XF AT Bk A [ 45 45 1
AN TF) v i AR S B AR AR 2 s BFSE R B, LA
Bk ( Folsomia candida ) 1 A7 1% 50 B BORAR K =
A HEPRAU A BLalP = A e N, Horb, B
B R AE TG RO X Bl a ] P 3k i AU 5 B
FEATIF 53 B 5 1 We 3 B (0 ~ 1 000 mg kg ™')
TET Ffr 38 b 3% 48 AR X9 O W3k 25 o Sverdrup
SR A BLalP 539 OECD 47 + 33017 A 50
BRI T R LR, 1000 mg kg 'y Bla]P #k i
Xf Bk 1 ( Folsomia fimetaria ) 47 1% 5040 JC B 3 M 52
W o AFDRT T A Bl R A T 2, A kB O i

R Bla]P AU, Z03Ed BlalP X HAF
B AETE ) LOEC 7 500 mg kg™, i F 1 000 mg
kg_lo Sorensen ffI Holmstrup 21 Eom /:#LHJ N
Domene 2> BF 55 4 R T, 2250 35 K | T 4 o ik 2
T AV T ik 193 55 A5 BT B 0 % 1 A Bk 5 5 80 i 2
WWE S TATEC X TR F AT Bkl 2] b i
PEAE 2 3 2o T 5 AE R BT Ok G 5 3 IV A B 4 A
B AEIE AR TG R A A Y L R AR K A A4
brrbd AU L5 Bl a] P Y LOEC {2 10 mg
kg™'o ELAWFITAE A KB, I R A A S T
FELRORE D F 15 G 5 A e R X ) RE S TS k)
3 gk R ) 1 ot K G K T R o L A R AR
1M, Domene AT A0 BT, 1A B 0 HR A4 4 0k 75 908
T RS e (2 305 18 SF A BTG e W FN 4 T
S5 ) AU B AR TSP BRI S B, OF AR K
SrBA EHTR T MK . X R AR K
GEHA AT 48 AR X PR BT T 5 Ak T Gt W e 1 AL BEAH X T
AT Qe T R S A AN, AR WF ST K B, TE 500
mg kg R JE A b B g R R A KRR T X AR
IR B T W R B . Sverdrup %70 L #
ETREMUBSE, FEX — R0 BRGNS A 15 i
— 5T .
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Table 2 Ecological thresholds for indices withFolsomia candida exposed to B[ a]P in different soils(mg kg™")
n K ki £ 21
b Aquic-cambosols in Tianjin Udic-ferrosols in Yingtan
Index
NOEC LOEC NOEC LOEC
TETE %0 Number of survivals >1 000 — >1 000 —
ZHEH K Number of reproduction >1 000 — 100 500
A Adult length 100 500 1 10
4 KK Juvenile length 100 500 — 1

1)NOEC : 5 K TG W e FE R s LOEC . &0 ¢ B { NOEC, No Observed Effect Concentration ; LOEC, Lowest Observed Effect Concentration

DAFE A 25 75 23t 00 A1 /0 6 0 4 ot 2 K HE A
fiF o ABFFE % B, M X T 0 H 77 0% L A AR K =
T A BSR4 ol A Kkt £ 4D Bl a ] P UK, 4T
Herh NOEC fH /N T S IR AL BEVK B 1 mg kg ™', Fol-
ker-Hansen 25" ") 2 16 2% 55 o, ¢ W 4 4k K % 5 Bl
V5 ) R B TR R R K, X AT RE SR
TG Y G R N TR H R
PR Ak T A R A O T4 s 3
BUAARR AR 5 T 0 B () R R BORE 3422 fih 51 0 %235
ey s A, 40 T A IR A 9 R A ok
SRR R,
3.2 BlalPMEAXFKSHEEE T EXR AN

£5

W g R A — Bl alP Ak E T, K
) - 00 VR 3 o A Bk 0 O AR
St LT HER A kA% 00 A A AR B a] PR IR
7 3 JEE VG SIS T ko A B ST W, XA ALY
Wy , A HUR A R (SOM) 2 5% Wi A HLTS e 1)
WAL AT R e Rt EE R ™, mEHR
o 3 5 5 fik L K o 3 Y T A
%, L 4Eh PAHs FI 2 S (PCBs) % i Kb & ¥
W 5 5 b 5 P A L 45 4 T AR 5 e 90 7E AL B K
o B e B L T OB /0 X e R H R s R E O
I, B SOM 438 3t B2 H B g 5 HLTS S 0 10 80Uk
i AR . X 4 pH, —J7 L A% pH A BY
T B R LTS Y W L I R R 4 A A A L R
% PAHSs 75 - 3 /K ¥ W H 40 B0 He , M TG D 20 G o 3
e H R B 5 H S — 05 W, A pH 4R H
B A A s R Y T AR Y A
() pH fIK T 4. 89 T4k T3 H & N 1 Bl 1 %,
i, AT A X R R A K A R, Ak, SOM
1 pH AT AL S 8 T 1 op g R B U AR 9 A
JEE I AR T AT A

ST Bla] P X A7 k2 1 200 A8 A [A] 4 2
RYE] fy 3 eV BOR [, W] REAF AR B 25 5 0 fE ]
JE A A FE I 5 2R A AL S HA
JoOX A ] - 38 56 0 9 B P B AT 03— Ak

4 5 ®

ASCWEFE TAMIEAIF [a] BE (B[ a]P) X AT Bk
( Folsomia candida) W) A7 15 0 58 B0 ml A AR K
2y AR T TR e ) A R 21 b Y AR 2N M AL
NEo BFSER BT, DU AN 46 b5 0 B3R BEAR U < &)y
K> AR > BA A > A7 iR 4 BRI S e
BB, REXT B L BLa] P " AR BRI N . AT
BETE Bl a]P {5 4% 4 3 b 5 M 5500 32 B HL BT 7% &
pH (520, 78 i+ 58 AR 28 i B 55 XA ) - g
) B[ a]P &g PEECHE #4700 —1k o

it Bt P BAF b R LR QS
REREPELEH S RE R ZAK TN EF 5 @24
K8

2 % X B

[ 1] Keith L, Telliard W. Priority pollutants: I. A perspective view.
Environ Sci Technol, 1979, 13(4) . 416—423

[ 2] The Environment Agency, Department of Environment, Food and
Rural Affairs. The contaminated land exposure assessment (
CLEA) model; technical basis and algorithms ( CLR10 ). Lon-
don: the Environment Agency, 2002

[3] B/hmi, 8. A0 (a) EEM RIS Yo AR fE T R OF o0 #4
L R RHE T S R R, 2002, 24(01) ; 11—17. Du-
an X L, Wei F S. The environmental pollution caused by benzo
(a) pyrene, its harm to health and the research focuses on it.
Acta Pedolgica Sinica, 2002, 24(1) . 11—17

(4] Mk, 9% W] L el W7 s 9 0 O b i 1R L BLAT 48 s 2%
P30 PREE T S 2 k. AR A RE B AA AR, 2009, 4(4) . 457—



5 3

ZAEH AR LIE PR IR [a ] BEXT VAT Bk (Folsomia candida) ) A= 52 VEWEAE

135

(6]

[10]

[11]

[12]

[13]

[14]

[17]

[18]

466. Ke X, Luo Y M. Role and existing indicators of soil ani-
mals in assessment of soil pollution and indication characteristics
from their tolerence developed under stress. Asian Journal of Eco-
toxicology, 2009, 4(4) . 457—466

VS, MK, R, . MR HRRELEESBIGRAES
SRR PEAG R R SRR, 2007, 144.(13) : 544 Xu ],
Ke X, Song J, et al. Role of collembola in assessment of ecologi-
cal risk of heavy metal contamination of soils. Asian Journal of
Ecotoxicology, 2007, 144 (13) . 544—549

OECD. Test No. 232: Collembolan Reproduction Test in Soil.
OECD ( Organisation for Economic Co-operation Development ) ,
2009

1SO. 11267 Soil Quality. Inhibition of Reproduction of Collem-
bola ( Folsomia candida) by Soil Pollutants. International Organ-
ization for Standardization, Geneve, Switzerland, 1999
Hund-Rinke K, Simon M. Terrestrial ecotoxicity of eight chemi-
cals in a systematic approach. J Soil Sediment, 2005, 5(1):
59—65

Zheng S L, Song Y F, Qiu X Y, et al. Annetocin and TCTP ex-
pressions in the earthworm Eisenia fetida exposed to PAHs in arti-
ficial soil. Ecotoxicol Environ Saf, 2008, 71(2) :566—573
Sverdrup L E, Hagen S B, Krogh P H, et al. Benzo(a) pyrene
shows low toxicity to three species of terrestrial plants, two soil
invertebrates, and soil-nitrifying bacteria. Ecotoxicol Environ
Saf, 2007, 66(3) :362—368

Kampichler C, Rolschewski J, Donnelly D P, et al. Collembolan
grazing affects the growth strategy of the cord-forming fungus Hy-
pholoma fasciculare. Soil Biol Biochem, 2004, 36 (4 ):
591—599

Crane M, Byms G. Review of Ecotoxicological and Biological
Test Methods for the Assessment of Contaminated Land. Bristol,
UK: Environment Agency, 2002.

RN, BOKWL, AR, SF. MR B 4R S S AR v
WFoE M. 75 G+ B0y A 8 KU 7 Al 1 3 42 4, 2007, 44
(02) :338—349. Zhang H B, Luo Y M, Li Z B, et al. Study
on soil environmental quality guidelines and standards[ll. Ecolog-
ical risk assessment of polluted soils. Acta Pedolgica Sinica,
2007, 44(02) :338—349

Snider R. Laboratory observations on the biology of Folsomia can-
dida (Willem) ( Collembola: Isotomidae). Revue d’Ecologie et
de Biologie du Sol, 1973, 10(1) :103—124

Smit C E. Field relevance of the Folsomia candida soil toxicity
test. PhD Thesis, Vrije Universiteit, Utrecht, 1997

van Gestel C A M, Hensbergen P J. Interaction of Cd and Zn
toxicity for Folsomia candida Willem ( Collembola: Tsotomidae )
in relation to bioavailability in soil. Environ Sci Technol, 1997,
16(6) :1177—1186

van Straalen N M, Schobben J] H M, de Goede R G M. Popula-
tion consequences of cadmium toxicity in soil microarthropods.
Ecotoxicol Environ Saf,1989, 17(2) :190—204

Folker-Hansen P, Krogh P H, Holmstrup M. Effect of dime-
thoate on body growth of representatives of the soil living mesofau-

na. Ecotoxicol Environ Saf,1996, 33(3) .207—216

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[32]

[33]

X ESR, B, Mgl B d7e S ys g A S KR T
WM. A ST 3%, 2008, 3(04):323—330. Liu Y R,
He J Z, Zheng Y M. A Review of Application of Springtails in
Ecological Risk Assessment of Contaminated Soils. Asian Journal
of Ecotoxicology. 2008, 3(04) :323—330

Sverdrup L E, Nielsen T, Krogh P H. Soil ecotoxicity of polycy-
clic aromatic hydrocarbons in relation to soil sorption, lipophilici-
ty, and water solubility. Environmental Science & Technology,
2002, 36(11) :2429—2435

Sarensen T S, Holmstrup M. A comparative analysis of the toxic-
ity of eight common soil contaminants and their effects on drought
tolerance in the collembolan( Folsomia candida). Ecotoxicol En-
viron Saf, 2005, 60(2) :132—139

Eom I, Rast C, Veber A, et al. Ecotoxicity of a polycyclic aro-
matic hydrocarbon ( PAH) -contaminated soil. Ecotoxicol Environ
Saf, 2007, 67(2) :190—205

Domene X, Alcaniz J] M, Andres P. Ecotoxicological assessment
of organic wastes using the soil collembolan Folsomia candida.
Appl Soil Ecol, 2007, 35(3) :461—472

Choi W I, Neher D A, Ryoo I M. Life-history trade-offs of Paro-
nychiurus kimi (Lee) ( Collembola : Onychiuridae) populations
exposed to paraquat. Ecotoxicol Environ Saf, 2008, 69 (2):
227—232

Bur T, Probst A, Bianco A, et al. Determining cadmium critical
concentrations in natural soils by assessing Collembola mortality,
reproduction and growth. Ecotoxicol Environ Saf, 2010, 73(3) :
415—422

Pedersen M B, van Gestel C A M, Elmegaard N. Effects of cop-
per on reproduction of two Collembolan species exposed through
soil, food, and water. Environmental Toxicology and Chemistry,
2000, 19(10) :2579—2588

Noble-Nesbitt J. Transpiration in Podura aquatica L. ( Collembo-
la, Isotomidae) and the wetting properties of its cuticle. J Exp
Biol, 1963, 40(4) :681—700

USEPA. Guidance for developing ecological soil screening levels.
Office of Solid Waste and Emergency Response OSWER Direc-
tive, 2003,9285 .7—55

van Gestel C A M, Ma W C. Toxicity and Bioaccumulation of
Chlorophenols in Earthworms, in Relation to Bioavailability in
Soil. Ecotoxicol Environ Saf, 1988, 15(3) :289—297

van Gestel C A M, Ma W C. An Approach to Quantitative Struc-
ture-Activity-Relationships ( Qsars) in Earthworm Toxicity Stud-
ies. Chemosphere, 1990, 21(8) :1023—1033

Martikainend E A T, Krogh P H. Effects of soil organic matter
content and temperature on toxicity of dimethoate to Folsomia fim-
etaria ( Collembolaf
and Chemistry, 1999, 18(5) :865—872

Isotomiidae ). Environmental Toxicology
Raber B, Kogel-Knabner I, Stein C, et al. Partitioning of poly-
cyclic aromatic hydrocarbons to dissolved organic matter from dif-
ferent soils. Chemosphere, 1998, 36(1) :79—97

Greenslade P, Vaughan G T. A comparison of Collembola species
for toxicity testing of Australian soils. Pedobiologia, 2003, 47
(2):171—179



136 + 15 2 i 50 &

[34] Ke X, Yang Y M, Yin W Y, x et al. Effects of low pH environ- 48 (5—6) :545—550

ment on the collembolan Onychiurus yaodai. Pedobiologia,2004 ,
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Abstract Benzo(a)pyrene (B[ a]P) is a typical kind of polycyclic aromatic hydrocarbons (PAHs) often found in
soils adjacent to the oil field or in soils irrigated with sewage. Collembolans are often used as sensitive receptors in ecologi-
cal risk assessment of contaminated soils and in development of soil ecological benchmarks. However, the characteristic
indices, such as growth rate, fatality and reproduction rate of their adults, were only responsive to high concentrations of
B[ a]P in the soil. In the present study, Folsomia candida was used as subject for ecotoxicity test to screen out new char-
acteristic indices sensitive to low concentrations of the substances Besides, comparison was made between two typical zonal
soils, i. e. udic-ferrosols and aquic-cambosols in sensitivity of the subject insects. Results show that the index of growth
rate of their larva was the most sensitive and even responsive to a low concentration of B[ a]P. It is, therefore, suggested
that the index be cited as an indicator of the soil B[ a]P toxicity. The four indices followed an order of juvenile length >
adult length > reproduction rate > survival rate in sensitivity. Significant difference in ecotoxicity of B[ a]P to F. candi-
da existed between the two soils with LOEC value being 1 mgkg ™' in udic-ferrosols and 100 mgkg ™' in aquic-cambosols,
which is likely attributed to the difference in soil physico-chemical property, especially content of organic matter and pH.
It is, therefore, necessary to normalize ecotoxicity data of various soils in developing soil ecological benchmarks.

Key words PAHs; collembola; assessment criteria; udic-ferrosols; aquic-cambosols
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