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Table 1 Physical and chemical properties of tested soils in pot cultivation

Pk 11 pH LT CEC BT R (ng/kg)
(g/kg) (cmol/kg) Cd Pb Cu Zn As
ElERw: 5.50 21.26 8.64 0.16 18.35 15.69 2.49 3.29
ByRERRN T Yt 4.47 12.90 14.45 4.10 764.74 95.57 37275 180.25
U= SEE e 4.12 11.80 12.78 2.53 147.50 34.00 245.20 87.71

Wirh¥s, A7 55 X AR B, &Rk
By E S E M EG Y, H R A KRR SR A A
TEVII = WS N %, IR AN [A) B 2 Hb A7 71 o 5T [l
AU, SRR N T R AR s KT, BRARR
£,
1.2

TR S8 T B AV R AN PRI ORI T S
e AT, A E SRR A RIS B
W B BIBRZa it 2 mm 0, R I E H
AR N E SR S EY SE. T 30 cm x 20 cm
Fganhde b 5 kg, #EPULRBCERIWE (R 2) #&
HE4JE AL CdClL-2.5H,0. Pb (NO);. CuCly2H,0.
Zn(NO;)-6H,0. Na,HAsO, 7H,0 4 J& th 1 X+
R, SESEIEHEE TGRS S
BYIATHN . RN AR AE Y TR 1k (B N 200

2

mg/kg. P,0s5 100 mg/kg. K,0150 ~ 200 mg/kg), 437l
ISR 2 B — BRI R 400+ 200 300 mg/kg,
W 25 BT K AR MR AR 1, AR EUAS [k
JEE SRSy E, F 2005 45 3 H 2 HEFARR
AR KA BT O R FH ZE /K DRI AR R FOR B ) 1 45
GG 530 TR PR R 90 K, JEKE bR/ e L1
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7105 FAT 30min, 70 M, B LESAIHL
AT E . IS SRR HE I 3 Ul AR TAME,
A FER A DPS 3.01 SO ge i R AT Oy %
ST Z ELILE .

(mg/kg)

Table 2 Treatment designing of the pot cultivation

A FR K Cd Pb Cu Zn As
CK 0 0 0 0 0
1 0.1 100 33 83 10
2 0.3 300 100 250 30
3 0.9 900 300 750 90
4 12 1200 400 1000 120
5 2.53 1475 34 245.2 87.71
6 4.10 764.74 95.57 37275 180.25
PR T ZH<03 <300 <100 <250 KIH<25 FHh<30

Frifk GB15618-95 =2<1.0 <500

<400 <500 KH<30 FHi<40
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GRS, 4 BN U AR ) TR ST BT ) S
FIR S TR0 52 CU/(mI-FW ). POD g3 v il
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K3 REEFASME . BdEAFER A Microsoft Excel 1F
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2.1
2.1.1 HEEGEMEXHTOES RN K3

IR, AR R R E IR VSN,
FTDHPUERL Y CKOAEE TG 3 25 5, T HLARFEUKF 1

T CK, 1 % 4 R A FEE AR B AP R AT 0 B3 B
B —w e . S rh B4 E ik e 11
IRBE i b ERRMESS AT O BEROT 4R W3
T CK (P<<0.05). HYEERN AN BE7KTG Y AT O AL
Sy BERLIANHI AR T WAL, HAVER R T R
FHIVE R R T0 85 7Ky5 B o

3 CEYME + bRfE2E, n=3)
Table 3  Effects of compound stress of Cu, Cd, Pb, Zn and As on total tiller number,
plant height, dry weights of shoots and roots of Juncus Effuses
S 3K BB B M Mo
(BR/2E) (cm) MR TIE R
(g/1i) (%) (g/3) (%)
CK 120 + 4.04a 63.87 +1.42a 21.75+0.51a - 4.43+0.11a -

1 124 +£4.58a 60.10 £ 1.71b 20.99 +£0.33a 3.49 4.25+0.10ab 4.06
2 117 + 3.06a 58.53+£2.07b 19.76 + 0.47b 9.15 4.12+0.15bc 7.00
3 109 +3.51b 51.58 +£2.13¢ 14.04 £ 0.40d 35.45 4.04 + 0.24bc 8.80
4 79+2.52d 41.88 +2.84d 9.58 +0.64¢ 55.95 3.84+0.22¢ 13.32
5 103 £ 6.66b 51.92+2.21b 15.61 £ 0.44¢c 28.23 3.99£0.35bc 9.93
6 88 +3.06¢ 50.25 + 1.56¢ 13.86 +0.31d 37.10 3.95+0.11c 10.84

Ee S TR LSD Tk i £ P<0.05 /K1 Lz B, TR

2.1.2 A TESE M AT O OB = 1) R N
3 0TAL, RAESE M O R R 6 R R
R BRI AE A PR i — bt b BRI R Y
Wk CK AL AT W5, llt CK R R
T 5.90% F1 8.36%. L3R4 RSB I AR
e bRt ERRAESS, PR RREEELR. RE S B
4 JeB KT D B R R A AR TR RN R R AR
FEREE /KRB RE A V5 G T3 AT D bk A S CK
UL, SZAMHIG Ol 4 SRR ARL
2.1.3 HEEEEMEXAT R T E
T4 AR R W) 1) o 26 45 SR IR RAE AR P
e B L EEREE A M A Y AR A AL
REET 1991 AFEHIE T DAEY) ™ 5 0 Ak H ke e + 138
Il 5 B AR AE o BRAER K A 4 A ) ™ R gl
5% ~10% CATO i T =3 N IR B D T3
WS I R FEAE S - B S R I 35 K Fe e
2 3 g, BEE LB E S ESEIREN T A, AT
oHH EIRA P R G K 15 CK A
Ly 3 25 5, HUL CK R T 3.49%, MALER/K
2 fEFF IR R EAR T CKo BARTE T3 IAEE T iR Jihr vk
BRAEAL CRREEAKST 2) AT il b A 4 AT
CK FRERZE, (MR 9.15%(<10%). L,

A A NG T R i bRt b BRAE e Ok 1A
S BHE S @ T OB ROV S . [RXAT
VSRR 2 (10wl 0711 7 =T £ i N O 1 = By
Br, S RRIAITOEIFBEEL. PR R T R
FEASE KRR 0 0.921 F1.0.935), Ak,
A LA Ry A T 4 6T T b 5 11 5 i)
= B 5w o BEEORIRR S . R R AR
KAEN B AR B AT V5 e LI b (AT Bk B3 A
YIS I 27.91% Al 36.23%, THEBEESES
JEE 15 GERTAT (00 5 53 BERIORURR g W T A A FR 5 i SR AR
Mg, ZXFAIT OEEE BB LA —
SE SN
2.1.4 AL E P AT R T R R
HIR 3 FIEEE T el 50, BURTEIR SRR B
PRI, B A 526 T Tk S ) T v T b 1 2
HREEES, (AR (4.06% ~ 13.32%) KF,
L2 % 4 @ A B (1 s M A5 2 LU B3R
FER B ARV B AV Y 13 rp A K PR AT 0 B bR 35
T HEARA S LG CK 9> T 9.93% F1 10.84%. HEM i
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[ B 7 2 A A b e — 2D R BT OB ) EAR R IR -
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M4k 2 G mAE — R b R T A K
S, KPR SRR SR SO EE R H RIS
UM, Pk SR R B 1 O R AE R £
WEE TR HEARE. MR 4 v, EEANESEK
JERR B EE N, ST ORISR RS EME A E4)E
AR FRI R 38 Ity B A S B AE AT e
PhrdE bR A AR A2 BAC KRR L5 m, M43 a &
HHGEE b S EMMGELAS TN NFET 12.31%.
6.83%. 11.38% 5 CK MLz RPE R (P<<0.05) .
K JE AL FEKF 4 (Pb. Cus Zn. Cd. As & T
TARIAEE T = bl N RRIEE RO, AR ER al 1
k%% b A SR m DS E At CK Wb T 39.76% -
25.08% Fl1 36.12%, AHMREHEIR IR 2B KAER 5K
5 B R A G I R AT D B AR A

4

W2 2 TR KRS (P<<0.05) , XWREEHT
VgL Cdy Pb. As [RIBEG EE S A TR
MK 4 T LUGEH, ERERE R E RN, (O
4525 a M4 b 2 10 (1 ELAERR AR KT 1 ARIREf
FEE G EEBIREM TR AT, M CK #
IR T WEFE (P<0.05) . Xt & LML R
a (AR IE S oK T4 3 b, M43 a LEIF4EE b
XA A A e T A AUR, B U T AR A R AR 4
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LR R4 % a 55", Woolhouse! ™A K :
BEE 5L, MY RS mR W N, R
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Cd. Hg. As BN PG, Zeng 2560 HE ik
J La X4 % a 43 W BINHIER, X4 b %
WA, M4EE a/b B T35 La iR EEHE i R R, 3
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Jt 4k a/b (H R A B4 vk P 3 = T PR
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Table 4 Response of chlorophyll of Juncus Effuses to compound stress of heavy metals in soil

iy % a 4% b n4t % WG a+ HEE b
aR R R aR R R alb BaR R R
(mg/(g FW)) %) (mg/(gFW)) %) (mg/(gFW)) %)
CK 19.09 +£0.128a - 6.30+0.019a - 3.03 25.39+0.110a -
1 18.47 + 0.044b 3.25 6.03 £ 0.076b 4.29 3.06 24.51+0.051b 3.47
2 16.74 £0.101¢ 12.31 5.87 +0.099¢ 6.83 2.85 22.50 +£0.242¢ 11.38
3 13.85 £ 0.046¢ 27.45 5.56 +0.054¢ 11.75 2.49 19.41 £+ 0.009¢ 23.55
4 11.50 £ 0.32f 39.76 4.72 £0.032f 25.08 2.44 16.22 + 0.006g 36.12
5 15.10+0.073d 20.38 5.73+0.018d 9.05 2.64 20.83 +£0.054d 17.96
6 13.69 £ 0.025¢ 2797 4,96 +0.084¢ 21.27 2.76 18.65 £ 0.064f 26.55

2.2.2 7.0 POD Wil &G H 4 @ Iba i . i
5 LG, 10w R R A KT 1
~ WFKCE 3 YR, B A A a1
JBYE, KT POD B A PEREAS [FRE S HheE , Ab#EK
2 HELpTPE m g, BEIE A 13.13% ~ 29.46%. AbFEK
- 4 FEEESZ B0, B CKORBE T15.15%. POD [
TEPE TR R T RS R A E A RN N TR
FEAE M A IS A . i M E S E AL R
FERE— D38, A YU T POD B IE 5 (1 1k

Re ) E M BOLIE MR N, 5 S A AN Hy0,
AR, TR A P R R S B A A
F, R S LA A S KPAEXHT O POD
TS R SR TR R M . AE Bk A
AT 0E POD BiFE L CK _ETFT12.96%, 1464y
PR AN POD FEVEPE N BT T5.28%.

2.2.3 JT.0HL SOD B4 EaEEHa s, - il
5 AIHL, EEEEKRIEME R EEN, TRk
W SOD i vt 1 Fifi 45 52 5 0 4 J Jlp A 58 ) 34 58 52 5
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73.15%. 15 POD BfE O, HYEE RN WM XAT Lo B
SOD B % 1 (1 5E M AT R T4 5K, XA WS 1
Mo EZFHPE R0 SOD S M4l i H CK
4.85% F1 12.11%. M SOD B I A 5h A48
KA, MHXT POD B AL N V2%, Hopitt mlg
BUAEARBEAKST 2 (BT 3P BE — br vt b PR
), EALERAKY 3 ARG A% P FF AT CK fH. Xk

5 3

FWAT 0L SOD W%: POD WX} 4h AL 55 &5 T 4 Jd i
ORI . SOD M EAHY) 1R P By A B s, &
FIMEAL SN Ky 20, +2H" +SOD—H,0,+0,. 1E 151
'~ SOD BigistEAe e, Y= LR Oy MREJ) ik
FEh& A ARG R, AR 1) 4 M Al
ST v B SOD BEEPELL CK i, LR R n] g A T4
THEANMDARN T RO, IR SOD By M4 &
AR T-Oy SN —Fh B SO B i, 340 B 552 75
IR T RN o L Y 4 R K R () 4 R A A v T
O, IRIEN, 4IH A FI5E PR ot 3 i B 2 52 2093493 ,
A SOD BHETE FBE. Kk, SOD B I Mkt
R BT 1 2 1) BA — S AR DG

Table 5 Response of protective enzyme in Juncus Effuses to compound stress of heavy metals

posiil POD fif§ SOD [} CAT fif§
K e Tl 5 A Tk W Fh B
(470 nm/(min-g-FW)) (%) (u/(ml-FW)) ERE (%) (u/(ml-FW)) (%)

CK 297.0 + 3.00e - 77.48 +3.37de - 12.26 + 1.06d -
1 342.5+2.18b +15.32% 85.16 + 2.57bc +9.91% 21.07 + 1.61ab +71.86%
2 384.5+3.12a +29.46% 92.18 +2.38a +18.97% 19.49 +2.38b +58.73%
3 336.0 + 1.32¢ +13.13% 73.21 £2.43¢ -5.51% 14.29 + 1.08¢cd +16.56%
4 252.0 +2.78f -15.15% 56.68 + 3.40f -26.85% 8.52 +0.80¢ -3.05%
5 335.5+3.12¢ +12.96% 86.87 = 2.99b +12.11% 23.58+ 1.67a +92.33
6 312.67 +3.75d +5.28% 81.24 + 2.46¢d +4.85% 16.68 + 1.09¢ +36.05%

T RN IORBHETER TR, < RORBHETER LT

2.2.4 JTOE CAT MgX A& BB mEy - Ml
F 5 LUEN: AZEGESEPNE FTOFRN CAT
iy 2 I 5 T P9 R A AN [ R AR S O . AR TR
IR v B Va N, SIS TR S R A A E ik
FETF i S IESE T ARt ia3A . H CAT B HILPLE
UEE B TR I P 52 65 4 J R 5 b 3L KPR AR ] . POD
fitg 1 SOD BEEALHE K 2 I8 B — /NN . 1M
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CK EF+771.86%. ALEE/K 2 FIALFEIKY 3, B
PR FRE, BT CK. 5 POD Ef1 SOD i
—HE, KA P KSE 4, CAT BHEPEIREL CKAK,
H NI EAEIR A, X CK B 3.05%. SHTH
PRI )T, (B0 Bk R B 5 Y T s
ARKRT LR, CAT MM RIEE =T CK, 44l
E CK FHE 136.05% F1 92.33%. Mt Al LAFH: 7F
AR PSRN A B E &, ATO% 3 Bl
PrAAGEG T CAT BRI 5wy (W Uk, AEHBLa 7t
A ES B R FEAE R R, X — SO0 H
LT EVA R AT B B /KT G A R B

D P \M

SR N

i 2R AT IT Cuy Cdy Pb. Zn. As 5 FhE
G JERAE 1 A A R KT O B IR I A BB T K
MESRRW: 765 EEEMAT, Jo%H B K
ZANHIE, HH RO G AR B FRAT O R
2R A kD 4R ab [HFEG, AR RS
e/ NIIRS U S S 5 RS 1B S V£ b7 o f e
EEJEIREH R EE N, MEESESEPER
BERIRE N, 4T % POD i F1 SOD By PEY 25675
FerAR e ias, CAT B2 FREREH. Bk,
eI AL AR RIR L BT T, AT O 3 il
TEEA WO R, RIVH —e R, 3t
[ HCHIE 4 Jm 8 o EmREE TN, s Ik
SR AAKAED B KR BT g R 1T
Oy Hh b AR ) B 5 CKOA LG 43 ) ek 7= 28.23% Al
37.1%, {H POD H§. SOD [ Fl CAT RS EsA mT
CK, IXZR AT O FAE T4 v Y - e b 5L U 1)
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Eco-Toxicological Effect of Compound Stress of Cu, Cd, Pb, Zn and As on Juncus Effuses

SUN Jian', TIE Bo-qing'", QIAN Zhan', YANG She-wei', MAO Xiao-gian', ZHAO Ting', LUO Rong?, ISAO Aoyama’
(1 College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China;

2 Research Institute for Bioresources, Okayama University, Kurashiki 710-0046, Japan )

Abstract: Eco-toxicology effects of compound stress of Cu, Cd, Pb, Zn and Ason growth, chlorophyll content and protective enzyme of
Juncus Effuses were studied using pot culture. Concentrations of the heavy metals in the soil were designed according to the State Soil Environmental
Quality Standard. Considering practical application, soils contaminated with tailings and wastewater from Lead/Zinc mining were also used in the
experiment. Results showed that biomass of the ground part of Juncus Effuses was inhabited to a certain degree. When the dosages of the heavy
metals added to the soils were close to Grade II Criteria of the State Soil Environmental Quality Standard (GB15618—95), Juncus Effuses could still
grow normally in appearance though its yield decreased by 10%, however biomass of the underground part was not much affected. With the heavy
metal concentration increasing, the content of chlorophyll and the ratios of chlorophyll a/b were decreasing rapidly. POD and SOD activities in
Juncus Effuses increased first and then decreased afterwards, while CAT activity decreased linearly. In gerneral, the enzyme activities were gradually
activated when the concentration of heavy metals was within the lower concentration range of the soil environmental quality which indicated their
synergic resistance to heavy metal stress to a certain degree. But the enzyme activities were inhibited when their concentrations got higher. The yield
of biomass of the ground part of Juncus Effuses growing on the soil polluted by wastewater or tailings of Lead/Zinc mining decareasd by 28.23% or
37.1% respectively, but the activities of POD, SOD and CAT were all higher than those in CK. All these suggest that Juncus Effuses could be used as
an indicator of critical value of the toxic effects of the heavy metals, Cu, Cd, Pb, Zn and As, in soil, set on the basis of the upper limit of Grade II
criteria of the State Soil Environmental Quality Standard.

Key words: Juncus Effuses, Compound heavy metals, Stress, Growth, Physiological and biochemical index, Critical toxic effect



