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HOAE PR BCHE B IR 7 0 h TR A B B T AR, 2ot A St 7R TR AL
R REE . T2, LPESRTESRIEE LM AN R 5 R R
{70 LA M R PS5 A 2 SR £ DA VR 2 b X - e Yo B0 224 1

739t Cd AFTURTERAY T AL A B WORBAR IV, 50 2% PR 3000 1 e 95 2 )
RN, ARAEY R IO 5 T AR AR B T AT 25 5 T4, 4of]
NI BN S BIT R MR, IR 4 R 4P XS SR kR 2

EURLRAEH B, WRIEHREE N AT o2 W22, {5l
IR IR R VIR



R (AL, R AT A SRR IR —— SR IR B B 4 SEBR R, SEBR AT
R LR B [ SR SRR B W S 0 AT B, T ELYE R ER R 1 R 5 AL AN B AR
o ST Al b R HL IR A2 PR O vk BB SR I T AR U R AR s
. ke 5B H YRR TN S o XIS TAEAATE TR R e
Ry B T EEAPIRER, (EHEA RS AR SRR RS, dR3 T HP
(Y iR Tt 2 Ak o

I\

—. R AT Rt R

(—) EobgRll i BT o3 it

“qelyHR” (agro — geology) —IRlE LR HMEESELE (F. A Fellow) FIZEFHES
(F. V. Richthofen) T 19 tha2Hnt42 Ay, WA MABREL, HEATMEEaRS+
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HOMTYIERN LR HEASE A LML T, H2 Missous (1853, 1854) |
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AR i 2 EAR BRI, R T KR RS ok BT 500 T4E, 1960 4E,
R B, A FIRKAENE (hEZ S AREMIE) EhEAN, MieT HE
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X 58 &4 mITR KB VA AL BRI A O, HS5HBEEhm, SHe & EE I
¥o WA THE RIS RAT Sme/kg, 4. BiSBWHABIEM hREAE. 80k, Webb
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A EAE, kRS R ALl BT 2

1. RBERLWF AR BERB
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o AP BINEAED- AR, (AR, RZGRERG, SURTRRIE. WE AR HE,
AR . B R R, AR R . s, YA BT AR LR
P ES AR R AT . TRER R URRR T, W FE A B R R A
M, WERARLEGEITARRTYG, AAZERINE.

3. RERIIBRBTRE WEA T

el 8 J 30 ) AR T ARGV AH R, A RO T 2 SR AR E
Al 2T R R R, TS M T — %3, I CHRIEE BRG0P RAE
ARG AT . CEWIMEIRSES) . CRARRAES MR . (IXBhaRi
2L FHEREY . CEASIREIREELE) . (Bt - YRR . CoRESH
SRS RN AT . CMIRAOI I RE) %4, EEIpER R ARSI, B
FNE . BARITE=ATE

(1) i ot K Hs Ak

1986 4F2 T R 1 St ) T AR B SO ME S, U ARl A A5 i B AR T
Jodel (MR FSER R A A AR IR (. SME D) RUREIRES

o ]2 .



5 1996 4R S8 FIIRAE S 2R . R T2 A A A 2R B, E— 2B
T & -3 =K - KRAED RGN 2001 4550 FEELSEIR N T A Wy S0 90 55 2 (A2
WA A Wy JBBTE 2 P M 52 P TR R 5 W B 5 A ) TR A A A 1 B B 355 22 [ 4
&, BEMTH IR YRR, ERAEYSE . RSN ST BE,
Rl TR G2t 1999 4R, BREFRE B L IR BE30 B2 A WL A 2%, A N AR 7S 3R b
B AU B SEAE R — NS AR E M R G, TRIEAE R IR St et S PR XU
R T BT 5 AR Z S R

SR BE LI, RSB BRI T — M aGFERAMRTE, ol EZSH
Frop RAOUBE . WA . SRR ES LRI X GER, ] LIFE R b2 ) — i
AIEERE . R AETHT RN - R - MBI AN RGN, DhaE R HAH
GAEH R, BAITEYL, BRI T, AR R LS IR A E AR
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PRI RMAEY RAEE K BTG b4 k" IR,

1) siRE5M, R - KA,
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IR ERTEIAT IR EEIREE, HRERTER RS, LA
NS AR R BT, R THIARRE, BT RAE,
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By BT . SR ARSI R, ARG 3 T Ny — MIBK {4k 2 2 B4k
(IV), TTA - B¢ - MIBK {R % Ht s (1), Na (PO,), — Nys — MIBK {4 22 2K BUEL 4%,
PR TR EIAE Ak . EIRERG TR RBR B4 P 4 - Tl R4R2E — % -
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A, TERFE P BRSSO E R — TR AR A, B e BA ARS8 2 Fo0
£, B, IHSABETARE, ERAKERBFHAERFLT, SR/ il
A 25 0 B S G T 25 R IO 6 T [RD B 40 B T I E SR B AE A PR (D)L A (V)| T
(V) Ffili (VI), SRR A APDC — MIBK — GFAAS 3 mIEs (I0) . fff (V).
(V). 8 (VD). 8 () A%k (V)o

(=) TE-EVRGFHEFTRNEEERERNE

H4JRILE (W Cd, Pb, Cu, Zn %) [A], BFE (WN, P, K, Ca, MgsF) [
WAHEAE AR R R, MESEITE 5EFRITEE A ERUE Bl AL TEL G
B, BTELBICRGYESHR M.

1. T2 BAENERAETELETFITAGY A

TR ITENEFRICRE TEPIET AN R R E S RS R EN— D EETT
M, TR, KK, tRESBEEA T RENARER, [HXJ5 s TEH
M7EE NN REMAZ

- R TR W R AR A R B SR T R A WA A T RS AR . KK
W3h 12 9E 2 B0, BRI Cu, Cd BA SIS T £ K (IR 6T, e, RERRE
M, T Cu b K M AIMEIE A KT Cdo K MR (PBC) W Cu, CdIMAR
BT R, ERRASFIH 20% ~32% F1 7% ~20% , 41, Bolland iRiE, Zn 4bER(H
BRI NF P A R B2 A S8 b o5 5% R B

TLRTE TIPSR S ZMERA R, YHHAMFAARZE, Sty R
DGR, BRT, AXRESBEIGYN LIS RO RS R WA R IR AR
/>, Folle MR, MAESRE Cu, Zn, Cd, Ni WHEREE, W LiEH Al-P, Fe-P
R, EXHFEEAERRE,

BFRICR IRV S WL AR (R R ) , WRIE AR R
R EB I, i, BRESHENENRM, Cu, Cd AIMATF ST+ K,
Mg 1 Ca B9VE BERG N, EATHREGES K, Mg AR, Cu BX— M Cd K, Robertson
R, EEBIEYRTELIE Ca, Mg, K T8, 4T, Folle %1 £ 7% BRAF M FIN A,
+IEZEAE Cu, Niy, Pb, Zn 555, P AOFTHREUER AR T RZI5 0 L%, b
GEREN, BRI FE X HE AR WA, T P A Sk
BEAR

2. BRAZHELBAXELEFTRFITAGY A

BFRITE XN T4 R AR R B — 5, Zhu 510N, 38H#etk Ca, Mg
BT B X Zn, Cu MOTRRRE, 1T L Zn AR AT Cu; KX Zn, Cu WEFHHY
BAEL, RKINFEHE, 1R Cu, Cd AOWMHE R P RE A TEA . Ca®t | Mg®* KL
{F4TigE Cd WA R WA T ELf e 3 b, FR4RAE, P A E & A kW Y T AR B a7 e
Zn., Cu BYWEEEHE N, T 1E B 1 3T Zn AR BRIRAS, UABA P X E SR ITRIT MR N
5AgEHRERER,

BRITEHFATERETUSEESBEEESNAMA, X—TIERRNAE P TIA
—BE33E , Kaushik %51 Shuman FOBFFEEHT, Jifi P AT BY & G btk S iR 1 3% Zn . Cd|



Cu BRIRELAS . AVS K MRERS S8, T s & T S ks i,
FREZS Zn, Cd, Cu MIRZZEEN, PIEAMEAWEIE T Mo lHMEATES (S RE LR
HA) MPEARIES (TRBEARES) ik, SR m T P AEKEE T 8 Bl 445 pH {4
L P SEAY SRR G, SRR E P M EHESBNESEEE, R, W
WIETE H, BRPE I P A3 Zn (O3S BILSILBIS, TSR A
WA Zn W, SRy P TR R e s AT TSN T Zn BRI, TTO0, P X3
HESBIEAS SRR 32 MR AH 2,

TIEEGREB R/ DE T EXH YA SIS EE RN, X 0T E
Ao BiESE N, PREARAEH P As R 5108, XEHET P, As EEML+
SN AT A A T VR 045 S o Brown 25408, 6 P A1 0 448 v o] 32 BUA Zn
MR,

3. MMk P LERHREAER

HYR— DR ROEIEEER, HhRE—Wamoas (Hnsms) &% mEib s
TIRERI AR, RARWAEMY A K EE M-8 E, JERE, 76 100 ~200mg/L fj Pb ¥k &
T, gt P ALPRRT R A AEAR G AR AE K . FEE N EULT, Smg/kg 19 Zn BB /NERER . 2
FERAREE W%, TAEM N 75mg/kg B}, Zn W1k 10mg/ kg A TFIAE X L5 47 B 5 F %

HERIUREN-MET, WHESERTERP YRR, 5 My s
A AR, AT RRAE A o) 78 % 0 3 W B e e 3B A F B0 28 o Cd i Tk Ak N, K
W b TETAE SR R R, (R P e R N B R e, KRBT Cd [ T g e
Mg, Fe, Zn ¥, AiAIRM, M Zn (FAEY) P W FIEMR, 1H Cd 7E Zn 7778 0] 386 hn4s
W) PURE, TITC Zn BEH) XA PYREE . Zn MJEIGAN, FRART#EY Ca. Mg, K, Na W&
AR Ca/Zn L6, Yevdokimova #8Hi, Cu, Ni, Co EEBIFY TG, AR TFH FHEEH
EEREIRER A I A B IG . Tyksinski B4R 18, 5%+ Cu, B 5 Ca ], Zn, Mn 5 P
[B], Zn, Mn 5 Mg LI X Zn 5 K FIfF7ERPUER . HEBESRBITEN S B USE THY
SHEFFTCR IR, BT T ERTCRERYIRNSE, F4)E Cd, Mn, Mo ffi+ 5
th Ca i) 3l b8 09 575 5 BH S8 A%

BIRLREZHY RN ESBOERRNE, AU ENREESBHY SR
St BIFRY, YA RKIE NH, - NP, H Cd W E MBI RS K F7E NO; -N
BB RAOIEY), N IBAXHIR Zn We B BO R 50280, 1H Cd FEABRRAA P 1949045 U
A% NSRRI, W NH - N a7t Fe, Al, Cu J Zn 90 W, {H
NO;s - N WA HEAREC, XAl RESRAR 0 NH, - N W5 | 45 0056 iR 2 32 T 1 B R
&, T NO; — N U5 OH ™ 43 iiAR RINSETRAL BT, RREAZE N JEAEAR 54 )
e+ 58 Cd 5B R/NF - (NH,),S0, > NH,NO, > Ca (NO,),, HAf LI H Al
RERIREEMAE X Cd WBEHAEH, 55— 5 I v] BE R NERIFAR T 8 B 4338 pH (A it hn 7
Cd MR, T3 Pl H BN E MY AN E SRS, (AWG G P42 Pb XY
ARNERIIRE . Merry S48, P i BT A — 2K EAE U BRIHEY A NES RS
BIPER . ST, JKAET I Cd HNBERE P s in . 5 K 77 B S AR /N ZE Zn A vk BE J W% i
Ho 13 Ca, KEEABM AT Cd WRE BEWAR, (BRXELHE T Y HREEA W
RN
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i LRTR, T - Y RGP ERTRMAEERTIR ARG T iR, (HERZEH
TARRBIERAPIE, TER—R G P ArSUa/E I ROBTFE M A, 3R AR B 40
B, MARIEN—BAESESI, BASSSEIEREE RN Bk

/.

=, THHFHBEIN L LEREVRER

KTF LB S IPN TAE, W5 K T BRI A S SR R TR DT T o [ SR P
TEXHHMTREARY, BaRR.

(—) LBFRIFNTTEFRAR

1. EsStEIFHF &

HHPEAN B9 H R A B R . RIBATHRMBI KR . ARIEPE SRR bR
MR, PP A =RHEO, F—RREWTTE, B RRERIE, BERKE
AT Z A & R PPN Ik . Ebs - SBAY RE Ak T i D5 iR LSS E AR
FeH) £ V8 S TN AN B AR Y 1 h3E BT € B AL I Oy vk R R
FEMAG s %0k, e HHITNE SEOEMAESY (K) Fik,

1) SN . 1961 AESEEN L HvE 34T TIEM 32K XL I 2R R
GiE Sotk R R XA o A L Mol ORI OSBRI L R R R R
FEVEFIRERF AR BOR L A\ (K2 -1, K2-1),

2) EHEEEFA T, 1976 4, BAERKAL (FAO) K7 T +Hid  PEirH
( { A Framework for Land Evaluation) ) , FAO +#i3& B EEMN 4028 R 500 + b5 A iE BN
WHPIRY, RS EREMRGEE TN, H. W, HBoumF (R2-2), HE
2 -2 W LVEH, FAO L& BMITEN SRR GEMURE—MEMIELR, TEN 4R AT AR
JEERT AR b DX AR AT 2R A A R T € o

®2-1 EEMNIHEHIIERS
Table 2 -1 Land potential classification system of the USA
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Fig. 2 -1

SEE TS5
Elrp T —VIIZR 35 2%

Land potential classification sketch map of the USA

B

F2-2 BAEFAO LHEBEBEMHENS L RS
Table 2 -2  Classification system of the FAO of the UN for estimating land applicability
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S, AR A 2% B TR W AT PRI
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N (RiEE) 0N
N, AAANIE .
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— > X R 23 B AR R

T, SRR

SR R/ NATE, AR

1978 4F, BREEARMIRWAETXITE (AEZ) 2
SREVAR/NAY L30T, P S B . - ) AR
MR AOWAERKRRAR ., B, T3, T Agoke X IR RA, B4
I AT - i ) FH R DB A R i AT A IR R MV L AR AR S AT (AEC) SR e
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ETAE, JFEERAS KR T R F BT R R A28 BT S =20, RIEAA™
=, W+ ER,

4) FLELHAREEEN, 1993 4, A FAO KATT (354E LA REMITH
#§Z ( An International Framework for Evaluating Sustainable Land Management)) (FESLM),
BIPN T EEEEA: P (productivity) . R (security) | fR#FHE (protection) | ZTFH]
Fik (viability) A3z (acceptability) SFHAPFMHEN (pillars) o FESLM #4543
NERTTE, YT KT AaTT AR IR, AR IR R 2, F
(TR PN AR RE) T B AT R R AR R PR RS . IR A RAIKREL
WEARAERD (HEK) . AREGFHIROL . TR BRIFRES . RS Bn R 2 5
MM A RSB G BOKXBE . URMRS . Ehesit . A=W, K
HUE L IEATEA M PR . LT SIEEER (M4 | RSN LA
8 A T ) AR S AP BTN AT . TR B ITIUN ., AL, RHUX
Wi, IR RUR 5SS

5) BAEITG . 1990 4F, #R4E 1989 E-LEH MW ER, &FeES RRHA
(OECD) JAZh T ABIERIFIFRIE, Q1T B —RE& -mp” (PSR) AL
SMELR, ARIBIRILER2 -3 TR 2 -4,

F2-3 EN-RKE - WEEREEN SRR

Table 2 -3 Part of the indexes of the pressure — condition — reaction model

) 85 EJif8tR REHER Wi SO $8 4
S BEBHMBEEIMAE | MESTHEERYMPELSBRSEIL | FREEFIBRDEEY
o YR & G YR E iy id
ZA [T YY 5RO
i NN BT
T A T AHEC S K JE K 2
KRB IR E G, FRgLad A | k4, DLRIEKALERIT
LZ'S“/\ /\:/‘ R
IKBEIR K PR A R sk AT A H
9 5E b3 g . e 5 P AL
TEER b (VB | B W SR e WE K

5&um) B -3

R2-4 FMEHREXER (EPI)

Table 2 -4 Relative environmental properties index

7 AR ALK LA
FoMT R I
R R
FARBEU R B 19 LA
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ZARE S FEEYR R
et 20 S RUNTTE
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PR Wi
P A S AR5 e e
HELY 1 K I O HENE o KB
Kis AT (BOD) MR (BOD)
fapm R (COD) flapA R (COD)
EE EE TR
HEME TR
iy | BERRAR BIRRLR
WA B R
RUES BREAR

2. BALBEHNT %

TR AT L5 S P TAEFF LR, AN TP 3401 0 % MR E e
T 3 A5 18 25400 Fh, SREN. WAMI. JEEIAIK AR5 L 13 E4 X B
BB R TAE R R = A T8 A, B Es. B+ U b ER22 b
IR T

(1) #Hhih R4 5 FE M

ARV T e 2 [ B bt 7 A 5 BB B9 B RO TE TR TR E B AR
FHIG N R TAE AR R AL, BEEICBIR 1:5 T7 ;5 #h b SL a0 b o 4 i 2 0 5T
SEHLERA . RS AR B R BN A o S M S AT ST | T R b
MAF. R (R, SRy, R, R, WEY. B, &R
) RSO LENE S AW, LRRE (BHREE. A%BREE. Lk
R BERERREREEESE) . HHE SRR (B, FE, pHE ., XHE. 4
PUBR . B BRge4r. b, HMOWAL. T RTE, BiEMGRERLE) . HiEE
QRIS Rl . LRI AR A 50 45 A 38 A KR TR . K LA T
HIE S A A . ISR 25, 7R R 26 20 X A0 498 Hb 3L Al b 7 4 DR 2% 0 S5
BRh R R (22 -5),

e E A T S R PR, e 2 X R G R4 AR b 4 Rk
KX ORFEL) . b PR+ - LB LR X . 6 W 5 i - 38 4
PRBEHIX (& EARE, BB 1) . BH SRS AR R . R (R 8
WX, PTREHERX , Eh LM EEaORE (86, ARAL) S8tk
BYX S5 T AR, 1996 AEMAT T Al 3T W ARE (A EHERT X | b ) 2 5 %)
1), 2002 4E4 AR H AR R S5 S R A R T (A E B S e
SREWFHBEARE) GRT) . i Lals, SIPMIREME T4, 75+ g 44
EARRIE IR E =B bR, AW B IR SR ASRBEH 3
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Table 2 -5 Factors for estimating the soil fertility of the farmland in south China

S FE A EHEb X H 7 SHH LR X

et FEAH B LA L A IR G ERE L

X R X TG X TR X EHHT X ST X
HIBH AL HIBARAL TR B B
i R R R R RE35
KT KA HeE S KT KL +REE +REE
HEE S 1 T A 20 HedE Sk K SR KL TR E
TR 2 g R R 0 T A 2 AKAPMRI SRR | AT

Wo| B REE HHR b REfig R BT E IKFVRIL BT 2R
BHE B PHRIEE HEZ b BT 2 YR B 1 i A 250

w | HREE HHE BRI B2 B (RN =S
IR &R L BRI PR b

B 2R A 2R BHHR BRI
A B A &8 BHUE

x| B pH (H,0) A A 2R
pH (H,0) VT pH (H,0) HA AR
WE B F R bl BB TS pH (H,0) HAAT
N REE b BB TR pH (H,0)
ikl T aibi BB F A
RETE BET REP 8

(2) RAMAEFESAMMN

[ b YR VR R AR P 20 25 A A R BT — R R RO A —— i B U
MR T BRI, R4k i BE R AR ABUR R, AR A
R AR, B e T B AR AL R R R S Ik, BRI S ik
Fo CRABLASIRE) . CRAMEZME) . CRAMAMANIE) =7 hRiEMN 2003
428 1 B IE AR

KA SR AR BB R, LSRR T AR R HA R, AR AT
(EHOFR 2 RAET) . AR (h#ARKM2ER) | TFEAM (A= E PR HEK
FER) MGEAEZE (FYRAEHAKTESR) &, SHNEWERTIFRAHES. %
RPN AR A U TR A O5 tibiees . BaiaegE; O4sasitibA
SRYEA . I TIPH R L A AR RS 5 vk s O7E 2 EVERIAT I, i i
AP RS, PRI . CRRE WEEEIOT R R TR - A
FORE E R R SHIR R @ AR AR RBURTEN | MR AE BT, Ko
SRR RIS . HR R 2 AT T B AR ST R L3R B BRI AT, AN HIEFRIH

(3) 3R R A S RS R A

Hh B2 B R R 5 BT 5 B B R SR S B E (973 WH)
e R A A SR AR IR E AR R B R RIS R ST RS, fEih
+ R E AR OT S VPA TR E B R i, RN AL SR
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ESEF IS, A A b R MR S R e, B B AR A B 4
OETE R BN, 4> SRS S T I, 25 MW E L3 i
ORI EZ AR HIARE G, DR 5 05540 AR A0 S . SRS IR AR
e, BTG, W R, AR TR IR, W R
RIS BRSS9 5% 3t 15 S 0 e e S i
i, FHEEYRE SR, R EYRAGERRAENEEY R, R, WE L
REER T, 878 T LB 2 SR A O, 5 R R R R R O e %, 4
SRR AR A RIRR ; ORISR RIS 5, BRI
BACRKIE AT, XSRS A RAE + LR R AR TR . ALk, IRIE S ST
FERSL B P RARPRMA R AN R, X - R BRI AT

BRI, PIPHE T REEE L RRAE L Wt . KR+, RE
IERE ) R VAN R B - S B R R 0

(Z) TEREMRHERE

INR-POES ¥/ a0y
IR R A AR RGN, R SRR E IR IOEE S, 2
Y WA LTS Qe A AR S TR RE T, AR . SR A e S
R Z L5 B BE
HHR RO = Z NI : F—, HEE T, B R R R A A A
BTy SR, WREDUE, B EIRSES AR E RS =, S, B
ISR M S A SRR IO RE F1 o X S IR RN A R . LR
EA R, AR R 2 -6, #£2-7 MIE2 -8,
R2-6 THEFE M ERA IR
Table 2 -6 Descriptive index of the soil quality in the field
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Table 2 -7 Common analytic index for soil quality
+ TR R R + TR W
M ShIEMAE (BSY%) AL
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CERRER TSI MY E
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£2-8 THEHRENEFRRISHEAESTIERENKER
Table 2 -8 Soil quality and health condition parameters and their relationship with soil quality
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THERBLS R SRR DLl i HEA S
R dlae s T
THEAEPR (B CL BN RESCEHERE Sy | R AR b o PR A RS TR (7 S AL
pH TE U A2 T Ak B 1 bipugEz ik e
GRS R SCRELI AN A 0 T e B TEL BB =
ZHHEN, P, K HWYIE R IR5 AL N Bk AP I R R g b
I WyiER
AR C, N ARSI . N 77 B A XA LR i) T
WYL N BRI SN N RIS S o il
IR KA RAIR TP AR oA My e

2. BAXEREFN

[ 5T E 3R R OB T B4R 7 T S . AR A B L MR A R B b
WIS =71

(1) -3 BHE A R

IR BT B R T R B AGEAR, R AR B E A E S, 455
RARGMPZFNGY , BIREEI T, L5 B B AL o, T R b+
SRS EA YRR . YERRZSHAEAE, “EH” W, mEZFEEPR IS, B
HEZRLMPERERS S S ERRHEOETE “ 4 E sy B umsr”, &
AR IEBN RGN HIRTE S RIS RIS . S M 1, T L pmh . 4
e RETHAYME,; R, 4. SEHEEEEZ R, M. % BETHEME, 21
St RO BTE R, iRt 16 4EA9 A S R R A T, A0 3R N, P K.
Fe, Mn, Cu, Zn, B, Mo %8 9 M B F LR MIT T BRGS0, B T I 4%
FRitE

(2) TR RIS

WA R MR, KT 20 #4070 4ERFIARIIR R, HATSeT s
RERMBESEIERRZ P o —FEINR, R — AT R — 1 V5 Yy T A 8005 Y
Wi, —Bols BT A R AN YR B R BRI AR BB
B, IR AR RN I A R B SR T B PR IO AT, b AR ah
TR YR BRSR . S5 TR IR B 15 Yo 5+ A5 R G S5 AT R RO B2, LI
R E B R . AAOER, WATISME . A4, BB, WA E 5
B T 095 Yy ) - EBRBETS Ye bRt . FREI IR A TG B — e

30l SR BT T RAE XA b TS e M S AN R FT o TEDAE T RS Y B 45
FEZSHUS RPN, HERARAFI R R AR RIS, ST LR & AR 2 Al
FHRFMS A+ RS RGN g i, IR B 50 TR BT v £ M S R o LR
BRI . %2 -9 HIRE B 1 K4 Bk R i,
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Table 2 -9 Critical content of each system in meadow brown soil area of China

(mg/kg)

% . fepmtns - FRHEARL

_ PN E A — + 3 A YN

TR KF INEE T K H K
cd 2.8 150 15 3.5 % "
As 67 21 32 27 ~54 % %
Hg 0.4 1.05 1.50 1.25~1.5 " "
Pb 600 500 300 300 ~ 500 # -

VE: ¢ MR, WFBWARER; « « 3. 5my/kg B, MREI. WTFBRAREIT, (JREIHE, 1980)

R B A H R R T M TR R 2 . BT, HORAMHE LA
AR EARE RS A RN RN R, D AR RRE R I SIS
LA RS AR —ME S, Tl C, =M (C—Cy) Fr (XH: M uEH
BE+mER (ke), Chi TEMNLEHEASE (mg/ks), Cylvi TR TIEHRE
(mg/kg)) o KB, BUFRE C, =M (C—Cy—Cp), CplH3rh Ay ¥5 T 50 i Y £ o
BAh, FHFREARMATH Q= (C-B) x150 BT (. Q AEAK HHERE
AR (¢/F), CHRHTIEFEMREME (mg/kg), B HXIBIENFE (mg'kg))o

R ATRMRIAR, SRR A, WAL . RS AR RRIES
PR IR R R, BEEMARN Q, N0, HOKRTQ,
MFEEE R 0 - 0 FEEREMIER, HREROAWILM, BERHE, BRE (K) N
BREE (0-0) SMARQZ, WaEATREELRYEBREE A, (FHFERAR)
HAp= Q+QK + QK+ +QK", Ti n ENIIGRYIRE LR R, (REYUFEMAR) W
¥ Ry = QK+ QK+ + QK" M4EFR n BEGKI, QK'BTFE, AkBRIMMRE, H
M, EUMTE A BRUREN A =K (B+Q) (3N AT Rl A R B4R &R
g (mg/kg), K9+ R EREE (%), B hi5 % XL RE
(mg/kg), Q J+HHEERMIERAR (ng/kg)), BEBFERER (K) ME. FHA

B, 0 454 L A0 R BB Ar = B + OK T ce MSRIHTTLI , SRR M K

HHFN, MHELERBEMA R, RRBX K, AREERY, K EOEES,
EE IR RAS . AR g, T BORETS Yt BB R DA B SR v B A
IR,

(3) HEEIIEEARE ST

S (R RIERE RS, Bk sy, RIS, REERMAE
R e AMRGERE, TRET 1995 EHIE NG T LB RREIRE (CB15618—1995) (5
2-10), ZARHER I AT AR . R B AR R B, ME T R R AR
BAVREAME, FTAE, B3, KE. RE. K%, Wi, ARERPREFNL
W, AR LR SRR R AR, R =2 T REEEATEZE
MEREPR (RASRELBSEENBRIN) . EhE KRR, KIE ., B
AR X B, T R A (R BRI BT IS EELE R TR | Bk
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o ZREE L RE L HOHE LM, HRR A ESH RIS RS R E S, 2K
SO T B R T5 ey 25 B K 0 180 7 J 8 L SR 7 0T 46 1 e P e (2
HERSN) , HIRBR AR ST A

®2-10 THERBREIRAERE

Table 2 —10 Environmental quality standard for soils (mg/kg)

K5 —&% = =%

+ 3 pH 1 ARE 5 <6.5 6.5~7.5 >7.5 >6.5
< 0.20 0.30 0.30 0. 60 1.0
* < 0.15 0.30 0. 50 1.0 1.5
KH < 15 30 25 20 30
. il < 15 40 30 25 40
RHE< 35 50 100 100 400
f 2R < - 150 200 200 400
o< 35 250 300 350 500
KH < 90 250 300 350 400
" Bih < 90 150 200 250 300
& < 100 200 250 300 500
H o< 40 40 50 60 200
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Fig. 3 -1 Formation & evolution and geomorphological feature of north China plain
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T BRI RIS W, TIRRE ; SN, BEEWINTS, W, R
MW EE, AT, It IR AR,

2. 86 RE TR E R B I R4
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. HRIETETAE (ATUHT602 4F) DIsE, Iz 1500 £k, Bkmpkd
BUHA 26 I, HEMROUGER 7R (£3 -1). 85, RICFRATRI4 004 5
HBIER, PRI B ZSR) . MERUR AT T | WA — AR ) - =
FAUT IR, & B BARFL B RIBHEE,

R3I-1 HEATHEZTETITER

Table 3 ~1 Transitional situation of main riverway in lower reaches of Yellow River
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3. £ b-F R M TS KR L Wy A R A AE
2K BN 1 5 RUTAR S AR FE sl AN [v) it S LS BTG A ) R 4B R 28 Rl K, ik
AEIHARERTC AR E B HIRAYIRAUSATR (3 -2), Bk, NEHS AT+ A ¥ 2
b2 20 L A B PR G AR AL, G BT A - SR A 5 6 T A 1 YA v 08 000 ] 9
b Il m e s A R AR (3 -3, E3-4),
#£3-2 WALTEREHS 8 T BRI A R 2

Table 3 -2 Variance of soil mechanical composition of various geomorphic units in Hebei plain

Hug R e SRR | M. PR | AEbE | HBTE M5 Kk ey
Bt | U B | AR | RB% | B/% /% /%
Vit 50 ~60 >10 >45 20 ~30
BN G —
i) Ti P+ <30 <2 >25 40 ~55 | [k i 4 A — B ﬂi*ﬁgii/
N g %
\/E Wl dgE ~ :Fls%
F W g+ <20 <2 >15 | 40-~55 |7 yizl .
Bt <15 <2 >10 30 ~40
VA >60 <5 >60 >20 L M. K e
mﬁ:ﬂ N gi >10 <1 >10 >60 {%@‘ AT 30% ) :I;( : ) o
, W
ey ﬁ“ sl g e . :‘ yar -
PR 3 K+ >10 <1 >10 >45 rﬁﬂo ¥ BH T 4 B -
1R £ 5 <1 >5 s40 | T30%
Vet >5 <0.5 >5 >75
1 & et >5 <0.5 >5 >60 JUK £ &AM | — B 7 20%
PR i i+ >5 <0.5 >5 550 | —BEE3S% L | UTF
erhi+ >5 <0.5 >5 >40

(Bl BZER4s, 1985)

4. 2o R4 3 R ¥ F KRR 5 LR A AE
AR A9 A2 U R A R BB TR R Mt BR AR RO TR A A HC S IR AR L
SORERUWEH R . Jabitss, LABTUTR R GIARY) A b B i 36 5 s+ i e
FHH L ICERARMR AR SEBIAEIL R L3 24T R 20k B TR E L s £
AL R, TR UL, B R TG SR A MR BT B T AR L s R Ak 2
TLRAMHIFERL . R BEE 2 KB (L2 REE YRR, TR RN 154
WL, Zad FOKBEE R SRR, VR XA AL T R R4y . A A R + 5
TR, IR AR R BN T ERAE ML, B3k A BT (4 i B s H
CHB LSS Bl mIRAE YR, TR NS B A TR R
MANFERR R o P, FERIFR, BT AN =ATR ., ZRmih, fed R
Mo, HFRAMBRATOR BALES B LIRS 06, TTR AL Ak R MR v A
Bo B =FMY, ZKRH, kOBEEHAY Al,0,/Fe, 0, lLHFI CaO/MgO H{E 5351 K
2.91~2.92 2. 41 ~2. 86, SEIULRYIRE AL TOR H A2 — B CHRbiE T it
Herp CaO/MgO HAEARMLHRTE 2. 00 IR ) o BIMPIARY HEERY Ca TR, kKT E +
1o SRR A M IR AL 2 L AR A
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Table 3 -3 Soil types and physical — chemical characters of elder Yellow River in Jiangsu Province
BEML | e AT 28 2 |y [ RO | g |
HuAR o |7 'S WA | o | A < tgee
Hi | B/em % % % mg/100g %
0~17 8.9 10.279 {0.011 | 15.18 | 0. 116 4.5 1.6 3.71 7.83
TR | i 17~37 | 8.9 [0.633 |0.025 | 14.68 | 0. 136 * 5.9 2.4 7.01 8.08
i e 37~85| 89 [0.376 | 0.018 | 12.11 | 0. 118 t_I;L TT 2.0 6.58 8.41 s
ﬂi]‘ E]Z\XEH ~ . . . . . . . . .
85~100| 9.0 [0.445|0.019 | 13.58 | 0.128 8.5 2.0 3.70 9.49
0~18 8.6 [0.962 |0.056 | 9.96 |0.158 9.2 6.2 6. 95 8.16
——_
I | B 18~40| 8.9 |0.705 |0.050 | 8. 18 |0.159 * 6.9 4.4 8.05 6.41
A | e 40~70 | 9 0.493 | 0.028 | 10.21 | 0. 145 tﬁ 0 6.5 8 L
~ W L .02 .21 .1 5.7 2. .52 .20
| Bk
70 ~100| 9.2 |0.352 |0.017 | 12.00 | 0. 131 6.8 1.3 6.18 9.37
0 ~40 8.5 [1.209 |0.077 | 9.10 | 0.170 11.5 6.8 10.75 | 9.16
1
ik FAR 04 46| 0.1 |0.329 0019|1005 |0.133| % | 7.5 | 1.3 | 7.5 | 0.37
NEZS i3 Mat
TR 46 ~73 | 9.0 [0.524 |0.037 | 8.22 |0.124 H 11.2 2.1 16.62 | 8.13
BMY
73 ~100f 9.0 |0.671 [0.035 | 11.11 | 0.123 13.7 2.6 [13.18 ] 12.24
0~16 8.3 |1.512 {0.095 | 9.23 | 0. 148 28.6 8.3 [18.62 | 11.31
u 2
A7 ] LR 16~27 | 8.4 [1.093]0.069 | 9.19 |0.128 * 20.5 5.9 [19.94 | 12.45
S i -+
T 9%;@ 27~77| 8.5 [0.600 |0.041 | 8.49 |0.126 H 13.9 2.5 14.38 | 12.36
77 ~100| 8.6 |0.791 [ 0.056 | 8.20 |O0.145 19.5 4.0 |19.78 | 15.62

%3-4 WHEEEREETHEHIEHRR R ER

Table 3 -4 Soil types and physical — chemical characters of elder Yellow river in Xiajin County,

Shandong Province

(#E75EERE, 1985)

‘ u ks | s | s
g T2 BN/ % | BRAR | £R/% | 2B% | 20/% pH
mg/100g
Wi+ 0.47 10. 48 4.026 0. 099 2.04 1.30 | 4.36 6.7
A | Bt 4. 605 7.02 0. 050 0.122 2.15 2.07 | 0.88 9.2
WERE | syma | 0.108 5. 65 0.011 0.096 1.92 L3 | 0.09 |
Kb+ | ~0.272 | ~7.51 ~0.021 | ~0.142 | ~2.03 | ~1.52| ~0.28 ' ' '
s 0.118 4.5 0. 007 0. 063 2.10 1.10 | 0.23
¥ ] 4.9 ~5.0[7.5 ~8.0
AR | bt | ~0.241 ~70 ~0.021 | ~0.091 ~2.27 | ~2.26 | ~0.29
il 0.167 6.0 0.016 0. 094 1.99 1.05 | 0.08
o gup| . 4.2 ~7.4]7.5 ~8.0
A+ ~0.282 ~9.5 ~0.026 | ~0.097 ~2.15 | ~2.48 | ~0.54

(#2240, 1989)

(Z) REMIKUAEREMIRREHIRUZTRART T E
HOBRR T I 2V AR R A B BN . A AL AN ARGV E R . B KA R 2a
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B, (HHTYHBI R RN A RACAE RIS 560 W BN A0 24 T WA
WERMAERIRIEEA . TS KAE. KB BB & T L2404 K HE— R B 4k
LR, AR YRS R 2R A A AR

1. 25 e Rt 42

W) 03 W BB A AR SR A T A RV B I R i Ok . T UL JBLA T sk BB k.
RS P ARG T . THRTHRALIRE (3 -5) hEEHEhIRET
AT B RN T A A M A A 2R 2H RN A0

EE KA LK BN R, G, KAk, KR, Sk RSy
Ko Hb, KERBEEFME WMER, HLRENEEOART Y i —5EBE T,
HEEBRRZRIFIRIVE F40 Na®™, K*| Ca®", Mg’ 1S, ERIFIHRINE ~RTYE
FERAEPALANSN R . MRIRTAIZEPR, MR AIEIRE AL B TR T3k, B Al WE Sk
Yo TERIBSEMT, SEBKMMNEFERERE. BRMEET (K, Na*) [iksE;
S NHEAEF (Mg* | F’*) 2T, DELMHEM,; LS EAHETF (Sitt,
AP i TR 2 E R RS R TR

R3-5 WERWIERTTHHXLERE
Table 3 -5 Anti — weathering degree of mineral under chemical weathing

TP RALME 5 72 N/
JUPARZRAEEN | B, 4k, &NA . B aRemea

iy B, R RAA . BA . WO . ST, MEG. AWTE

RALZ1& Bk, fa ., fibkn ., mitpHca%

8o Rk NG, WA, BAREKII RIS, B

2 F R BA . WA BNRHCE . B, HIRA. ASA. AERAKTNT . mi. Bkt

MFRIERRERZNR: OTBETYES,; O WAER A/, FAEHE RN
HER TR R A B T ALE,  HoRIRE A K IBORL W1E 5) T ok it ; O 4T 15 3 it
BHIRTFTEH S B0 W OFIFRHOKEME, ks e RS s A T 5 T
Hs O R AN AR B AL K MR Sh i, HiB B B . KALE Ak
AR B PSR B T RO NGRS AE L AR UV 5 R R £ VA R T R, IR
TE IR AT )

LAR A B8 A 2 AL . A A P22 41 R (Mg, Fe) Si0,, ZE44L
W Fe (1) ATLAEALN Fe () :

2 (Mg, Fe) SiO, (s) + 1/20, (g) + 5H,0 —

Fe,0; - 3H,0 (s) + Mg,SiO, (s) + H,SiO, (aq)
IK SR BN
2 (Mg, Fe) SiO, (s) + 4H,0 —
2Mg** (aq) + 40H™ (aq) + Fe,Si0, (s) + H,Si0, (aq)
PRI A SN

(Mg, Fe) SiO, (s) + 4H ™ (aq) —
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Mg’ (aq) + Fe’* (aq) + H,Si0, (aq)

2 AL R Mg® | Fe®* 851, —agidmli, —MakKiTH%, W+
Pk, Fe,0, - 3,0 FEMHHYy; SiO) b 5H LB FLEA R Y, RIRAET Y,

Rk R E R AR, BIRRROREE . MINA . . B RE IR R
A, SRR AT Yo AR Y AT 43y T B b2k | =AWk A SR R R R 28
fAEh R mAK Ly, BARL, —thEd, ZFETHRELD. mhRa (Ca
CO;). H=f [Ca Mg (CO,),]. AF (CaSO, - 2H,0). {EH (MgSO, - 7TH,0) . &#h
(NaCl) . =% (Na,S0, - 10H,0) . /K&HEA (MgCl, - 6H,0) 25, # W T TRMET i
X, =AY (Fe,0, - H,0) . #mERH (2Fe, 0, + 3H,0) , =IK4AA
(ALO, - 3H,0) 2§, RRERELT-WMIRKALIERF=H), & L TR RIS i X G 3
AR REIRERZET e T R e, SR KA SRR WIRILE TR B .

B TREA TS R, (A A WAL FEAR R B, BT B BRGS0 iy
M RMAR, ETREMETFRESMEEET, KRB, 4 FRBEhEHmn e,
FE A FERBEIR ISR SR, B ERR, 2T A
B ERIIESMET, BUE YR pish s, Bk, FEERS8A, FiE—L5
B, BRI RS EEAY EE. Bk, AaEE L, TERXGE. R,
HAPIRAEE A PR | BRSO R

2. KRARBYE B BT RS

St — R AN Y BAE RAE 12, BEE A AT Y AL, A2 A b R R T AR
tho KRERKRVIFYNESREN, TERAEKRIBEY TSR SHESA DI EEH
Fo, RAETERATE -AMIEM B, L6 - Bl XITEREFE - AIRE
(£3-6) B: QAsELREFEERABKRT 4, KUNBELE; OQPb, Hg FTREERH
NTF2~4 206, MRBEERE; OP, Ti, CdETREEREN T 1.2 ~2 Z[H, IHEE
£, @Si, Al, Mn, Cr, Ni, Cu, Zn, Mo, FELEEEREN T 1~L2ZH, ABHE
#; @K, Na, Ca, Mg, Fe, Co, BERLEMBEERIUNT 1, RINAREEMTI,
MH, REAEEHTEEERBARAR (£3-7, £3-8),

#£3-6 HA-ELBREENARARYTETHEEBRETERERERE"
Table 3 -6 Average content and hypergene concentration factor of element in bedrock and

stream sediment in Wutai — Hengshan area

T E Si Al K Na Ca Mg Fe Mn P Ti G’

HAT 53.52 | 11.40 | 2.28 2.20 7. 06 3.36 5.56 615 507 0.300 | 69.3

IKRUTFS Y | 61.46 | 12.48 2.19 1.95 4. 88 2:32 5.17 712 827 0.403 | 80.1

FHEEERR 1. 15 1.09 0. 96 0.89 0. 69 0. 69 0.93 1.16 0. 63 1.34 | 1.16

JT R Ni Co Cu Pb Zn Cd Hg As Mo B F

HA 33.2 15:5 28.1 9.5 36.3 0.094 | 0.009 2.0 0.12 52.0 555

KRV | 37.7 13.7 29.8 19.9 64.1 | 0.114 | 0.019 8.6 0.558 | 42.5 564

FHEEERE 1. 14 0. 88 1. 06 2.09 1.14 1.21 2.11 4.30 5.58 0. 82 1.02

@si. Al, K, Na, Mg, Fe, Ca, Ti [f8ifiJ 1072, Aug107°, HAH 1075,
.36 -



R3-7T AE-EHLMRARERAREEMKRARY TETHABRE TERESER LY

Table 3 -7 Average content and hypergene concentration factor of element in bedrock and

stream sediment in vary metamorphic rock region in Wutai — Hengshan area

gt Si Al K Na Ca Mg Fe Mn p Ti Cr
| EETY 59.57 | 12.24 | 2.71 | 2.92 | 4.16 | 1.48 | 5.03 516 559 | 0.291 |61.1
%ém%iﬂ%ﬂ%%iﬂ 61.27 | 12.05 | 2.18 1.93 5.42 | 2.26 | 5.30 710 1012 | 0.422 [81.5
# FETHERS | 1.03 | 0.98 | 0.80 | 0.66 | 1.30 | 1.53 | 1.05 | 1.38 | 1.81 1.45 |1.33
| EETY 38.42 | 6.60 | 2.15 | 0.58 | 15.34 | 5.35 | 3.75 539 345 | 0.216 |[35.1
’jdg KRVIB ) 61.33 | 12.24 | 2.35 | 1.54 | 5.20 | 2.12 | 4.40 685 667 | 0.377 |66.4
L RETERY | 1.60 | 1.85 | 1.09 | 2.66 | 0.3¢ | 0.40 | 1.17 | 1.27 | 1.93 | 1.75 |1.89

gt = Ni Co Cu Ph Zn Cd Hg As Mo B F
| EETY 30.3 | 14.8 | 23.2 | 10.9 | 52.0 | 0.081 | 0.008 | 0.6 0.52 6.9 |537
i KARVIBUFY| 38.1 | 13.8 | 30.3 | 19.5 | 68.6 | 0.117 | 0.017 | 7.9 0.60 | 35.4 |645
# FAEEERK | 1.26 | 1.26 | 1.31 L79 | 1.32 | 1.44 | 2,13 | 13.2 | 1.15 | 513 [1.20
| EET 20.6 | 11.9 8.4 4.6 25.0 | 0.052 | 0.012 | 1.7 0.21 | 117.2 |583
,fé KAV Y| 29.9 | 111 | 23.4 | 21.0 | 55.8 | 0.115 | 0.021 | 10.4 | 0.58 | 51.7 |506
L RETFERE | 1.45 | 093 | 2.79 | 457 | 2223 | 2.21 | 1.75 | 6.12 | 2.76 | 0.44 |o.87

@Si, Al, K, Na, Mg, Fe, Ca, Ti (3K 1072, Aul107°, HAHN10-5,

®3-8 AE-FELUMRARENESTREAMKRRAIRSRETEREEEZHY

Table 3 -8 The composition of deposits and element’s hypergene concentration factor in bedrock and

stream sediment in trondhjemite region in Wutai — Hengshan area

g E Si Al K Na Ca Mg Fe Mn p Ti Cr
HAE 73.67 | 13.68 | 3.04 | 3.96 | 0.55 | 0.48 | 1.68 281 | 149.6 | 0.061 | 7.1
KAVURY T | 63.54 | 13.13 | 2.20 | 2.43 | 3.78 | 2.16 | 529 | 685 | 804.7 | 0.414 | 68.4
FAEFERS | 0.86 | 0.96 | 0.72 | 0.61 | 6.87 4.5 3.15 | 2.44 | 538 | 6.79 | 9.6

T # Ni Co Cu Pb Zn Cd Hg As Mo B F

Fh S 3.3 1.4 7.3 4.1 21.4 | 0.035 | 0.006 | 1.6 0.47 | 28.3 | 309
KRRV | 32.0 | 14.3 | 28.0 | 19.6 | 65.7 | 0.109 | 0.022 | 7.3 0.59 | 39.4 | 537
FETERK | 9.7 10.2 | 3.84 | 478 | 3.07 | 3.11 | 3.67 | 456 | 1.26 | 1.39 | 1.74

@si, Al, K, Na, Mg, Fe, Ca, Ti {92807k 1072, Au} 1072, H4K 107,

3. R AIRACEAE 0 R Rk

oK B LX S R B  B A2E TTRANT B — B A WA A RS . ZEK 382 Bk
A AR T, PUBRSREAUTRR [ R A (2 T R AL BN, AP E K
WU RS TR R RIS, B— A B A A R R . %
i R TR R SRR, AR TFHBHITRTHE, W Ca, Mg, K, Na ZnZEHR
AGEAWIE, AN, BRI, SEEH TR, YT Ca, Mg 50 ZRET
K, R ZAATIELRE, A A BRI . SIEIER R SR BB, et
« 37



SEJEIE SR B M R AL SR AR T 45, BRT Ca. Mg SR MSh, HAMMEITR I
A5 Akt FE B0 HH A U 48R TR A3 B S A A AN DT 28 B P RAE o DT IR TR 5 R 7E
5 PULE TR B RS FROVR T TR, USRI ETTRAT R T i, WA SRR
MR TR RIS, I T R SIS TR TR

PEREE RALAE PR A AR A BT, Bt FKBLAARWIAE S, Aedb P IR e A
TERET ~RIIEM, VE. Bk B, WE. TR, CRBMAERR, SIGRE,
S B  4 Flth E 4% 1 SUR R T KB I R HEAT RO DT I RIBREEE , HAS R GRS n R 1
TR AR A o A IF S E AR R AR A s R AU R kA2 038 (1 3 2t
WX o ISR 1, RS AT AL, SR B Gt 2 — AR, B TE
M. KRR, BKEE. EPERERZRYE. MILRTR, AR B A BRI, BRl o)
T B2, T EIET R A 2 BR R T R A — RS B RAEH . BT b
- Y B R LA AL, 7E RS Ak B Z AR A TTR R RE T, Rl AR L
SERH T KR . BB NG T , FRERE L B, JFREH T K-S R R
A BT ARk, (HRTEARILTIR, SO BRI e X A 3 A R R AR T 3 B 4R
IR o

A JE R A PR Tn R A BB R, IR TR A A R
bR 1 o O e AR e A MR A VR PRI MR SR o TN, b e X R JZ TR
H1Si, Na, Fe, Mn, Ca, Mg, K, AlZI0R 2 [0 A MR G, MR RBEYTE0.85 L
Fo #E—BRFFE M, Si. Na JUR &RV BOR AL K, 1 Fe, Mn, Ca, Mg,
K. Al %5034 BT Y BURAS 40T 0 5 o LS PT R = b : OUTRBUMIE U BT
HUBUUARS AR R KB 4) XPUTAMIBURL 1Y 4368 T JLE MEARRT (St 37
WORLITRU AR B AR5, BERE T LR A R @ TULRMBEI/NAR, DT
T R R R R G , FLII0R T AR X T 3R SR et A ARG SEM, dn
Rtk K, Fe 03 05 4 7T fE-5 WORL R R MHE A 26 QUIRMIE LG, R4
Bk SOmBRIEFINRAER K - & (1) EAGETRETERMEMEER, uHth
Na JGE A0 &2 B 2 5 TR L B T e b A

(=) ANEIREFHHBRL T RAR IR K

LhRE, RFAMIRAEREA ARG S . BARITRAE B ARRFMA
Sy ERWEAMER T, PR AR R R N, AR RTEROT MU 4ROk, PR
BAL R R G B, R R . SR I B LRI
IR ER R T A8k s ARSI AR A SR LA AL . 2RI R S 5y
R T A FARR MM, B2k i b TR BN ER NN Z—.

L AR &M T e R AR TR FEER

TER BT . A R A e ATt , ARl TP Bt AR O T o LA T AR A
1/6, FERURTROEZE . BIDUIEELam sy, pokiEhmh EZ AT e g (B8 I
VRN AR (ME . BrmSH) RS EN, BART AKRKRE. A
B A, Ao B AR HR I RZE R [ A A e, EERARESINSR . R
J5, TMIEASTERES, O EAY O, YA AL LA B R R R M X AR B T R
.38 -



Bt ; STALUE, JeI FURRITREE. WRE . IR, ERE. SCegstg TR, A
R AR BEBOREE . 3 20 HH48 40 AEARER, UM R AYER T L% 8700km®, 5 24
RFH AR 21% , FERd T Rg b Ks I A6 2 s AR R 20 TR A T8 B VAT B S L 5 — A
TGHOTTE, (i EHEROK BN, AU IE T O AR, I (A s %, M T KA
sk,

20 40 60 AEARAH, ATAbSF SR B FR 58 T A _E B 13700km?, i 24 A b G AR A
28% , XHHUMRIFIREK, KoKW, BETHSEA X, 25, WACER R EH
/b, ZE 1988 AR S>3 8000km®, A MEHHFHLAR Y 17% , X2/ T 1970 4ELLE,
BEE FEVET 4SS BRI ECE K, IR T K RMA B T TR BN A, b Rk
PRERIE T BEASE R o 31X —Fh B8 b T AR A0 3 et AR — b S 8 (5 A 235 20 T 2R K
SCOIRAEER, Hh HET RSB FEEIA Na, Ca, Mg, Cl, S0,

2. ZApLE TR

WERRY, SRN ML, BT ELRTRCAARFENRE, WK
MArmmiaEt, AR T ERXKESB TR SEZEWFE, Hh Cu, Pb, Zn,
Cd A g e B ARG SN TT R . TSRS e AR MBS B IS e m EERIE, 4
n, TESRVEEFARAEFEM AZEETT, 15KEMEA L4, HETAH 20km’ 5 14 FI5
IKHEBR, EEAEWRNERMER; 5H4b, TR R M M L R, £ 450km” Y
e R SV AT K, TEM A MEESE, Hb 100km’ i 1 b BB A S
IKHEWE, HoAk 350km’ F 80% A5 7K 1 20% 7K EE KR A G HEME . [ 1990 4E 1175 U8
FEAE R 250 x 10%t TI5Y8, HA 25% ~30% Bk i ; 1986 ~ 1990 4E[], 4% AR5 IR
B H 47.6 x10*t #4903 71. 4 x 10%t,

PEEHEX AP i T AR TR ShE A, & Bt T IA B (0 B ¥ hE 7 8 48 i 34k,
VR AR R . RAEY T B R RIS AR R A AR 5 e,

FIE 1995 4 Tl K B SHEBCE S 222 x 10°%t, KFRFALA 55% o Tl &k &
ARENEESBEGRY, @FLHHGR 13,44, 45 202.34t, <44 330.93t, 4%
1250. 54t, fi1 1086. 17t, H A4 152 x 10°%t Tl JE K HEHE AT, BEER
EAL X d TSk, dbm. R, W, W%, KESHH LKA BBERRY
Tl o LA =I5 IR R T AEE R AEE S A KRB ESE, MEREF IS U8
T BLIRAE A ML AR 3 . QT 5 A5 K Ab B0 F4E 2 /0 A P2 0578 128 x 10%t, &
/DFEWE 1000 B 4,

AL — S H KRR, 8. 8. WESESEITER, HEmnsEEE R
ERA 10km, FEE{GYLIEELA N 1100m,, WA # H T8 EA % ML, 78 10168m 5
PIAE T BORER AR & R T 0. 2mg/kg, 78 1096m 315 Bl Y FTE YL IR 59 XU 1156m 35
AR FAE P 74 1. Omg/kg B “48K” o IKZTE RS 50% 45 BTETERE /N B 30m 975
BN, ZEhXETRERTHRTREREREZR. BETREAR. 8. K. . 4.
B 8%, B Bh. BRESEMESTER, MBS SRR T As, T, Hg, PbFICd
EFHEITTEN Y ERS N 5.87 x107°, 37.76 x107°, 0.27 x 107, 19.48 x 10 ~*#I
.11 x107°%,
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Z. AL -K-REDTERS

A R ) TE R R IR R B AR TRIE R AU, R AE P AR RO BUR T AT oy
CHHFSE) HEARWIRESG , a3t AJSHMRRZE A7 AL R o R FR RIA ) A 3 5
Y, 16 MY LFEEFRILER C, H, 0 EEIRSPRBSL, Hbbin N, P, K| Ca,
Mg, Fe, Mn, Cu, Zn, B, Mo, S, Cl %) £ % diAR R MM TR, MR R B 5
(oA 3 Fh, HP RIS Oy SR IR 4 o S BRI AY 95% DL 1, T B
- RSB T T K S - JOK A8 sk L . bR b, A7 1 AR AR I 7E )
WK Ay BRI, RAUE I T B AFRAICE, BRI T IERTIAFEILR, M ET
£ (NELBITE) HFANLEWEE, W ASSAELFAE S B o

BOFAE T8 LR — H AR RIEM RGO e REE (813 -2), 15 3y
R A S T AR RSk o X — TG R A W U FEAEAS A T R AR 3t A B A A AU T
J& it AR A AT I ER KR — .

Bl3-2 +ib - RIEYRGHILREDEI R EE

Fig. 3 -2 Biological recycle of elements in land — crop system

(—) £ -KFREHTRIR

R [ TR T A TR M R EEA IR, HUBURLY MR AOT R £ 2 e
ﬁf%@ﬂié%ﬂ”%ﬁflit/\ﬁ¢%+ﬁiHjiﬁ%? kA, Bat, A5 YNARRH K. Na,
. Mn, Cu, Zn, Si, PZH¥ARILE, MNA . KT S0 W RALER H Co. Ni 55
ﬁ%mio%%WWMTﬁﬂ%ﬁE%ﬁm,H%%ﬁmﬁﬁ%,ﬁiwﬁ%% [F]
JR— LR /N R o RS TR, R T SRR B, AN aRTETAR

@ {FiEsL, 1990, XTI - MPRENMERRE (FRIE) -
. 40 -



K AEEERR FEIRIBER, RATEE b 3965 A E SRR TR,
AR ER L WHERTFRR . WA RRRHEEA (600 ~800m>/g) , R4 4
R, FFHAERONERRE, FRAKZ, BRAERN (7~30m>/g), EkEHLY
ERHSNETE (W35 700m°/g) , SEBAHY, ETMMALA, BMaERKL, Wik
AR
[ if, XL 0 YA R, IR T2, e T T 08
I, T T O A 7 U R U 5 S R T 6 K W T ER R U K A
RGT, ATARSULAT  IEELRTRI T 2 4y o KA R IRES (4 pH. HB AR Tk
JESE) RN, — BN BT AR 15% o T AR BT pH A9 AS AL & AR AL, FEAR
pH WIS IEFRLST, 76w pH B IAS i B i, AT AR B A i 08+ (101 BUKG +97 %) W
SSMAEIES (2: 1 B 7Y SR N, 2: 1 BURERRER AT 45 B 75 (5028 470 b, 7
M9 5% ~10% , Wil 10K +5 Wy m] 25 i il ik 50% s 22, 8 v R B 7 1 ik A4
RYSEALY), HOmT 7= A T A B o ¥ FL AT o SR 0 TE FL A 5 1 e AT R BORT . T
RS — R TIER A, Fik, BT OBRBMBRESE T HE, KR tmsy
AR LA
FEEF BT, WHAMN L ERE LR TREZHE T, 0 H, AP, Ca*,
Mg** &5 o OSSR B 7, 78— 41 AT DA — M6 B S A e, B,
AR HT L KT NH, | Na*| Mg* %0138, iSRRG, a4 HE ok
YER, (SR e - SRR B ) — 0 40 B TR 1 Dk, 337 BT B8 TS0 i i — T S 3ot 7
BT SETZ NSRS BRERMTH, HZRBIEAERYI, WERET ST 5
R GRS B S A JB R R SR AT A B TS B, B4 — e - ek & E Ak
B BRSEE W) IE A, AT DLW — 25 3 S F, 40 H, PO, . HPO2~, PO}™. SO~ .
COo;™ %,
TUE UL O R A TR AR B S B AR L R T A TR B 4,
S EAE TR N ITER A AR ) B R R RCR G 06, BTk, L RARLE i
H, ZE-MERERGER, —RmS, HEAS LRERP TR, FTEER
RANMER PR (GRFTRE, 1987), Wit e RIR TULEM, diig s, i
A% MR GEEHIT N, A RHIE (Kpaimos u mp. , 1980) .
Q=p-S- (C,-GC)
s Q——JTERAE BB ] P 35 [ R B e i TR R 1 T B
S——5 T VSO ELAE FF A 1 A S T T AR
C, - Co—JURTER I Z VR P A 5 - 0 i e i 22
B— BT R %, R B B AR SRR AR AR T R R, AT
C, - Co =11}, B[R f R A&,
I FICR AW B9 U BEAR XS F + BURLR T2 P A MR BE /NS 22, W G AT 220, B
C,-Co=C,o FTLA, LR FFERXATHIN .
Q=p-S- C,
WA, TR R TR IR RS TR W LA T R B EERE ., R
Mo, RER S K, HHERMK,
o 4] .



(=) TERERTRIBHIRESINER T

YIRSy EEA B, — MR SRR IR S —
ELE R R T IR KAy, BT, RAERBEA R MER T A RTRER, X
RSB E AT AR R o KA B BB A TE T B AR RAL R X R AEK, W
RN £ 208 I TR

NN, R PG 2 T e A A TR R I O i B e B R AR
i LA B R A 4R A T0 240 A W b B AR /N4y (GRTRE, 19875 MERANSE,
1989) . [, - HERW AL YR 2 R % IR AL SRR WA T EREE

1. B3RP RIBRRTAELEBGEIN S

BB AR BT, KBRS FEZ TS ¢, . WHEH Y, EOHy,. BhFHy,
FERES o HoBH (REARE, 1988), BILBOKEHE ¢ =y, +¢. +¥, +¢, +i o, E
FrR i TR AN HEOKIE SR, % EH N, WAKAT, mej*i“zEEEh]nF%Eﬁ
REFEER, EEIAN, fTFR AR SR K s shil BARXT T E RN,
ZWEARTT,

HRHRAE T - KRG RS, ERM T HEBEENDE MR
T I R A o SRR A AL TR 3k O, WUl b R BT IR ) 1 B ) 3
EBNFE, WACRET, ¢, =0, BT HE, KEFEHGIE/RESCHERTS (S,.),
WS, = -0 NEEWHTE, LPRBN, TAOBK,

VA R TV RS TRUK A F 2 BAEER S |, MRS T H3K e R Py, Wlf
D 1g KBV BRENE, WFEHAb S A R A OL T, B 78 T TR (10 9 R K R U BT N
Ui

VRS 58 E S AR, — S E R e T g, (FRERSE, 1988), RY

.= —CRT/u
A, C—BHRWE (g/em’);
R JEE IR SR AL
T—# 3R (K) ;
p— IR EE /R (g/mol) .

M ERTTUEH, o, B 5V B R U RIE LG, TS5V B AR R Io R

RIRE, MATLLE X —MEEWS (S,) FFEEHMNE, WS, = -d.o

Hi, +HOkmH S, KS=-y¢, A

S=S, +5S,

WAL, K BRI R R R, SRR N S, R
SR EA R,

2. LEBERPAEES TGN

7E T3 A RER T, TENRXEEBHETHTARR (FEilfE, 1987):

J=D, (dC,/dx) +D, (dC/dx) +C,V+a
S T R, RIVERASE A ] P Bk A AR R T BB TR DR D, 43 B VA W R R A
BEEEFRINY ARG C . CoRl G4 B P Es U B | R Bt 8 vk B AN R
C 42




PRI B TUREE; VBRI ; o HENEH T,

—IE, HIRCREE FRY RS (B8 R/, W TFERE R
PHBRBMIA RS, FILSERCP T B L, S5y 80 2R (576,
1987) o It 5 2SSl HOMANFEE F, 0 448 b T2 A% SRR L v F R A
AL, e T LA s —meE =11,

Jri KB RE2E 5 IR A TC R AR R R AW BT . 58 R VRV % 10 s
RO . BIERABEF, MNOy | G’ Mg % (Mengel, 1961), JEi
MW, YT ERAME =, o FEr Rk .

Qe =0 u-C
A 6—HIERIKE (%) ;
WEFRE (em/s), WBBRI K SHBILBE n 2 1L,
C— R PIOERRE (g/em’) ;
o ——BREE (g/em’ +s), it FiEms R &,

H EARSRIKRAT A Y, BRE B 5 AR S R M e Vv S v JE AL AE L Ah , 38
SERAFRBERIELL, 05 EEKNBEREULEL, SHXILBE H4YTEHL
IKEE) B,

BRF A, AL n ERUE LB TN AOKE, £3 -9 WhEEETEEERR
BLEEA U UURR ) B 45 K B KB 8 R 2308 ( F o, 1986; Hi Rk SCHb R T
REHSRE AR T TSR £ 40, 1978)

R3I-9 HEBTRERARYMAKENSERY
Table 3 -9  Specific yield and permeability coefficient for sedimentation of the Huang-Huai-Hai plain

uw

Aot HAGKE BBERE (m-d)
it 0.03 0. 001

WA+ 0.09 0.02

WS+ 0.13 0.2
w4t 0.15 2.0

PHoE i LSRR Z RS BT E MR, WG Ficks 2, 1Bl i
TERRIA R TCR — ORI . BB BT, W H,PO; . K* K Cu, Zn 28T
R (Mengel, 1969; SIS, 1989), ¥ HOEBH Y FREAX PHAME—H, 7H
AR (MG, 1989) ki,

Gew = —6 - D, + GradC
A 0——RBEKREAHEKE (%);
D, — KT FIERE (em’/s);
C—— BB P R FRIE (g/em®) ;
Qo HUER (g/em® + ), AL H] B0 AR 1 oy 9 BOE A o v e & o

KA S B TTR m e BN 7 Y 8. o Grad € 2+ A Ok SR &
RMPWEZE, W Cuy — Coze, CRRBEMEREN, WAMEHRK, WICTEH
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B, WICEWER AR, BT EERAR. FRIRARE TRV
IR, TEARSEER B SRR I TR W EARAE, T Cpue T 2T (HHGHNSE, 1989), 43
FH AR D, EWARE R n x 10 —n x 10 " em®/s, ZEFLERA B AMAIK PR n x107°
em/s (Kpattzos u np. , 1980) o FE iy, P HeBESABEKE . P EREH LRERH
WS LIE L

3. 13k pH #= E, Bt kW LT St RAE

TR R R R R A Y KR R KSCE R R AR IS
B OFRE L pH A LTE 4.5 ~8. 5 WWEN, HAE Rl W, NmJi
R R P F IR T AR p M 3, AR TWREME SRS L. RERME
SHEEFAMK: — BRI, AR ILmX (X E RS I0R, 63K
), B—ARKITURET KX, WX XS REATX, B -5 - EHEEW X AE
H—AE g LTIV X :

L RO A R AR S P E LAk SR AN SR AR W Ak R A AR B A
FIEWCP R EAER, TEH AR, NO; BT RMENSRE TETEIR. &AM
S URAMRFEY . R A AnE S R A B S RIS TR
SAE IR AL E, W R Nernst J7RITE

E, =E, +0.0591/nlg (FAL5)) / (i&JE5H) (7E25°CHY)

TEBIB SRR, + 1P k5 BRI M gk (Fe'" + e =Fe’*, E,=0.77V),
BMEE SR e Y, % KBES B2, 2WETREL, S5IE%TE g
g, EETEEYHBNBK, ¥BIAE, HFEMPKTER, HitLEh=z
BAbE TERUK R, KEBMKERE N T4, B TERBEAMGT, AREHR
IR SEAEAE, T AR 22 RV M i R Eh U0, MOSEPR b RV b WAk B TR R
HARRK,

SRR R A AL TR BT R 5, (AR RARERAL Y 1SV, HEkR. Ui
MBS WEAL, SRR, B, FEHEK BAFR LR, % pH 7.0 B, Mo WRE R
(%, (ELFGIRI 4T Fe? W 10 45, 24 Mn®* il Fe®* 75 I m A gl i, Fe®* Sp4a LT,
WHE, T Mn?* IR A% 2 B 2 UG A AR K TE BB 6 MO, LT .

(=) TE-EYREFHTENER

BXEHTE, BEBITRELE - Yk R T RBAEBIRAMRE, —BAS,
TEETE TR . AR R RIS SR L - AR R R OTRE
B 2RMEEHEE,

L 2BEEFARNSE

WRIEAE MR Z IR A A IR TR &R (%3 -10) BT, C. N, STERHE
G B B3 IR T A BB R B 100 4% SO AN 2 £, L3R O Siy Cr. As, Mo, THy
SEHRETAOE, VX rRE LR P ARRERES; 1P Al Fe, Ca, Na,
K. Mg, Mn, P, F, Ba, Cl, Zn, Ni, Cu, Co, Pb, B A EM/ LT AakE, JLUI7E
T it v R AR A IR SR T T 4K

e 44 .



®3I-10 HRTEAUZTRNIYEESEABPLETESEN L

Table 3 —10 Content contrast of chemical elements between soil and geosphere around the world

TR HARE (1962) AR+ (1954) JLER wAE (1962) A3 (1954)
0 47.0 49.0 Cl 170 100
Si 29.5 . 33.0 Cr 83 200
Al 8.05 713 Zn 83 50
Fe 4.65 3.8 Ni 58 40
Ca 2.96 1.37 Cu 47 20
Na 2.3 0. 63 N 19 1000
K 2.5 1.36 Co 18 8
Mg 1.87 0.6 Pb 16 10
Ti 4500 4600 B 12 10
Mn 1000 850 As 1.7 )

930 800 Mo 1.1 3
F 660 200 I 0.4 5
Ba 650 500 Cd 0.13 (0.5)
S 470 850 Hg 0. 083 0. 0x
c 230 20000 Se 0.05 0.01

FE: O, Si, Al, Fe, Ca, Na, K, Mg ¥iE8fiH%, HAH 1076,

WRIEFRE 837 IF 1: 20 WAL E LT (23 -11), REKRIIBEYH TESE
H5+Eh & BRI ITESA As, Co, Cr, F, Mo, Ni, P, Pb, Fe, Al %%, Hr As, Pb
TRARSTHAMTRNERE, Fe, Al, Ca, Mg, K, Na 2B B FHiE,

F#3I-11 HEKRRRRY, LB, BERATESRE

Table 3 -11 Background value of elements in stream sediment soil and crust in China

% rhEZK R o E i 72
(AERFESE, 1996) (BRBAA 25, 1996) (K. M. Wedepohl, 1995)
As 10. 09 10 1.70
B 42.29 1.4 11. 00
cd 156. 33 90 100. 00
Co 11.75 13 24.00
Cr 56. 43 65 126. 00
Cu 21.56 24 25.00
F 490. 34 480 525.00
Hg 35.90 40 40. 00
Mn 658. 04 600 716. 00
Mo 0.90 0.8 1.10
Ni 23.68 26 56. 00
P 582.37 520 757. 00
Pb 24.94 33 14. 80
Ti 4043. 52 4300 4010. 00
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s T EKR VIR b A4 i
(JEFRHREEE, 1996) (ERWAA 2%, 1996) (K. M. Wedepohl, 1995)

Zn 69. 61 68 65. 00
Fe, 0, 4.42 3.4 203. 00
AL O, 12.38 12. 65 15.03

Ca0 1.62 3.2 5.39

MgO 1.27 1.8 3.66

K,0 2.28 2.5 2.57

Na, 0 0.94 1.6 3.10

Si0, 64.05 65 61.70

T L KRG E & RS 837 1 1: 20 I iRATm B iE b L 1: 2.5 77 BE N BT F I ESIH AR,
AREH 44422,
2. TRFEM: Ag. Au, Cd, Hg HRiifi 107°, Seih% , HEREAITTERY 107°,

2. AMHFAEGEE

%3 - 12 G T ARAEY RO R SR, £3-12 88, 0, C, H, N, Ca fifpIoR
AN S AR, R 98. 01% F1196.79% , S5AARE., HEFITRERSENMIR AR,
3 - 13 FIH T RS FAKIEKE LRREY T 4 FgETTRN S &, WUARFEEYL
K EFAEI R RO, MEITTRN T EAR . A REVIRZ LAY h &Rt e HiE
PIE4ET 100 ~1000 fi5 (F£3 -14), PP TR ST EXNEYICR & ERE S,

RI-12 ANEHEYHHTESE

Table 3 —12 the content of element in human body and plant (%)
JLE NS =LY JLE NN L]
0 62. 81 70 Cu 4%x10°* 2x10°*
19.37 18 Br 2x107*
9.31 10 Mn 1x10* 1x1073
N 5.14 3x107! I 1x10~* 1x107°
Ca 1.38 3x1072 Al 5x107° 2 %1072
S 6.4x107! 5x1072 Pb 5x107° nx107*
P 6.3x107! 7 %102 Mo 2x107° 2x1073
Na 2.6x107! 2x1072 B 2x1073 1x1074
K S2.2x107" 3x107! As 5x107° 3x107°
cl 1.8x107! nx1072 Co 4x107° 2x1073
Mg 4%x1072 7 %1072 Ni 2.6x10°°¢ 5%x1073
Fe 5x1073 2x1072 Ti 1x107*
Si 4x1073 1.5x107! F 1x1073
Zn 2.5x1073 3x107*

e ARREA S 60% BYK. 35.7% BB HLE. 4.3% (9K 4 (4 D. Berrand, 1950); AE4 %k, #% Russell,
1973, HH n FRAHE
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R3-13 EARKGTEREREFOREDIBETESE

Table 3 —13 the content of trace element in the crop growing on podzol under the same condition

(mg /kg)
FE Y B B3R A7 B Mn Cu Zn
Sk 2.0 40.0 7.2 50
X#E
FEF 3.0 90.9 6.6 55
P A 2.0 80.0 7.9 75
FINGE
EH 2.0 146.0 3.0 50
ok 2.0 88.5 5.8 50
MFE
FFF 4.0 153.3 7.5 50
4E T 4.0 90.9 5.8 40
R~ 8.0 76.9 20.5 50
R
WRFF 12.5 128.6 7.7 80
o T 25.0 107.5 14.7 50
M3 SN 20.0 55.8 6.9 35
i 6.0 7.0 6.0 20
T8
7 20.0 297.6 18.0 200
i) 12.0 77:5 8.0 72
[iEd
i 30.0 770.0 8.2 240

(¥ Katalymov, 1955. )

RI-14 EREWMEKETRZ FHEDRSHEBTESE

Table 3 ~14 the content of rantalum in normal plant and the plant growing on mineral deposits

s HR% HERAE PR KR WL E 4
EH Y KA B2 L KR B

W 25 x104 nx1072 100
Cr 25x1074 #1x1072 200
Mn #51x1072 #4510 1000
Co 4 %1074 5x1073 10
Ni 21 x1073 nx1072 100
Cu #)5 %1073 nx10"! 100
Zn #1x1072 1x10° 100
Mo #45x104 nx10-2 100
Pb 271 x107* 1x1072 100

(4 A. P. Vinogradov, 1950, 1962)
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=. RGEWwRENE

AG BN IR ER TECo TMBE ME M, HRARKEFKEET,
S SRR E R AR AR, W ARFIIGRIERAE “REER” HKFE L. IR,
?%%T%ﬂﬁ%ﬁﬁ%%%%ﬁﬁ,AWR%MBWL\%Mh%m%%%ﬁ%%%ﬁ
S ATEAR A SRS AARARMRERAE—REER T “RAG—" BRI,
SORbH SO A0S RGO AR o S Ak R T ORI AR, TTBARR . FAT
SR G — B RR WA RIS G AK5 AR, SEHRERIE ., B33 00
ML AR SR G B BRI, A I A F AR AL T R R
th, WK EFTRGE, IHEF R AR TR, RS S A AR A T R
ANEHEIBE I, BEE (FHARL) WANRERRA “RR” —HANEE.

ARG BEBEERE, BERI—TIBANRSR, AMIARRMERBFLA ., BHied
W25 LoV, NIEWIGE (L Von. Bertalanffy) QIS7f, T 1945 4ERKT (CRT—MHARL
WY HIESC, BT X THIER A . B TR R RN R AR AL #1968 4 L. V. D
PR RN EE (—RASEE—ER. RRMMM) ( (General System Theory:
Foundations, Development, Applications)) ) , BN AR X TFR R R

ARl 22 1 S A 2 Pl 2 7= B R A . WS BRI F OB XTI AR B, R GuRk#
% SRR TR S, I EL S VAT B0 R SE PR B A OB ST o 58 TR R R R DA,
IATIX B GRS R RS E B TP IR, IFEUE T — Bk, (EARE TSR ANSL L 4)
e RERH . WNZEERMEER W. Leontief 3 H (948 A= HHARRY, R ABCEI AR I
SEWFF AT TIH ST 2 AR X R, BRI A A7 E RE T &5
(B2 R) TR = S IFEZ A B RIRAE R, MR ZeHE . TN AN S Hr 22 0%
VEFE T EEAER . W. Leontiefl FIL3KAE T 1973 4F M3 DUR G BF R %, BT H py Ty
AT A A 2R

5 YRR BRI, A T B T A AR SCBRIALE, AR A AR B A B AR
G2 WA T I B 1T CHLINZS 22 A8 R EARDAME R IIVEAE . B8 M R S 4R
B D X 1 T AT Y LA, e AR S B M A SR A LA IRE , LRATREAY
P MM . 25 IR RS LG, Bl T AR W iR B 9 1 SE bR IR AT T BliE_E K
RERITIE, ST TIiE% % (Operational Research, fijfk OR) . HH B (Management
Science) . ¥#li& (Cybernetics) K5 B8 (Information Theory) 26 Z e Bl e i 2R Z
Vb AR . BTN, A U BRI R I ZE R kR B s K R RGBT N 4
45 (N. Wiener) 76 1948 4E R T (EEHIIE: X TIEshP RS hiEh 5EE R RE)
T RHlie; EEBEF CE HR (C E Shannon) 45T 1948 4, 1949 SRR T
Wit 2 A0S GRISIECFEE) . (s P IEME) , B8 TR BRI,

Z L HE R R, RERCEERE, IEA SRR ZINH AilE
uﬁﬁﬁﬁﬂﬁ%ﬁ%%,Eﬁ%%ﬂaﬁﬁﬁﬁﬂi,ﬁﬁﬁﬁ%%i%iﬁ%%ﬁﬁ
RIS R S, B+ - K - RAEWTEERRIHTRRGEMINT, RIE—MEFERS
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W B HTT RS EEA_b )A l 3 B b BRAG 4 PR T i o
(—) RERIMES 5%

SO RG] “system” , I T A AL “systema” , S HAH BB B
SRMINEFME EIRRL, RTREME XA LT, filin, “RERFTERK
WIHATHRREESR” | “ RERA AL AL SR . “ RERG RN FEH
HRIER” . “RARFSERRIFAINRT, mE—BOTsI0RE" %%, RE
FERFERERNN RGP EERAMA LRSS TR (BER) &4
HARERERANIEA” . AR LRY, WRTHASELT REEgEE, K
TFRES, WRAEEYB ISR e ERAR . BA @B mg, It
HWGERAERARER, BA, XBAFTTRE., BE. 40, DENIMES, BRkRT
HRSER, BR5RS%. RESHE=JTHNER.

MRGEXTTUEL, —MRENRS, BIEE =K —REM—R5EH
WP ERERITAN; —RERGER, BRI, BESHEZ REEEM
HAERAMERR, MASKNEHSE NI — RGN, —RRGRAEA
B DIRE—— R G SNBSS R . BB, 5 Bk IF AR

— M, ARGEROME R B R BT Y, B AR AR U E R S 45 R A T
fE, HMERAOBEANETUR LN, REA G WA RE WA & 4281k, (HR R
RGA G AT AR AR SRR I R o A 4t X A9 A 4 2R G L Eh 24 A K
R L EREREME, HHPME-BRNAORREESL, FEBHTENR
G BT RE4E ST ) B ey RE RIS, MRGH ST R SREZ A, S84
RERRET,

T RA—AEEMS. B, BIERGAENINBEM, BRERL LS
MERGAELM . AERARIERRNES . TR BT R 3R A R G 1 oA
REMGERR . AR EXTRGMLUERMANERG , RESMHAMR QRN , FEX RS
TER—BURZRMARTR, REMHEENERURGR R IR, filn, AEHts
BT ARG —DT ARG, AN T BAREF RERUWTE R TANEIREE, HikA
RIizh 5 AR Z BT TR A BATE YR . RER ARG . TR LR RAH
W, BRI AZERHIA S S SR A R G INE B, AT A A 3
FE—FPEE AR . EAIE ., AR, BRI P,

(Z) BEERMERFRESEE

RGN IR R G I — R EEA R, LoV, DU BAESRIE, T RS E R
—MEIREE, BARREE PR E ST AR, RERBIAEREEEEI
SRS T IBCAHT R b0 “BIRRTIAOZM 14 SR RSN
Bk, ROIRFIA N BRI AR R — . LRSS UL R AL WL . 41
WM AR BE LA BRI . KIE . YA BREE M WA F BN e B
BOHEFMBEART . MBEAREARE; “EAREELET MEES"; “=AHM%
Kz &4,
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L V. WEBEIERAS, REPEERARICLAEN, BIMEREREPHLT—
ERNLE, BERENEM. ERZEAELREE, WlT MR ofIRAR, ZREE
RHMER, WREERNRGEEEPEEDR, BRREERNEM. ERAFENE
FRESFEIIRE —FE, —EETFAAEPRTREEABERFINEET . RAERIER
HESLR, RBA—ERETRERESERZENRR, RXTBAESHLLROEL,
Bk, EREEMRE REWEADIRE, MUEEELESNEROIE, FREENERE
BRNALUEN, @ GHNEN, WTEREBARIREIL,

BHASAR S M SRS R (e P S A IE SR AN B A AR — DRGSR — AT R
B, BUZHHBERS, RERSRMEIN RS, XMRRENZEMN; RN
RIRRGMERZE ., BERGRGEAZN ., RESHEZ AP, IERETHR
GRNEEERZN ., ERXSREEEZE ., RE SR RRHLAERAMHERR, A
T RS & BAMARIEMEG, FBRGE SINAREAYR ., BRGNS, REN
FRGERBTT ARG )Rk, B b — R AR AR e AN ERIE AR LI AR AR R A
E3

B EREFIRIEANFMHEREE-ANERE TN, ZRRERENNRE—F,
FEMMF O ERENE . G EREGRRERA RN, E—TREH, TG
REAREL A G, BT ARBRWER RS, HARFRNENR, INARFEIIRE, Brid

RYAH P F IR MR RS R, BOARGRA M, MIRFRAGEWLIAR
G . REMNGH RIS RGEANMEER ZMAEKRR . MEEHEXSTA,
RRGA “HAWT”; REMIIERIE RGEASIMNBIEM IR R, RRAL
AR “HROBIT . REMIIRER SEMA T T EIM . WRBLEH R R G A TR E
BT, IBATIRERE RGAMRRRIE BT IRE ) o REEAEHBL T RGN
BB, e, FEMA SR ERCR, EMAGHA L ENEH, 5196
B, REMEIFER, TR, K2, SWASH, RENAFENI, Tz, 4
RGBS R m g, amAaRr, Rz, BlaJr. RIEkds
B, RRRRGENIFEE, BHEARGARMSRIEM, RERGNTF AL
RAHE . —RAKICH N EE SRR AEY AL AR AA PR B iR RG4S
WRaE B Rk, BHEN, AFRERSBTRE, A B4 REHERGE MR
RGN

REBRGMTE ST AR —EIIRE, A RGHA —ErIhEe, HA—
SEFTE RGHA B, BIANK B R BRI R SE . A TEAT Rl i S 154 il 5K
B o ANHiWm SR B AR KR R iE s — D EROAE — Bt N R DR fr ek, HEAE2
BERIISA R, HIRE I BRENSE . — > ZR GE AL % 2R 4 A P15 2 [R]85 #0480 I
RERANE BAOASH, SNSRI AR R R GRS, ARRLHLT | A 48 A 45 A
HRAEAMMBERB . R TIRFAIKERGIEA Rk, REUIEA X E N ETT,
Bl BRRGE . ARG RS H 2 R
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(=) REH=%

REWAGE R BE WA GORIEIE, WEAR T EeNE X, T, RE6
SIETBATNERABN, HANTHAFTEWRE T HORF B, LV, I 3EST
BERE AR Ul . JE3E “System Approach” BN ARG HE, WATRMEALH, W AT
B W BB, ATRRBOE T, i, FRATHEH Approach X AE— /A
FERSHYIAL,  TESF R BT 2R M AR

RELHEAR BT, MECHRALHEIIN SR, SE—RG, RGNS
WRzhRE, IRARLG. BR, W= O E SRR, NREIEE, ith
AR LB B — RS, REEWRFTERN, KEWIERTR, NEME
Fo —HIFRF. —FEEEE, —BUE. —AT . — L@k HE RS, BER
BERGNES .

BIIE, RS HIES AUE TR G AR SRR, B T B A U 7 T P 5 e 5
MRLRE RS B, SOERAE— RS, HENFESERET AN B EE, Wik
ell, BIRRGEN HNTETIRER G, HMEEELR, HRGRBMIL, e
EIRLEHE Y 3 SR TH04Y, AR BT LRG3, ST P LA 4 B bk B o DA 4T 2
Y, DR RIRBEE B ERN A AW o IR IR S R B, AR AR
TFRIEW . BRI ERIEREE LA NITZAM . AR B, (AR
EAREINSEHL G A S R, R RE R Al B R AR EAR A, R TR N
LAY, AREREAE R R IR ABRST , TR G 7 i 5 B 5T 4 Ze IR T A AL
A BGETT =

(M) BEFESTNHBE

AT, REGNEH AN EEE, TRATTRRRIDIIEAR S H RS R X 2 &
GBI TR T B BHISHOIAA, FEEBEFAENTE MRS T ) 4E
H) O RAEE T g AR “PrARERERIE S A REHEE - T
ATBLEE RSB AITE AT R, BRSO ME— AR R A 0 B AR
BTt MG, BEERA.

AR N AR AL RS 4, (HAEE TSNS BV 5150, IR e
YR RGBT Y B HA LT AR

i, PRAER AN HLEH AR VLN TR R GRS . IR 5 | A
BYE s AT A s AIERBT A R 2 R IS5 1%, SBARTE R WUt Rt mrr g, fH
IFAEARIAR, AATE T MM A SR — 5 B, Mo B4 5, T
WIRHDIBERE AL, WK 3 -3 FiR, B X (S) REMAGE, KW (S) £RHm
MR B . Rt MRIEIVRES . HEANIERE . IEMEMBEE Y (S), [ T
FERPERT . DREAE AL,

B, RAEAMARINRAE S, (URE AR WS, TS, A, KA,
BN BT FY AR . 0 RE I YLEH2TUGR, B2 h A5 HA
PR IR s A NIRRT B4
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KW (S)

WAX(S) |— A —| BAY (S)

B3 -3 BAERERYLIE
Fig. 3 -3 the Mechanism of Black — box

=, BAE AN R S, X AR, ARES L. H—, BERME, BAMm
S, AT LA T AR, R TFIHEINEARARER, ERAM; XM—k
RV, TEEREA. Ko, REBAKEE AMAREED . AJUKRFR R R, A
FRRRRR, SREANREER, WRTAER; X—-RABAMREREDY,
TRATLASUES, 7 R RRNRNEY, TAFTER AR R,

FrigEAR, R AN — i Touk BOn T o B A P A . BER . AP
FEFITNRE, H AR AN BB A -5 5 B A28 LU R BLSE R G o PP AR
SR G T ik RIE T UL AT T R

AR A MR AL 2 RGN £ — 7K - YR AEY R G BHED VUL, X P4
TR RIE 2R GESFHLE B0, BERR “RMA”, WLIANRE K"
A LR B4 T TR R AT, IEHE AR (RETRTHES) R4
ZER ., WHLRYL, ASSCHR I AR TR ETEN R, ISR R A TR IR R
GiRE+ - K - Y TEEWRGEEM -, B P ETRBRRERAENRERN MW
A" BB RIFYHFSOPZTRSRBIENRGEN “WHd” FE, Bid—RF1LER A
BIFEE “Hi” EEX HMAT [FREANER, RAGI#IIERE NS ERE, A
T SE AT + b AE S AR PR o
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S PE TS

AT . PPN ITER AL, B IR RSE AR | B ESEM AR R . PR
TARERFAEN I LR ST, REHITSAR O R BRI 2P0 T8

—. ERWE

(—) DM RERE

1. E3beyE 3L

KT LHAPIAE XL, REZEEIRF R R SR RRIFER . MR E
AER, LR —FEEAR AR A TR, BT, 35 3h iR ahni4,
ESSREYNAREEFDRE, A ARREERI/Y ™5, NTEEEAES, +
HoTT BRI TR MG BT . REZEEAL . URS TR RS YR, TS
TN R B S AR ) - 3

R A 27 UL 4 o 3R i b 5 43 ph R b D M R 0 A R R £ M, T K T
(CELEMEEE . VA, BT WBAF) | Hh b 2552 LR R T b Bk 35 T 9 & Fi i) S il B
WARBIA T HEWEZ Y, A4 0 & B2 A0 T AT £ iR, 20 40 60 4E
LR, ZHEFRE NN R — BRGEAK, WL TS (Brinkman) FIBLIR 75
(Olson) F 1973 4244+ ME TR K. HGRHIRF T AL — X8, EHMEROEX
— XKz EAH TN H B E YRR E . B B, R, KOO, SRR L A 2K
LMY RIESIRIEE R, B M B b 24w RSk A9 R B R,

MEBENAFE, LR mAE. Mg, Sa. 2. . A BRAKED
RS RALIAES RS, SRR, HHCRBE NIRRT KRS HARFEER, +i
JERERI . WIBUR . 15 B A S5 S RS AR DL SIS, R At
N3 o

ZUFFERBER (A Marshall, 1842 ~1924) Ay, L RIEK AR N T H AL,
FeRfiH . % b 2R GRS T ETE S YRR, W% EH (R T. Ely,
1854 ~1943) i\, &V LY HMEMEFTRKARFR TR, DmEI N, 2%
2 b R R A WU B RTEE R — 5 Bx 4,

T AR R TAENE, TTRIIAH LIRS RSB R A s
B, BRI SAE. A, WS SOEEF LR, BEE R BIEE . T
kMM, B3GR, #REESP LTS LR,

1972 4%, FAO fERAWEUH (SRS R E L) T i LE A
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LB TR, AR IR R T KL PRI T R, R AT . KSR
Y, A — MR P P i R B R ATE B AR, LA RSt B RTAISRR AS
R FH b BTt i ) R

g FETA, R AN SRR AR5, AXT AR, AT
FER LT IATT T -

1) AR, DMK, WA R S, HAMAmRER AR,
MR FIBGMITT . R RS, Sy HhaR s & MR Wi 3 LR A RHIE, X BB R SR
AV FAYRRE - b 1R S5 R P 38 o

2) bR ARG, IR BRI, EAZERE TGS LIS A
REE (W, Y. kS0 RV, TR L A T RE AN R . DR bR
HRGTGAE, TAMEART EMIIEREFED BRI SEFRR, Retibh
] FH Al B AR R BT

3) b BRI B B R Y o Bk bR 28 T L R AR, AL HE PR KA
VR AN UG o W PR FE R S R, A AT — A AN 57 3l I 45

4) H R AR S GEE S, T A R R R MR R T — R G
BOSTARZS [ PR AR I, BRI, Rk R SLAR A = s SR X — T A
LBMMRAARE, THN=R, RUHIRALRAM TR ENHTIR; MY R
SO EMIEE; DUE SN R0 R RS R T B R 10 )R
(N ZsEE) M TR (MEEAA), FEARIETE T — S R B R e P,
FUR ik — LR S R A 1

5) LHPE BN EREAS L, AR —A ARGV LA IR, B B RS T A
WA AL Bh S S RRAE , R — N B B 1) 2B AL O B 25 52 A (spatiotemporal synthesis ) {,
P B 0 e R LR - st 7 B[R] AR A AR R A R R R T D

B, TR R S R ek SR, R, KSC, W MR A
Fe NSTE BN IS5 R B Y B ARG A A, LRI A WIAE 1L .

2. LM

(1) b5

Foib e E P EA, 7EL S A MRS DR TR IAR, ZE RS R
W, LHERIS ARG PR YGR IO BRAR R, RS, B A HIBRUSEF
WA R T4 A TR TR B RO ST B 5 AR AR . £35S R, ATRLARLT =405
TINEAK Ay : WAECER LE, THUGE i — R ER, e s H, B
BRI, bR L e R R R, SR IS LR A R R
BREEZ —; WAFHELE, HROARFFERBAT, Brig e £
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HEEA BB A, B T L BRR A A S ek R R R

5) MFTEAS Yt BRI A R B AL, ISR AR BE AL,
SRS SRk, WK AZET A, FRR i 0 A R AN A PR o e R B[R] A2
PS5z B SR, ML TFORIR) 2 B AL B Y L, HRER - S YRR ARGIAN

6) LHIFRA AN SR A, DR NESRG, TMBIRAA R E R, 4
KAe -t gAY, R ARMET:, TIPSRk KA B, AW
WIEAERIAN T, XFR I AGAEERS, 15— &0 TRADNTE N EREA AT 1
AP AT L IR, HEARS I IR R B AR, B “MZfE, WAEH”. L
WXt TFIE Y B —E bRE S o (B, Dbl AR R A JEAT LIS £ itk
RS A, — BB T AN RGP, MamIvk ik, WEk, Sk, ¥
AL — RPN RIS, (LA TR, M ERAR, — B AR IAE]
TREE, A M T BB R BRI R P | KA. BRI, T R —RE IR
JERY, MR EERN, taEAt ek, L BRI AR

7) ZRwE: HHBERROEFERR, OB AZES A BRI, ATk
#. 3cE, EBy . ORISR o

(2) iRy ERM:

AR MR G SR Z A ECR IR . NGk, LA iR —
ANERRSG, B RIRE BRI R SRR NS MIAREAE A . M H LT A
Mg —a, HRTTY) () HEAF. AR, EEIER, —YIEYPRAKI T b,

WERFMAER, LEALTEEI6,

1) SeHEThfg: XY, TR RIS Wz —BR S Y EEE L
W A RER I S, A2OESISIT, GREREE. EK. RS —UIEAYHNE T 1.

2) FEURE: THATBIERA AR, ATRAA I AR BRI RIS o

3) Heibhfe: A TS Y RTE SR B Y SRR A e
B, WO BETUE . AR AEAE R R AR TS AR, AR N E LA B A T
BIEFET o, GRHRAY/MESR, BB EwEE; StBdEAbaiEmg, HEEiy
A N/ NS R ML B BRI SOl SR D Tl | ST SR
TSR BERIG Y. W, WAL, LAY FeA R (BOD), Lkt
(COD) . WAMLEE (TOC) ZIFANLIS YW ELBE T K 80% DL Lo =4K, L HbH)E

.« 56 -



RS RARE, WA H AT A
(Z) ZiaBREMER

L A &&e0HBE

PSRRI N MR, B MARA — I E X

RPNy, PTIBAERSZ 4, H—RB IR ST IR (e 2 P M i, R
IRINEE R BCIRUUAN B AR BEIRAIED , SBALHIS T 2Pl R RIS HERE Sy, Ry Ik
WG| R A RBEAART, BHESBOMEEROKE 4, Bmta%s,

BREEIBTIND, EASEERIEALMLETFIES ST, AERE., BX. KR, E
FIVEEER, ARAEBFME RERIBMOIE . B, £E, HEDERK, BT
ERNEFNERRS. BT, ERRERNSEFIREA TR T 5 R IORE .

LRSIy, TR B R AR R F A TE R B T AR B 21
IWHEM PR, B ARSI RE M R AFBE I F S R BER, MARE
ARSI E R TT

ERITMNERRE ) SAES TR EX R T HRBRASZ 4, IR EAIEH
BRARESZS,

SR RMEFTARA ) SR PR EESR  HI L BRI R ST IFST AT (TASA,
1989) et M SN NR: EBLLERIEENNET ., @R, 25, BARF ., 44
FERUR . DEVR ., A2BUFRIAZSE B L RE D 7 A Z B RES, 38 G
RAESL S, BUESREMCSERR S, AN NEENTABLERS,

WAL AR AL ARVEB REM LA, WA R0t A R ok
B, A A2 AT TR AN F ARV USR5 AR AE SR B B £ e S04 S
tr EARRE ARAESRG, FMEHERMERE, &5, Fsinsma e st
Xk, FEEAEEAESWEX; HK, ERLRENRE A S BN, RREZR
FL X B AR CRBOTE) , HARESA R, HAh, ERRLMEATAL
WEhRESIYE, TEAMT. TEMAOZERE b, BETFUE T A LA RRA R

ATy, R USSR, KU R T SR B TR S I R, ok
SR ATEE, TR AR ST AR R 55 R TeR, T2 2R3 M X S 7
BRSO R, BBy R R A TS, R T S AT A B0 S 2 2
ML 2BEGTEO TSV Sheshit, HYTHEESZLSRBREMER, B4ES
TSR AN NKTELET™ | A TR RS 07 TS 32 2 25 W 5 5 B8 15 e 240 3 0 i 4 s AL
WRRAKSBYE S, SRR SGOIFESRAEE,

2. R AEKELNBA

A PIE ) + AR T AR ARV A AT R LA A2 SRR, B+ LT
AZARHUEER | R IR ERRIE o + M 25 22 A ME DAY BV 5 H T 2 A g fit
TERRE . g™ il B PRIBEARE (19 40 G B HATR

Bk, BNt R—MREANRETE, BAUTFEE: OWNBERES
RIS SS P, RIS SR B LA A= T 3 M i 22 SRR R ], IR AR
BAMX MR R, RRMX S PPRAEERT BRI, T REE A2k 06 B 3R A2
PRBAFRRT, IR ABTR R ; OVEMIRMERA T EME B, RREERHN
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WX IERARIEARTR, T BTN ARER T4 s @VEN Y B BRN T HE S RS 2 a
REERZR, HERREEHITY, MEEEENIT,

3. RALHF IR Z IR

Al i T IRAL VP R 1 A SN B —0 43, SRR BRI RS
FISER A M RS b, U E A BFSSAN RIs l th F 2 BE J AE HO X st A A5 4
PESAT O K ASETH . R BB, R E R DA R, AR
B MIEMEAR (40 Cd) 338 S X BRI X B — S RAEYIHF S5 — AR 2R A R B4 ot S5
BOR, RFGeH205 v h URAT WA S SR AR, TR P DX b S 358 A A S5 X P
Y X AT L3 A B2 A

—. W TIER AN

(—) TN ERIEY

VR T IR, 3 R S BRI PA B AR R AR TE S — K B TR
e, DUEEM G EAE IR AT X AR RS e . I, SRR TR IR AR L R AR RIS AT #Y
REFEART o

Rt h il R M D AH €

pii-A=Pi e

U rEiRERE
(AN \ IE R 6w

A
N~ {1 /
o 2/ e
@ l \ 1TE(EI
{; ST AT R
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wE o / .
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Bl 4-1 REELA/NERS XA RREE
Fig. 4 =1 Layout sketch map of special wheat preponderant region in China
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ER A 13 ZAOEKE, B0 0ER A2 AR E R %4 0 8B 4 R
oo (ORBART i X IAT R (2003 ~2007) ), FELFA IR EBARAME . PP, 7=
WA XA EHFEEREM L, RiETEHNE, EHER, BHKT., HE.
COUERT MEE. CBURT OCHHE. AME. ER. AL WE. BT KRS AR
PR (FREDKARTEM R L O AA RS, BoRIIAMMRD) . & ANERBFX (F
4-1) GFRANTIRIEERA /N EH (AFE, BRI, KITFTHBH/NES OF
P WAL W TOR) RGBSR NEW (L. WE. IR, WP, B, %
B TLH) s THEARRHETX (K4-2) REALHAEEEHELR (H2Ed, 2
VL, EML ILT) MEMELHERK (WL, W, I1ER); SlkEmHeK
(E4-3) BRASERNBEHX (AZEE) . BECFERHX (BRIT) ., =1F
JEF X (BRI . HEMAPIEHAX (EH) AT FEFERER (L), Xk
i, EIRHEBATRER, A6, BdEHBESRERSY *, BERNER
W5, A AR O 7= 5 R

|
~iE(IZI
:.'.‘_'\! 5 /
jif Rl -
. #a Y
w1 e
KK ” [EwEs

El4-2 FELCHFERCHREARDRER
Fig.4 -2 Layout sketch map of special com preponderant region in China
NZE L ORREL AR KRERIE AR, 2T FE AR R B R LA
IR SV, R E R R R IE Y A, B, BERANE. KRB, Eok.
KGRIV RITN AR IEY, P45 R A TR A0 S2
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Fig. 4 -3 Layout sketch map of soy with high — oil preponderant region in China

X d e o i R R 5 VR R AR B A TR X, BUS Y 1 SRR /4lan” 1 15 B X 3
B, FE A TR K ERAEY NG R Ve 8 KA E Y, TS 2 A7 R 30 s X
HE ) 2 RELAR T2 b

2 TR, gl B R AL S IE M e A A FER Y, B, /D
#. Bk, KEHEERTENRIERIED .

(Z) FMiEtR

1. pagieeg e

R g b 3 B M BR AL 2 VE 4 7 1 SR B AN T AR BB, BTk B IE N FR AR LT 45 LA T IR
). (DFAEA YA 3 SRR B 9 54 TFEARZ A, DA AR T I A XA b 3t o3 5%
VA BRI R EIE ; QIEM I RIEY PR TR &' E2ORET 1, mAZ
SEEFREPRA T EBE; OFA BRE M B Amk, FFENIEIRMEDENE
S — AT SR SRR g RN AR AE(E ;. @A [ YA IR R AR N L S

AR A A A A 03 Ag. Al As. Au, B, Ba, Be, Bi, Br, C, Ca, Cd,
Ce. Cl, Co. Cr, Cu, F, Fe, Ga, Ge, Hg, I, K, La, Li, Mg, Mn, Mo, N. Na,
Nb. Ni. P. Pb, Rb, S, Sb. Sc, Se, Si, Sn, Sr, Th, Ti, TI, U, V. W, Y| Zn,

Zr % 52 PR A pH {H . OrgC (i 1k 54 WKAR, BREFE T WM AKE A FNEERR T
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FCd, Hg, Pb 4, H@HFET ~LEEMNAMITEN Se, F, 1%, HRQFEGHIE
Jely, W77/, DDT %,

REBFFRY, TPPITRAEIFRRE A AR, T I5Y. 5K, i6AMLE
MARZE . ERTRIEWIF L P TRIRBETREL, —BA YR, SRR
FERZARAYE AR RS IR h Rk, TE, PSR 6 T AL
Refity, EERELRITR, EVHEELBUEY, BABRERTIREM, HhifsE
SBIUURFERT R LHERERPEF LR BARERE, REEREH DAERERS
TZMERT 10 RMITRKRERE, @ Cd, Hg, As, Cu, Pb, Cr, Zn, F, Se %
TR

KETE 1995 4EMA T LI E U RARAE (GB15618—1995), (45T Cd, Hg., As,
Cu, Pby Cr, Zn, NiJt8 Fiitn, AF HILERSHR W HEFHEEYR (2=
REHER) FTBREAFRERERXATABRMME (F4-1), @FT Cd, Hg,
Pb, As, Cr, Cu, Zn, Ni, Co Z&3%¥r,.

GZAERR%E, AB®ET Cd, Hg, Pb, As, Cr, Cu, Zn, Se %8 FiinZ kKT
M8tz

®4-1 BLERMBRTEFEEORESLFRE

Table 4 -1 Highest concentration permitted of nocuousness elements in soil

in some countries and regions (mg/kg)
B
TiH B BE | BAA | mER (ZKE) PN BRI A
EaRMEL | FARHEL

Cd 3 2 3 1.6 3.5 1.6 1~3
Hg 2 1 2 0.5 1 0.4 1~1.5
As 20 10 20
Cu 100 100 100 100 140 280 80 100
Pb 100 100 100 60 550 90 50 ~300
Cr 100 150 50 120 600 120 50 ~600
Zn 300 300 300 220 280 560 150 150 ~300
Ni 50 50 50 32 35 70 48 30 ~75
i =6.5

)lf o >6.5 ﬁ;; s

2. P IRAR A AR

ARXKCd, Hg, Pb, As, Cr, Cu, Zn, Se % 8 MLEMWWE, CELMETHLK
R, TUMERTETEM IR REE N S %,

(1) cd

RTE 1817 FHEE AP EL LN, 1847 4F, MM R T4, 1931 4F Fox
H1 Ramage M\ 314 H 46 Hi 4 o

RAWRAAEALRS, Cd Zn faE, FABHE, MEHEARSES, BT
UivE, EEMRMEABE S Cd B8R H Zn B & 0I5 34, -84 1L cdCo,. Cd,

¢ G



(PO,), N Cd (OH),MIEAFLE, Hhll CdCo, 0 E, JHR7E pHH >7 MA K+
gerh, Cd 9+ IRMERE pH M. Cd V55 i)+ R B AR 4R & 4 4% pH {HANHE T
At R, QNN A KB R 13 pH (E LA X Cd B

Yo Cd SR EERNREAMLERS . LEF CdFF RN 0.07 ~
1. Img/kg, EMIBAMET REH L, Cd 5 mLRHm T MIH, Hik, RE CdH
BHETRSEZIERA KR,

WREMBYAAEERTE, BFSHY Y MR LRI, FFERN R,
SFHBETIE PR S RIS W LIOPRE XA RS, B AR
Jb3t. B, WRBH. PEACSEH 100 ZAE A, HMRA RSB A FREEREE
MR, BEMTTFERAMSINE Cd &R, HEEmENNmEn. MyHaLha
Cd B -+ 498 pH B RYBEIN T AR o 1R — 14 B9 i A RUFERE 5 Cd B, B 48 pH {E A A
RTiALR (£4-2), 1 pH M 7.3 BE 4.6 B, KFEY A AR Cd
BHARFRERE , /NEM A RPREE 17 R L2 5, RZEM A RAPRIER 2. 2
R 2.0, TR FAFRLIY IR BEA Ko

BAh, WA RO R Cd BWAEER . HAMRMAERE: R > >&
BFF. B> 6. . KPR SRR R, Cd FEERBRAR, HERHEN
82.5% , i AL 17. 5% , FUF AR > 250t > B2 > KiK. Vo PH PGB A 3K £
X 434 CdBH0.62 ~9.38mg/kg, H EAEKAREKE Cd&i50.02 ~3. Tmg/kg,

®4-2 LiF pH EXLFIEY Cd SERIFIN

Table 4 —2 the influence of soils’ pH on Cd content in some crops (mg/kg)
+- 4 Wi INE K& K
pH Ly FFRL iy FFHL nt FRL ey A
4.6 1.42 0.51 0.40 0.20 1. 60 0.34 0.43 0.03
73 0.47 0.17 0.15 0.09 0.50 0.11 0.34 0. 04

(2R 25, 1989)

(2) Hg

RITCERIETREING, 1934 4E, Stock A1 Cucuel WA YA BhHY) A H 5K o

FAEWRALER SRS, BFROTETYRDEREY Y, He B ExE, (Hi
Lo EBAR L, BONIE. TR . RASVIEMERE, BF2YB He #ARE K
W TRE T, B—eih T K P i He & BHRIR. AW KL= EIURIEM, ¥51E He
A E 2R

LR He (O RE FEZ ALY BMTLIESEH . BHRLEGWRFEAE, il
Rt He lH AL, WS He MR TR, HRMAW He £51WE8, A
A= W78 MR

FIF R+ He o, KEMRE R, Hg RIREEF 5 HI3 A YL AHIK
FAE, HhFEL P Hg B EKLRILE, £ H B REERBUEE N 0. v mg/kg,
X AME R, RO R A S A T S A B AR R A TS e . LI Hg BOY5 R
BEERGET . AasBmTk., Fd T (FAREME—R) A& Hg KR
.62 -



B o IR RN HAD ) Wt AT BB He AOY5 YL,

LAY He®* tmT b - My AL R R o &R R, I TR A0 & T 1
RAHFER . Ri He' —~Hg"* —HgS B AL H7E H P 3B . 1338 vh SR i1k & 4 76 7T 3k
PAEYE AR PSR, Bl B YRR EREANK, W BT RMERE +
B RREH ¥

TP RRBEHIZET 5 AEBR . THESRMEISEBR, 7EIER L
E, FpH BRI, REEUFEMIRSAAER BIEFORNEER S, MYREEEIRAR
Wk, HERZELT, RIE WA RERAE PP b h 48 R IR G A %Y
WA o YR BBRFERE S ROEEE R, HFR: GIFEER >SSk
K > BRI > ALK > EALR > Bt Re WX MIFWTE L, HEEME. B
K RACE W25 5 WA PR o

REAFILR . MR He FME—RIRET, Y P He & B30 L3RS R,
At SR MRERER, REMYE IS HER >Z, 1t > %, XEARE
SR ARNOF BRI IER ., FEE P Hg B A0 00, AHR A% 14k Py He
WA BN,

SR ZHEAEYRIE, HARNRE S &8N 0.01 ~0. 2mg/kg, T 76 R A M 4= K A9
Y, &KREFEILO.5 ~3. 5mg/kg,

(3) Pb

WREERERIRAF Y —FTE,

REHNAES RS, BT P FEFEEBRRKRANEHEF, B, Hibs
Pb Y i XALBE 158, Pb R RERC R . BN 7= A — B3B3tk Pb, S Se 484k &4
AR, UIRGERB A R RS 0 R, BTL Pb IR BN, R4
FEELIPb (OH), PhCO,FN PbSO, EAIE NAFHE, +IEW b AT VA P4 & B, Pb**
WA B O L4 BRI Ca®, Bk Pb 75+ PR3N, HE pH (EA LA RRET,
A AR [ 52 B Pb AR B 1 Bl o

TP TR, BUkTES, PhAERAWEESH LY. SE84LY. $MESE
WHMAG IR, AR EDIERRS B RS B 4 4b . T 00 A K AT AR P 14 15
B, ® pH{EAMT, Pb alVENEEMY) . B Eh SRR ER UTIE A B L4 & W T 25
FiE. BERARET MRS, HIRFCLBRTILNITR, BALEHGE. hTH
BHEFESEIR TR T =R, MARASRE P P B RARTE, REISREHE
& Pb {5 E Pb IR E R SH M A 3, HH BRI Ph S BEMER,
TEFZE PO ITRE, —BENT, BRI, FA Pb IR RRE,

4 Pb 100 ~400mg/kg, XIEA W RERA T . BRI Pb A5 W%, WE Pb
FREAERBWI, FFEANREE DRI, REHYSES P SBAR, (HEk
FRARAER X AEY) Pb SRR . KRSV Pb, g i

AARFH Pl BEWEE B AAYER (AA—1%E (K, =K) —HEY—3
YW—AZ) BAfEENREEE, {2 Zimdahl 2 AN R, Pb M T IEIE TR BAEY 1Y 7T & F
B ERARK . 5 R Pb MY R LM (Amorpha canescens) . 7 I11 % ff 25
(Minuartia Uerna)
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(4) As

TG RAE 1250 4F f 48 E A DA T R LAY, 1838 4F, Ofila MAEY AR R #H, [F]
4, b SUNShHR

KA RALIER, S AT Y As YR MBIk, BT HEER L., S8k
IR HLERELR MY, 8 As RS2 BRI 8 48 T IR TR SR Lo Bedh, KImeam
T =RV Yt R EE A As RIK,

BB A AT ARG, BRELE A HERTE - BROARMEA (0.1 ~
69mg/kg) o — i HHERIRZUL MY As, WEH LW HIRBZEMAL G, As FRE
0 T B RP R 38, BRIR R AR R A XL B 130 T As S BRSO LI, 2o
MEMBEAVER I, &AL, KRBELEREMHSEER As,

IR As TESIMES As FOBSHIURIE K, TSR Fe, Al FRBUL L, BT L
Ca, Fe, Al W[ As, BTEY As EHFER1JZ 10em Py, HAFEFLLELL T Al#kst
ERELE, WEBEAT RN As (A,

AR YR B SRR BRI 4, AR As TEAS AT A3 gk Ve | VR O A e R e
Tl o X K VA R R PR P SR S T e, T A A OO R PR 0o AR
KA, ATMANEIREE, F EAVIASRRAE YRS, R7E R P I R A S oL
i, As BIEBPLT I As 8, BOMMEEE OKAE) HAEIIRES, TTBRE| As 424
TR, AR P, AR TREUN As (3, T A KUK, FTaES L%
& As HERA R,

AR As 8, KT As 2R STHEA As FEZAMNEMELRODI, =4
TAEYIE B K TR S U As BOVERl, BER TR As SRV, BE As SR EMHER
TELMHAIR A, HEBREY IS BA BRI As AR, AR RIE Y
HATIRECERY IR, B4, B LME (Mushrooms) JE As FYREH

AL AR AR R e R SR AR AR, R AR T AEAE KRR A E
FRGHER/DRRERIED, EYR, 20, fFseh amEERAR, WKEIEDS
IR RAEAE > 250 > A58 > ok, B AT LA, JERE, KELP
As BB R VR IR A 15mg/ ke

(5) Cr

BRI SLAE 1798 4F H VR E IR 35 22 R B, 1900 4, Dernarcay WA #) 4G Hi 4% 5
1930 4E, Zbinden M\Bh¥) ke %o

A RAGERS, TEREMSET (AT, O S O°, TEBEEIRR &
F, REDSRE TN SRS BE T RETHR ., ERENFP Cr0;™ SRH, FEmiE
AT Cr, 027 (HEsk, e MERh —H Y, EAVREBMNTT, BT EER
VERS, 4RAIAEr Cr REFRER T W rh i th 3, R IRIIE I H 8 7 MR T 1T 5 4 72 4 b Y
FEEE, R Cr 2B 200 x 107 (ZEFR{E, 1962), HIES Cr & 5B RS
(g Cr RN KR BN, BEkT KEUEECE LR+ Cr S8R,

Cr £ HHEFP MR S E, . pHE. BHUREMAEWEMBRFERABNRR. =
WA WA IS, 90% DA bR T e it e, A8 PR L RS . R
X =W A BB R E R, JFHE pH EAO TR TR R . I 7S M B ro IR I [E E RE 3K

. B



1%, 1A 8.5% ~36.2% o Al LI ATEEARME RS BIRD, PR IBIRAS
YR =%, AR E BZAER, EXFhd s e R pH B I iR,
BB, SCIEIEW, 75 pH 1 6.5 ~8.5 WAMT, TIEM BB EBAMNE
(KRR A 4Cr (OH)," +30, +2H,0— 4Cr0;” +12H" )5 RN, L3h7rfE A uifid
RERE =M AALS 8o I, =M s B TR E A A A M.

Cr SHEY) R UT W AU . Y EEREFTERS, ol NIPFIRG A Wlcsk, @
R ARFN HEAFEIE N o /N NE AR WA =4, AT EEIRE. YL
W A R o> RBVEAR T, TEM LR R BRAR, FIRERM T O=MERE M
B FUE Y TR R S AR TR L - YR R P ELURE . =M R AL E TR = A AR L,
{0 Fe’* R Fe' 1L O Ry O A 518 %, Bk, MY hE8e B ILE M.
QU B RA RS, BV SO 2 BIRBRAR SF BT B T OBRZUM G, AT RE 4
JRICER PR R TT R Z —

Y P O B EEZ PSS Cr riistl, B IETER O XSy RA
T, REWEPH T —EBRAYEER G, [ERHYATHHEER, s, L85 G
RIS R AR Al &l Cr SR RIS (R4 -3). —BIRAR LIRS G &
w5, BRI AR

®4-3 HESENHESRMOLE

Table 4 —3 the comparing of concentration of Cd in soil and crops (mg/kg)
+3% LES Hit AT me
X IR X 60 ~ 80 0. 04 0.03 0.03 0.10
FR LRV 82 ~390 0.08 0.10 0.08 0.22
(#EEH, 1988)
(6) Cu
WTREANERIMA AR R WICE, 1814 4 John ALY ke 4, 1807 4F
Vauquelin A gl e H 4 .

TESREAMAERT, ARRIEM Cu™* o 7EMRBL R AR, HEAKBRENHT
HRETE AL Cu®* o L3RI, Cu RETETUZ, B2 Cu ML REMITHIAIEFI5 Y
AR, L Cu BEBRDVMESE, EEAFEINTTER T Cu BFE, =
Berswrh Cu Bl W SR ANLE S, T E S ARS Cu lIRZ 80% . 432 Cu
TR IR, A PO E R TT i

YIRS, MR ZEAEE . TR, IR MLRAEES 2 EMEHNE D, &
MY S A EEEEEN, 6t Cu Bi T Cu i RBRAVEEE, AHLEEA
Eatl, Cu RNEERUEMITUCHMA . ZIRAEYINS Cu FeBUs, ME—BA IR, (A
F/NEIRIBUR . BURME R MY AR Cu SRZ R R EY . — B LIEPE Cu BT
100 ~200mg/kg A ] REF=LEFE T AR o ZKAENS Cu i RIMURK, KBTI/,

R TN e AR, (EVR Y R A B RAR S e b B TC W] AR, T S A RS
WEREMR (£4-4), DEPREEIAMIEE, HUKESE, THREM, .
WAL BT, ARG EEH, RIREHES S SMMEESN . ARESH LIRS
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) B R MSOR] FH ) 2KV A R A SR AR o 4 A7 25 P e - 28 pHL AR I, X2
T pH (I 47 & T BT AR 0 A R A ML & S RO BE D T R, 4R 5 S v TR AR T A
YIRS HRAEAR A E 0 00 R AT ZHORAR > 25 > RS :

FRd-4 TERBREFHERE

Table 4 —4 The content of copper in soil and foodstuff (mg/kg)
e T AN E IR B B ¥ ST
1 24.96 6. 62 4.6
2 24.96 17. 81 6.83
3 26.21 19.2 7.96
4 28. 08 10 3.83
S 43.68 11.25 5.83
6 59. 28 20.31 10. 66
7 87.36 32.81 10.99
8 159. 8 78.13 12. 31
9 218.4 78. 69 12, 99
10 312 119.5 16. 38
11 350 155 17.94
(RAB A, 1989)
(7) Zn

FEUR R Ui A BAFI A T 1860 4F, Forchhammer MABY) HG Hi 5,

T RAERSRES, & Zn U YBBEIRE Zn AT BT, Zo FEVE R T AW B
EWa e e, ZW MR LR BRIREE . EASE IR MR E R . BT ES Y
DRI BT, XA =Y hER AR o Zn FERADH B T4 8. KA
A YRR R EIE E Zn, 3T Zn IR HIERPLEIE PR —FhRERME N EDS
PHES TR BEA K 75— P RTEREA B, 328 HLHE AL 24 58 ZU 52 i 1) 4k 27 0% it
YR

E% 14 Zn 55 10 ~300mg/kg, 3% 30 ~50mg/kg, 4EFFELL Znt FERSEA L
%, WrRELIEA BT Zn (OH) ¥, ZnCl*, Zn (NO,) "SFHAHA LI, HgEHERZR
FORS 0 Wb, S5 3R R s b & A B RN, AETE R EE Y. ik
b, BEmREL. WA UIE, S LETHERESS, FHERTIEESE. 1E
B BT 3 pH ., SR HIET ST KT, 2 1 R i 4 e
EE SR, RIS RS AT MR IR R A ATV Y Zn® ORAS, B L34 L Zn®”
TE AR MBI

FEYR ISR TSR Zn, HIRWE 5B F WM T EP TR ERLEXR R, ARHE
YRR AR, Zn W ELZRIORAE R, HEARER LLTER S A 210 Zn, FE7IR 24
YWHKAES Zn BIERNEE, MEHLZ BURMEY A RS .. KE. BEE, WK, BERK
& PERURMIEYA DARE. T, WA, B, AR, #iiS. a=mE%; REUR
AR A AT, BiE . AWM. I3, 8 NS —RRARBHMEY S . REFEEWBR Zn 1Y
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WAGERRE “AH”, BARIETR EEIN, WEmYEER RS Rk, Ak
MBI HRER) Zn S RAZER K MW Zn G2 BHA RN 10 ~20mg/kg, HYIA P 4
) RBE TR A RV . ARTEM IR N &3 A T e B 25, ST KRS,
INETE, BEENME > > 515,

(8) Se

TR TE 1818 4R A s A\ VUR LT R LA . 1817 4F, Bexzelius MAEH) sid T,

R Se AW BAVAE 3 8 7 2k B HER 14 Se 1AW, 7 Se BUMIRAL2LHEFF
AEIEIRESLIE o M I RS R A9 M RR S B TR O 53 A8, B33
ORI AER AN WKL | o e — BeSERORS + 1A P B 4 Se,

Se WyMEARIE IR TREOR A L3R B . FERRAE AN G LIRS 10 + 398 7h , A RASE 7T BE H 30,
BIVRAESU, BRXTHES Fe SLITER, MTERIESS, 5bHNPTL,

FEABEINT, 4 Se JUKWIYE Se & MM ABIRA , P B 4 KWEHE So, ZHEN Se
A TR R 1

REH AR Se VEMREAR LR, B IIT 2R KA 7= 1 FEBR VR AR R 4 Se BHE .,
AT, FERIRE Se L3, FEHOKRIFHISAS R I8, T Rk, DRE
AR BRI R, Se ATREWNM R, HEREUMKKRE LS E,
Dorsl S5 AHE, FHYINY Se 8 A1+ 0 T IR Eh B o B 2 1], S5 EHb IEARE

TEY R Se A4 BHDIREMEF MR KIS . 24 Se LIANASTEZERT, 225 it ik,
BN F R B RAZE S, H3E Se (7 ) A M th 5 — o - e R 2 bl oo
LIpH B E 2, YU T Se FHEH ) Se SR 2 M B IELMEZR, Sippola 381, +
HE4 Se B AO— M YIREAE 2% LG FT VA R BOR AT

— AN IR Se BURTSARSM . LIEMACRA . B4k — R, pH A
ERPREL AN R Ehlig A IRE, BRI 3IEB R EIE S B Se (G5
$1291000mg/kg) 4b, HHYIME Se +EHTLE Se (IREHZE R R K, TR I H Se
FRNRA Y DB MY Se 5138 pH, W (ELF) M CaCO, B TF
X,

Se RAEWHAEE R DT MEBEITE, SR S mEa S shib b B AR 5k 53
EIRPIARBE N 0. 1 ~2. Omg/kg, 5+3ERF IREA B EIARSE, WM LI AR SR TE A5 7
R RBOFRRAR T WA TSV BRI 130, 250%™ + 0,——28e02 )5 WiARZ5)
KA, WEALREB G EIOTERR , W] DOEE R TR O+ T LR
)+ TR B>

R MRIRER . SRR ELBA HLASHAE T, VAT A SRR I I 4% 2 449 1
AR BASERIES, WY EESAERYEAT, FUMEREA N E, X
A ST YFAERT, SR 5 Wt M A A A N T IR B TS . PRk
PRI RAR > 25 M > s,

(=) FEeRiE

AT BESLIE F AR 0 G BR AL 24 0P 40 J7 5 ST AR M, AR 3 VR4 Oy v 1 A
B, TEE SOE PR R RS RS bR, B AR R AN TR
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LR RSB SRR, 8T & MABRRE G Z e, ABEFERERAN
B TAEAREAE AR . P TR BRI, b 4R G R R B AR MW T A
KAE. NE. FR. KOS 4 FIERED I 8 FIRMIEIRE R i h A BRE TR
HENLR 4 -5,

#£4-5 REERD S MITMERNRE D ERE—IT

Table 4 -5 National Tolerance Limit of 8 indexes in foods

£ i 3EY R/ (mg - kg ™) FRES TR TR PRHEAT AT
FoK <0.2
cd T <0.1 GB15201—94 ik PR IR B DA AR A
EH <0.05
Hg B <0.02 GB2762—94 i PR AVFREARE ER
As e <0.7 GB4810—94 5P R E T AR TAIR
ey <0.4
Pb GB14935—94 BRI R T AR DA
Tk <0.8
e <1.0
Cr GB14961—94 1 P A PR B DAE AR BAH
BES <1.0
iEacy <10
Cu GB15199—94 £ F R R R A AR A
EES <20
ey <50
Zn GB13106—91 i P IR B AR TAH
FEYS &k <100
AR <0.3
Se GB13105—91 £ P B T A A R il
GES <0.3

=. MEXRERSTENIREER

(—) EEsLMEALKFRARE

FERBIFAES:, KPP ESBITE SR SHAE LR & B A EMXHE
i BIFE R T A R BB RS A Bt o BORFRNT 1 — RSN R SC FRAR ALY
HEKIRZ—

1. 2 CAdBEHFECdHXAR

B RAREE T ARG AT (R4 -6, F4-7) BH, FOK, NE, ERP
Cd B b3 Cd A RIORIINTI R, BARMEBOYEE, R, Fhaimd.

R EARIRAM KRG (F4-8) B, KHE. &ANE. BAE. K,
FT AR S, 25t eh Cd AR E I Cd SRR N, WHATAK ML, K
. RRE. 4ME. ARETHE. RELDMESE DHEREIRAN,
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®d-6 TERCAEESH/RT CdEEMHEXME
Table 4 —6 The relativity of Cd content in soil and grain

s — +HCEE k. NFEL EX
(mg-kg™') FH Cd g/ (mg-kg™!)
1 24 <0.5 0.05
2 9 0.51 ~1.00 0.23
3 31 1.10 ~3.00 0.23
4 20 3.10 ~5.00 0.28
5 11 5.10~10.1 0.34
(JEBEHH, 1989)
F4-7 CAEABEHUNESEDT
Table 4 —7 The content distribution of Cd in each part of rice (mg/kg)
Fs +ECER R =T FFEE
1 0.24 3.70 0.15 0. 064
2 3.12 13.92 4.56 0.54
3 4.96 95. 00 11.20 0.78
4 29. 50 415.00 50. 00 1.32
5 296. 50 1247. 00 198. 00 1.57

(FEAZH:, 1989)

2. 23 He 5lpsc Hgth %k &

IR IEAREARARANPR (R4-9), FERMEEHTMEGFEEL, K. /D
% REZFMIEYFFSL, 250t Hg &2 1 K 458 He & 2 A8 i n, (A28 (b i 2 B
AR, 3 Hg 30 0. Smg/kg, /NEFFL, Zitrh Hg S EW NG R L, HIKEKA,
RERFFSE, 250t Hg Jhns b, XULER, /NEXT 18 He &8 MR aUR, KEXT Hg
AU, KRR, ZRESMTTRWER, ik Hg &85 14 Hg &R AGAELEMELE
KR (Kl4-4),

F4-8 T FIMEMSERE

Table 4 —8 ' The concentration of Cd in soil, seeds, stems and leaves (mg/kg)
+ A 1EW THECIEHE HFEE Cd & ZirCdEE
0.122 (ck) 3 0. 007 0.27
K F5 -
S () 1.192 3k 0. 038 0.39
v o 0.122 (ck) 0. 044 0.80
RINE -
1.122 0.121 1.10
0.184 (ck) 0. 038 0.16
HE 1. 184 0. 133 0.99
REL CHH) =5 0.184 (ck) 0.023 0.192
; 1.184 0. 035 1.10
B 0.086 (ck) 3 0. 050 0.17
KR 1.086 ¥0. 185 0.31
R (W) = 0.086 (ck) 0.10 0.43
K=
1. 086 0.33 2. 00
0.180 (ck) 0. 061 0.15
FINE -
R (WA 0. 680 0.113 0.27
B . 0.180 (ck) 0.035 0.06
= 0. 680 0. 190 0.12
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o
b

R =i 1EW T CdEE HECEGE =t G a8
0.110 (ck) 3 0. 058 0.19
a3 (FR) IKF
1.110 0. 100 0.63
- 0.090 (ek) #0.05 0.59
e (JIM) KA
1.090 #0.44 7.47
- 0.078 (ek) % 0. 141 0.66
Tt (W) KFE
1.078 %0.310 2.60

H: PORBRIRT R ABTIRA, 1996; TRIMEAE FRBI AR TARE; ck R,
Fd4-9 L HFRMEMS Hg iRE

Table 4 -9 The concentration of Hg in soil , seeds , stems and leaves (mg/kg)
(=7 e +3% HFSE EXp
g 131 0. 025 0. 089
N X kRN
1.81 0. 082 0. 140
: r 0.5 % 0.048 0. 056
KFE B e
1.0 >k 0. 064 0. 062
N 1.0 0.013 0. 022
K= B
1.5 0.014 0. 029

E: WRPRIRT LR A BITRA, 199,

0.12

0.1

0.08

0.06

0.04 ——

FEKHg &/ (mg * kg™

0.2k,

0 50 100 150 200 250 300
+H#Hg 5B/ (mg * kg™)
Fl4-4 -+ Hg SRS5FK Hg S EXRE
Fig.4 -4 Relationship between Hg in soil and Hg in rice

3. 23 Pb 5L Pb IR A

TR IMAERMTHN KRBT (£4-10) W, KR, £/PhE, EXK. RE
AR AL b Ph S B E LI Ph SRR, W HAT AR . KIS
b R RRE. D GRLE. RRASESE LIERBIA RN, AR ZATE
T, SX g, Wk AR P SR BORMAR, EROZEMN P ERERM
PR o
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Fd4-10 +iE, FLMNEMS PhIRE

Table 4 10 The concentration of Pb in soil, seeds, stems and leaves (mg/kg)
(=27 aee 3| T3 Ph & FFEPh & 20t Pb E B
18.8 (ck) >k 0.24 1.20
HEHL (dix)
318.8 2k 0. 39 10.0
r 18.9 (ck) k0. 20 4.2
e (M)
318.9 2 0.07 8.7
16.7 (ck) % 0.07 11.2
Wiz (TH)
¥ 516.7 . 3k 0.31 1.3
IKF
30.0 (ck) % 0.21 19.9
a3 (%)
280.0 % 0.25 27.2
27.0 (ck) k0. 15 9.7
FRELHE (J7M)
277.0 K 0.78 159.0
24.9 (ck) 0.13 4.8
TeLLsE (W)
274.9 k0. 36 10.5
18.8 (ck) 0.11 1.1
HEH+ (dbE)
318.8 0.48 2.0
XINE
16.7 (ck) 0.07 1.02
HigE (TH)
516.7 0.13 3.67
19.5 (ck) 0.13 7.02
/S BESL (HIH)
319.5 0.24 13. 03
o 18.9 (ck) 0.04 2.7
TR (W)
318.9 0.06 21.5
XE
30.5 (ck) 0.08 1.77
HERL (FARE)
530.5 0.44 3.39

E: PORRIET HHST A RTIRA, 1996; TRIMLERRBEAE T AR, k FRXE,

4, 3% As 555t As i £ &

THOARARMIRAN KRBT (F4-11) 3, KIE. &/NE, FhE, Xk,
REEEYHRSE, Znth As BRI H I As S BN, W EMRBA®E 1. K
ok, Bt B, M RN, RRLUEAS RN R R LA, 5 135 Ph FIME
Y1 Pb ISC RN, As 7EZENT R BAK T HARAFSL B, EIFEIHIEATSE Ph S BYA
ARRYTEOLT, #ZErt As S EE LR,

5. X CrElECrigtA

WRIE PR RIS BIR (R4 -12), KRS, Zmtd Cr S E0E % Cr
E R ITIE N, T EZE Cr AN O ST IR R, EEOBISI R, RIS
R Cr S REIYFE L3 Cr SRR . RSB REH, X G 5B S5HM L
b Cr S BMIIB A IEMEKR, FEHFEN ¥ =0.087x -0.373 (y sk Cr & &,
x NEIE Cr & 8; AN 16),
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F4-11 13 FEMEMHS As IRE

Table 4 —11 The concentration of As in soil , seeds , stems and leaves (mg/kg)
1 + 4R A As A W As SR 20k As R
‘ - 8 (ck) 3 0.075 3.83
BmE Lt (dta) 8 %0.163 6.62
e 9.6 (ck) 0.16 2.43
FmE (L) 216 %0.23 6.23
10.7 (ck) >k 0.214 2.18
K7 B (TH) 40.7 >k 0.370 9.75
7
- 11.6 (ck) % 0. 020 0.90
z sy
LI (FX) 31.6 0. 168 1.54
N . 10 (ck) 0. 007 0.425
A UM 30 K 0.134 1. 401
o 10 (ck) K 0.23 0. 30
é \‘““
TR (L) 30 3k 0.28 0. 69
: ot 8 (ck) 0.16 2.42
e EmsL (L0 28 0. 450 12. 36
N s (FH) 10.7 (ck) 0. 028 0.175
R 60.7 0.437 4.387
11.4 (ck 0.03 0.27
R (IR L = n
B IR 12.7 (k) 0. 038 0.677
& i 32.7 0. 446 4. 606
R 12.7 (ck) 0.153 0.77
E/N WS CHI) 3.7 0,394 XY
L " 10 (ck) 0.02 0.63
K= A (TLE) 25 0.62 211
T WEBERT NGRS A RMIS A, 19965 FRIBLE Fom Bl el DAERE; ok Fmx |,
kd4-12 LI, FEMERS CrikE
Table 4 —12 The concentration of Cr in soil, seeds, stems and leaves (mg/kg)
£ T HEm +HEGEE L Cr & =G g &
i . 1. 37 (ck) >k 0. 050 0.45
KK HmiEt (dbE) 537 %0.019 0.62
. WRSEIRT LS ARG, 1996; ck RN,

B3R 5 FEAR T E M - M AR IGOTSAE, DR R A X 3 -
VPSR SCM BRI R (ST EE) UL, M — SRR & R i 5Q FR A 2 il
AP RBOE R, TR EMEG 4 Ak S, BORHET 1 - 500 R R ALEL ()
iRz —o BAh, T e Tk 2 v R 25 SR AR AR W PR B R A, B AR
o R — L B R R R T 3, RS — k52 1) 9 0 3R 2 B R R /s H R R A3 7
BE (FRULEEFEE) o FMAPIR AN RRIE DR, P35 0 2R & %) R IZTn R B i
U7 36 22 ELAT S A R B 6 SR PE R SRR AS OB AR vk o BERAE, 4R - K IOTR
By /N, FEAE T 4 - R SEIA) TR A iR I R R RFE T BRI AR BT i R . PR,
39 - FFEL TR R A PR GE I A RRAE , SRS 13— FPSEMR RS RARTL (4 -5)
1 X — B EAK TR

« I s



(Z) BETFMIREER T E

5 - RS S AR, A+ SRR T R A BRI b A K R R AT
SLHZOURN AR, “EARMEERECER, MIREHERER, R MRS
TERER, TR AR AR AEIAT S - TE R & A (L9 B B A B R B A R
BEo M SEPRER AT (MLEEHED) , RA 95% B X I8 AT UGS 220 i +- 48 — b o %
MRS RAEAL (B 4-5),

o S
O}Xbxq‘.,/,
0.4 «{4 ’,/ Xbx"l‘
" Z (]
,// ‘1 -
s //// ' e b ]
o ///‘ ¢Oj'
i;o 0.3+ ) ///o o ° g} e
. & OSURERN -
g /,’. . /// 'LO
‘i/ /// . ] -7 X\)/
] E (i o gl e o o o\
é:g 02 R T A A (¥~ @ o L DA ° Il
]-5 . /”/ o © o e //’/
@] -~ S ¢= - -
‘& " = e®e ! /’./
e <" Xe20la e e
0.1 S e o e | 7 Xo+20/a
e #
) L] s
(] ° (<) ///
° ee e.
ee i@ >
2% ae ° e 7
0.0 z
0 1 2 3 4 5

BATHCILEEE/(mg « kg™
Bl 4 -5 FEIESHERE BN IREE

Fig. 4 -5 Determination of evaluation criteria through regression analysis

N TTRMER DL, BRI R 58 K 95% BE X ], X8 —TEEMHe 5 40 4k
H¥SL (9) -REL (x) WEIHMXEE, RBEEFTR y = ax + b 1 95% B(55E T il
y=ax+b+20 My=ax+b-20 WEHRSMARIR (K 4-5), HRHHERES AR
#E(H (Y,) (4nCd 2y 0.2mg/kg) RAEFIAME X, -20/a, Xl X, +20/a, Bl y=Y, 5%
By=ax+b+20, y=ax+bMy=ax +b-20 B,

FEOS% BE T, MM RIIRTE & B/NFHITHE X, -20/a B, H FAERPRK
YRR LR TEAR TR & B IR T ER M DA (V) ; Y L@EdincZ BN TEHE
10X, ~20/a 5 X, Z AR, H EAFRRIEWIFSTIFTES BRI (75% T HeME)
BT EREHTARE (Y,); BHEERTESBNTHAM X, 5 X, +20/a 2,
H AT REYAF SR TR SR RIS (75% TheH) BT EFE M TERE
(Yo); HEERIRTRERBATHIAM X, +20/a i, H AP RREYRSIEFTE S
BRTEREMTARE (Y) . Rk, TLHREIEE X, -20/a. X, H1 X, +20/a 435 E
SCAZARIRAI R R RE | FAS e 4 R PR B AN I PR A
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R ERIPIAREAR, TTRE A R, %4 i RAR TP fE AU R A BT
SRR L, HAZ A MRS PR & BN TR AR RESEAL SR
BRAE 2 (A1 G 4 ;2 RS TR AR TR S B TRARZ SR RE S GRS REZ
(s R RS R AR TR A S TR A SRR it

M. T TEREF

(—) METEMSEE

1. HArF %

WR M S ZE T AT, BAESBOEMGH RS, 7ELERTAEF, WILIFE
B BT R T R A E DN S E (UL Cd Bf) o

e 255k o R AT A6 T A AS MO B SR L2 A PR S5 T R . ENSb
Ve L2 25 T Cd R, A E 3R R 25 P ok 35 5 06 0 ok e Ok L R b AT IR IR AT
137 AR 25 BT e BUS S0 00 38 46 10 T it — 3 X 7 A Cd Rk (Cd i B B LA AR e
0.2mg/kg) BEHE Cd BB IRE, WFZAT AR, fEHEET SIPM X AR,
b5 S AR X (4 -+ Cd SR PR AR AP X, Cd $8HR PP S5 {H

Bivt S e R A R B SRR Cd 5108 Cd RRWBIR#T ST, EarEH
Ffty (FEKCd) =f (x (HHECd)), FA Cd WEZ AR TAREE 0. 2mg/kg M
Jy AR R 38 Cd FREMEAE R Cd H8ARIIPN S5 1H

2. IRV

RBLHT Cd, Hg, Pb, AsZE4 Fhdgtr (F4-13, F4-14, £4-15, K4-16,
H£4-17) SR, P, ERICEREIFRKEGEN T/, TR a0 2 i 5k
FEVEN TS, BIZKH Cd 2% 10. 8mg/kg, T Cd ZH{EA 1. Omg/kg,

F®4-13  (EMFFRIRFRRY LR Cd IR SIREE

Table 4 —13  Critical concentration of Cd in soil when crop seeds are up to par (mg/kg)

T8 o BoOREAREY BRI SRR 3R I A
R FE 1E¥ T+ eI FE
A+ (db) 8.0~8.1 2.8 K INE 1.0
W dem) 7.8 10. 8 ZINE 1.0
WA CHM) 8.7 HINE 2.4
HmAwE (i) " 7.8~8.2 2NE 0. 60
BkE (I7) 6.5~6.8 2.0 K5 0.90
<5 FINE 1.92
Bt (FRJEi) 6.9~7.2 a2 T
A (TIR) 6.5~7.5 0.95 RINE 0.30
13 (FRR) 5.6 0.56
R (M) 4.5~5.1 0.46 A 0.59
TG4 (BL) 5.4 0.63 yiacy 0.39
w4 (M) 4.8 ~5.4 0. 64
mpugat (HE) 5.7 0.56
K (R °° 4.7~6.5 0.26

V. o« VORRATIGR, 1982; + = YERSRUETABARE, 1991; HAVORSRET “ LUSTHAR" BHHdce
R
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R4-14 RERIDEREEROLTE H IFRIRER

Table 4 —14  Critical concentration of Hg in soil when produce sanitation

quality are up to par (mg/kg)
£ - - st o
AR+ 1.75 1 1
et 4 0.5 1.75 0.5
FR M 4 0.3
(3 LA BHA B4, 1985)
FdA-15 (EYIFRIEIRATIE P IERIREE
Table 4 —15  Critical concentration of Pb in soil when crop seeds are
up to par (mg/kg)
+ pH Bk KNG BINE Fk KB
wAELE (dbE) 8.0~8.1 4600 600 -
K+ (CHI) 8.7 880 1625
ARMEO+ (BK) 8.2 429
HEAEE (I7) 6.5~6.8 1500 >2000
HERL (k) 6.9 505 3257
FEEL (BRE) 7.1 1473 3731
HERLE (E®) 7.0 2221 4052
PR AL (FK) 6.6 434
a3 (&) 5.4~6.0 290
FREHE (J7M) 4.5~5.1 300
TEL3E (W) 5.4~5.8 1492
a3 (FF%) 5.0~5.3 357
At (M) 4.8~5.4 500
B at (HE) 5.7 255

T PORPRIRT “ HEEMEAR" BHEBERE.,

R4-16 (EWFFRIEARE L1 As IR IREE
Table 4 16 Critical concentration of As in soil when crop seeds are up to par  (mg/kg)

1 pH 3wy S KINE FNE B S x5

At (dbs) 8.0~8.1 67 30

TS CH) 8.7 50 67

Wt (KH) 8.1 >200 >200 >200 37
HERAGE (I7) 6.5~6.8 122
HWERE (s 6.9 59 49
HERL (FBRE) 7.1 57 59
HKERL (1) 7.0 57 72

HIE (TH) 6.5 56 179

ERE (IF0R) 7.2 65 95

W (R 7.5 76 185

a3 (HM) 5.7 45

FLIE ()M) 4.5~5.1 86

WA (M) 4.8 ~5.4 >100

a3 (%) 5.0~5.3 100

TELE (L) 5.4~5.8 >100

H: BORDRIET “ RESMEAR BHUCERE.
.75 .



£4-17 BRETELERAMTENGERSE

Table 4 —17 Critical concentration of As of main soil types in China (mg/kg)
aes =yl Il 7 & e uts &y I 2 +3geken I 5 &
) R 30 ARz 47 L 42
HEAHL 21 KR L 45 L 35
TE & 51 IRELHE 38 [icqs g 13
IR B AR 2 T 4T3 45 s+ 11
AR 60 e+ 25 ARMEERL 10

(B HHEABEAF RN, 1986)
(=) ZREXNEA. >k IR

EIM RO A REH—FRIIN L5 Cd BEXBMEXOFEKR Cd SES L G FE
Hobs, AR T A, A TR RORE, AHRILIT S BRI Cd & xt
38 Cd & BN LS R R o

i LIPS, LUE 2008 R ST X A DBk 2 o R 25 H
L K SIPHS 8 LT AR A B 4655 (ELR 0 (B3R BB o A b B PT BB AT 78 RO
s XPIARSFELRRIRHX, VEAFHE TR EE R E X (E14-6),

El4-6 ITMSHEEFELKTEAREX

Fig. 4 -6 Isopleth and key sampling areas for evaluation reference

B FEEREMELE L, NEHEXBREX RGERBUKFERSE - IRAE M RIIH
fho RESHATE R T EN . OMEERXEMEX A B RAEREL (), DA
ZAEMHENR; QBREERITES (i) Sb, EERINBURAE, LARIBUA [ 8 50T
TR B HA AR TEAN ;. DRI RTURAR DX P ASRAE L o5 RSB 50% Zedi o

B0 BERER. XTI TN FRARI TR SE - IR LRI, 7S,
PR 22 £ AT S PR HEAR FOAEAS . M3 BRESATIE , LMERTIMR R
P UE B 2 A AR R B0 BEXE ]

(=) BmETEMIREE

i PP PR A B v, TRULES LTS . fln, ARGEWIIL . iR X R SR R
i 175 HSZFRMEREE, A ERITIETE T Wb WAL IX Cd STRIENIRIEE, 2

2 A IR 320 g/ kg FEAZE 2 FBRAA 560 g/ ke FlfE R A BR1E 800 wg/ kgo
s T s



(M) M TIESER

HACRIRR RN 274 SR AR AR BN 1525 77 R AL 2% 24
PRI HEAT SRR IR,/ MR RE A B, SRR Ak, B
BN Tk, FABHLR FTA T 10 £ M A A 22 A BR AL 4 G5 IS5 P 81X
o IR SE ST AT, RIPAHX M 75 A MR A
FEFFHRIER A K A4, 1 Cd SR IX |, Cd - Hy BRI (4 -7),

Cd-HgZ4&X

Bl4-7 FHhX t 324 HrH0 E

Fig. 4 =7 Ecological safety estimation chart for land in certain area

. N TR R

AT RO BRI BRI TN 7, SRIEA FEICR A SRS E , R E
FMEAEY—KEE ., N TRFKREIENTENIRIEY, P45 R EA SCRMERIX 55,
XTECE, PRI B MR X, BRIX . AR 22 4 ORI 4 K ) B B T R L ot 5 i
TH,

BOTEAE S RARF AR LAY (IMEAAA Y RGERS) WEEHETMH.
[RJAA W AN RV B 4 R 5 3 LA S [ R ) B e R S b o RO 0 o 2 2522 4
X, MRS, ATRERA T CEIRERE; K REELSETRNGRK, &k
A EMAATT, MUK ERAERM, WA N EAR, Fl, Rl RBIRLE TN 2
SRt T DU S5 TR 5 PR %

SR b, MRS MR 2 RSN, ARESBITEEEXY, B
BARTENBA TR ESMN, EREA TR, FYFEERB LGN (M
MRUTHEE W ERILSF) , PTRES Ml XSk & B B & B U H I Stk A A, X
LR R LS o R SR S MM AR SR A5 1, R iS4 — Lo TR B AR R A8 AL A i
EEAHE, AT LA AT T, RS T B R 2 UK MR A 2 Rk
KR

o FF o



SEERA SR EAME (CB15618—1995) MEATIITMARIL, M EAAUT
Pos . OVETFIFHBWT SC SR TORE, SR A AR SR I 30 52 2 S 2 A 2R IR 905
QMRS REFE A RN LIRSS, RASRAL TIPM A5 R SE IR, @RI
X 9 S B B VAR VR, PR A S5 RSP SRR AR T R A PR A
@F I Ge 2307 R BEAR VORI B8 T KA PP I8, X Rt A A 4 ifh AT T
BRI, M TR,

Mk, NI AR IR T ek EJE, X BIR PP IR A B X HE T . OLH805
RN %, 2% =SARaEE AR AR BRI %, AT R G — Ik
B S A FBRE . BAL TR ABRES RPN IR, 25 EE ™, #
2 QIR A A SRRV AR RS, L3RR B AR e — bR A R A
RIS ) 38 — b SCMRBE , WA ik Bk BBk B T RARIRAS TS 138 - 428
AR , P 7 A 0 — RSN R C AR B MR AR IRSCTE , DT AP b
JogEE BN E.
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ST RSB LT LI by

FEARHREVETF RA AR b SRR BE P82 TR, W48 Al b B R 8 i 2 55 — A 44 38
FERERATE, FETAERE, BLRET KREBNEMEESHIE, hiUE T —sby B
PERR, RHIFRIRAVIRE R TR IR, Wi bl R8s i 2 5 5 0+ 3
RIRHESE, BRAEMER D RARIIE, #— RS THE TSR, BE s
BURERE] 1 4/km?,

WL b AR BB AR, RN Rk, R R IRES A KE
SR RS R IX, 7EFR B ARSI X B s A2k, T, RS Sk
BEE, MERIMREA IR E—AA 2 — g O R, 3R ok R
R, R0 - HER e AR A ek b2 RS B2, BIFR TR B BRI 2B 5T
TP TAERY A BIAE X

—. PR XHAR

(—) BB

WAL WA RACES. THAFRPE ., WL T . Aum sk B, R4k
T, FERRBRINTIY, PUEZAGE, JLMAMUMNS, MokS5iEHEMEE, 2 “JLEEE 2
Bto A FARZ 120°36'23” ~ 121°6'9", db£5 29°43'38” ~30°16' 17" [dl, WGt &K
60km, ZRPYHRTE 46km, FAEFH 1427. Skm®, HAPERYEVII 0K, 212, 3km®, &1 Hb4b 5
BVIEARE, T EE BN, TR SRR = A2 b, HEEZ ISR
WAV R RGN, K. fsGEMER, PRk, MmEn., MmEEA%. -
=R, 104 1329 FEIEY T S, 3000t 2% b B R AT LR RME— A O,

EEWHIE R AR, IR EE ST Rm RS, B CHIL—Kk s
H” o BRI LR BPI, R RNBIIIA, BAEKR, HEI01EHEK861.3m, &4
WA VRRESTEILARIK, WS, £ S8 M IS 390. Tm, 630K 9B R
THVIETENE, PR, FEIEH Sm Ef . RAbRREEETIRE, TWEE 10m /£
Ao BT EERILI O SERIETIR O BORTK, M 1969 SEFF 4R, 4B/ % 16 T4TH .

XA EHREHRIL AT &5, BWTASENIOT, TEXRE/MET., Y
B, RER, KR ATMAIE S EEAH, FEATRASE SN, &, it
B B NBR E AR O, AR A K 27. 95 x10°m®, R4 HOK IR
SR 3335, FEENAA/NVER . BERIE. B BRI, B, SR, PEER.
B BEh (K EBANE) %, W T KERKETER 1.05 x10°m®, FE4)
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76 T 8 RV T AP T A 1

F R AT B AR B EK, EREBE, SRIEM, RS, BEZW, H
WIKEZ, S, . KBERIE, REERIREZ, SEHRRREGZT TR, F19%
H 16.4°C, M 250d 24, —MRAERETI & 1400mm, H4b, REWH -REFEE, §
WOALR . AT M. AT, A4, A, A, BN A, AnA. EERSE, K
WA ST 2ER R 200 x 10*t, A 20 AR TR H .

(Z) SRR

FENA TR A . BT . TI0 - DRI, TP AR
PRI, e T H SRR MR S EA R R 3, TR T A RARF R R
HUA LR R = AL AR TR AR S S A A o

L Bz

LETBBEEE AL, THFNELR, HERNER, BW, 8. BiE —&
REkS, WBHEAMEAR. AKRR. =R KPR, AERANENR, BT
HHER (WiARmEX) ALEZEX (#idhx) .

T HBEMENFERTREA (Puw), R—ERFRERENEAAE,
BMRMKAINE, W, TR, BN EUASMESREGAM. EENATT
£, BE—W.

HAER. MBAER, U TAREREL (Cy) —MERSE, HA—E56F
BROMER A  RBARIE . SBVeH . M TARR, KIEHHL.

AR, MBRNTE, B8R, PMERP S, AER=THZERS.

1) FEBGOME (Taw), HKHGARMADE., BOAKDAE, RARMESA
B, DA RS AR O R EAHE, PR S A AR A A, R
WL —AE R,

2) MRBSEDIE (,m), EEHER. BERATHRAICAREERND S, T
wORFIRESEN, ol BT EREEEL, BHANTF 0.5k’ BHERT
MESG7ET H XA B EE N EA LB P RIA, wIgH, Wiliskd, UR¥A,
AV L ANPUR LR IX A Bk, 5 A P b st 2R DX B AR PP A BUR AL X A —
WA TEHNE.

3) FABGKREMA (Kd), TP, PBREX SRS, ERyBREEKL
PG et . BRI A . R T AN — R .

4) FHESELH (Kg), I—EMR. HREALFEERDBIER, AR
—, ERHuR, ZHRBIBYEALN, AXKARBARRIE 0% ~70%, XALE®EE R
BT, BEILAS . AEEEHBETWES AR, HE, HHETEURRIE RS
PR o

5) FEEGEELRA (Kx), NERMEKILTEE SIS B PR & D TR, A
RS, FEMBTRSEMRT . EX. BELARIL ., KEEP RN —F.

6) FHESGERMERERE (K ), MRS, b, THMESRLFES, Bk
TiRE, Hli—HEENER.
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7) THERBEAWFHESA (K)), h—FERWEE, RRIBERE . TR
ABBRMER IR A . EE AT I AL B A R B E 1 25 10—,

8) FTHESMELA (Kg), AROWE, RE. MIERLEEL, BiLE, H
BETHRES IHEMISE 2 mImir—i, BEERAR,

9) TAHESZHNIA (Ki), F—ERLOHBIRERDE KIS,

BAEF . BUH KRS TR Z RS =R A (Nys) FIEE I RAEITRY

1) EFGERAH (Nys), BEARKORE. BEbEUKKETRE, HEYL
Bo TEMIEHILA 1 ~3 EHMZ A, MR X RAE . KRB A, BREL S5
s AT, I

2) PEHGHHH (Qq), FENEGAITBIARVI, AtEdk LR+, W
BOREL . Kt L RIWR AR 2RO TE A LN ERIR—

3) LEBMGARMA (Qd), NEEMHIIR, REAEHIESHMBAHTIR, Lk
Bkt WA LN E, BB EREA L, MBETEE. FE. AT SR HHEL,

4) EEHETRE (Qn), NEEHTUR, KEHRE . WRIH, DEEHER -
FRAL+28 T, SRR LRWR ., Wbt MBTFEE. £H, AORNELTEH
WHT o

5) EHGHIBA (Qz) MEVLHTA (Quy), WHLAYEALL, DURTE AR 1.
WAL R BREOJRR, WRERNE, 50 TP REUS LSRR, W8
S4k,

2. 2%

KA FAERKIEIRCAEER, BUAREAUNES X, iR - BEshN, £
BB KISR0 BE AR AR L4075 249 5 Bl s T AR 1 65% LA b, JHoms
HAUERYE ., FRRIEEENE, hEMDIL, TEIIRCRRRE, LIFELIE R MRS
ARE, B LESRAEEREEEER, Ba AR LER, B
BAHBIR KL A T AR A2 o

RNE: ARORAENBOIER, MEAETHHEREA, W HEHLBNER R
AR S . e BEETTIA KN 19 4, I ERTE R 82. 49km®, il i T AR 14 8% 22
Ao WRIEKIIEFR AR SRR EME, SRS G T3 5 ke FEEWA: K
Poa, “RAEMSE . BRA, SIRIERIEE ., ARNKE, NKE, REERES, H
JRERER NI —HRAESRPUA MR, Bh., Bt 2IUR0RM, S-Sk
KBEE ., MBEE . ARFMMEES, FTERATRAEMIBZE T,

A NEEHTREA (Puw), BERBERRMBIERASE, TEHBETH
., T2, TEARZMRMANTE, A%, #Kka, B, KA. AR,
A ANESET YA, BRRREE; DERSFEMRE A ERES.

3. M

WS A, AT LITLIL - 2R KRR S P — R R o0, TR
KRR (S8, ME—W), A TG, WAWHEARE (S s, 8, &
W, TE BERE—M), NEEERR. ATHELUR, AXHTEINEN T
e —MZ =R BEET . MER, 5, Ml BOR0HELSRMEiER, H
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H ARG LLGE B e I U 2, W R IE SR N TG BR, IR A SR ZU A0 25 S AR AR KL
8l

HHRWHMER IR E, AILIL - 424, WK - EEHRRWR R AR AR —RALR
], ACTE I RWTRR— TR . SAMERYER “ 17 FRME LT, HWESHIMT
P MR IRRTS , INTUALTREYE, Wil B A — ORI AU 3 10 B3,
PR T /N . AR e B R A B R R . SRR . R AL T T R BRI AL =
H, JBREL IR,

4. YoRY BRI FR T

WA X 3t 2 A sh BR W B BRAG 22 SR S R W, BRI KON R L (R
Mo e, BRI R KO PRGN R . AR X Rk IR Y
TERB A 4y KABRAE, WVLE N30 S MEBkLA X, ERATEIMN -7
Wi v X, BARMIRMAARFES, RACEEXE Ca, Mg, & K, Na, ERRILERKX
K, Zr, Si, A Au, Pb, Zn BHERFX, ARMH IR,

(Z) HELKFEREMR

B ESSLET, FEAEMIENE TS B, EHPEBSLAET, BiH SRS P IRS gk
HMRBEIEE, ABGEEHEE 62km, 5ARAEMU=RAERKNITIHEE TR, RAEH
Wi WG Widk. W4 LR IRM— B e, HARE “HEgmEsm, A2
HERKIE” . TR A=, ANRAETERE. FrEmMLE, 789 B35 A A RBUG &
ST, YR SCHAE M SCA R EUS T E R, R, LEISEMER], KKK, BA
T & E et 575,

EEWRBHNT, &R 18 M4, 3 MEE, Kb 12 ANEHsE, 645, T
X SRV R TR AKX . EIRILAE . AEEMERIARWEEEEA
Mo AWEADL 773577, NOBEL 636 A/km’, ZFFHEMEB NI, 1992 4Lk
HEE YRR EERMEE L ARE () &5,

e E ALST 50 4k, T T KM AR LAY, DME i /NEKE 52 )8,
MEREEZY 3411 x 10°m® , A5 RCE R TE AR IA B 38730hm”, 5kl A TIANA) 98% , HHh35 Bk
TEFEABEREL (RIAH63.197, HefEa ARS8 7% ), mHENEAMKA
HIRVEYRRIE T S, 2R, oA RRWER, W T AR HEE T TS
I, XX M2 & REs 7a 7 EsER.

EERWVERER, £TWHA 60 JTEHih, 76 Tk, 26 TEIER, WG HTE

Bo WAENR, A RIS, BTSRRI, SR, B
WAL, KAOERERINME. MRMHE. RESNMERER, AR T ARG XK
)R A OEE3E. k7=, A ERAMERRSE . I B UAR. AR Rk, #
BT 100 Mgl (Flk) RYER, R T H#E. WEE, B, HiE. BT FE.
B, . BROK LR PR S, BRI T 200 AR IR Sk Al AR 7 L in
b 4 ARFERALE R Z TG 10 A= =iy, Rl R R IETR B g —4
. BRTR—Ib =2 E R o

EEFRA R S IE AR, RS R H S, Aol ARl ™
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WAL E L RAWITR, WAL OET A, TSWERRUMMMEL R E, &, K, .
Bl A ATRRE, M. M. Th. 25, BRI, 2002 45, 40k E A4
WA 5872 78, M EFEHK5.5%, AWEKEERE T EES, BT RISk
WA ERE,

ERW TG4, SGWEH, PR, B9, LT, @K AR,
“PEOE” EATRELT. B RRRWL, “BRE” MBI IS, LIl #IEA Ak
= aTE R R AR A, NN ZBIE, AR O BEE 37.29 278, &
EEENGTAR . IRERBERNM . LT, BT, id., B, BEEERFERL, HE
TlEFHER, FEWE=VABOEIT RS,

Wgeit, [T 2002 4R E P AR EE R 164. 94 {258, o FAEIK 11.9% ., AHERN
A7 EME 2 TTT0. LA A 7= B 467. 76 1275, 4lv B =1 30. 78 1250, =Fhr=k 454
9 11.6:58.6:29. 8, FHE=\ AR, ZUF4EHBEGT#R S,

SN b - (8 SN g o e

T AW B R 22 ST DCRYEVPAY, 5 M T A K K TSR 07K
fERPHIRRIEY . VPR #E Cd\ He, Pby As, Cr, Cu. Zn, Se % 8 FhILRIHT.
VP IR IAER PR R TR (%5 -1).

£5-1 8MITMERYERERRED EIRE—K

Table 5§ -1 The indexes of National limited sanitary standards for estimating food

£ R PR/ (mg-kg™') | PRifES FRiES FR &
Cd Kok <0.2 GB15201—94 B PR PR A A PR
Hg B AR <0.02 GB2762—94 R AR BAH
Pb WE <0.4 GB14935—94 £ i AR PR DA AR DA
As WRE <0.7 GB4810—94 £ R T A A TAEH
Cr e <1.0 GB14961—94 B AR IR T AR BAH
Cu WE <10 GB15199—94 B A R A T A AR PR
Zn e <50 GB13106—91 £ AR T AR PR
Se AR <0.3 GBI13105—91 B P RR AR A TR

(—) WETMNIREE

WL LB RIBRDK - IR R LR ERES 26 41, BAMEMTLRIINE ERX ., i
ACERP A 0 X R R AE R ~ AR R L HEREA 156 4, Bk, WA FE (£H)
X AT 0 PR AR B B IR B S0 182 4,

1. Cd

MR -RE+ Cd PR B (B 5 -1) WTRABH, 3k Cd & &4 i Bl
95 ~2059pg/kg, MRIHYFERK T Cd FRAMAERE N 3.7 ~371. 3pug/kg, WK, HRIFUIS
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i Y 182 AR H K Cd 5 13 Cd AR —RA B EN . WNEIHFFT LIRS, Hi
96. 15% MR (175 4) Ehafifet4 Cd F&8 95 ~608ug/kg TWEIN . K Cd &
BH3.7~189. 6pe/kg TEMEIN, HHEAGCES ERE, FHit, ABLERNHRSE >0
175 ABAELL (& &P RE AR (GB15201—94)) MMk Cd & &ERE
200 g/ kg T E PN AR IETE

K5 -2 BWiTAbEs R ARF X 175 4FFEK Cd - iR+ Cd 1950 X HIH 34, B
52 AT IEH, EETFEMEAGER 95% KB E XA, A HEAR I 5w 28 B0 i %
BXRARE, TEFERAETXHEIRAEREX BN AN EE, REERHR/N_TIL 5%
Z VAR BB/ DR, X EREE a2 SR T IR OLEY, Tk T R IR B R A
W o b T IEBRX T AR, AR T RESTNE, KBEEBIRERESEHEIT
¥t tH—2H e AR R R LA BIR RRAE AR MO BE 20, R UEAT T 40 18 B0He 41 A AR M EL R G
PRI H ARG R S LA B He SR AR AR B A 1 B — RAUHT R EAR A, 4 B4 IS
M, WEENE R R R R E R R, B 5 -3, W5 -4, BI5-5, B5-6,
K’5-7. B5-8, B5-9, B5-10, & 5-11, 4 31% 160 41, 140 41, 120 41, 100
ZH. 90 4, 80 £4H. 70 4H. 50 ZH7#n 30 LHANTEEHE B0 AR R R IE

~ 8
‘&D <
2 8-
q< & | KkhCdiRE T AR
) « 0.121x+24.36
ﬁg § """""""""""""""" e ffrans e Yo 7:‘/}
.H_ o oy’ © o 1 i i
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i

= T
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LI CIE R/ (ug - k™)

BlS -1 WiLALE R ARMMmX AR - RAR L Cd oA (182 HEHE)
Fig. 5 -1 Cd distribution (182 groups of data) chart for rice-root soil in the north and

east area of Zhejiang Province

f=3

wv

N
Tﬁ, S | KK RCARE AR

(=X i it et e~ I g~ 1
» o 5 |
S 2 : E
M o .~ y=0.386x-28.633 ;
£ =4 [ T
0 LT .
i 2 = i ]
g |
= < T = T T T

0 100 200 300 400 500 600

+EEHCAEE/(ug « ke™)

B5-2 WiLALERARMMXAEK - RARL Cd (175 HAEAE) 2
Fig. 5 -2 Cd distribution (175 groups of data) chart for rice-root soil in the north and

east area of Zhejiang Province
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Fig.5 -3 Cd distribution (160 groups of data) chart for rice-root soil in the

north and east area of Zhejiang Province
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Fig. 5-5 Cd distribution (120 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
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Fig. 5 -6 Cd distribution (100 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
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Fig. 5 -7 Cd distribution (90 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
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Fig.5 -8 Cd distribution (80 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
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Fig. 5 -9 Cd distribution (70 groups of data) chart for rice-root soil
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Fig.5 -10 Cd distribution (50 groups of data) chart for rice-root soil
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Cd distribution (30 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province

.87 -



0 90 H M YR SRR EE (175 A) MEURRME. [IEJTRE, BEXE T
B, W 90 HATERR T LIBHF AR 175 4RI SR A A SRR, T LI 2 PF
WHARHEE . F Cd B & TA A v T8 A [ 05 (B s AR (51 DR B 20 31 324 pg/kg s 563 gk
1 802pe/ kg, LEE 7% R E &+ EIREE IR EARE R G B, U 320 g/ ke MEAAS X
T4 FRRAE, B 560 e/ ke 1 800 g/ kg 43 AIAE Ay B A 22 4 L BRAE AN f& I S FRMEL

2. Hg

MBS —12 AT LAE H, +3Eh Hg SR RE R 42. 7 ~530pg/ke, AHRLAIREAK H
Hg & BTN 4.5 ~27. 2pug/ke; HoA 99.45% (94t (181 41) &hAn7E 13 He
HEHN42.7 ~530pg/ kg, FEK Hg &N 4.5 ~16. Tpg/kg JW BN, mim i T LA #RAUA
) (ERPRAVFEIRE (GB2762—94)) e ME He R IRE 20pg/kego UM, =4
b He & B8 F 530pg/kg B, o FAEF=MIFEK He SEin 220, (REFREE R 99% U
bo ZARIE 181 HAEK Hg - 14 Hg $0dlE (&5 -13), #E mIEME D510 2222 pg/kg
3932 g/ kg Fl 5642 pg/kg, FLITE TAM X S BHETEE . B, L7658 ERK HHEHE
SR R L R O, IR 530 pe/ ke R W E A FBRE, BL1000ug/ kg, 1500pe/kg 43
BN Ry A 2 4 R IR (B AN fE B S BR(E

a
N )
‘on N
v o | R Hg YRR
o = e et e ot e e
S
}4 “_| o 5 .
Em = % 2 .\o °

ee ® oo ° e e
2 o | A i T
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2ol PR T < M S $=0.002x+8.965
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Fig. 5 -12 Hg distribution (182 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
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Fig. 5 -13 Hg distribution (181 groups of data) chart for rice-root soil

in the north and east Area of Zhejiang Province
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3.Pb

MES 14 halLIE H, +3d Pb S BARIEE K 17. 6 ~427me/kg, FEHrh Pb &
BOMTHER 0. 17 ~ 1. 95mg/kg, Hirf 97.25% fy%de (177 41) #ErhiMa7e 13 Pb &5
H17.6 ~73.9mg/kg, FEK Pb S B NO0.17 ~1. 95mg/kg FEE N BLEE, 97. 18% MI%IRY
K Pb B TG R T TR & B (RS AR IR R TAEARME (GB14935—94))
MUERVIE Pb SR & 0. 4mg/kg, AR, IRYE FIRETAMY 177 AEE T EE R 1%
EHRRME, BAZLRREMGERFRME (B S5 -15) mmfETF (s meiig
(GB15618—1995) ), P —Z5 MR T REA . (DL HEFR B B bR v b — G m v 9 21
REMRIER B X OISR, WA AROESR B RACRS T IOMRR SR, 3ctuiii Bl Fa st ig
IR RIRRE S HIR KR ZE ; OARKX RIS T 435 Pb AT RERFEK Pb 19 1Tk
R, Mx5CHMRELHE.,

S
N @
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é °
g
]
's“gl ° e y=0698
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EEE IR S RETPORETARE
- Q
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THEFPOE R/ (mg « kg™)

Bl 5 -14 WA ILA R ARMMERDK - R R Pb (182 HEHE) 44
Fig.5 -~ 14 Pb distribution (182 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
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Fig.5 —~15 Pb distribution (177 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
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1995)Y) HifY Pb bRiE/E R IEMARME, FFHE I Ph &8k 35mg/keg & SCAE A FIRIE; 11
43 Pb &8 M 250mg/kg, 300mg/kg. 350mg/ kg AE S pH{E/NTF 6.5, 6.5 ~7.5,
FF 7.5 15T E A 2 4 FRRME; 48 pH B/ T 6.5 60T #9 L 4 Pb & & 500mg/ kg &
S f B FRREL

4. As

5 —16 AT, 13 As RGN 1. 87 ~76. 2mg/kg, FEK As FTEILEY
0.074 ~1. 101mg/kg, HH 96. 15% I %LHE (175 4l) B AA1E T As & 1.87 ~
14. 89mg/kg. FEK As0. 074 ~ 1. 09mg/ kg JLFE o /AR 175 ARGk As — T3 As 3%
(S5 -17) BAUTRS: Ok As SRAMEE As FRMZMATMAL, XS5XR
RIGHIIFFTLE R (£ 4-11) A, 7EIEREREFRAMIKT S, NTBET A
RIMIX , RGBS+, BEfiE, S, RO, JRer, Rk, WA hRR
As S EWETFIIEA, QLI As BB BT 15mg/kg, FTXTRIAY 89. 71% K4
K As ST EHET (A R FRE DA AR E (GB4810—94)) HifiY 0. Tmg/kg, XUk BHAE
90% HBEEE T, M1 As S RILT 1Sme/kg B, H AR As SRFGERE
i AR,

N
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B B e sl WEASRETARE
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TR AsE R/ (mg - kg™)
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Fig.5 16 As distribution (182 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
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Fig. 5 -17 As distribution (175 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
2| 3 As 8 15mg/kg TATIFR TR R BARER I A AT RE, ABEW
SRF (SR EARE (GB15618—1995)) FRE/KH As S BbMEMERIFMARAE, JPi L
s G »



HE As i 15Smg/kg & UNERFIRE; 143 As &8 30mg/kg, 25mg/kg. 20mg/ke 437
RESCN pHAE/NT 6.5, 6.5 ~7.5, KT 7.5 {500 F HHAZ £ FMME; 48 pH KT 6.5 M
FRYEHE As &5 30mg/ kg B SURSEIG FBRE.

5. Cr

MES - 18 AT LI, 38 Cr §EIEFEH 20. 9 ~105. Tmg/kg, K Cr S BVEEY
0.05 ~ 62.83mg/kg, H.rf 98.35% M %HE (179 41) 4 Hi +3 Cr 48 20.9 ~
103. 7mg/kg, FEA Cr &8 0.05 ~5. 7T4mg/ke JEREIH (B 5 -19), &Mk 179 4175k
Cr— +3ECr it (15 -19) HEALITHRA: Ok Cr &8 ARK 18 Cr &8 1028 (L i
ft, XSRCARTIREERAE (B BRI R 2 a8 BRI ), T
H—Eo AR ETEE,; Ok G FBBEER (&5 HERE T AEREY P
1. Omg/kg K 58 A 19 13 Cr S ETELE A 20. 9 ~ 103. Tmg/kg, B2 VAAE A BATEOR
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RETFCIRE PR, o y=0012x+2.145
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THPCrEE/(mg - kg™)

IS — 18 WAL ROR MR ~ R+ Cr (182 418HE) 47
Fig. 5 ~18 Cr distribution (182 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
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Fig.5-19 Cr distribution (179 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
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448 Cr - FKR Cr AR EM RS R R,

(HEFRIAEFT ROINT R (#h) X EMER, HREASE G AR
BEIRIA, ASFESRA (R AR (GB15618—1995) ) HiflsK HI Cr ARiEAE N 1Y
Hiimue, 0 Cr &8 Omg/kg & U A KSR MRE; 1% G & FE 250mg/kg,
300mg/kg. 350mg/kg 43RE LR pHAE/INTF 6.5, 6.5~7.5, KT 7.5 {FI FHREAZ L
FUBRME; 30 pH {E/NTF 6.5 T8 T A L3 Cr &8 400mg/ kg [E LR fa e A R{E

6. Cu

IS —20 AT LB H, +IEd Cu HBAMIEEN 11.7 ~83. Img/kg, FHAKF Cufy
EARTEE S 1.29 ~9. 8mg/kg, Hr99.45% RUBHE (181 ) EHAMELE Cu 58
11.7 ~83. Img/kg. AEHK Cu & 1.29 ~7. 9mg/kg FEFEI A, TR T PAIMAK (&
SR AR PR TR AR (GB15199—94) ) HLE MR A Cu B bR & 10mg/kg, XM, Ht
jgErh Cu & 5T 83. Img/kg B, H BAEFHIRIK Cu FRIEIEZ 2N, WY 181 A
K Cu— T3 Cu ¥R (5 -21), MWEZE R TARERN 3 A EEE518 120 mg/
kg. 165mg/kg F1211mg/ kg, L8718 E S bnE KDL, IR 80me/kg fE N %4
FURRE, B 120mg/kg F1 200mg/ kg 43 BN Ky HAR 22 4 5 BREFN G 16 S FRAEL o

TRETCufd & P A

e A T e e e e m e mm—mmm—m e m—m o

FaXCus &/ (mg * kg™

T T T T ol
0 20 40 60 80 100 120
+3rFCufr i/ (mg - kg™)
B 5-20 WHTAILH BRI X AR - RAR L Cu (182 HEHRE) o
Fig. 5 -20 Cu distribution (182 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province

RA Cul B T A dwif
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B 5-21 WHTAILH AR AR - R AR L Cu (181 HEHR) oA
Fig.5 —21 Cu distribution (181 groups of data) chart for rice-root soil

in the north and east area of Zhejiang Province
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7. Zn

S =22 RETLIE Y, T3 Zn &R0 MHEIR 38.7 ~467. Img/kg, FEKH Zn
R MIESR 7.2 ~67. 07mg/kg, FHH 98.90% R9%HE (180 4H) HErhAM1ife +31 Zn &
B 38.7 ~200mg/kg, K Zn 55 7.2 ~40mg/ke JEHEPY, SERET TABBEL (&5
PRI E AR (GB13106—91)) HUEMARE Zn PR E S0mg/kgo XPLHT, 24135
T Zn T RAET 200mg/kg i, H EAEFERIREK Zn A BRIEFRR LM, RYEH 180 HATK
Zn — 38 Zn FARRRGIFMERIRLL (B 5 -23) H# A 3 A E II(E 53 H 259mg/

kg, 524mg/kg F11 789mg/ kg,

i I I R A o B I 0, U 200mg/ kg A hy

EFRME, B 300mg/ kg F1 500mg/ ke 43 FINFE o A 2 4 S BRAE AN GG SRR

BB ZnE B/ (mg * k™)
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Fig. 5 -22 Zn Distribution (182 groups of data) chart for rice-root soil
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in the north and east area of Zhejiang Province
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Fig. 5 -23  Zn distribution (60 groups of data) chart for rice-root soil

8. Se

in the north and east area of Zhejiang Province

M5 -24 HRTLIF Y, 3 Se SR AN 0. 124 ~ 0. 642mg/kg, FEKH Se
HENMTEN 0.011 ~0. 311mg/kg, HHr99.45% By%HE (181 41) 4345 7E 1 3% Se
B 0.124 ~0. 642mg/kg, FEK Se & 0.011 ~0. 133mg/kg WPy, ITAK T T4 34K
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Ky (B APMiBRE AP E (GB13105—91)) HLEAIMRE Se i IR 0. 3mg/kg, 1
B 24 L3 Se BT 0. 64mg/kg i, o EAF=MIFEK Se & BIGIRR L 2N, RIFE 181
LHAEA Se — -3 Se HHE (&5 -25), #HEWEY 3 ASEIE(EHN 2. 21mg/ kg, 2. 80mg/kg
F13.39mg kg, LEAH A S Se A AN A SCHR R, BEUUR 0. 60mg/kg 1Ry 2 & 5 FR
i, HL2.0mg/kg Fil 3. Omg/ kg 43 BV Ay HEA L 42 S BRAEANSE G R AE o

Jh AR P SR B T A .

0.20 0.30
1 | |

FEkhSed i/ (mg « kg™)

0.00

! T I I 1 T
0.3 0.4 0.5 0.6 0.7

T iEdSe s B/ (mg * kg™)

B 5-24 WTAIEEEARTX ALK - R L Se (182 HEHE) 246
Fig. 5 =24 Se distribution (182 groups of data) chart for rice-root soil
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in the north and east area of Zhejiang Province
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Fig. 5 =25 Se distribution (181 groups of data) chart for rice-root soil

0.00

in the north and east area of Zhejiang Province

g2 TR, WIVTAGES . ZRE0T 5 X sk 2 A i B oll i B s R Ak A PP AR v AT
YRR S -2, ES5-3,
£5-2 HHTILER. HEBEFEEK S MIENIERMIEMREE TR
Table 5 —2 Evaluation standard values for the 5 estimation indexes of the
north and east plain area in Zhejiang

L ZEFIRE HARZEFIRE el AR AE PR IR
5/ (pg-ke™') 320 560 800 e
K/ (pg-kg™') 530 1000 1500 A4
1/ (mg-kg™') 80 120 200 it
4/ (mg-kg!) 200 300 500 &4
i/ (mg-kg™ ) 0. 60 2.0 3.0 P
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FR5-3 HTILER. FIERER 3 MIEMISREIEMRAEE— LR

Table 5 -3 Evaluation standard values for the 3 estimation indexes of the north

and east plain area in Zhejiang ) (mg/kg)
W H FA LS FIRE fE s AR (A B .
T RIRE BB R
pH (& <6.5 6.5~7.5 >7:5 <6.5
% 35 250 300 350 500
i 15 30 25 20 30 (pH>6.5) GB15618—1995
& 90 250 300 350 400

(Z) EMERRITE

HRIE PN 7 BB RN B PEN AR (B ST B 00, TEXTWIVL b BT 47 + b 22 4 ik
BNV BT IRAG2ATEM Z /T, B B R AR X A s L R AR B K i, A
THEAU WL b B IR 2540 K AT VA, SEBRITH 3 B 48 038 LU AT IR — P JE X
RGN, FEAME, WY 742. 5k’

PN R AR 2 R SRR A B B, B S R 25 B 1 A~/km®, WIIT b i
BT 1040 ASSRAE S BHE, HAIEN X NIEH 868 N REE IR

WINTEFR, BERE—H7 AR, BRE MmN SR ME, HRH
C—EBk, RSN vk, TSI RS S A L M B A A 2KE S
RAGTNGK, REX, RALERAPIHGE, BEAETR,; ZERK . BRX A5
A, 268K, FREMIERGE (B5-26),

L. &R

N ERER, FETEREMX BRI BT, 24 KA %4 XK ER
4716, 4km®, FIPH K EBHG 96.5% o Hd, 224 XEM 455 1km?, 5 T4 X 6 AR
61.3% , EEOMTEIIEREX UIEE ., MEH ., HibS . BEE L F B AR
B, BEEAMBEE., BRI E LHE YR ES X,

AL LKL 261. 3km®, PP KA 35. 2% , FEANME T E—SH. %
M, FEE. RCEE. ME—SIb5 0, AR XEHER T P SERE, H
FBR/ B —R A AT RE R T2 AR . R ZG SR A PEIE S LA, HAv X
EERZMRIL ., KFFT AN AR RS FAEE . AN XA Hg, As 8 Cd S8R
RHIIE, WARCEE /X 5 He, As, Cd S B E, 242 UdREHHK As,
Cd F8ME, FEEVEILRMMmX -5 He 58/ E .

EMEXFRSMAAERL, KIEWE 810, FEEEWE. 24 B3R A A
(RS5-4), ERA17. Tkm®, HIPM TR 2. 4% o FLH4RILN As, Ph BRX, FE
ZHTHRLT AR SERN; KX, BH, Y0 He BRK, TEEZ K
NREFZ TR, b EsmiA N Cu B X, [T 20825 3 20 448 30t
CuSO, W BIAR RE =4 i+ 3 Cu THE,,
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£5-4 HIELETIHMERXSFERL KR

Table 5 -4 Distribution chart for alerting land zones in Shangyu City, Zhejiang Province

s E S ARy S A/ km® TERUR R

1 FRRE TR IX 2.8 KEAWES)

2 T H SRR X 4.2 KN B

3 FEWA ARG X 2.1 KHI AT

4 B AR E R X 2.7 RN Bl

5 £R LAY X 5.9 SR VR
A1t 17.7

fa R ERATEMEIZI, BRI, A, FIELA A (F5-5), TR S8 4k,
P R AR 1. 1% o RUEIZILY As fER X LIS, FRIL, 4R, RSN Cd BRI,
] B0 R A2 IE BN T 2L
£5-5 HUIALEWIMEBRRASMER—ER
Table 5 -5 Distribution charts for dangerous land zones in Shangyu City, Zhejiang Province

F5 fEl X 457 AR/ km® H R R

1 HHIZILTER X 2.8 ANKIEF)

2 Frilfa X 2.0 AKEF)

3 SRR X 2.0 AN

4 FIERERK 1. 6 AKTES)
it 8.4

2. PRI

MAHLX BT 45 A, 53R A B R IR B B R AR AN A S5 R A B (3R
5-6), “HFERMARRIET:

W—, ALK EAARE, TR TR RER [ 1
KX, EAZEXKMAYTMAER, EmkRMER XY TE MK, AX—rk, H
ROTPH TAER, W A R R R AR PR A A [ 28, T2, M2, IR0 T 3R3RsT
B, SRESCHERE. BEEY., PEER., EREEE, AMEEREL.

5, MWEZ R R EARE SRR He FE, T 20 I 2R TR E
RIEYHEESBSEBFROLK, NETELEX, X—RfEARHrEp a2 Tk,

=, ARAPTE R D 4 K RAE YR SE AT A [ SR b TLAE AR R B DR A JE 2
75% , T E R RN 10 TR XE TRV SRR S BERuE. =&
S ] —Hb X B R R 2 e A ITIAEFEAR KA R, TR B S 1 6 5% o S o B s A
SRR T 4%

I, AJFEEA YT ER R BRI A R M2, 2P X X
MERK, B4 TAEA AR L.

£5-6 WHIE LET LB SMS RS EFRE LIS S LR
Table 5 -6 Contrast chart for the ecological safety zoning of land in Shangyu City,

Zhejiang Province and the National Soils Categories

BZatsX A/ km® EMN R/ % | ERRES% A/ km® HIEH X/ %
PLX 455.1 61.3 1% 207.3 27.9
HEARZEX 261.3 35.2 IS 262.2 35.3
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gk

BeMnK T/ km? SN R/ % | FERARHES S T A/ km? HIEM K/ %
ok X 17.7 2.4 M2k 259.6 35.0
X 8.4 1.1 I 13.4 1.8

1:300 000
ml0001 2 3 4 5 6km
[resbdebn i S
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| & | ex

Rl EREX

Bl5-26 WITA bR + A S22 tiTm E
Fig.5 -26  Ecological safety estimation chart for land in Shangyu City, Zhejiang Province
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BRIk

—. TEHI®R

ABFF SN AR XSS . &, WREAEZERNAGRE, ERE
SHRTAET ARG, b ERIRG LY . TR EOT SIS £, 350 T HHT
S b B AR PEA AR A IRV, BRI T AR R T 1 P 7 2 LRl 3 3 B
TR BB, WRHRE SRR REEY AN

ABFFIE P AR | KUk . Y E SRR A B2 R e, A
RGBT A SO O SR AL I s, ST T AR AR R PR ARl b S
BRIV BUR EZ RS RAT

1) WEEDILHFHISS . KO ER A A JF &, DAL, ESSIET 2R
V0 20 5 38 5 A T SRR R BB D 2 L BT AT 02 I OB S AR I BB R
FUHRS . ERAAN R T SR K (K SO IR 2 R4, 4R TR 1M - AR AR
i K SCHIR LSRR A TR ZVHE sh S LR 4G T RAEMBRUFRE IS,
MERIE ARG T R AR IR TTRARUR . RN AR 3 B S ]

2) MEME TR, WA I R, BN T R dea LR R A T K,
ISR (BIEREM TR EI0K) FHAREDRERSRE, HFATTE AT
WEABHLREME A AR, 3R T LR AR R Z 2T RMR, e B
TIRRMAERR, R AESZEMETFHEEE T & BIg R

3) BAARGBHBEMGE, MMIREREERARGNEMMIREILT T HIPT, I
HREHIRERER TR Y RERH MERAF T A LR RN ERASE, EXIE
RAGH AR “BAH", FNALKNHEZRE LMo T T ENSWDIAE. X—IA
PO A EEAR Mt R st R 2 PPN DT EEBE0E T 7 RSl

4) TENH L, AL MRS b, N B A AR T A
SRS, TR RS I AT NSRRI PR BE o

5) LA, BEUSROTIEFEEA 1, R T RPN REY . RIS PR DR
YR FR B VAN D7 IR HE SR AR AR S o BIVSR PR I R A TLAE AR HEA T IR, KR L /D
#. BX, KE 4 FREFEREWIERTMIERSEY, % Cd, Hg, Pb, As, Cr, Cu,
Zn, Se % 8 FhOCEAERIEMFESR, FIFR M BREREE A BRI T IS E PP AT

6) TEAHIBIF KR SLIRPOR M E A B R A ZERL b, RIS IR TR A =
[ 7E IEAI AR E MR R (FITEMRR), I A RYE S, T 3 - #p 5k
M )8 5% R AR

.08 -



7) e AECEGH R BT, A A O AR B X 6] R R T e RRAR A,
IFFAMERI A T PR TR S B L DA R MR, AT RaR Ml A
Lo T RGN 6 KRB A W B SCRIHR %

8) BHEEFIMRE ., HAL R RERERFIREN AL EHT T 4%, &
R EX | EAREX | ERXAERX, KRR RS T AR, BT
EFRA, PR TIPNIrEN TAERT M B AL, H33e T Ik i ik,

9) ABRFE LALLM X B, SERR T AW ST ARl 5 4t 3R 4K 2R 7 0
XEPPUGERAEAT T AR, P55 R M E R IR B R BARE A PR 45 SR AT T b, IESE T
AT B AT TR AR 22 VA S M

—. FERESEW

H T EPRIAE SRR BRAI AR5, ABFIEAAE— SR R 2 4L, FEESFH T
hit—BHREE: Ol TAARD L ZEXAEAZEKEESMHZ, LhriEsk
PE HHOTR A B XK - AR LB BIRRRK, MR R AR - IRR L3
PR, FHEANERE KBRS, 2T IEENAREE; Q%3 R % &
R E REN AR, BLBE— 2 TP R A S ML B 9 4

A, AU RINT — B3R iy 5] BT B4R

1) FEUBIXAER Pb &8 WS & TR AT AR 0 2 R BUR TR B4 5, TN
REOK P SRR . REACHT 158 Pb i) I A LBR G 5 T — 5 TR SRS, Bt A8 36 AR
A 448 Pb - FK Pb Ay Ry 56 R AEAY

2) WP REMKEITARK E=X, BREPEMH P Bk, HIERLL
B A% Pb il Pb FRRBORAIRE, X —WRTHFEH— B, FHHESRE I, 0
CEral Ph [RETAARE (GB14935—94)) HLFTAESZEIBkAR

3) EEBX KRR TRA As T EARHEHIE As SrRMASTASAL (157 xR
BB RA—E) , MHY L As FEAEE 15mg/kg BF, Rk As BT AR
TAEARUE B PRUERR BE 2 90% , 30 1% LR T b T B3 4 A I B (A I 45 25 7 4
As - TR As MARISC R, BRTEA M X M T REAKXT As BB MPLlvk s, i
—H 5.

4) 5 As RN, REHIXARK Cr B ARBR A AREK Cr RABVREIRA 4 H BT
XA+ Cr B9 A AR, SR EAFER Cr 538 Cr BARTEK (SETA XS IEIR
WA RA—B0) , BRFEAXT Cr FEEZ LR Cr MAMFER? Toie IR
UL, PTG RAORA T 18 Cr - FK Cr AR 56 RABAL,

+GQ



Bibs T ELE DX R A VRO bl T SRR

—. REFRITEZHN

RIEF MMM “GNU S”, B—AGEIHTEFIERMES MR, B S REMRE
o S RYEIRAE Chambers 25 AFE DURSEIEFF R H RN XNRGERM T T ZBGITT
BAERBAR, IR | JRRMRRL SR . BRFIar. R, H5
O3hree R RERAT . B HOFFBIERG, 8 R REA Y TEMSEITEE, AR
KRG RN, A S SEMEBH G, A ERKNBRGHEX N, Ba24
-4 (windows, linux, mac ZF4§),

R R4 —4EHERME ., HEMER R TRENEAE, HEILMEZRE, Bk
BET . OABMBIRGCEMEFIE; QWA —BRERAREM WIRIEBHES; O—&
B e B T S B BRI TR WEDE T AR LI EE Bt o g, aTH
FLMEFRRE; OR—MHYTE. FEMERNEFRITES (WKE SEF). B
AR AER) . PEINER . F P e ORI R B A 2 0 (SEFR B, R R4EEHR
AR ZBRBEEH S EBEFREN) o MHABIE SV HME—FE, RiE “HE” (envi-
ronment) JERMFIAR -SRI, ERENRE, MAR—NEFELE I BEXERY 5
f T AR, R RER— MR EABIE LN TR, BRI RAME, mEH
KEMY JRA (packages) ATLAGEHA],

—. RERTERER

Cddiff. R

#EHE AN R

#Cddiff. R

# A B

datal =read. table( “Cd182. txt” ,header =T)

data2 = read. table( “Cd175. txt” ,header =T)

#Z APRIEE

std = read. table ( “9std. txt” ,header =T)

#A: B SO

win. metafile (filename = “ Cdandbox. wmf” ,width =5. 96, height =4. 08)
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par(pin=c(4.5,2.5) ,mfrow =¢(2,2) ,mar =c(4.3,4.1,0.5 ,0.6))

plusorminus < —c(“ +7”

dfdata = datal

numer = 182

for(iin1:2){

fitCd =Im(plantCd ~ Cd,data = dfdata)

sigemaCd = sqrt(sum(fitCd $ res2)/(length(dfdata $ Cd) -2))

xCd =¢(0,2500)

Cdyl =c((fitCd $ coef[ 1] + fitCd $ coef[2]*xCd[1] +2* sigemaCd ) , (fitCd $
coef[ 1] +fitCd $ coef[2] *xCd[2] +2~ sigemaCd ) )

Cdy2 =c((fitCd $ coef[1] + fitCd $ coef[2]* xCd[ 1 ] =27 sigemaCd ), (fitCd $
coef[ 1] +£itCd $ coef[2] *xCd[2] —2 * sigemaCd) )

Cdx0 = (std $ Cd—fitCd $ coef[1])/fitCd $ coef[2]

Cdx1 = Cdx0 -2 " sigemaCd/fitCd $ coef[2]

Cdx2 = Cdx0 +2 * sigemaCd/fitCd $ coef[2 ]

XLIM = max( dfdata $ Cd)

YLIM = max(dfdata $ plantCd)

plot( plantCd ~ Cd, data = dfdata, xaxs = “i”, yaxs = “i” ,xlab = “ -3 rh Cd 4 & (pg/
kg)”,ylab = “FEK Cd & (pg/ke)”,pch =19, cex =0. 4, cex. axis =0. 6 ,cex. lab=0.7)

Cdcoeff = round (fitCd $ coef, digits =3)

if (Cdcoeff[1] <0 ) plusorminus < — ¢(“”)

abline(fitCd $ coef)

lines (xCd, Cdyl,col =11ty =2)

lines (xCd, Cdy2,col =11ty =2)

lines (xCd,c(std $ Cd,std $ Cd),col =1,lty =3)

Threel =c¢(Cdxl ,Cdx1)

Three0 = ¢( Cdx0,Cdx0)

Three2 = c¢( Cdx2,Cdx2)

lines ( Threel ,c(0,std $ Cd),col =1,lty =3)

lines (Three0,c(0,std $ Cd),col =1,lty =3)

lines ( Three2,¢(0,std $ Cd),col =1,lty =3)

text(x =2/5 XLIM,y =205, labels = “ E R B D4R cex =0.7)

text(x =4/5"XLIM, y =3/5" YLIM, labels = paste (“y = ”, Cdcoeff[ 2],
“x 7, plusorminus , Cdcoeff[ 1]) ,cex =0.7)

text(x =4/5" XLIM,y =9/10 " YLIM, labels = paste ( numer, “ ZH (35" ) ,cex =0. 8 ,font =2)

boxplot ( dfdata,names = ¢ (“ 13", “KF52" ) , cex. axis =0. 7)
dfdata = data2 '
numer =175
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}
dev. off( )

Cdclust175. R
# IR E 4R A SRS AR R T
#Cdclust175. R
data = read. table( “Cd175. txt” ,header =T)
ehc = helust( dist( data) , method = “average” )

#RAE
cutN =90

Mdata = matrix (NA , cutN,2)
listx =1list(NULL)
cth = cutree ( ehc, k = cutN)
HEBE T BE B HEA T R 2K
for(iin 1:cutN) {
listx = unlist( list( listx, list( as. numeric ( which(cth = =i))) ) ,recursive = FALSE)
|
listEL = listx[ —1]
A — BT, EWEIRER TRERMENE  RBETTR
for(j in 1;cutN) {
temp = unlist(listEL[j])
LG =length(temp)
sumX =0
sumY =0
for(k in 1:LG) |
sumX =sumX +data[ [1]][temp[k] ]
sumY =sumY +data[ [2] ][ temp[k] ]
}
Mdata[ j,1] = sumX/LG
Mdata[ j,2] =sumY/LG
}

name = names ( data)
dimnames( Mdata) =list(NULL,c(name[ 1] ,name[2]))
dfdata = data. frame ( Mdata)

#iE N B X RIHELL Cd

std = read. table( “9std. txt” ,header =T)
soplCd = data
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#M FH R L RSRAUE T AR AN B A5 X ]

fitCd =Im(plantCd ~ Cd,data = dfdata)

sigemaCd = sqrt(sum(fitCd $ res”2)/(length(dfdata $ Cd) —2))
#itCd =Im(plantCd ~ Cd,data = soplCd)

#sigemaCd = sqrt(sum(fitCd $ res™2)/(length(soplCd § Cd) —-2))

xCd =¢(0,2500)

Cdyl =c ((fitCd $ coef[ 1] + fitCd $ coef[2]* xCd[1] + 2% sigemaCd), (fitCd $
coef[ 1] +fitCd $ coef[2] "xCd[2] +2 *sigemaCd) )

Cdy2 =c ((fitCd $ coef [ 1] + fitCd $ coef[2]* xCd[1] - 2" sigemaCd), (fitCd $
coef[ 1] +fitCd $ coef[2] *xCd[2] -2 *sigemaCd) )

Cdx0 = (std $ Cd -fitCd $ coef[1])/fitCd $ coef[2]

Cdx1 = Cdx0 -2 " sigemaCd/fitCd $ coef[ 2]

Cdx2 = Cdx0 +2 " sigemaCd/fitCd $ coef[ 2]

H) R 5 T o R

plusorminus < — c(“ +”

#4E ) WME SO

win. metafile(filename = “Cd90. wmf” ,width = 5.96, height = 4. 08)

par(pin =c(4.5,2.5) ,mar=c(4.3,4.1,0.3,0.3))

#plot (plantCd ~ Cd, data = soplCd, xaxs = “i”, yaxs = “i” ,xlim = ¢ (0,600) , ylim = ¢ (0,
250) ,xlab = “ 4-3%rh Cd &5 (pg/kg) ", ylab = “AEAH Cd &8 (ng/kg)”,pech =19, cex =
0.5)

plot(plantCd ~ Cd, data = dfdata, xaxs = “i”, yaxs = “i” ,xlim = ¢ (0,600) , ylim = ¢ (0,
250) ,xlab = “ +- 3 Cd &8 (pg/kg)” , ylab = “FEk s Cd &8 (pg/kg)”,peh =19, cex =
0.5)

Cdcoeff = round (fitCd $ coef, digits =3)

#title(paste(“y = 7 ,Cdcoeff[ 2] ,“x ” , plusorminus , Cdcoeff[ 1]) )

#title( paste(“y = 7 ,Cdcoeff[2] ,“x ”,Cdcoeff[ 1] ) ,cex. main = 1)

#& EIEIMLE LM B F L

abline(fitCd $ coef)

lines (xCd,Cdyl ,col =3,lty =1)

lines(xCd,Cdy2,col =2,lty =1)

lines(xCd,c(std $ Cd,std $ Cd),col =4,lty =2)

Threel =c(Cdx1,Cdx1)

Three0 = ¢( Cdx0,Cdx0)

Three2 = ¢(Cdx2,Cdx2)
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lines( Threel ,,c(0,std $ Cd) ,col =4 ,liy =2)

lines( Three0,c(0,std $ Cd) ,col =4 ,lty =2)

lines( Three2,c(0,std $ Cd) ,col =4 ,lty =2)

text(x =110,y =210, labels = “ [E Z & i BAEARUE” , col = “blue” ,cex =0. 8)

text(x =500,y =125, labels = paste(“y = ”,Cdcoeff[2],“x ”,Cdcoeff[ 1]) ,cex =0. 8)

#text (x = 500, y = 125, labels = paste (“y = 7, Cdcoeff [2 ], “x ”, plusorminus,
Cdcoeff[1]) ,cex =0. 8)

dev. off()

#J jpg SO
jpeg(filename = “Cd90. jpg” ,quality = 300)

#plot ( plantCd ~ Cd, data = soplCd , xaxs = “i” ,yaxs = “i”,xlim = ¢ (0,600) , ylim = ¢ (0,
250) ,xlab = “ +33Eh Cd 8 (ug/kg)” ,ylab = “FE K Cd & & (pgkg)” ,pch =19, cex =
0.5)

plot(plantCd ~ Cd, data = dfdata, xaxs = “i”,yaxs = “i”,xlim = ¢(0,600) , ylim = ¢ (0,
250) ,xlab = “ +3#Erh Cd &8 (pg/kg) ", ylab = “FEKH Cd F & (png'kg)” ,pch =19, cex =
0.5,cex. lab=0. 8)

Cdcoeff = round (fitCd $ coef, digits =3)

#itle (paste(“y = 7 ,Cdcoeff[2] ,“x ”, plusorminus , Cdcoeff[ 1] ) )

#title (paste( “y = ”,Cdcoeff[2] ,“x 7 ,Cdcoeff[ 1 ] ) ,cex. main = 1)

#E NI A LA E R

abline (fitCd $ coef)

lines (xCd, Cdyl,col =3,lty=1)

lines(xCd,Cdy2,col =2,lty =1)

lines(xCd,c(std $ Cd,std $ Cd) ,col =4,lty =2)

Threel =c( Cdx1,Cdxl)

Three0 = ¢( Cdx0,Cdx0)

Three2 = c¢(Cdx2,Cdx2)

lines( Threel ,c(0,std $ Cd) ,col =4,lty =2)

lines( Three0,c(0,std $ Cd) ,col =4,lty =2)

lines( Three2,c(0,std $ Cd),col =4,lty =2)

text(x =110,y =205, labels = “ E Z & & TAARHE” , col = “blue” ,cex =0.7)

text(x =500,y =125, labels = paste( “y = ”,Cdcoeff[2],“x ”,Cdcoeff[ 1] ) ,cex =0.7)

#text (x = 500, y = 125, labels = paste (“y = ", Cdcoeff [2 ], “x 7, plusorminus,
Cdcoeff[1]) ,cex=0.7)

dev. off()
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#hiy HH A EE

Cdx1 = round ( Cdx1 , digits =3)
Cdx0 = round ( Cdx0, digits =3)
Cdx2 =round ( Cdx2 , digits =3)
(ddata =rbind ( Cdx1,Cdx0, Cdx2)

dimnames( Cddata) = list (¢ (“Z4FLL(H =" VCBEARZERLE =", “fE I AR E
="),NULL)

write. table ( Cddata, file = “Cd90data. txt” ,sep = “ 7, col. name = F,quote =F)
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METHOD OF GEOCHEMICAL EVALUATION OF
AGRO-GEOLOGICAL ENVIRONMENT

—Geosciences Exploration of Land Ecological Safety

Li Ruimin et al.

Soil quality is very important for not only environment but also resources. The pollution de-
gree of the soil and the over limit rate of some products in the investigation report of Guangzhou,
Wuhan, and Chengdu, the regions (zones) with too high content of heavy metal elements, such
as Cadmium (Cd) along the rivers of the Yangtze valley ,from the national agro-geological survey,
have made the government and scientists be anxious for the living environment.

So, the soil quality evaluation is scientifically significant and valuable, meanwhile the output
effect of soil must be paid more attention in the evaluation. In other words, whether soil do harm
to the living environment and the harm degree should be regarded as the standard in the evalua-
tion. Namely, What heavy metal that the soil contains will decrease the quality of farm product?
How to value the soil quality of the major agricultural areas scientifically according to the data of
agro-geological environment survey?

In addition, different from the soil pollution resulted from the abuse of pesticide, the excess
of heavy metal elements such as Cd in edible parts is resulted from both the natural process and
human activities. So then, how to know the source of heavy metal elements in the soil and the
farm products in theory? How to establish corresponding protection countermeasures of soil quality
based on the study?

All of these are the focus and the possible academic innovation of the research.

1. The known knowledge about agro-geology, soil chemistry & environmental chemis-
try , the investigation and evaluation of land resource were summarized and commented sys-
tematically, which was the basis of geochemistry evaluation of agro-geological environment

Findings of agro-geology at home and abroad proved that: (1) Agro-geology is sourced from
the study, of soil formation, and services for the agricultural production. (2) The reconnaissance
and application of mineral fertilizer and the improvement of soil are benefit to the production of the
farm crops, and the basis of which is to increase the content of nutritive elements, such as phos-
phor (P) and potassium (K), and to adjust the concentration of elements in soil, such as natri-
um (Na), calcium (Ca) ,magnesium (Mg), chlorine (Cl) and sulfur (S). (3) The content of
some elements in the soil, such as molybdenum (Mo) , manganese (Mn), selenium (Se) , cop-
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per (Cu) and zinc (Zn), is related to the production and quality of farm crops and elite varie-
ties, quality of the pasturage and farming, the local diseases of human. (4) The agro-geology in-
vestigation, the evaluation and section division of the agricultural environment, the environmental
geo-chemical and the environmental hydrogeochemical research make the agro-geology to be a in-
terdisciplinary. (5) The introduction of Agro-ecological Geology indicates the forming of a new
interdisciplinary,, which intensions, destination tasks, contents and methods has been defined ap-
proximately.

The study of soil chemistry and environmental chemistry further defines in mechanism that :
(1) Soil is the nutrient store of plants. (2) Soil is the major environment of elements from the in-
organic sphere to the organic world. (3) The research on the activity, bioavailability and interac-
tion of elements in soil is in-depth. (4) The accumulation of the elements in plants proves that the
elements in the organisms come from soil.

But, the findings of agro-geology, soil chemistry and environmental chemistry cannot illus-
trate the resource and capacity of the elements in soil in theory, cannot be used in the regional e-
valuation of soil quality directly. The land evaluations at home and abroad only match up to the
local status of land management: (1) Overweights the macroscopic evaluation, and pays little at-
tention to the elements. (2) Soil background value, soil environment content is only the founda-
tion of the chemical evaluation of the land. (3) The Environmental Quality Standard for Soils
most possibly is applied in the regional evaluation at present,but there are still some problems in
its application. First, the primary standard adopts the soil background value in the whole nation,
which overemphasizes the oneness of the nation. Secondly, the secondary standard is constituted
considering the smallest critical content of soil environment selected from the agrotypes of the
whole nation, which is certainly small for the calculation of the soil environment content in most
areas, weak in practicability.

Meanwhile, there are some questions in the application of Environmental Quality Standard for
Soils, e. g, the classification is defined to be the pollution degree of soil. In fact, the Environmental
Quality Standard for Soils has regulated its range of application definitely, that is, different classifica-
tion is performed to different purpose, which is foreign to the pollution or pollution degree of soil. Fur-
thermore, the evaluation of soil pollution and the evaluation of soil safety are distinct issues.

Hence, how to use the results of agro-geological environment survey, or called multiple ob-
Jective geo-chemistry survey of soil, in the evaluation of soil quality is one of the subjects of the
research. Taking advantage of the multidisciplinary theory and knowledge, the author tried to ana-
lyze the evolvement of soil in densely inhabited district under the double effect of nature and hu-
man action, and to annotate the results of soil quality evaluation.

2. On the theory of the quaternary geomorphology and hydro-geochemistry, the su-
pergene geochemical system was founded. On the theory of plant nutriology and plant
physiology, the element system of creature was founded. The combination of geoscience
and agriculture deepened the theory of agro-geology

The erosion & deposit, geochemical process in supergene zones together with the human en-
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gineering activities create the supergene geochemical system. Elements entered the groundwater
after dissolving from rock and soils, subsequently enter the crops from groundwater including shal-
low ground water and soil water. This element transport from inorganic sphere to organic world
means soil is the guarantee of safe crops. The supergene geochemical system and the element sys-
tem of creature are widely different but closely related, which are the geo-scientific and agricultur-
al basis for the evaluation of land quality.

The major agricultural areas of China locate in plains and basins. The incoherent material of
plains and basins are formed by the erosion and deposit during the historical geology, which lay
the foundation of the content and distribution of element. Supergene geochemical process reas-
signed the elements of soil, for example, in different geographic and geological situations the ele-
ments are reassigned and accumulated by the supergene hydrogeochemical process. In this re-
search, taking the North China Plain as an example, it was illustrated that the surface substances
of Loess Plateau and Shanxi Plateau established the element composition of the North China Plain,
and that depositional fractionation and supergene hydrogeochemical process controlled the space
distribution of elements. The influences of the human engineering activities on the geochemical
composition are becoming stronger. Some elements are thinked to be typical elements coming from
human activities, such as copper, plumbum, zinc, cadmium etc.

No matter the elements in soil whether from natural or not, they will influent the human
health only after they are absorbed by crops and accumulate in the edible parts, such as seeds,
which will finally enter the food chain. The nutrients in-taken by roots with the mode of mass flow
and diffusion account for 95 percent of the total intake, and both mass-flux and diffusion-flux de-
pend on the flowage of groundwater or soil water. And the plant transpiration adds the accumula-
tion of harmful elements in the plants. The biological chain of elements existed in the system of
rock- soil solution- crop makes soil to be the guarantee of safe crops, which is the theory basis of
evaluation of land ecological safety on the survey of agro-geological environment. This research il-
Justrated the manners, numbers & controlling factors of element supply from soil particle to soil
solution , the power, the manners & quantity of soil solution, the accumulation & transfer of heavy
metal elements in the soil-plant system.

3. Guided by the system theory and systematic methods, with the goal of human
health, the idea of the method on geochemical evaluation of agro-geological environment
was founded

At the beginning when the system theory was formed, it was used to explain complex phe-
nomenon. System theory is not only a scientific theory to reflect objective principle, but also a sci-
entific methodology. Black box approach provides us an effective method to explore and study the
unknown world. We can input information to the black box, testing or observing the output of the
black box, and we can know the function and action mechanism of it. The supergene geochemical
system and the element system of rock-water-plant are both complicated, so they should be stud-
ied and evaluated using the black box approach, with the results be interpreted using the known
research results, namely, the known sections of the system. The geochemical evaluation of the ag-
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ro-geological environment in the article adopt systematic method, that is, the element content in
the soil as the Input, the element content in the crop seeds as the Output, establishing the re-
sponse relation of Output to Input from the data series, to determine the standard value for evalua-
tion using statistical method, and to achieve the evaluation of land ecological safety.

4. The concept and definition of Land Ecological Safety and the soil-crop seeds re-
sponse relation model in element content were put forward in this book, which is first ap-
plied in the evaluation of land ecological safety. This book also systematically illustrates the
land ecological safety from theory, method to procedures

Land ecological safety is the degree of soil safeguard to provide health and safe crops for hu-
man being. The evaluation of land ecological safety is the classification and common on the degree
of soil safeguard to provide healthy and safe crops for human being. As a part of evaluation of land
ecological safety, the geochemical evaluation of agro-geological environment is established on the
supergene geochemical system, element system of creature and systematic method, and is a re-
gional evaluation on land geological safety based on the knowledge and the information about the
regional survey on agro-geological environment. Considering the region contrastivity and practica-
bility of evaluation, the rice, wheat, maize and soybean were regarded as indicators for evalua-
tion, cadmium, hydrargyrum, plumbum, arsenic,chromium, copper,zinc and selenium were re-
garded as index for evaluation, and the existing Food and Hygiene Standards were regarded as the
source standards.

And the technological discipline is: National Food and Hygiene Standards as source stand-
ards, make use of a series of data about the elements content in seed-soil system from higher-con-
tent areas to lower- content areas, calculate the standard value for evaluation form source stand-
ards adopting statistics methods, then the evaluation of land ecological safety according to the sur-
vey data of regional agro-geological environment is obtained.

Principle of the method is: Generally speaking, the content of the elements mainly coming
from soil in the seeds of crops is in positive correlation with that in the soil. But due to the other-
ness of the soil physical and chemical properties and complexity of crops absorbent mechanisms,
the pertinence between the content of elements in seeds and that in soils is not a linear distribution
but a zonal distribution, even if to the same crops. The zonal distribution shows that the coopera-
tion of inevitability and chanciness, namely, on one side, the content of elements in the seeds de-
pends on that in the soil inevitably, on the other side, the pertinence between them in a certain
interaction is uncertain. That is, when the numbers of data about the content in soil and seed are
not enough, the pertinence between them may be concealed by the chanciness. So using statis-
tics, the zonal distribution of positive correlation of content between soil and seed can be regarded
as the foundation to calculate the standard value for evaluation from the source standard.

The calculation of the standard value for evaluation is: The protract of cartogram about the
content of a single evaluation index in seeds (y) and root soil (%), request of regression equa-
tion, y =ax +b and the zonal distribution constitute from y = ax +b +2¢ and y =ax + b — 20 at

the significance level of 0. 05. Subsequently, calculation of X, ~20/a, X, and X, +20/a using
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the standard value (Y,) (e. g Cd 0.2mg/kg) of the National Food and Hygiene Standards, that
is, the crossing points of y = Y, and y =ax +b +20, y =ax +b & y = ax +b — 20 respectively. At
the significance level of 0. 05, if the content of some index in the soil is lower than the regressed
value, X, —20/a, the content of it in the crop seeds is lower than the National Food and Hygiene
Standards (Y,) ; if the content in the soil is higher than the regressed value, X, —-20/a and lower
than X, , the content in most of the crop seeds ( with 75% possibility) is lower than the National
Food and Hygiene Standards (Y;) ; if the content in the soil is higher than the regressed value,
X, and lower than X, +20/a, the content in most of the crop seeds ( with 75% possibility) is
higher than the National Food and Hygiene Standards (Y, ) ; if the content in the soil is higher
than the regressed value, X, +20/a, the content of it in the crop seeds is higher than the Nation-
al Food and Hygiene Standards (Y,). Therefore, the regressed value, X, —20/a.X, and X, +
2¢/a is called the safety limit, the approximate safety limit and the danger limit respectively.

According to the above-mentioned standard value for evaluation, land can be classified in
four groups. In the safety land, the content of index element is lower than the safety limit. In the
approximate safety land, the content of index element is intervenient between the safety limit and
approximate safety limit. In the warning land, the content of index element is intervenient between
the approximate safety limit and the danger limit. In the danger land, the content of index element
is higher than the danger limit.

Procedure of evaluation is: First, calculate the reference standard values using method of ec-
ological effect and method of statistical reverse-supposing. Second , obtain a series of data about the
elements content in seed-soil from higher-content areas to lower-content areas. Third, calculate the
standard value for evaluation. Fourth, evaluate the geochemical survey data on the scale of
1 :250000. Finally, comprehensive analysis and protract of the evaluation figure on the land eco-
logical safety using the method of “deny with one vote but region addition”.

5. As an example, the geochemical evaluation of agro-geological environment was
practiced in Shangyu of Zhejiang Province. The land of Shangyu was divided into four
groups:; safety regions, approximate safety regions, warning regions and danger re-
gions. And the results of evaluation were annotated from natural geologic function and hu-
man action, which provided technical basis for the effective protection of land resources.

Shangyu of Zhejiang Province is a typical representation of south-east littoral of China. In
Shangyu experimental areas of Zhejiang Province, rice was regarded as the indicator for evalua-
tion, cadmium,hydrargyrum, plumbum, arsenic,chromium, copper,zinc and selenium were re-
garded as indexes, and the existing National Food and Hygiene Standards was regarded as the
source standards. The standard value of evaluation was calculated according to the 182 data of
rice and root soil in the plain and basin areas of Zhejiang Province.

The acreage of areas evaluated is 742. 5 km” and the number of soil samples is 868. The
evaluation results indicates that the geochemical condition of land in the plain and basin areas of
Shangyu was good, among which, the acreage of safety regions and approximate safety regions was
about 716. 4 km® , namely, 96. 5 percent of the whole acreage. The warning regions was scattered
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in Dongguan, Hutian of Changtang, Yinshan, Huangpu bridge of Fenghui and Xiagai village of
Gaibei, and the acreage was about 17.7 km®, accounting for 2. 4 percent of the whole acreage.
The danger regions was scattered in Hailuoshan, Chenshan, Huazhen and Zhongtang, and the
acreage was about 8. 4 km®, accounting for 1. 1 percent of the whole acreage. And the harmful el-
ements in soils can be divided into natural source and human source.

Compared with the results of evaluation results adopted the Environmental Quality Standard
for Soils of China, the safety regions are equivalent with the regions I and II in the environmen-
tal quality of soil, the approximate safety regions are equivalent with the regionsTl, the warning
regions and danger regions are equivalent with the area super-1I.

6. The prospects, characteristics, existing problems and further research direction of
the geochemical evaluation of agro-geological environment were discussed respectively

The geochemical evaluation of agro-geological environment pays attention to the ecological af-
fection and harm of harmful elements. With the four crops with the biggest production in China,
rice, wheat, maize and soybean regarded as indicators, the results of evaluation are practicality
and region contrastivity, which can be used in the macroscopical quality management of land. The
method is not a suitability assessment aimed at an idiographic field or certain crop. In the safety
regions of land ecology, there may be “vegetables beyond standard”. And if land utilization of
danger regions with some heavy metal elements is changed, for example, paddy field is changed
to dry land, they may turn to safety regions. Therefore, the results of evaluation can also service
for the structural adjustment of agriculture. It must be pointed out that the land ecological safety is
dynamic and alterable in space and time. The land ecological safety can be forecasted and early-
warned by the monitoring of geological environment, which will service for the long-term program

of national economy and the sustainable development of society.
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