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W /NI BEFN ARG MR OIK BE B 22 2 AT = NI 3R, IR
I HL Cd Ni.Pb.Cu 4 FhE & B Xt 2 Fh B EE Y 17
B IERE A AL, BRI R R vk, BIR R
W 10 mL, 4 2 d 4bFE 1 K, FE408E 10 d, B—bHAE
LB R 0.2.0.4,0.8 mmol « L™, & A& kb H R #2
Ly (3)IEACSLI 11, 38 9 ANAb B, FH T1. T2, 00 T8,
T9 FRGR D, LAZE B K AL BAE g % B (TO) , 3t 4k 38
7d,

*1 SAESREARE
Table 1 Experimental design of combined treatment
bR FH4JBUE Concentration of heavy metal/(mmol » L—1)
Treatment Cd Ni Pb Cu
T1 0.2 0.2 0.2 0.2
T2 0.2 0.4 0.4 0.4
T3 0.2 0.8 0.8 0.8
T4 0.4 0.2 0.4 0.8
T5 0.4 0.4 0.8 0.2
T6 0.4 0.8 0.2 0.4
T7 0.8 0.2 0.8 0.4
T8 0.8 0.4 0.2 0.8
T9 0.8 0.8 0.4 0.2
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F) RS 2 RS BT, B IFSA P BEA TS , F ICP-MS
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2.1 BR—ELREAHE/NPERMMRIKER 4 HELSR
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MFE 23 LIEH,Y 4 FE SRR —L PR,
PEERMMRIKERNNES BT EME 4 ELBIK
FE R T i

JNPJEERE 0. 2,0.4,0. 8 mmol « L' Cd £bF F &N
B Cd &84 B R X FR Y 1 354. 079.2 050. 362.2 734. 126
fi5. MR IKEER) Cd & &2 X IR Y 453. 487, 785. 528,
2 132. 300 F%, A LA b 085 1T LA H /0N S0 &8 0k R K
Xt Cd BRI =BT

FH 3 R RIHE B A N AD B/ INPIEEFIAAR K EE , 2 Fif
BEAEYRNK N &8 %A BB, Y NWRE R
0.2 mmol « L™ /NPIEERPA ) Ni B2 XT IR 1. 798 £%,
I AT B B2 (P<<0.01), 4 4 0.4 mmol « L
#10. 8 mmol « L 2%t &1 39. 794,182. 206 4%, #4R K
BERNIY Ni & & 457 2 X B9 28. 951,63. 505,71 448
. BRSPS 2 FEEXN NI WEEENEES
BWEMAREZILAE 25, ¥ NiEKER
0.2 mmol « L' F/NPIZE RN Ni & BN, X
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Table 2 Content of heavy metal on Haplocladium
capillatum under single treatment mg * kg !
Ab3 HE4JRWE Concentration of heavy metal/ (mmol « L=1)
Treatment 0 0.2 0.4 0.8

Cd 0.470£0. 01 636.417+2.16 963.670+5.31 1 285.039+8.77

Ni 6.513+0. 25 11.713+0.97 259.180+6.98 1 186.706=+10. 67
Pb 34.346+1.32 902.907410.35 1 522.913+13.30 3 575.697+15. 40
Cu 1. 307+0.01 203.9764+0. 32 342. 09546, 24 865. 74146, 58
s —]
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Table 3 Content of heavy metal on Hypnum
cupressi forme under single treatment mg * kg !
b3 H4JBUSE Concentration of heavy metal/(mmol » L—1)
Treatment 0 0.2 0.4 0.8

Cd 1. 64640.02 746.440+5.20 1 292.979+£6.87 3 509.766+13.56

Ni 9.283+1.14 268.750+4. 52 589.5154+6.39  663.249+6.81
Pb 2.61340. 22 898.21449.23 1 526.692414.28 4 448.617416. 39
Cu 1.18640.01 345, 37942, 97 745.545+7.24 1 690.855+9. 90

0.4 mmol « L™, /NPEEFFLIRIKEER) Pb & & =X R
44, 340 FEFI 584. 268 4%, Pb ¥t B K 0.8 mmol » L1, /N3
BE() Pb S8R XT B 104. 108 4%, MR K2 1) Pb & &
EXTHRAR 1 702.494 £5. FTLL 2 ME#EXT Pb A ER
SR EERET

1 3 PRIV A Cu A EEF /NP Cu S &S
% B 1 156. 064,261, 741, 662. 388 4%, AR K %% iy
Cu & &4y5 J %+ BB Y 291. 213.628. 621.1 425. 679 £,
2 FEEEXT Cu RILH T BRI E FR/E ST, 1 HAEAH R Y
Cu ¥R E T, MR KEERT Cu M B EREE T/ PIEE,
2.2 BEARBEERCE/NPEEFFRKEX 4 HESE
)= R

H#% 4.5 AT50, B A AL BER /NP EE R IR K BE 1R Y
W 4 FESE BT RXEELRE VR RN A bR N #
ENNELRESEERBR. 7 9 MEHEF,2 FhE s
KN4 MESRENESEHT TR, BHAE T1 43 F/N
PEERMPR KB A FESRESEEHE THFEEET
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Table 4  Content of heavy metal on Haplocladium
capillatum under combined treatment mg * kg™!
Lb FH4 B RIZ Heavy metals
Treatment Cd Ni Pb Cu
To 0.47040. 01 6.51340.25 34.346+1.32 1. 30740. 01

40.020+3.45 1 130.413+8.89 297.300+2. 43
130.472+£2.11 1 822.913+12.84  304.091+4. 50
415.916+3.52 3 987.210+16.63  789. 220%5. 10

38.920£2.16 1 264.110+£9.50 813.45145.79
226.80142.10 3 143.22049.70 167. 346+4. 39
967.258+10.07 760, 341+5.87 289.54+3.03

49.872+3.56 2 871.340£11.77  304.611+2.11
204.67242.51 831.412+4.94 672. 450+4. 97
913.541%8.10 923. 41546. 99 170. 421+£1. 62

T1 656. 320=%6. 51
T2 702. 417+6. 30
T3 720.153=+5. 66
T4 734.510%5. 39
TS 620. 300+4. 80
T6 782.160=+5. 64
T7 1 031.450%9. 35
T8 882. 360+5. 82
To 683. 438+6. 70

x5 SRsEREMRARE LINESRESE

Table 5 Content of heavy metal on Hypnum
cupressi forme under combined treatment mg * kg !
Kb ¥ FH4 R Heavy metals
Treatment Cd Ni Pb Cu
To 1. 646+0.02 9.283+1.14 2.613740. 22 1.186=40.01

T1 815.631+7. 20
T2 872.032+8. 21
T3 993.510%9. 91
T4 1084.310+8.72
) 987.431%6. 01

341.76143.46 1 256.174+£9.52 448.726+4.99
420.516+5.34 1764.350£11.30 411.162+5.87
308.04243.26 4 861.410£16.74 1 250.023=£9.99
317.201+4.44 1162.217£7.50 1 307.632+8.44
434.76143.13 3 967.222+11.03  276.340+2. 84
T6  1124.4154+7.20  607.91942.94 813.205+5. 00 527.340+4. 86
T7 2 965.41249.31 273.210%2.61 3 743.400£10.20  698.120+6.43
T8  3012.5714+11.03 493.540+4. 44 801.57247. 60 180.021+£2. 06
T9  3147.262410.94 576.41245.68 1 471.604+835 172.630+£1. 87

4 Pb ¥k E Jy 0. 2 mmol « L7, /NPIEEFIADIR IKEE )
Pb &8 2 X FE Y 26. 289 5 H1 343. 748 f%,Pb R Bl
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XPRRRY 2 194. 574 4%, 1 H ¥R FAHFWE N 2 —& )8
K Cd & &, & 0tz 5 B E (P<0.0D, HIRIK
# Cd B EAS R ES HI7E T1 F1 T9 4B rh, 435 5
FXFHE 495.523.1 912. 067 4%, T1 H/NP#ER Ni & &
B/ X RRIY 6. 145 £%,T6 H il Ni & B s X BRI
148. 512 %, MPRIKEE /Y Ni A R f/ RS2 T7 AbHR, R Xt
HRAY 29. 431 %, Fem HJ2 T6 Ab3EL, XT R 65. 487 %,
/NPIEER Pb & B E/7E T6 H, o BRI 22. 138 1%, &
BITE T3 w1, Jgt R 116. 090 4%, MPRKEER Pb &
BER/ATE T8 1, Xt BRI 306. 763 £%, T3 H fefm AXT R
F) 1 860. 471 £, /INPIBEFIAAAR KEE W) Cu & B RS EH
HRTE T4 AbFR A, 435 S XF FR A 622. 380,1 102. 556 £,
/NPIEERY Cu & BRARTE TS Hr, 2R HREY 128. 038 3%, 1
MR IKEER) Cu & B AAE T9, ZXT BRI 145. 556 f%.
LA _EA3HTRT DA B, TS J2 /NP8 I 2 A IR K B
HEE AT X Cd NI Pb.fil Cu 4 FPE S B B~ i
SR E AERET
3 W54t
ZWEFH/NPIBERIMDIR K BEAE 4 FPE &R B —F0
HAEGET . BE R HRENE LN, HEFREHT
BHEAEY) N AR 4500, LA 1R 5% i BH 2 7 A8 e
HY . EEREVIEHRH LS TR E EH Y AN
HERHN AR, I RWEEHEY EEELBRESH
BRTFYMFFEY. 2 FHEEXS Cd.Ni,Pb I Cu Xf
H)E SRR R, R F SN ERF 5T 5 R B EE Y
WMELRBEEANBEAXMHIASR. REF KAE
B4 R AR P /NP EEFRLIR K BEXT Cd i Cu & A
&R E B D PIEEXT RIRE W Ni AR
e, ARV B NI B B S . MRIKEETT i

TRV BE A R ARV AR BRI B AR AR ) . MR K EE
X Pb & &RRE R T/NPIEE. RSB i T &
HEBEARWRE T RAER RN AR, BTLL 2 F & #E
WTEAA AL B XT 4 FhEE & 8 0 s R8RS AR AR .
ESXT AL ANNESB S &R ERH TR, 31
BN P EERIRIR IR BE5E SV 0 T 2B 15 YL i LA )
&% 3k
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Enrichment Ability of Heavy Metals for Haplocladium capillatum and
Hypnum cupressi forme

SUN Tianguo, XIONG Yi,GUO Yancui,ZHAO Yan, YANG Zhihong
(College of Life Science and Agriculture-Forestry, Qigihaer University, Qigihaer, Heilongjiang 161006)

Abstract: In order to study enrichment ability for heavy metals, Haplocladium capillatum and Hypnum cupressi forme
were used as test materials. The contents of four chemical elements, namely, cadmium (Cd) , nickel (Ni), lead (Pb) and
copper(Cu) were analyzed by means of CP-MS analysis method. 0. 2 mmol « L™',0.4 mmol « L™',0.8 mmol « L' of
three concentration gradient were set up respectively, according to the orthogonal experimental design of nine different
concentrations of mixed group,with distilled water treatment for comparison,the mosses were treated with stresses for
seven days using different concentrations of single metals and complex metals. The results showed that heavy metal
contents were significantly greater than the control group, Haplocladium capillatum and Hypnum cupressi forme had
the very strong enrichment ability to heavy metal. It was suggested that the moss Haplocladium capillatum and
Hypnum cupressi forme could be used as purification plants for the heavy metals polution.

Keywords : Ha plocladium capillatum ; Hypnum cupressi forme ;heavy metal;enrichment ability; purification plants
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