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A review on cadmium contamination in forest ecosystem
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Abstract ;Cadmium. one of the most toxic heavy metals, is harmful to human being, animals and plants. Forest is an important
vegetation type on the earth. and forest ecosystem plays a critical role in the functions of the earth ecosystem. The present
paper aims to provide a critical review on cadmium contamination in forest ecosystem and its impacts on ecosystem health.

The source of cadmium in forest ecosystem is from geogenic sources as well as from human activities. There are different
sources of cadmium contamination between natural forest ecosystems and man-made forest ecosystems. Cadmium
contamination in man-made forest ecosystem results from several main routes: cadmium f{rom atmospheric deposition,
utilization of sewage sludge, and soil application of phosphate fertilizers with high Cd concentration. Toxicity of cadmium on
producers {(trees, shrub. herbage, moss). consumers (animals} and disintegrators (microorganism)} in forest ecosystems is
discussed., Cadmium contamination affects plants’ physiological and biochemical processes such as photosynthesis. respiration.
transpiration, nutrient uptake, water utilization and enzyme activities, which in turn inhibits plant growth. Animals. including
herbivores. carnivores and saprovores, are damaged by cadmium contamination. Microorganisms play a critical role in
biogeochemical cycles in forest ecosystems, while cadmium contamination will reduce microbial biomass and bio-diversity in
forest soils. The dominant plants in forest ecosystem are woody plants which have denser branches and leaves. taller and
bigger bole. deeper root. and longer age., compared to other plants. In addition, other characteristics of forest ecosystem such
as complexity of community configuration, bio-diversity and strong homeostasis are beneficial to the accumulation and
transformation of cadmium in forest ecosystem. Therefore, forest ecosystem has the potential to monitor and to remediate
cadmium contaminated sites.

At the end of this paper, four areas for further research on cadmium contamination in forest ecosystem are discussed: 1I.
Mechanisms of cadmium affecting the community configuration and the function of forest ecosystem; I . Interaction between
cadmium and other elements in forest ecosystem; ¥. The combined effects of Cd (and other heavy metals) and acid

precipitation on forest ecosystems; N. The potential of using trees to remediate Cd-contaminated soils.
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HTFRBBITHKEBRAGREEHN ARENSENRITRUASRARENXABRENS EXARRASROBEE. R
HREBRTEAODHKEEPHRAMK EES . CEEFBT RAMZHENBX B AE . RANERESRETE R
FHoBBE BEZCAERAREBAN 3.5 F '’ KERZCIISREARBA L2 A ', AHARKLIMEXEZEHAEZN
Cd 5K, + M Cd S RME Smeg/kg') . MR REESEEERMNHARRE . MBARESEERBSRFRK L. L1NE
ERANEMEAMBER L ROBAER . FLRERTE MARSSREIETRBAERESEEPNEREDERK. B8
RED KK . FYRUANETRG . TEITDHESAABANTAFALBE RAAAKE, FERFEN . T BRE . BRI
B FRHSEERERTE . HEWAKNER S, ERAN RHAE. MK . FHELRK.FRASBRMERE. REE
HEXZMBAREEREAAMNKHEHABTIWMEHE HERNRAIBERABXKAXESIREE, TR @IS ET AR
15 T 7800 2 A FE AR L RIS R BE 1T A BB 3 .

BAHRESRERAMHMEERETHRSHBE R SYHERERT AVYBREBERX. AT NIER . E5ATRHRIRE . BEH®
BRURWEBTEN—XKEEZE FRENELSEEAVNEESRMIERRNREREROHR, — FEA A SREAKTHEE R
BRI S — A ARARESRRANEAAIEREHER TR T RES RGN EE . BRASEXERESRS5M
SREMREERAIOEERFE N AR —-FEMN TERTER. I UGHH —EHREHERHEE,

1 HHRESERMSHER
1.1 ARHHREZTESR

HRHERESREAEAREN TFALRKERZRAMNSHBHRESRE, — BRI IVERABRESREEMKERTERES
G, FEARBREBZRZETENMNESBRAFE AERLNB YT BOZAELETR. REEBRFEFH NS Zn.Pb-Zn
Pb-Cu-Zn B Hiff . EAFT APHIRTEABEX. —RAESIROMMTE M. AENETF PRI BREIF0.1%. 8
MEE %, BY APRAIBEOEYAE. EEHAYHERA KENAEDAERT . SEZOBNTSFREEE . R
RNERBHREERERITRAERZ —, BR.KAPFENFIN L NBERITRA K., BEHEPRTEMNR 0. 15 mg/kg.
HIREESBEAR I RBETRE AR AEEEMEMN LI EIRNERE  HXAERE BREIAREY . 2RI BRETRMES
B 0.0l ~2mg/kg WEAZE .. FHEN 0. 35mg/keg'”’. WELWPRMAE RMEH 0.097mg/kg, X E K 0. 62mg/kg, H &E R
0. 413mg/kg'®!,

KEUIREARFHRESRARE RO EERRK. KAPROERRSERGAXLBE NAHE . FRXR HYHK. &
HERESBEHBHARER WRBBANENEEMAI KRR MEEERRFTENRGEER. IBRH. 1983 ELRHB B
REFHEA KRS DAY 150~2600t/a, FHHE X 1300 t/a, R ERKSIWERHEN 15%, EANERP, T HS R
F.2MEHE.SeHE. L. NEH FEPUHBERFESHITHENHSAEF XE VN BBOEHIFHAEHBIE R
% . BEREANHRECESRAFRYESS PR M ARR, TLIMAKER S . XS 098 o] 8 T 00 B 2 18 IO RE i
AARBHEERE Kb —HoHEI RN FRERW T L, 5 — 82003 A 130 RS 5, K& TR Pouyat!'
K 140km . B 20km MAESEF ARAAT TR-BX-EX"EHAHKEREEFESREABR SREZYH . A28
BREBASBTEX . BXUABK FRAR . EEMAREETHLONER BT LHBABEE AODEE N EFFE. LB TEN
FENBENEEXE . HERASKEREERMBEEFTES MO EERE Hynninen R TREZSPHNT BES . REX
SRk AR IS B 0. 3km b KS AN 1005 Okm MM H XS EEERFFEM, FANBEAREFGS
REHE ARER(00~500m) T WHTRESF.BHIBBIEEEGFREBEHCOEREZNIBHEMHEX .Cd=
9.6621e ** (R?=0.9183), X RB N RESKFETHEABLRMAWMEYHERA S EE . ERKXKTIRY., K HHEM
O, K TR UTRES K JE 7 R 4805 e i AR 6. 34g/ (hm? + ),

1.2 ALHEHAEEBREA
HESEYASGERAIBRKESRZERS PN IFIERR. MERGAOARR BT X, WTH ™4 875 K5 8 2 5 A

. 15 BT SALRTAFNTRBRSRABKEERSRASK. BRE. EEFESFR S 4X10° (TH).EAH 12H
R 6,53 10% (FE) REESGRO.5~1.2)X10% (FEOMP, SRGLR T ER THE REMNREBEN . EH—
FREAEBARBENNFE—LRAAE ATEREAFSHYITHNXRXBLRAMBR IR . HEREAG TR E L

WP EALEEE RESEEATRE A e RE Bl ARERMAESH T HMERABAN
Rz —. fEHE M5 BIMA 22.5.45.120 #1 225t/hm? 58 1a J& . 1 908 H A M A IS R A9 %3 BRI B 40. 74 %6 ~87. 4 %1%, kX
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AMEBFERK EFAA/MRAE FEASREE . BHEO~20em +BHRESRE SR X BiMimis 207, KR A S®Es
KEBAEH A R SBRELRAIANTRE. A THEHTESHN K LIRXELEAFANGSEAX  ER NI RRLS
mg/kg  EFHIBKIRBAIE | mg/kg MU ERBEI~SH. TRCFERBERERHELITAASEI - RAHEDERS
BRIt M,

HEEALREERERRATIEAESRREEBTEM ETERRZ —, EAXENN MBS R TR, HRIELH Y
54%~58% . it AL REEANRIEH FEIRBAN 7 mg/ke, BFH FRABERL LRF AL 660 RIE". B0 R
HEMRABEPHESREE VHREFRENRTFATIRBEER UXETERRT AMIENY 60~340 mg/kg. HBEFE KW
B 174 mg/kg; MAPTEHRT ORST BT 4~109 mg/kg HREFHZMB K 38~48mg/kg. RE EART ARSI BB
B35 174 mg/kg!™ P B RRE . FEREEATROERFELHPHRI BN WAL HTFRFARERR AME
KEAEMEM . AAEREHASEESEEEFE KNS T SN BEREAKHEAAENTEIEBREEZ — KK R
REER. 2ot 70 FR.2HREEARNE 200 7 hm® £FH .8 80 £ X F 1600 7 hm® K. HAH AR A B fn
PHISEATEHREITAZELHMESBRRE. BRI ABSRBARA . SE KBRS, KT . BEBHUBRKGNAS T
RALHEKAESRERSENERE,

2 BERMHFRESERENER
2.1 %%

ARESREPHREOHEDEUENK ER BE BXANERE RESERENVRETE. HPHRARERETREDR
EEMARRS WIS PREEREYNEBEAHEE WEGER PRER ZBER. BRTERK. KSR LIEBEREHE
B REHARARSR. AR E HREBERKERB LK. 4 Schlegel HFHE ™ L CAdWEN 1121g/L. B . ZEHEXEHE
BCOBEBEEHNIHERIBYE X TREEY CAdREMME 560ug/L i HMERA TR TRERERIAZXHE
AR, EENLILE RESHRITREIR BEHASREERERAGT TERRDLS, FATRTEN 5 %
FEHEE. ERER.AFICOSTEEAARENE R BHAERBKE Cd(1smg/LDEE T, 5 i AHAHHFRES
ENTR IEAEAMEASERE ARARZIEEN L ARMBZAEREHE G BRAMEARLES L FERES T
EES, RITRAEYREANERRSL BERABEY HSREESEEZOH . EEER S, RABBEEREFRAR
Cd #E (O~60pMOI ZESIE LRGN ERASH B KHE CdRKBENTEM MR, SR 0 KR B R R
MERBERSEHAT . HAERK B ZHHERDZAMED. 2 FE£0MUERELYHIE Cd %K E R 50pmol/kg B+ Wb 4
Kol RBHTRYEERR L XRTREERITD; M Cd REXS 180pmol/keg 8 SR TR 4 & 8% ZH'), Jentschke
HER. UM CAdAHBEMMMEZEHAR ENE K HSRHMTNHRRIRTE.CO, RIKBERS AR EREHRS.
BRERI BB AR Laccaria bicolor M Paxillus involutus J§ BB = EH A K Cd FE MDA R B G RERC,

2.2 HHE

SR HLEFAEERGENERMARR Y ELESRAAFITERRENAC . ENEAUAYARNERSIY.UHE
ARG AAFIYAUAT IR EIRNBE LY. U RARNIERR R ERER .7 — X3y
. B AT REFTRAFAREYSE . RL LR, HE L NARAER:FHREETERE KR F R XS MR
REARE MEREARBRFER. RERMNERESRETNHYFEEERM. EHE 28I Niepolomice FFMHKEERH
F.HFCAPOEELRMETEISE, REREAT R S8, KRR A& I BINM, BE AL 0. 35mg/kg: ELHWE R
BERBEABRBRE . ERPHF AR A RKEFRKEEREARAFANELE#HR T CdMPL S RZEEIF FEE
R pEE™S BABEFRC  EF SRS H BHiE,.85 Cd.Cu.Pb.Zn . As Hg ¥ E S RIS 0 LNH 183 P4k
BTSRRI NMREL, 205 LH B 40.78% [ 39.07% ;B NI N R A RBIAHDEE, R LW 9. 84%.
5.04% M 1. 25 % HANMA LR . HemEm 4. 02, AAXBNBEREFESRRXSEARDPLBRN 76.8%  HEH TR
K. PR ARGRESMA 82.5%.86. 9% M 87. 7%, R EEZRMFAERRRLINNDUBMELR SR AN I BV IEF
B, SEREEN TSI EERESRZAEPERREDZSEBNERANEREAT RS S MRS, WM A HLUE
OM RS, e ERESERETHR.MAELEBEFCABEERS., TRPECHARTESRISETES R

g , 48 HH 7E M S MR F Cd A Zn . Pb M R BEE . SRENHAXHEE D, BT RXILEHES AL 914 . 4
WYX 3 8. 2 F W B PIGRE S MR RIS R ARIBRE 81 s8R — iR HE Cd 53R LR KR
Cd & BU KM Cd § 71 5~7 ., Cd 84T 3008 6o ALY R T B85 vk 10 hn . oo Ak A% [F) T8 5 s 59 000,

2.3 ¥k
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PHRESRENACQC AR BHNEREEY . VAP oREF ARG BRI AR P K ESEEPHPIRE™
FHAR. BREERAGENYHE L ERTEEREBRS . AEBA X/ REBRAVEEEASHEAAMEYNS Y.,
BHRESEZEVITRETHEYRERYS BEDHBEN RBE AR RMESH =W RS R TS RRET LR L
R XSRS NGV ERLIERESE BN, FEREYRELEES TRISEMHEmMR D REL . HE— &N
BERMMHENEHREN. ERRBRERNBEET ML R ILANHREES, Doelman 1 & B — £ 41 5 & 0T - 55
MES>EZRKAAN>EZKEARRY . LRRNFEABMEHANKR AN MC, o R K ESO R 37 R+ 8RR Y
miwig >, EAMRTESRBT KBIFEEKA R W EBEEN 10~50mg/L WELE KBHENEKREAT LY
WAKBRZEYWMAEEREMB 70~200mg/L I KRNV EKEARERB TR ARFEEAHRRHDE. SRAERIR
BRI ML (R RE EAE . HRR.ZBANRNZ BB T KB TR K MO E AR -, £ Cd.Cu.Pb.Zn 5
RETENRT BHARAEEHEER RME 228 ~26%;MERBEBAMNBAEGERM MM 37%~30%0, kiR
10mg/kg HCAd MEAKREEYEZNHERARNERKENARE  BRKKEITSERE L MMM RER, FHALRIDA
20mg/kg B Cd M T HEBRER 10X BERETUSEERTIRERAREZ R RS EREE N,

3 ENRETSERRERSEDBPHER

3.1 SISRUEW

ERNERBEETRENNERERZ - HNERAEYEREF RN RE TR EANARNEN P ERKSTBRT
S EARALAETL. . ZEFRUA LS RAREZERCH . ARESEERORHREYTENEEDHRBARNEZNERE.
HAEWAIEREREREY EXEY . S AW S .0 55 AR &Y 00 55 8075 % i 5N o7 R R BB 5 Y 2 4% . (5 3R B8 35 i
IR AL .

R MREE I AR X S TS AT K ARG RSN RSB T AN E .8 H %
WX MG RARER . RL>EIU>HEXE US> 18>0, BEARBEMETIEA TR RXHEMHEF P Cu.Zn Pb.Cd,
S.Cr.NiE7HTENRBAR - AEDUM AR FHFRTARBRHOAKSFRRA . ZRTELEHRMA. THX .G REX,
THLOEEXGHNSRETKNARSIEBRX . BATRLMBESRORE S BAATE /D BT AR EBX & TEBFERS
B W ES R PRBRAEARIEOMER TRIEFE RIS RRA, I IFE AR B REFHKE . RA8
FBkEREREARTHARRNATESR S REUNES SIBE, Gailey Ml Lloyd i I E R PEI KB R E Wi
AHEY HAREFBLGPLOEAEERRE.BHEAHYAR S REELE 0. 5~23. Img/kg Z (6] . FH{E K 5. 3 mg/kg!*™, 4
KEFHESRETRNERLRARBBRARASKBREAMMMYZ - CRAARE BAMNERESNS ML EXEEHAX A
BT REHFERITEY,

3.2 WITHPIE

ERP I MBIHEREBFES -OPHE AL B+ . 222 . B+ BB OKGE BIEEFHERE O ¥Ek 8K
L RR ULE M EHES. IR RRAV LIRS RAAAERAT - EWNBERR BRENLAFER KRBT, #lin
WHERARERK . BER KGR EFENERN. . LRE I TRE AEEGERTIEB MR LEE . AEA T Xim#
Mis R,

HAf B EBEARUHERAE AR L MERNRNAERE KSR SEREAMEZANEZHNBEERS RS R ANES
BER. MY EHERATEYBRENAESS KV BEERN ARG ERYHT R RS, AXSTHYBEEE
VEEEE . RED. EX BEHDANAE. ES5HIE ATENEART WA ZHESRERRHY .2 X +FEM
Y HPRNERREDAA 277 R EMNTHEIBERESMISE L NNEELRIB, HEMNE HBENRKEKXRT
100 mg/kg(FE)EBBRREYHNBERE. BREBRAREVREESAER IR . BEREXZHHAKRED LA KER . AR
BN EUEEREFEPN A . A TFENESREETHASLAPD AT RENEN BEXHH T EEANBRA G- NAEDR. K
MAKBEBHERLS AXEYHREE. FHERBESRS R IR RAFESRVE L BRE . REEYEH. 26 . LE
B.2%. NEXE. ¥R FR. AR ARERRTERSRH I NPRUEHBESNBIXN BB AATHRBR 3
~72 & 2~57 51, MEMAKANZHBER SHIANTHAER SN ALEER 9.2 ~53. 9% .M FHBHIRER

8| A AR BAERANEE. RS RY. G2 EHARHEATES ERTESRXBE I~5FELBHWH 5a
RBd . AR ER TN 0.6~1.0mg/kg. R REBERBE RO, KA T4 KIS E T E S XA FEH
A, H L KF0.6~60.6 mg/kg ML P, a5 BRI EFMO~167 mg/kg( TEIF 6~75 mg/kg(T &),

MR, R 10m EFLSWSmg/kg N+, REM LMWK EABH BRI R HHELRBERB P E 2. 35mg/kg &
£, BiE . Hit—SEEXRBEEANKERR . BRUREE I HBTEAFTRERHNE A, A AREAERG B LXLRR
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Ak 3] R Cd IR EBREN HERERCAREIR/PIFHI.BHFERIESTETERRER Y. 8L
WOoES.RE.EO . ERELRE . KER R A, R 3 N B R BRI,
4 ESKE

EILTFEUE. B TE2RESHENABBRAUERERESRBENFAT LR . FBRAMNMERESRAEEMISY 54
HAmEmh A XEREANBR R SEHAZHERIAHEN SRR AN TEHFENIE RBTALHERK.BE, & THHE
@EME R ZRBNTANE -ZXEBANRE. KEARESEERELEMBENST LTI TEARLAERY.

(DR BERESREXLHHONERR RE-ANEDATEEACE . ENERESEREPHRAR EE. I it
BENERKEADRE XA 4ER, BIANEMERTEYHERN . KEZ{UIEBEMTEYHEFIER AYR
(H8) AP BRAREBRRERNE L MYRAEWLEFBRRRBEVHERARIERE . EA. FHEAL BUEMKLEDS
REERAVENNEAR . LREXHEARMAHAR . EENHRFERFEMAR Y FEHE I B EARRFR
BORHAITHRE - AMEFRE "R RRESREL WM. HRBRAIFHFARE T R G IE S W 000 5% mm 5 9F 5% .

COMESHECRKNXEER EXABEL RABERARNCEEH TESHEESR TR (B As . Pb.Cu.Zn Al
CrH)—BRRFEBZR. BESHFPHRESREFCELQERBUEANBCR=EXEERA ANBBNMERNN LN
BEE. FEEHELRCENEESM R SWMNZEERANAE, RS EFNAAEIIRBPpGRBEERHEY .Y M A K
MEE.XRRAI-—HHBEDREREFNAR L. IERESRHECHESENBAMEA LREP ST ENARESRSK
KR,

ORISR HMAERBERE HBHRTRSREIRIBERE T ERRAEE TN ITHE AIBRRKEERANOBESENN
HAEYPHEAXE. . FRENERAVYHEREINNE.MELEEBREFHALTHY AT - RIEYFBA WM RE. B AW
FREARK ERAVMKENE XERENEATHERESRENROBE CHERAEL. 55 005815 5 1 5 5 R # I
EIE.RALNEARBE ARERLENOHEEZTLM. AT FTERAFRSRATAEEEEL . RILEE SRR ER
BEHREUNETEXEMNAKTELRAT XEAFANTFHRE2ENETEMHFOXBREFZLMERBIE.
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