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Abstract: Cadmium is a non-essential element with no known benefits to plants, animals and humans.
However, due to geological processes (parent rocks) and anthropogenic sources (mining and smelting,
fertilizer application and waste disposal), Cd in the environment has been increasing worldwide in the last
two centuries or so. Unlike other metals, Cd is mobile in soils, and can be easily transferred from soil to
plants leading to food safety problems. It has been generally recognized that food chain is a key pathway
through that cadmium in the environment affects human health adversely. Accumulation of cadmium in the
bodies will eventually cause renal dysfunction and other diseases, and this has been reported in many
countries, such as Japan and China.

There are several steps that control the transfer of Cd from the soil to humans. The first one is plant
uptake from soils, and factors such as soil total Cd, clay contents, organic matter contents, other
nutrients (P, Zn), pH and plant genotypes can affect plant uptake processes, The second step is the
redistribution of Cd within plants, this depends on plan{genotypes and nutritional status of the plant, The
third step is the bio-accessibility of Cd in foodstuffs. In this last step, the key controlling factor is the

micronutrient (Fe, Ca and Zn) status of the person of concern. Marginal iron, calcium or zinc deficiency in
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the diet can significantly increase the bio-accessibility of Cd in foodstuffs.

In order 1o mitigate the adverse effects of environmental Cd contamination, it is necessary to
investigate the mechanisms involved in the transfer of Cd through food chains to human and the factors
thar influence Cd absorption and accumulation in both plants and humans. Therefore, the study on
cadmium in soil-plant- (animal )-human continuum has been a focus in environmental science worldwide
since the late 1980s. This paper attempts to provide an overview on recent advancements in studies on the
factors that influence Cd transfer through food chain to human.

Key words ;:cadmium;food chain;human health; mineral nutrition ;secil contamination
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BEAARELBCEERUBRENESRIRZ —. LEFIPNBEEXRA TLEWHKR. K
W CASTIRARBEASRE. TS Pm@EI YR RREANEARERLEEYTERFPHR.
BT Cd EAKPIR L FEWER Tk 20~ 40, ABGRYPAZH Cd EY. RL&H CAdERNRRHEN
MEEARERRELEE. FEAYRPIBHALRPHEAACERBEAENTEZFSERN
Wwa, BEIT X B g BT A0 4 P BL A F A %k 48 R VR OB IR B HE 40 5 b b e T B A e L i i
REERFEENITENL.

1 s Cd kA

BELEUHBAAGNTEEA FERAT EMEYHEREEARRRBNEREE. AWHETF
MAEEXALE, SASERUINFRISEHUNN . AYRTRERSHMFESAGRRETEE TR
WRETGES ANERETET ARSI ERA LS, HELWFHEFEA LRI ENESR—
AMEAERAGELR. TR ANPANEHR.

AREEM RGN EREEE AT AR LSS E AR R BT
HEATRHABERARE FERTEEBERR . ALEHH LRBNARGEHRLOZEE, RE\R
HOERH HATHORAA - ERARS MASTHREERRTALEBHNALRERRBEATER
RSB R, £PE.EATASEEN L HBESROTREBRTREARE, ERERIA LT
BEORGETERRELRAS R EEREZ -1, .

L1 AMIER L B TR Kt THENETNE KR g kg

BRAX-LEBEMNEIRESBERS TR Table 1 Cadmium concentrations (mg/kg) In some
ESf ABXMAE BLRREHELMRBLHR  common rock types™)

HREALRERKLAT . ATIEFBERERBALA HERRY [t i
FEXTOSEAMLENLROLE ARTHRE f“‘”’ Range  Mean
TRAFARFESERN L RERMRRRNER. L T oieLso oz
—BRRKRENTREBBT AR TRE 2z gasals 0.01~1.60  0.13
THERBERR(ELD. FENTRERYDETHR A % Metamorphic
FAFEERYN. XRANERBEEF FIBER  HEH Gneisses 0.01~0.26 0,04
KRETFHHERBAREFAHREA LN ASEEL ii:‘;‘:i 0-01~0.87 0.0z
_ edimentar:
LHENRREBADDHOA BESRARSER 0 Y o1l o
MEE. BEIR + Bentonite 0.02~11 1.4
EZHREREEHALTRAR. WD RE. Y B8tk A Carbonates 0.01~12 0.07
RESRACTERLNPTENT NS BEHLEEY  BKHA Phosphorite 0.90~980  —

WRELE MO RETHRER DA AEHA
TRBA LI AR. AT H QRS BHERIASK Cd HRBEEEN. @B5H.1988 £HHB LS
HXEOn, L FESDEMMEB 1 000t/a EH™.
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Fig.1 Dynamics of cadmium in soil-plant-animal-human continuem
1. Atmospheric contamination & uptake; 2. Non-food intake: smoking, occupational exposure; 3. Input:
atmosphere., fertilizer, sewage biosolid, soil amendment, industrial and agricultural waste; 4. Translocation; 5.
Food intake; 6. Grazings 7. Root uptake; 8. Soil solution pool, Free metal + complexes (Cd?>* + CdL), 9.
Contact exchange; 10. Absorption; 11. Adsorption; 12. Non-assimilatory metalization; 13. Fixation; 14.
Exchangeable pool; 15. Mobilizations 16. Non-Exchangeable pocl; 17. Mineral phase; 18, Labile pools 19, Non-
Labile pool; 20. Organic phase; 21. Leaching
1.2 AKTESN LA R

AT SN LR EWEHRRE ST B RBHNES LRNAARY. AN MRUE. BT
BUAT RS R, KSAEARRN T LA & &, £RERTHEE T RIEES TR
B, EIPRM B REB S THRSRAREHHRB RS FRORERE K (H 2.

Mt ekt FEIE B, R AL, AR EMUEYAS RS L2Mnt RENA AR, STHHER
HEAK BERN I RERRBANESY. BETHETERRFECRENANRKE. BEAS
RREHUFAEHEAZRNARANER. NHETWNEEERR TARE. BEOF. KHIBR
DABSWERAFEG ERREr A8 PETHAR SR ERARS L, AR NEES S RE.
Mortvetle #1 Osborn! " BT RY . MR P BH MY AR U SHRIAR KBS WO YA ML, &
AL ER N ANEERFBREERAE. AN ERURETERHHNENREHETH
REKEAE.
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H UL b A 0 AT A4 . (B3R BT s 4 F g AL AE ek 4 4 X (R 2 AR FRLAR A A 6 L 0 L R
00 5 FRd A BB B, T D AR Y, MRS EAEFR A RSBKE Cd @AM EE
BH. Xyl FHST ORSERN A S S —E R RN, ETHN
WREEHEH MRS SRR THAYRENEASHE MEEEEENERSFRM .
1.3 HRAEEF&R0E B

EFERMEXREP RNEBRTEREY S,
HRER BATHTFHEFEE T EESREMA
kNP SR, SR T
HEEFEHERNERCHYEE AN XTHAE
HESES AN, EREMLENH TP BERE
BABEMHYX. LRPNFETEREBAAKTE
ST KRS R R — MER R E R,

HELNPHEDTREERABE LRE TR 1840 1860 1880 1900 1920 1540 1960 1980
ELRTFHEGER KR T RS AL S RETRE 4 Year
MRSTREDER R R EERRTRELE 5 oo n im0 i
FLUAMMESHFE. £ TFTHANENBOEK.REES £ BR A BE B HE B B0 T A+ R 0 1 I ()T
WREYHREREE ARBERXRWEPHK Fp 2 Accumulation of Cd in  topseils under
MarE AR ~BRMRARETEI"HEE: unfertilized grassland in UK (0) and predicted increases
ERELHBFMANB UEPEREFELEMNSH in soil Cd using global anthropogenic emission data
BAHEN, BELHERNARSZHAGREIHLR Ol
RELTRTENEYHEYENERTIE.

BB ATRREER L BERIREINIAGEARF L B K-SR EEERR
B EBAEEEEFRRE. MM ERR U XEERT S, BERERERNADEEHA BREWF
8B AL+ B A B BT 2 1L 523 o i o L0 58 0 i e T R4 CY. BTN K MR R
BAAEKESH L MENTRATRE N LRBOEMAFRIEENE L.
2 HWEHCdHREEREMER

B ATER R RS f0 H ) S5 ch AR 0T, Mg Cd® i £ 3R Cd 3T . M8 Cd AR & B
FHHWCd HWIMTR RS E, X ERERNMMERFREE - EHAERE KA 20mg/ke) . Aid
XARERSEMERBED), AN CARHIBRE BHEPERACIRES LR Cd K ERLEEMN
MY T EEAXERRHEC, AR FATREHY Cd 0T LU E K& SR Cd WEGETHR, BN
CAMIBREERABE EZFEMARMNEM. M FARMEATH L REERA, 2 WMCd IR HE
e Cd S BAEERR 00 HREF, AMBRT IR ARZ4.BF - BHAERELER
TEY3 Cd Ry e, N L MEMFE 0 pH. Chaney ZHRZB . BWHAYH RN TR CANBEEERREE
LRIFE R pH. Cd, Cd:Zn, Cl, & REAFIRA PR /% A% H W EYRE, & RHET X
%[8727-28]0
2.1 pH, Eh

— @Rk, AR CI SEEF S LM H EAMEHXR, 18 pH EBIK.Cd R THRE,
HE AR AT T 48 Cd BIEA th o o FE RS B . (E30F0 % Wl 30 R 4T B2 20, Gavi S840
BEH.S+RpHM 4.5 MB 6. 26 AEFERCIMMETHRAGESL, B pH > 6.28 < 4.9
0 B AR T — A 0AE g, B M IN IR pH. SRR A S CITHITEE . £ pH WA 5.6 30
6.9 BT CA NEETHES 7 H AR EREMNCISRERATRL 2, AREETEYS £
I o A 1 AR B Rl Cd* A A AT SR A T LAY T 40 pH 3 Cd* Y IR AU I A 60, B % A DY
MRREE, Y pH >7. 50,904 % L LA KBEERN Cd AT BS 2 Cd TELK LT BRI LE
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EERBBATHRAIAL, Wi+ 18 Cd 615 FEREIE.

RN EWEERARE FEMERYY BHRTELBTEMEE. ELEFAF . BEEBRTRT
SHmemERiE. SARES BEE AR, xETRELRELEFRR OB, HEALE
BFEEBEEREAFTEERERSREREHLEIKEENLRE. HRRY.XMFLE
MEAATRYYERE. BpH M 451 A TFEERSHHEYASRETREASTHRILTFF, % pHEY
7.5 TFRARSETHHDRSRILTIRERETIL,

FEE Eh ERM A, 2P KA E ABRERANEERS EHMSRBRZEM. XTHER
MNETFERAE T RESRAEDEAEARALBIE, XL - MR EEEEYENEERES R R
BORLS. SARETEARS . AASABEREEEC ABERSTERARBEREE. BH. KB
BEMELEM, T HEEERNOE RENME KSR RET. 1, LR T RAREN KR
FE AR 25 T L AL A B 4 5 4R R e BBE AT 0 A U 0 A R L O T B R AR X SR AR L R
FRRANEEERESHNER . FEAFLESRAE FHERKNEPE FREF TR RS
BEAE KXERERHE.

HRANGEAMEHMEENTRIORB IHEYEEARERN L TR, — 2
W0 4k A T 3 0 AR X O A S0 R TR A 8 R g 4 R W e BEL B R %%,

2.2 CIE¥F

McLaughlin 205t M A D4 E MBI R A, L W F S HEEDY Cd RGN, hi1ZR
DHEEHECISBRBHBRAFRE.XFCIREMENS ML CIRXBEX S5 LHFCIET
WHH D EWEMEY, Zhao PR RFO. I LWHH Cl &6 CITWEYTHER M. Grant
SR A & T M i KCL aT i KPR i Cd &8, Smolders 255 NaCl #4TH K 251 EW . 4
+ SR W NaCl 38 18] 120mM B 5 34 B4 e+ S0F WA Cd W hn s %, CL AR MM Cd 4
WERENERCEAREFREY 2RISR AR AN RRI P B B TIEE.
Norvell S B M EEREW . ER N EZFEFCIMBRES LML EXRZEY . ARRES LR POE
HCIHTERFWEMELR.

2.3 Zn

Zn BT & SR Cd B MR UM, Oliver SUIFAEAI R Zn (10kg/hm?)y 4hHE F 6t Zn H/h K. K
REARRAE A E P CdMEERLY 2 ;Mench BHA LM EERBRIRPEKNETRC
B/ (st 0. lmg/kg) BRI T Zn S @M. BHESIOMEXG N KELTRIEY FEH In EN
B, EXRGERTAH A Cd S RENMRA . 5 TR Zn 7850 B0 #0468 B B Wi 8 HHE R Chaney
SN EESTTERMC ZIn HEEFERRR,.S2X9, Y Cd.In A FRBK TR, Zn KEYEHE
EROEERS BENEE T AREERASEN S8 Cd FANI, M Zn kiR AEHEDERT
T RELHERERBAE,.BLER Cd XS RBIIE., AMERK LRFERAKBRRMS, 5
AR Zn S B TERKEH,Cd SRR ARMM. XREAN EEKLEE,Zn 55 5/ InS,
Cd 5 STBER CdS, {8 CdS £ BE ML MR Cd MR, Chaney EMIRRE R, MMERE In FRE
it 6000mg/kg M L WMPEEMAB - HTEH In A/ QU R/ I RS R LWPERMKBN Zn BE.
1 F Zn BHERAEA T4 Fe B Ca, LAY ERMAE D TR Fe.CaZn B2 AT Cd AT
KARRE.

2.4 Fe

ZE L R B A IR 0 7 8BS T AE Ok Fe 51 Fe %4 T /M3 KR Cd b4 H Cd 55
TG Cd R HERS S REY R Fe BRI/ ERKRE CAREER TERt Fe FHMNE, X
FHECINWRERHSAKBRS BT RBEDERST B YHEELKEREAEETHEE —CdS, H R
BTABSEBABRNEERNES M ENBLRERRE . S NE RS BY A M E L RRBERK
R WYE.
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A, LM E LM A L2 B EYX Cd MW R 6% . Nigam S 9E SR HBAK TR
FHEAEANEXRAE R EH Cd WER . EREY, XM PN Cd HHH ILERIEKE g mmHR
Wz,

2.5 SR

RUERENKBELSTERENCIRE, NEBRE EEFAER PFERERGTEHNROAR
WHEMMMEASEREESMEEEE M CAP7, HZitFUIMAIREA ESREHAMLEDLER
WERCISBILAE.ABHANCISREL 4055, BREFEINMALT BEM EREBA
50mg/kg Cd BKBBF HAM Cd R BHERTER. AN 55 NE KE I RMBEMIL, @&
FEETHERCEFANE CdHEE™. W FHREENHIEESERE Cd HRETHR, HE%F¥
N E—BRECI%t 14 4 I R R KRS S FGEAT T B A BKRSS R A T B R W Cd 2
BtE. EOREC, E kM Bt Cd 3% 0 KRS M B MK R Cd M R ST TH R REWM
HFRFBRANERKE.

REHTEL 20a oxt LIP Cd WAYHERECHETTRANPHT . BRAREEBELLEET
WMER| M Cd BT B Y X Cd R R R ERER X Oliver %, RE EWELXHREH L
WMEMHENNE KO FREWEMNESREDN IR EAANMENC SB\ENE . AEWILH T
REAT,

3 ERmAGMARS CdBEAEX

WAL CAd B SR BLMAKEENRERERLA - MEAERORE. WREMNERAS C
BEDERYHRERRE PTWL 7pg/kg RED MR SRHINIAS Cd RAFD . aPFBEE
EAGABRSEYPE LS T2 (bicaccessibility) FIA KB BT R R H X5, £ Cd A RAM
REWRT, M Fe.Zn.Ca SR EMABAIETMABEBOEREETNAY Cd FHEEME RS,
HEHYRREW.EBAXTUEETDHHY X Cd MBEE S K2, % Cd BB BN S5, Em,
PENTYRNBRTHRERERY COMALTHERMEEERS,

3.1 Cd-Zn ZHEH

BREE, ARED TR Cd.Zn R0 0L FHAZRESN KSR EENTESHEAFE DR C S
BRALSHE . IFELEFEEEEYHCI SBELME. A PN In X CdAESHEREETH. HEAAK
% b 0 A LR A FR U2 %) Chaney 205028 Cd Zn #& 1 R Bl 60 £ b A RBHE DR & RN E
HHABEHYRERNC ENYHATHRER. AREW. MW Cd.Zn LEFEHE,Zo.Cd HEHE
PO A BUR, HAEYS Cd (RS H BT %+ 8P Cd F Cd.Zn LR fEYHH Cd
SREPE UL Zo WEY RN Cd (4 WE PR KR, ESP CdRNERARED R
Whn, Bl AW Cd:Zn LR CAMBRKRE—EBEE L AANGHER, FEESSRIENH BT
Zn SRR K Cd RY P Zn S5 Cd MREDE,

3.2 Fe

EUENHTRFCLHRERSNITERR Cd S Fe ZMELAEXTER., HELARNEREE
3§ Fe B3 A S Cd Al B ok i 3% Cd M BE 2 X M &5, Flanagan 850, A S 3 # 8k Fe
KA LM Cd B ,Reeves MR R R0, AR FEEH 6 Fe WELIRE® Cd HRERREHERAR
BIRAE . HALL 25pg BOBMER MR Cd At AT RIEH R R AW, MFESES < 2%/L B7&
3 Cd R AR R AMER ¢ U, Cd B E M T AWM AR, B85 Cd.Fe
Z ML — FILR AR LA %, 0 DMT1,12 SR P9 iy E ek iZ 5 8. Berglund & RH, A4k
AR Fe SGET MM T 2 Cd R K - 5 AR AL R RS FERPXREZILE
BOBFSE 5 A — BT R, 0% ~ 0N T AR MR EERAE SR ER R
WM ERNEHRROEEERIBENRED. AMEIRE RENREESRMEXHE RN FERE
FeH BENRCA MM, — Mk, i T Fe .Cd B9B U HLEAE R, 25 Fe B9GOM nB Cd A%k 2
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o, BRMTFRAMEIERGANRES, & TERR LRI Fe BHH I H# 3 BUL1THIF
EEBETEUEMENHEENEERREH  MERUBLTRATEERTRETERBHER AT
RABMTF A &L Cd AT RIS, FT S S 4R R0 NS RH Cd MRS B RMEM.
3.3 Ca

BACa FRAET KA SHMB Wit Cd MRAMBR GEFE Cd WBHEEFARE. CaMCdH
FEAEA RS RB BB BRI . — IR Ca /N A BRI B R T
BHCa G EH CaBPYER . EF Ca FARARMN Ca IRMEERNERMEMNEMRS Cd FHa2
Cd w R EBEEMA, Cd 3 CaBP ByFEM A5 Ca Ml 4 Ca BB A BB, CaBP 8965 RATR £
Cd RIS W HH T Co® W C™ R F MMM Cd 4 Ca A NHBE T ES T3 CaBP FH TR
AL, 6 He BE I Cd 0. 025~0. 05mmol CdACI,) O 38 12 38 4 45 50 Bl i L8 Ca ZE/NBG R 08438 AR ™o T
) 2 BE ) Cd (0. 5~ Immol /LCACL,) W B 35 3 4E 5 S HE LA 40 ) Ca YR T, BT 2 Cd ISR AR
Cd Ei 5 Ca RP R ATV H Ca M9F532 5 2 Ca BB A BIKES, Ca WE L HF RELEH D, KM
HURIREAE Cd #8000 K Cd B TIE Kello FIIMB R R Cd EEHH AN ERERBET PN Ca
M REAE, HAhCd AN BERAERAEE LETRT Ca EAR.

X TERBBMEAT YRR E G E A Cd R B R, Reeves H Chaney" ' BT T Ca.Zn.Fe I
RBZHELEF D CARBBE W, EREHKR T Ca.Zn.Fe R BERREN Cd RAHEAR
WHBRAFERRR . Reeves" 3t — AKX BRI EEF MAR B Cd WRBARRES T BB,
FERERTARRGERENLEN Cd ERREET RN 2 48:Ca fl Fe MR EET LT Cd R
BRREDFAEA. MREFHA Ca HERRE BRSE/ENE. EH, ERAE Cd BARHKEH
BET BAERTHRMABRELEAERFTWARES Z3 CdHEES,

4 Hid

WERRARD.CAEDAGELATR - AEAEAHERRSERTEHRBEE . Al THE
B e L2 MRt B B Tl A 7= L T 2 T AR AL PR 6 38 0 5T B BR B G Cd TEAR 2 B B
WEFAREY. BT Cd REARKEDMN ARRBEEEARQRE BT O RYRHAKRTY
HHREREMETHTIR, ATMA RETEENS Cd D AR TS Cd EAERERNHEY
ARRAFRAETHEL. Wi - MmEARPTHRGBEAGRYIE Cd EFARRBAEFEANTR
PARRENA R REL—.
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