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TRANSFER AND CYCLING OF HEAVY METALS IN AND
OUT OF THE LARCH TREES (Larix olgensis var. koreana Nakai)
BEFORE AND AFTER LEAF FALLEN

Yu Guoying Wu Yanyu
(Laboratory of Ecological Frocess of Trace substance in Terrestrial Ecosystem.
Tnstitute of Apphed Ecology, Academia Sintea,Shenyang , 10015 ,China?

Abstract The measured content and storage of trace elements in each parts of larch trees
was Zn>Cu>As>>Pb>Cd.which has positive correlations with that in soil, During the
leaf-falling period,a about 6% of Zn in leaves was transferred to trunk,branch and root, A
general increase in Zn storage was observed demonstrating an obvious internal cycling rate
Zn of 25% of the gross cycling. The cycling of Cu,Pb,Cd and As were almost external,and
waried from 20% ~71% of gross storage in trees and their cycling rates were 30%;,68%,

27% and 23% respectively.

Key words; larch,heavy metals,transfer,cycling.
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BIEAR AT P p TR R R R P SN AR 1R 15 IR TS 2K i MO 1 BETT AT AT ¥R 547
1 HE5R4H
L1 HERt
ERARETERFRICBAESARSETH EHREKENHENEYH. R4 580, AR
WL TR FEKTE, 8 AL EEHEAER SRR 100 ERLUS K84 it mE . B AREAN K
EErE EHS A THEIOA T AT MR ALK EFHEANRIRE B mE, XS E £ B N BERM
FAPIMER DR XA E R,
12 RSB .
i o FP O W B (Lariy olgensis var. kore-
ana Makai) LB PR LA L B R B4 F0 0L AR,

#F1 Rt
Table 1 The deslgn of experlment {mg/kg}

T ¥ Elements Cd Pb Cu Zn As
BN KL S R LW R A R (Cd T S a——
0.175, Pb 19.8.Cu 19.74, Zn 56.93, As 8.23

P Treatment 1.5 300 100 200 an

mg/ kg LEARE R TEPECRERTEMI
. BESEE. ZEFBEFEI992FHTH,.
HAEHEE LR R E RS R B . RIS R SRR ER,
1.3 WRFE .

199452 W FH MR GEHFHIEMNEE FTAN A LakE R HEMmERssk, HEHE S8
HORE. T TE. G . EEMT s TR N ES UM E B EHTE(G0C, sh #
) EHEWERHL TEN SR GREEL, Hri1s0-80 PRI A EETRE) HAHU FAR S
ORI EH SRR R,

FAT RS R E= s A A TE s R RSE

EEREAS RN E= 11 A EE ST E~ AR IR S
EAHAF A EAETH SN EY R LB AR TR E DR ERE, R AETIIN R ERE
eEEFEARHAT HEOQFROT. (X - A

HRE y=2 0448009 r=0. 9661
TH =1 40025 B r=0. 0458
HE =0 1442 80 r=0. 0542
H&E  y=0.066x—8. 56 r=0.9228
2 ER5EE
21 EPHEEGR

SR MRE R EMER AN TERESERUEL ANk R B, &
PO HAK AT EWRATEM S HRET ARG ENERTNAGHE. BRARBSAHRA
FRBEEHHAH.

AERAEHEN  RBRAREN, EEENE R EREARET N AL YRR L ETBE
B Bk B EE 0% E 30 HE 20, HENI0N . FREHETIESHBUTE S 2%
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ETEMEEREL#HE. A RFARELMERTY I AHHESTAE KO ETHREENHNE
HEMERMEERRAKE.

#2 AR SHUNEHR k)
Table 2 Biomass of different parts of tested trees

B fa] " o HE 5:3::4 FH# T Bt 34 i BRE
Date T A wt Root Roor Trunk Trunk Branch Branch Leaves Total
B-RB reat verage wi. core bark wood bark core core © wi,
W #:H Fresh wt. 2.8 104 T.O8 113 576 28B4 573 16.42
;( F& Dry wr. 1.47 043 312 052 4Tl .27 1.3%  10.81

0817 ¢ & B FE % of toral 13.5 3.9 28. 6 4.8 24.8  11.6 1.7 104
0 #4HE Fresh we. 3.8 1.1 812 1.28  3.04 2.2 4.1 25. 54

Treat FE Dry wt. 1.8  0.53  3.57 (.52 .83 0.99 1.1 10.5

& B FE % of total 17. 7 31 LT 3 17.4 9.3 11. 3 100

340 #4#E Fresh wt. .98  0.73 5 0.8 2.81 1. 39 2.7 15 4

CK FHE Dry wt. 1.12 3 2.97 0, 48 1.63 0. 81 1,03 9.23

13-07 & RATHEY of toral 12.1 5.5 38.4 .2 16. ¢ 10 8.9 100
stig BHE Fresh wr 2.12 wL7E" 611 1. 05 2. B2 1. 58 1.8 17. 5
Treat F & Dry wt. 1. 39 0. 54 3.63 0.59 2.22 0. 92 0. 8 1n. 12

& B FE Y of total 13.7 5.3 7 6.8 21.9 9.1 6.2 100

2.2 A¥EEFE

EO R R AN TR RN R L BE S WA TH AN E DN TES R
BE+RPTRBMREREHLG=0.9856) AALREEN UM ST RECZR . AALEERAA
PSRRI AN 3 Cd 41> B F >0t Ph M > B> T R > B > B > i > T Cu B E >
H>FE>EE>BH>TH> 8B 2o = HE>FE>BE>RE > B >FH A FH >8>0t

=HR>=TE.
¥ EHNEFHREBART4HR TR (mg/ke)
Table 3 Concentration of heavy metals in different parts of larch

B & FEIFRT Brefore leaf fallen PEME After leaf Jallen
Sample Cd Pb Cu Zn As Cd Ph Cu Zn As
1 # Root core Q. 36 Q.42 1. 65 Y. 7T 1.85 .79 0.43 5. 0% 18.5 2. 49
i H Root bark 1.1  4.35 9.38 3201 2,01 1.58 3.3l 9.87 264 1.15
F#t Trunk wood 0,42 0. 44 2. 4T 11. 28 1.18 0. 57 2. 43 3. 92 24. 6 1. 64
%8 T Trunk back 081 B. & 7-46  38.27 3.09 1.47  5.65 6. 41  39.4  2.49
4 Branch wood 1.01 0.9 313 1571 &7 0.61  1.%2 %65 188  1.&7
# B Branch bark 1. 51 18.7 0. 6 42,39 1. 36 2.24 23 11.72  50.3 1. 56
H Leaves 0, 37 24. 44 8.35 47. A2 1. 66 1. 83 46. 86 11.75 54.8 5,27
H# Roat core 2. 18 4. 05 10.3 75.2 2. 36 2. 18 6.54 11.83 2.1 2.33
B Roat bark 2. 44 2-94 9.81 19. 02 2.52 3. 32 1.88 0.02 31.8 Z.B2
F#f Trunk wood 0. 84 0. 38 9.7% 32.15 .97 {. B4 G. 78 11. 56  25.7 2. 63
i F B Trunk bark 1.99 1. 46 6. 79 24.9 2.13 1. 84 4. 59 721 33.5 3. 37
HiH Branch wood .84 1,22 5.8% 21,97 2,34 084 0.7 7.7T 237 .73
H fF Branch bark 17.6 10.% 477 50.6 1.94 211 16.02 10.23 581  3.27
- Leaves 1. 12 8. 33 7. 06 35. 65 2. 0% 1. 73 31.01 1279 1.4 4. 22

HEEHEER UM RS R TURALEF AL RSB R E TR L FEHERENEH P
f Cd B B b B TR FEE S Cd B FHE I TH AL F A Po ERE. TEPHEL . FH A8
MBI R ENT B # Co FHER . THHEPHE 2o TEELEQ M T EHTHAs
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RERATFHEATEAEPHE EPFGEHEcEsRRTTFERNM P IR SR,

HIR A SR T R EET R SBH AT BHR DA S Z0>Cu>As>Pb>C4d,
13 nTREE

BREMASHUTEA LK EFREIRTE T SR F &R UM TR R (RO.FTF
FROFHEER MBHCHERESERREASE OAEERMHION. LEBAC BEL T TR
(B BRI P FEREN BEMBEP AR SHIR TR RE . K HigE T AM
B2 FEEAHREETRPFEEAN T P ESERANE) Cu ERRELEN FEL T ERE.
Fh B, 2803 ERR A AL TR BB, THMEH S Co BESN. HPEERY
AR Zo EFHALBEPHEES B TH EEMBEAAs ZEGEHUN SRS P RS9
BT — B AR, SRR EEAN S TREETZE S BEAN. TH. FE B
Cd A0, b BRAE iy Cd BB FRE. o T A S H AL 3 ey o f B B i Ph R B,
B Co CREBEWRATEMAEAREARTRES HaSRuAomm. d el EH .2 T8
MEMAMEKBREAET MEMREZS TR ANAFEEEERN CEXE, RAHSCEHR
WAEE;Zo WBRA AR IR, T EEAH AR A EFHGEEEC#ETH . HE.F
408 L

HEE RN RN EEERE. L REN T E TR ISR ES B EEIHFT.CA.Pb.Cu.As
AR REEPHEREG A TERMHER, HRBEXTHEA.RF 2o TREFH MR ST
SRR EHETHRESR Y. -B5 2o LEA THSER.E5TERARD BTN BNES
ACHLH .

B4 FHHEFHLREBATRER (mg)
Table 4 Amount of heavy metals in different parts of larch

B A FHHT Brefore leal fallen M Aflter leal fallen
Sample Cd Phb Cu Zn As Cd Ph Cu Zn As
i # Root core 0.17 0. 2 0.78 131 0.8 0.8 0.48 9.02 20.7 279
¥ 5 Root bark 0.8 1.6 4.12 137 0.8 0.8 169 503 135  O.59
FH Trunk wood .31 137 7.71 3.2 3.58 t.6% 7.22 EL.6 7.9 487
¥ T 5 Trunk bark 0.42 4.58 3.8% 199 1.6l 0.71 271 3.08 189 1.2
8 Branch wood 2.82 2.63 &53 426 751 0.99 313 157 30.7 305
i B Branch bark 1.92 238§ &71 538 1.73 1.BL 20.3 949 40.8 1.26
H Leaves 0.51 3397 11.61 662 2.31 1.8 483 121 56.8  5.43
2 # Root core 4.05 7.53 181 139.8 4.43 1.64 0.75 152 G585 3.24
¥R 5 Root bark .29 156 5.2 26 134 0.71 1.02 &8 172 1.52
FH Trun® wood 3 3.14 3495 115 10.6 3.05  2.83 42 93 4 5.5
& F K Trunk bark .03 077 353 12% 1.11 0.73 271 424 227 1.96
£t Branch wood 1.72 234 10.8 39.8 428 1.86 1.8 17.3 527 6.0§
H [ Branch bark 1.75 10.72 B8.68 56.1 1.82 1.4 147 9.41 524 3.0l
M Leaves 1.35 60  18.47 167 2,57 2.14 45 21.1 128 4,00

24 HYMENHIRTE

FE~FAGHFIE TH Y BT SN SEH IS A XN RS, E o i 188
b Cd.Ph.Cu. As R H R 4 RIBI T T 268%0.42%0.4. 2% f134% . 2o ¥P T8. 3% b I8 20 S
B AR B R T 58, 5% .8, 304,14, 758, 8%, Zn F T 23. 654 (FS) A T EEMBED
MEeREMRELE T PR S RANA LRI MN.Cd.Pb.Cu.Zn, As S+ B[ DI T 6954, 4. 6%,
186. 7%4.27. 740 #1153, 234, b BB 4 Cd ST E MM T 56. 434, Pb.Cu.Zn. As 4+ B> T 80. 5% .13. 554,
24, 2% 17 5% (K6, W FWT . WA AT R I .Cd. Pb.Cu.Zn As 4 JIHEM T 38. 7% .66. 9%,
27566, 752, 6% 4 FH Cd.Pb.Cu. Zn (LRSS E . 2 RSB A0 T 62. 824 41. 7% . 20 F127. 4%,
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HE As AR (RN B A RSN EES EEHENERETFIY . BE 82 .90F
EEEENDRATBMZLE A Cd.Pb.Zn. As 450 T40.9%.11.9%.25. % 3L T, HE
Cu BT 46. 22 S A E A R HEH N, Cd.Pb.Cu.Zn. As £ BB T 49. 79.25. 1%.37. 1% .18 %
46 3%,

®s FHHEREHARRCRRSAR
Table § Input of heavy metals from falling leaves of larch

3. TERCEEA R g/ B

Cd Pd Cu Zn As
Type Storage or input of elments

41 M Living leaves 0. 51 33.97 11. 61 66. 19 231

it 5 M Fallen leaves 1.88 48,27 12.11 56. 46 5. 41

CK TERS A Input of elments 1.37 14.3 0. 49 —5.73 3.1
& 445 I I (%) Y Input /storge 263 42.1 4.2 —14.7 134.2

# 4 M Living leaves 1.35 60. 03 18. 47 166. 8 2.57

b # 0 Fallen leaves 214 §5. 03 21. 07 127.5 4. 08
Treat. TR & AR Input of elments 0. 79 5.03 2.6 —39.26 1. 51
& 446 M R 0 Y ) Ioput/storge 58.5 8.3+ 14.7 —23.54 58. 75

¥ FIHHLABEETRCERSAR
Table 6 Input of heavy metals in root from falling leaves of larch

3. | TR AR (mg/ ) od Pd cu 70 As
Type Storage or input of elments
$ K H Living leaves 1 2.16 4.9 26. 81 1.73
Xt B ¥ Fallen leaves 1. 69 2.17 14. 05 34.22 4. 38
CK TEEW A B Input of eltnents 0. 69 0.01 5.15 7.41 2. 65
o 4 46 1P B ( % M Input /storge 69 0. 46 186. 7 27.67 153. 2
M Living leaves 5. 34 5.09 24.3 165. &5 5.77
&HE # - Fallen leaves 8. 35 1.77 21. 03 125. 64 4. 76
Treat. g A B Input of elments 3.01 —7.32 —3.27 —40. 21 —1.01
& £ H R (Y ) Input/storge 56. 4 —80.5 —13.5 —24. 24 —17.5

®7 EHERETRRERRMAR
Table 7 Input of heavy metals in trunk from falling leaves of larch

- 3:1] ZRCEES AR (mg/ F)
Cd Pd Cu Zn As
Type Starage or input of elments
# {6 M Liviog leaves 1.73 5. 95 11.59 55. 09 5. 29
% #& M Fallen leaves 2.4 9. 93 14.72 91. 83 8.q7
CK TERWA K Ioput of elments o 67 3. 98 3.13 36. 74 2. 78
o5 4 4% H K (% Mnput /storge 38.7 66.9 27 66. T 52.6
4+ M Living leaves 4. 03 3. 91 38 48 127. 74 11. 71
L #£ M Fallen leaves 6. 78 5. 54 46. 21 176.12 11.54
Trea. TR & AE Input of elments 2. 75 1.63 7.73 48. 38 —0.17

i & e I & {2 Y Input/fstorge 68. 2 41.7 20 37.49 —1.3
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Table 8 Input of heavy metals in branch [rom falling leaves of larch

37 TECREHAE(mg/ B cd Pd o " A
Type Storage or input of elments
$=4M Living leaves 4.74 26. 54 17.25 9R. 41 9. 24
it B M Fallen leaves 2.8 23.38 25.22 71. 46 §.31
CK TEHAR Tnput of elments —1.94 - 7.97 —24.95 —2.93
o5 & 4 R (56 ) Input Sstorge —40. 9 —11.9 46.2 —25.8 —3L.7
$HKM Living leaves 5. B& 13- 06 19. 44 84, 91 5. 2
i #& Dt Fallen leaves 3.8 18. 34 26. 6B 106. 11 9. 07
Treat. TE®MAR Input of elments 202 3.28 7.22 16. 2 2.87
df o E7 R ¢ % ) Input/storge 49, §6 25.1 an1 18 4B. 3

25 HBRSHFMUARTIBEMESH

WAREMSEEFA R AR RPEERRSMENTEMEEFLZ SRR B A A .
WRSH T F HF ot R & . Pb 4% b BB W AR 0 b PR A B R O Ak A I A B R
48. 27mg 165, 03mg, & 2Pk B BAST. 0% M73- 32 IREAE L B HGR A Pb fRisteE 7. X TR 0 i
HETHERERA S A SREMNSENE. S U ER XN E Zo W BHAMA R A MH Y BT S
56. 46mg FI127. Smp. 49,5 S i SRR 28. 6 M MI3L. 3%, M A ML B4 Cu Sl &5 4 i 5 B 44 W R 4
fFl022.5%). 81412, Img F2L 2mg, M Cd. As RIS A B 527, 2% 28 B W EEAL A B 10. 2%
mis. 1%,

FATEMAS A RN EETIE S ZHREE L B LS AR £ A AR fn 4 2 T AR
LA EENREEHEEX EoAETEMNMRERCECES T, XR MU FLHEEX AT
EHR L. FNEEGWF-EMERRE. EPEARELEMM M E2REBABEEEHER ST
EH WU R, HER X 4 Cd fISLFEA Pb A B BERE S EASELBCEL B FH
B AR EIO RSB W B R ERAMEREASH. ARATESEHAMCEBRE . FLEMS K
.

¥ FAHFR#HETHHRTRCRERRAR

Table 9 Input of heavy metals from [alling leaves of larch

E 3.1 TRLE RS B (mg/ B
Cd Pd Cu In As
Tvpe Storage or input of elments
£ Living leaves 7. 47 34. 85 33. 74 178.3 16. 26
T FEH Fallen leaves 5. B9 35. 48 53. 99 197.5 18. 78
CK T A E Inpur of elments 6] 0.83 20. 25 19.2 0.5
& K HER (% VInput /storge —B-2 Z.4 {0 10. 8 31
f M Living leaves 15. 25 25. 06 az.22 383.5 23.68
3R # i Fallen leaves 23.93 23, 65 93. 96 407. 87 25.37
Treat.  T#& AR Input of elments 5. 68 —2.41 11. 68 24. 37 1. 69
& KM B Y ) Input/storge 56.4 —9.2 14. 2 B4 .1

2.6 REMSMEFEEMERE
ZTHMTEHNHNMER . FHRERNBERR. Z48EE - HEXMHEF . XENERLSR
WU WA ERHEXRENITE TR ERER A ENAMNER REFX . FETSHMELL.
HFRAEEBTR. T AOMFEE R BN ish EARAAHMOHZ LSS
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;10 FHEHEEEETRASMEFRREFE
Table 10 Flux rate of elments cycles in the leaf falling season in larch

o0 qQ

e Ty e e Pe Cn 7 As

PMAEF & Internel flux 0 Q 0 8. 73 0
SFEF M External flux 3. 24 56. 72 12. 44 58. 46 6. 41

pogiic| PEFRE Internel cycle rate 0 Q 0 4.9 a
CK HFE External cycle rate 47 66 18.7 23 26.5
. fE P& Gross flux 3.24 56.72 13. 44 68. 19 6.41
H & F B Gross cycle rate 17 6 19.7 27. 9 25.5

H @ F R Internal flux 0 Q 0 39. 26 a

#fa ¥ External flux 3. 46 §5. 83 41. 07 127.5 5 8

e P T8 ¥ Internal cycle rate 0 0 0 7.3 ]
Treat. YEFRE External cycle rate 13.3 71 35. 6 237 20
B E Gross flux 3. 46 65. 83 41. 07 166. 7 5 8

BEF®E Gross cycle rate 13.3 71 35. 6 3l 20

HERTRMEHEMIZER. M N P.K.Mg %5 Cd.Pb.Cu.Zn. As AW FEF LR, FIOMHKE R IR
FREZEHERE. T E. 42N cRBEFR. FRBIONFISEREREN EXFREM MG 22E
Cd 1 As {ATEHFR/FHE.Pb.Co.Zn MERFR D LHBACTHEMA. A7 Zn T EFEEFHIH
P IR , B o R SE T b TR A B P R PR 4 B 4. 9% 7. 3% MBI R T IR IR S R AR 4 B H23 % R
23.7% .Cd.Pb.Cu.As T X B RS EF . RREFEENT BB A H47%.66%.19. 79F126. 5% .2 g 7B 4
MR H13.3%.71% 35. 6% T20% E M IEF R A 5 AR p20K.

# % X R
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