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 OE EERMHAOEH SR IR @A T B Armadillidium vulgare ( Latreille, 1804) , £
#6 Bid Porcellionides pruinosus ( Brandt, 1833 ) FIH &5 1 Mongoloniscus sinensis ( Dollfus,
1901 ) ARG, DA AR R R L, ATHRNESEMS (Cd) H#TamR. 250%
W (1) 20PEdE MU R O AR HE il AT 3 28 LI TF R CAXT = A iy 2otk Btk ilse, =35k
HILH E (LCsy) K/NFEZFRN: A vulgare < P. pruinosus < M. sinensis, Ui A [R]85 Cd g4 22 i FR
FEMBURFEEARNRE ., (2) =i d Xt Cdi) mE R N . M. sinensis > P. pruinosus > A. vulgare.
Ui B A2 55 RIS REAETE T — @ MR A5 e T, (ORI X A B AERE I N[, (3) =
Hoxt +HE v CAS 23 B8 0 kAT o RO, lEERE ) KNG RN 4. vulgare > P. pruinosus > M.
sinensis, 52 MR A ML LC M L 8 HUAT SRy I 2 0 X = 3 v 3 4 S 4 1) S B S A
B, MRPEILIGEE R, ARSI R N CA R B 4R B R A CA B A3 2 LT, T DL E AR RR ) R

25 T s TP O 2 R A R, TR AT B O L TS YR IR s 2R

KA W H,; 8, PEtkE; &4, BTl
FESES X174 SRR IR
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PRI P R . ARl AR 7 e AL A 25 A K
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WRUEAEY K, M 48 5 e BB pE > g
T4 R AL R . 45 R g & A 7
b, e TR, MAEIESZ R, AE
Y5 A3 P A R R EL T e
WK, fo s AR 0 B
s E E ARG, AU, 2R
i, T LT R YRR s W R A S R
W uaEg

R - e 3 1 S T SR 5 R A, W
PSR LR A LIRS X R 2 el . 2
R T B RN, LSRN ESR S
B E R R R T R E SR A, R
B A% T (V) 3 S e - SRR B A 35 e 1 0L 5 X

aefm s U SR T RS X E AR S R
MESRER, RN LIEIY A SR EEESR
MIRE T, B AT LA G W R ) S S TR AR
i1 QA o R R 2 0 = W U = 3 ER o e = 1]
LTI R R R A T AR MR R
O R A RS, RN R A HLR R 2y
fiff Al e PR B b Bz ok R IR R E AR, A4y
RE s 5 LB VM, MEEE LA S EME
A REEECAMR T ERLNWRET
AN RIS . B, B BE. BEL EY. @ (Cu,
Ni, Mn, Mg, Zn, Ph, Cd) &b inE &
RO X e Y R AR AR B T Y
WA RS T g . 9 RS ] A R H Bk
R0 Porcellio scaber fifi7K B\Oniscus asellus .
AR LR R H = oS sy . %
B M Armadillidium vulgare ( Latreille, 1804 )
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ARV NI, BRIz A0, B AT DL ek
B, REK 626G, — AR B3UTT
ROEREL, UM ENREBEL; 25RO
Porcellionides pruinosus ( Brandt, 1833 ) 4Bk
o, MKERKIE, BEAEES, KEE
W, TRE, 25560 hE6, 75 R,
sk W, S TR R SR R R e
W i Mongoloniscus sinensis ( Dollfus, 1901 ) &
HERA R, REZ RROKE, L 28 =M
o, Mmggedy, EHR& KT A R
TR EtE . R BRI, EELE
SRR N B . SE R R IO A AV T e b
i), fEERACd, X =F v mh
Tz 0 AT R R DA B RS A T R S, SR
S5 R AT G+ HERE BRIZ W4 A LA e il AR 55 R 2R A
TR P O 2 P B AR, DT T LA FH U R A -
AR — R R R AW, R T 52 Ao 8 4 R Y
wHEMEA, iR P E SR CATG TR %

& BFMHABRE.
1 ARSI

L1 ittt

HRsh Yy . 38 A W R Armadillidium vulgare,
AR S B Mongoloniscus sinensis f122 55 i B0
Porcellionides pruinosus)=% H I ¥y 17 13 ] 23 B
THERERE SR PR R GIREE (18 £2) °C, XY
MEEE100%, JCRURBIN16 h /8 h (VLI MBS ) ) |
PRI 10 ~ 12 mm P fEFEE A T

F 2R N5 RS AW
(CdCl, + 2.5H,0) , sp#fral. i fE R IR A
Pebt, TCGEPENRAC, BEREAE, AT 2 Hud
AA- 6601FRIFEFIRIOERHY (HA) .

B8 RAmB TR AR -5 (0~ 15
em) , EERATUS KT Bl R AT L
PR L

=1 I RIS R

Table 1 Physical and chemical properties of the tested soils

AP

HAR A

. B R el AR Ex

Pt 14 Organic - Readily Readily )
pH Total N Total P Total K Available P Total Cd
Test soil matter (e ke ) (o ke ) (o ke ) available N ( N available K ( ke !)

_ g Kg g Kg g Kg - mg kg _ mg kg

(gkg™) ° (mgkg™) (mgkg™)
SN
6.73 25.7 0.56 0.92 0.02 64.6 47.8 90.4 0.32

Natural soil

1.2 \Ix=#Ehanatstin

SR WUUE 4G4 fol v A A AR A A T e CA X —
TR SRR . X BT SR RS AR A — 2 U
4%, V0 HRBCE DR AR b, /b 2R AR K DA NI
AONE o DAOREEE BB O OF P s HLAL, ORRBEAh ik
ANIREHR (20 £ 1) °C, MBI NTS5%01E L E A
tigfm24 h

UEACHE v . TR ILBAMR IR AR g 4ts ok, AR
G AR AR LR & N H . P8 IR g6 45 Rt 2 Cd™
We s (DL UEARRm AR Bt 5 ) By il
HHHA. vulgare: 112.9, 141.2, 169.4, 197.6,
225.8. 254.1 pwgem 5 WPAESEMIHIM. sinensis:
409.3, 437.3, 465.8, 494, 5223, 550.5 wgem™;
Z M B IAP. pruinosus: 183.5, 211.7. 239.9,
268.2, 296.4, 324.6 wgem .

S ELL0 ml £ CA™ I T g4k b, X Ad
AmZEEMAK, BMREIREL . HE MG R
FA T B (510 ) |, 7524 hFI48
haE WE1IR, D SRAE T B S R B e AR, DA v
TR IR FET, 48 hF ik 0 .

HAR vk SRR ILEER, JE40 & IR L,
INZEGAC IR AR . FRES0 ¢+ (F ) INALEA
o, RS ORI E SR BTN R E (IR R
B it E ) B, A H A, vulgare: 1 600,
2000, 2400, 2800, 3200, 3600, 4000 mgkg™;
ARSI M. sinensis: 3 000, 4 000, 5 000,
6 000, 7 000, 8 000, 9 000 mg kg™'; Z 7 M ELI
1 800, 2 200, 2 600, 3 000,
3400, 3800, 4200 mg kg ',

A AT 20 mI45 R B Y Cd ™ T 1

P. pruinosus:

http: //pedologica. issas. ac. cn



334 RS H AR = A T R AN K L [ A T S AT 5 705

T, XTRREEINZERK, BAWEIRELE . M
BOCRERI102) J5, R By k i B s 2k ik DL K
TRz N EE N, A0, Al 27
RANAREMETHER, D #IETHH Kb #AE
AR, R DA O R A RO R BB TS, 14 dJE
gk .
1.3 =fM#axTIEPRENERERRRT

Ve TLEEA, uEdtiEm . Kkt =5
) EL BN A £ R BV W ( CAMR R B 16, 24,
32, 48 mg k') , FAMRE. BB R EINE
5o KT W JE A B LR — AR B 20 Hi A 2 b 3
+HEF . F3.6. 9, 15, 21, 27 d4 i E & 4b
PRA rp R RN E AR SR, 27 dRSEHR
g

+HECAHEERHGB/T17140-1997KI-MIBK
(4 [ 4 3875 YetR B Ja A B 5 0 A e AR L E )
ALK TR F A3 e B R o P Cd
R HIGB/T 5009.15-2003%E M5 . 4% 5 Wz ik
JCTEA SR A S LW O B R B, DA /8 7
1.4 =#iExd LB RAEE T AR

W — PSR P AR A A DS AE Y, o AR LA
AL BRIERSY . K100 g TE AR IE 5 (ARG
INE4JRCd) FMedisys (WEBE16. 24, 32,
48 mg kg™ ) IS ABIAFMBI A=
HorP AR, BOMALTRZE . il R AR R
10 H Bl AP Ak, THORRRE 16 L/8 D,
FM TG, 48 Wk arikuess it . Rash R
A SR P AR T T ) e B Al A, LA B T A A A
ML EMBIS Y e [ () A AT, SRR
U, A3 9ot IR 2 A R Y5 G - 598 B v Ay ) e %
B, 2 fddm A SRR AR YA I, AN %
T AR AR B K AT, ks ic w0 s H . R
W HH T s, A I A SR
1.5 HESHSLIE

SEHBEIRE (LCs) M. WER Bk >
TR LC 0

EBEFEE: SEFRE (BCF) =#@duUkH
FEECA S/ P ESRCA A

T3 Yy R A: NR=[ (C-T) /
N] x100%
A, NROyG GRS C ol it i 48 i) ol i %
Hi TR L gl ; NmA L5
B g BB DAl RNR =00 FLBR, 24NRNIE

B, BRI, YRR K T80%, WIFRIIEA
[l f N s YNROy L, FRATCR .

i FHSPSS17.0F1Excel 2003 4T 504N B], 1
HiSigmaPlot 10.03K 4%} B 47 AL 2

2 45 R

2.1 EREMEBENEZMHRBAMSMYN

TEACE L SRR S R WKL, FTLE
L G e b MR AR T g Y B e R) A0 Gy g
WEEAH K

WA R Y24 hfim, 112.9 pgem AbHZH
WA, vulgarefi /b & AREE H, ZEE48 hiF,
112.9 pg em MR INE, TR B &
K (Ella) . 1412, 169.4, 197.6 wg cm AbRRZH
WA, vulgareds W Z W KWL ; 112258, 254.1
g cm AbFRZE ) B W R ER AR, B KR
MR, FATHTRL,

AR U B BOR Y24 hiF,
409.3, 437.3, 465.8 pg em AHLA M. sinensis
BEOERBEB I 494, 522.3, 550.5 pgem™
L ] A AR, RBOE A, AATIR
2, BFREA8 hm, 409.3 pg em AP EEPERER N
&, M. sinensishLT-REBEW K (KE1b) .

ZHEMRIOE ST ER, 1835 pgem™
YeRf AR B BT TR RE . M Mk EE324.6 neg cm?
M P. pruinosus 5 CAFE M5 WL IT 45 A #6850 T
BREERIN, YeiE24 hig, 2117, 2399 wg em AL
HEOARRBH; M268.2, 296.4, 324.6 wgem” 4
)R ] A AR AR, B R Z, AATE
2, FFEAS )G, 183.5 wg em YRR P pruinosus
HREETERERINE, BT REBE K (Ele) .

I FHSPSSE A g Probitkibk , SRS CAX; = Fif
WA 2 MR BUE R FELC 8 S B8 (5 X H] (3
2) o LEEURG TR, Bl AR 88 I ) A
BRI, B RAET R B L, R
TR E S W AT R B EM KL (p<0.05) o I
AR fil sl ok B2 RR YL TE BT DA — R He 2 SR AR IR
AR, HIET- RS,

22 BARIEZIBH=MEHHMNAMSHEYN

F1 9K 4 7 1 M 1 45 S L 12

Kl2a ], Y7 dJ51 600 mg kg 'ZbFHL 1
A. vulgareJFIg WAL T- M S, EH KHEE4 000
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100 m i mg kg ', FET-FIKT73.33%; 14 dJi A [A) e B ik
ol o BRI BE TR IEET AT TN, o g e
ol 4000 mg kg 'YeFLALT d. 14 dIIETHRST G
wl 73.33%M193.33% ., FARWKIEL 600 mg kg™ Yeiidl
7d. 14 dIBET- R B 10%H116.67%, K% Cd
2 VEHEHOREIN , A. vulgareBET- K
S 07505204 222 229 235 241 i E2b ] WYL ET7 dJ5, 3 000 mg kg™ AL FHZH AY
Eloo— M. sinensistBIICT- WS, B KGFFHE9 000
é ol b mg ke ', BET%iKT6.67%; 14 dJFAR [ vk e b B
S 6ol HAETTRIYET dif i, HP EARVRIES 000 mg kg
g 0l Reddlp7 d. 14 dIBET RS0 13.33% 41
i ol 20%, VLIG, W% CAWIENGIN, M. sinensisfFt
AN | B PR GERK, RFTHREES 000 mg ke YTEALT d.
e 261 264 267 269 272 274 14 dFET- 243 913576.67% F1100% .
100 K 2¢ A WYL HE7 dJ5, 1 800 mg ke 'AbFRA 1)
o © P pruinosus UG HBET- B4, % H:k4 200 mg kg
60 W, FET-Fik80%; 14 dJm Ml v BE AL B FE T %
40t B dRAR R, Hh R AR R E L 800 mg kg™ 'Ab
20l FHZHT7 d. 14 TR0 6.67%H113.33%, Uit
ﬁ ﬂ - Jo, MEECAHEE RN, P. pruinosushCT R %
226 233 238 243 247 23] WK, e FEW A4 200 mg ke 7 d. 14 d3E

¥R JE %L Concentration logarithm

a, HiEEH R4 vulgare; b, THEFW KM, sinensis;
c, ZRHMRIEP. pruinosus

T4 9134 80%F1100%
CAXF =i Y 20k 25 P 1 BB LG,

11 A ik AT S 9 2 A R BRI S brSisaBin 201, £
Fig. 1 Acute toxicity effect of Cd on woodlice using the filter j‘;ng‘{ﬁ JJXH:Q jﬁﬁ'ﬁ E E‘J%t%%ﬁ%*ﬁ;é o Cd’ﬁE
paper contact method M El 7$ii§X¢Eﬁ{$ﬁEJﬂ?%§fﬂtﬂ Egﬁ%iﬁ&ﬁéﬁ

T2 BRIFEMIECAX HRABZMESIE (48h)

Table 2 Equation for calculating Cd toxicity on woodlice in the filter paper contact test (48 h)

S Il = Jy 7 . 95% A5 PRI
LCs (pgem™)
Specie Regression equation 95% Confidence interval
A. vulgare $=9.05x-19.9 ( R’=0.960 ) 158 142 ~ 175
M. sinensis »=9.05x-23.9 (R’=0.972) 448 407 ~ 488
P. pruinosus ¥=9.05x-21.5 (R*=0.984 ) 238 215~ 260

=3 BRITIEZCATHRMBMHESE (14d)

Table 3 Equation for calculating Cd toxicity on woodlice in the natural soil test ( 14 d)

s a9y i | 95% AR IR EE
LCs (ngem™)
Specie Regression equation 95% Confidence interval
A. vulgare »=5.8x-19.7 (R’=0.962) 2 489 2165 ~2 837
M. sinensis y=5.8x-21.5 ( R’=0.968) 5048 4362~5776
P. pruinosus y=5.8x-19.8 (R’=0.991) 2617 2270 ~20982
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Fig. 3 Time-dependent bioconcentration coefficients of the three

species of woodlice

2.4 =PRI HIEREAEEITA

428 = A B e CdT5 34 H AR b 58 v iy ]k A 7
Rk gE R, R E48 hiy, ARG E] =i du iy
FET- RIS . B 4an] W, CA*ERI48 hiF,
I X B 2 [ 3k R R BCAh T Ak B 2H R R A
Al 3BE R A8 A IR, LR C.d ™ R T A ] s
RBEWW K, A vulgareT32 mg kg '4bBRZH I},
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0] ke R h84% . HIEKAbHIE4ch] W, M. sinensisFl
P. pruinosus Tt K JE48 mg kg 'AbBRZL AT, [0]
BERKT80%, 4 K 82% H88% , 4 WITE Ik i
) e e I A [k S N = ) X 4 0
H G d 35 7 S5 R R B2 Ab 320 v ¢ 90 A B 0 ) [ R A
Ny, AHZAER A EE R By [ 2R AR R] [l kE AR ) K
INKE RN A. vulgare > P. pruinosus > M.sinensis .
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<
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B4 CA™VEH R ) L [ 87y

Fig. 4 Avoidance behavior of woodlice in response to Cd**
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XtCAM BRI A 25 2 0 fF AR
S U INCAd 99 000 mg kg ' R AR BEMS
A, — AT RE R - HE X C A B W B A R
77, BT CAX ) d B A 20RE AT, DT
W R BECR R, o) — AT RE R, W AR Y R
PR R EEVER N A3 XFCd= 4 THRPLRE /7. 1l
2L C A A= BRI AR A T i — PR ADE .
I 56 T U AR ko e N B R R A — VR Y
VSRR, ARME BC S0 S i 4 Ja X IR BE s,
HAeH T8 0P Al 5 4w 0 [ 25 M R0 4 i X
WA FER M . FECPRIAE T, HE A JE X R
)RR PE AU T 8 4 @ e AL & W 0 T A w5
5 G AR LS IAEE AT Sy S AR AR Y 4R
Wl Sy uAn e L I, AR Rk e R
Al BEHET I ARAROL T 5 4 i b ki A 45 2 2R 1 S PR sg
M), DL AR 8L AR I LC s fE R 7 8 4 )i 25
PR S5 2 ) AR i A U A A il v T A . AR SR
HORIRERA R, X I 4w AR AT A2 T AR E TR,
A IR R NE e 4w 5 Y HE s st
WHAELW A G I EE B, W X 4 g
W 4 R Cd Y & S B B AS [A] 15 3% B (R A 4 vk
FE A3 A8 4k o AH = A T Cd iy R A
FERM, FHEENRISKEREN: M. sinensis >
P. pruinosus > A. vulgare, UiWtid: 45 £ X CAE
—E R AT PR E R, R E SRR
i A 55 JE B 22 Cd s e 1 - 3= 5L R A
Mo ECATT Y [ 2R 33 dit, =Rl d e 45 e i
KU EEREN, MEE21 dE, BER
YA BE TR, ARBHHE RN S EERA ER
PE AT BB S T - HEXT C d 9 IR B [ 5 B Ty, (HZ Y
FHERINCAEFI32 mg kg LA R, 3 HOW R
Wz, TEXAWRBEIERIN, Bhid: 55 2 IS Re AR 4 db
W EEE SR, FERR T4 S 2R N AT
R E A R E R T SRR 7 ik
A oA I A i) o Jr AR 2R 38— R £ 3 o SR
B iRy HE S o B AR S ) 4R S iR
it 32 J R,k b Bl A 2 I e A Y L
NS E SR E 2R A e 2 R N R AR
G 8 i R S G R U0 . 4% G A5 I
T4e 2160 1200 o BT DA SR AR A8 O O T A2 el
(anrp ARSI ) AR A SR TS e R B
Fpf AT HMESR, MRAFRESEZR
AHEAE FRT i AR 45 R R BE BN, Sy T 4 )
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M. sinensis. &I AT DLBR I 81X 2L + 3 R Cd
WeREAH, JFAEIN IREAT N SO . A AR 4 38 — il
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4 4
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M o = OGS o S R e L B T £ [ s R 8
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P, AT g a2 0 B 4 T C A A S By BE
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Toxicological Effects of Cd Pollution on Three Species of Woodlouse
( Crustacea: Isopoda) and Their Avoidance Behaviors

LI Mengwen NIU Xiaogian LI Yue AN Jianmei+

( College of Life Science, Shanxi Normal University, Linfen, Shanxi 041004, China )

Abstract Three commonly observed species of Oniscidea, i.e. Armadillidium vulgare ( Latreille, 1804 ) ,
Porcellionides pruinosus ( Brandt, 1833 ) and Mongoloniscus sinensis ( Dollfus, 1901 ) in a natural farmland soil,
which was amended artificially with Cd for the purpose of exploring toxicological effects of the heavy metal on these woodlice.
The exploration covered three aspects, that is, acute toxicity of Cd to woodlice, Cd enrichment in woodlice and avoidance
behaviors of the woodlice. The test of acute toxicity of Cd on three woodice was done using the filter paper contact method
and natural soil method. It was found with the former, the 48 h half lethal concentration ( LCs,) of Cd to A. vulgare, M.
Sinensis, and P. Pruinosus was 158, 448 and 238 pg cm™, respectively, while with the latter. The 14 h LCs, of Cd to these
woodlice was 2 489, 5048 and 2 616 mg kg™, respectively. So in terms of LCs,, the three species displayed an order of
A. vulgare < P. pruinosus < M. sinensis, which indicates that the woodlice vary with species in tolerance and sensitivity
to Cd. It was also found that acute toxicity of Cd to the woodlice was closely related to duration of the exposure and
concentration of Cd and mortality of the woodlice was positively related to concentration of the heavy metal in the soil,
that is, morality of woodlice rises with concentration of Cd. Cd is apparently the decisive factor of the toxicological effect in
the test and concentration of Cd significantly affects mortality of woodlice ( p <0.01 ) . The findings suggest that morality
of woodlice may be used as an effective and sensitive bioindicator to determine Cd pollution in the soil environment.
In terms of Cd enrichment in the woodlice, the three species displayed an order of M. sinensis > P. pruinosus > A.
vulgare, indicating terrestrial isopods can survive in soils polluted with Cd to certain degree and they vary with species
in Cd enrichment capacity. In the case of 15 d=16 mg kg™', 4. vulgar was the highest in enrichment coefficient,
being up to 0.96, in the case of 7 d-48 mg kg™', M. sinensis was, reaching 8.37 and in the case of 15 d-48 mg kg™,
P. pruinosus was, reaching 5.47. Obviously, hoth M. sinensis and P. pruinosus are capable of enriching Cd, while
A. vulgare is not, but just absorbs. Statistical analysis of the enrichment test shows that Cd enrichment in the woodlice
is closely related to duration of the exposure or incubation and concentration of the heavy metal. The concentration of Cd
effective to cause 80% of A. vulgare to avoid Cd was 32.8 mg kg™, with 95% confidence interval being 25.4 ~ 42.9 mg
kg™'; the concentration of Cd effective to cause 80% of M. sinensis to avoid Cd was 43.6 mg kg™, with 95% confidence
interval being 35.9 ~ 56.4 mg kg™'; and the concentration of Cd effective to cause 80% of P. pruinosus to avoid Cd
was 40.5 mg kg™, with 95% confidence interval being 33.2 ~ 52.6 mg kg™'. Therefore all the three woodlice displayed
obvious avoidance behavior in reaction to Cd pollution in the soil. So, in terms of avoiding ability, the three species
displayed an order of A. vulgare > P. pruinosus > M. sinensis. Compared with the endpoint LCs, of the acute toxicity
test, the endpoint of the avoidance behavior test was more sensitive to heavy mental Cd in the soil. All the findings

in the study show that M. sinensis tends to enrich more Cd when Cd concentration rises in soil and hence is much
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higher than A. vulgare and P. pruinosus in tolerance and enrichment capacity. It is expected that in future studies,
M. sinensis may become the animal group of first choice for use as bioindicator of Cd pollution in soil.

Key words Oniscidea; Cadmium (Cd) ; Halflethal concentration (LCs,) ; Bioconcentration; Avoidance behavior
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