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67 MR SHEBAEN 0.1—571mg kg™ Cd, ¥ K 15.3L74mg kg™'y MBREST
SRS/ NASERENF R AT PHLHEXN 0.985mg kg™ Cd,
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tha mEEERTRER.
REREREET HRAEDRER WK RARSBE, REF-E£ S5 RIRENAE,

XWE  BE.®F R

RB—EBFRIMRTEANGRTEALREZIEREE,

MEFEELORE, CHEBEEA LS, dTRELBDBHERNHEERD, &
ABHED DR, EREEDORET . ERABERDPERA, m EwEEREHR
KOLTEILEE), RETHRETHP RN R RAMAEFESKERNAL,

RESMEBRN 1/2—2/3 G, —BaRBR,EREWELR. HREESNLE
By HEPREBREATHRNETNFRELALRZH, X THE~RSHFB=6
HORBREE , X MG SR AR AL FFTERDY, 90k, RATF R T LI ko

—. RE#FPREE

RMNAWREIREEZERE 67 MaARCGLD 27 MESET BHENEFRT), 8
TREEZORE ™1,

AXFANEREROGTER: #TRBEESAE KGR, REXT. . AMERE
BET. HEREBRERBRES, B HRFRUENE. FAMKSEHHIL 180-80 R
FRI KB

(=) RERYVPROTHSRAOSAES

" ALERETHRBMELEDR GRG0 B BRI K.



3 4]

#wms: REH HEPRYS BRI ERERRENNYIEH 151

wE, RE#T SREEEY 01—571mg kg™, BRI LE 0.2—25mg kg™, £
WA RESEH & B 15.3mg kg™, MEBRIEG MRA), BREQ MRE) HARO DR
X)), HIGMEE) SRAXEZEASRBEEN/NBT G, 55 M 00FHIHE % 0.98mg

kg™l

it R ERBTHEREE KL 1 —110mg kg™, BB HEHE (EE)H X 980mg
kg™, R YRE#HTEFENEERRBUNLR, FERENE: RE#FGDE
R &8, BRBFE Kola &4, thttt R EE 8 K.

%! RENHEREIERRRTHETRR

Table 1 Cadmium content ot phosphate rocks in China and some other countries

¥
Country
L] [£5]
F S
£ #
£ g
. S
FI/R B FITE
X B W

v % SR ¥ 8 U
Range Average
Phuspharte depost (mg kg
LMy R 0.1--571 15.3
mR L 8E R 0.1—4.4 0.98
Kola - 0.3
Florida 3—12 7
N.C. — 36
Togo 38—60 53
Khouribga 1—17 12
Joussoufia - 4
Algier —_ 23
Gatsa 5557 56

* ERFEERERTE

(=) BRER

RMNERE, REFAABX# WBEEXRENGR 2), P ANHy 2REN
AR SEEREN, FHE 174mg kg™, SEREEE 12—571mg kg™'c HREHAB
RE(53.4mg kg HFMFLZRE (26.7mg kg™)o XEF SRBERNEEFEARAKER
— N REEREABYT POEN A IMENRESE, AR ETNERKEERT TS
HFEBHEIDTH. X—REBFRTIER,

%2 RETEABERTD

gL

Table 2 Cadmium content of phosphate rocks in different provinces of China

B R oA M Bye Cd &
Province Number of samples Average (mg kg™")
= B 10 0.8340.90

#t M 3 1.2441.35

i 7 1.84+1.26

W & 15 0.5240.70
- 2 0.7940.62

I s 1744231

% O 5 8.79110.3
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(=) REPEHTHSRIBEE

HTRE#V FHRERRK, ALREREHEPHARBERK. RELE IS
EFRBEEPT REFORICUE, LSRR 0.61mg kg™'s XRAMHTHET R
&iyo2%, SEEEE0.1—2.9mg kg™, ZRMMTHERL—KRER 5—50mg kg™ A9K
EEY, %3 EREMLIMER#ESRBRINLE,

B3 ARALIMERREEARMLR

Table 3 Cadmium content of phosphate fertilizers in China and some other countries

e

B % SR

Country Cadmium conieat (mg kg~')
B B 0.1—2.9

s H 7.4—15.6

& x 2.1—9.3

WA 18—91

= Jii:d 2—13

(=) REFEARELPIHSHR

AAREHTNIIENAR, REREFER. BHNERENEEBIEEHT, A
BE—ROSFRETHETEERE (4. HNEE 1100°C L ERAIHREZSEE
@clodmEr fik. EABIY, HFABRESEOH T LUET BEE KD R
ok, B ETHREL,

%4 TEANERHNELR

Table 4 Cadmium contents of different phosphate fertiliers

g8 BT RRS EHE LML
Item Superphosphate Ca-Mg phosphate Phosphate
mAYM 23 7 30
ANRHER (PO, %) 14.742.9 14.641.6 14.7
$ 54k (mg kg™*) Cd 0.75-+0.65 0.1140.03 0.6140.63
&SR3 (mg kg=') Cd 0.1--2.93 0.1—-0.18 0.1—2.93
guRiEsEk (2/T) 0.75 0.11 0.6
@y P,0, SR (g/T) 5.1 0.75 4.1

MNE4 GUEH, RETE#BEIELSHEHEEEN 075 mg kg™, FREEY
0.1—2.93mg kg™, M EEMIEEZNRE 0.11lmg kg™, AN FTERESFEERY 15%, Y4
TR EHEREN 1% £4, XDARHETHEHESIRRAER, EXEIHER
To X—RMNESEREN—ITEERA, ETLIEASEERGEHRBTVEFHERE
BB, SRANMZERE I RBEER T 8EH FAUR .
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R R, %iigthﬁ’%iﬁ%‘l%ﬁﬁﬁ%%m%mo FS5HhElLIEN,. EE
XSGR B AN, NEREOBRBEE N, X—AR, Rig TRl (4%, pH 4.7),
ik (FEH7, pH 6.3)RAKETHMOGEL, pH 8.6) LR ntt, Rk, FRWRATH
m,BETHR-BEARETRBRT MM, FHik, RiFMnt &k HHmra @K
BERm, MEKSRREE-EEE ERELBREROE .

25 MENNREWESGEN
Table 5 Effect of Cd addition on Cd uptake by wheat

MCd & Cd my i & Cd uptake (pug/pot)
Cd addition I - | 3
(pg/g soil) Red earth Yellow-brown soil Fluvo-aquic soil
0 0.072 0.924 0.554
1 10.39 50.34 25.93
4 22.32 120.07 78.07
8 28.41 181.50 92.32

e HiyHm Cd RIM)pRE Cd ReyNuik

Table 6 Effect of the amount of Cd addition on the increment of Cd uptaken
by wheat seedlings (ug/pot)

Cd mnik T = BREM B +
Cd added
Cug/g so0il) Red earth Yellow-brown sail Fluvo-aquic soil

1
4
8

10.32
3.00
1.50

49.42
17.40
15.40

25.90
13.00
3.60

F 6 BRRN, BAAIN Cd Freggmay/hER Cd BAH L MARKXKRHE,

A,

X—EBEEHE Cd BAOMMTIRD . P, M Cd 3 Lug/g LB, TE/NER Cd B

M 10—50ug/ 4, M7EHE Cd 8ug/g LAY, T Cd BIMMA A 1.5—154ug/8, LA
ERUETDOVABIIEN 1 ng/g £ Cd I, EHREINMT Cd B MWRK, HiR WA,
#ELEP. MAEARFRMDCIBHIELT . BREBX—RF. X—EROFEHETHE
EXRLMBRERET, CdWAERERRARK. —Kik, ERBE TS L, BT cdin
Bm, AR b, R, EARR PR RERK, AR THREERFSFTHRTA
AR E, RN T REZE H* R1 Cd** [AIFSIRERY,

(Z) REHREPHIH

AT THRRAELR-ENERPOBERG S, TRREEEMDENNIHTRLEN, &
7 RBEABEZEODHHRE(ER). MEDHELIER, HE, BBRELKNTH
EXBERNSHUTLEWMATL0HB. EFAHLT, RPWBSBRADRRN 75—
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Table 7 Effect of soil condition on the distribution of Cd in different
paris of paddy rice
KBEH
LEE Organ of paddy rice
Soil
iti ] BE %
condition Roots Straw Grain
SR BN % % of Cd uptaken
.
(pg/g roil)
0 91.2 8.3 0.5
2 73.0 26.9 0.2
] 85.8 14.0 0.2
16 82.8 17.1 0.1
A
(ng/g soil)
50 91.2 3.3 0.3
150 88.9 10.8 0.2
300 80.1 9.7 0.2
BEK
(g/pot)
0 88.8 10.8 0.3
- 2.5 93.5 6.3 0.2
7.5 93.1 6.3 , 0.5

90%, FERMM S 10—20%, FHFXHE 05% UTFo  K—HBS XM LB ROk
HEIE AL, BOARFR 5 70—80% , 5 o5 10—25% HF3Reh s 02—0.6%, FEMYEHRX
— S RARBRENARIN, BNEERFLE ARG DI,

(2) M7 L MBLBILIE R

7+ PR TS B FERERE /020 SF SR BEAEME A £ A0S 80% BRIEER £ 7.5
cm BN, Bt + BPREEAS KE G TBTHESLORBR K. BretH8F
R B iy B AR R ERBE R O B o SR, BE B HEA RO, K% 04—
7% BU BB EHTEZR S LB 2% RITETHARARE
B3, KRS LARIA TN Cd (6000ug/2) B 8.2% (% 8)oXREZRAMT  HERE S

®xs KEWEA Cd s A
Table 8 Recovery of added Cd by paddy rice

KEmh

& Cd & M B =%
Cd uptaken Recovery of added Cd
Part of rice plant (ug/pot) (%)
- ¢ 493.9 8.2
R 1342.6 -
- 2.8 0.046
5 2 4 1839.3 8.2%

* (Y Cd + yf%x Cd)/EimEkx100,
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KEWFAE, KB TRERAREIZ—HER. BR, HEWAREAROLAR
H2ERHART M RGERE, WK 6 ERPUTFH, $TEK 70 R/hE, R
FOBBE=FIMEAEFHEER,

VO, PR R R SR WA PR O

(—) BEBAEHEA MO REE(ST

RESH T E R BERAY 1/2—2/3ZREHHERY 1 LB, NF 5000—
7500 HAUIE k. 1989 EREMEHDEN 418.9 T (P,0NY, DIIHWERSE
75% 4EEBIB & 25% HE, WIRE T RS HE A DI RE ) 16.0 08(Cd), FHISERMAE
HiABRA 0.79 mii(Cd), Fkit 16.8 m1(Cd), XHEUTHALIBRBABFERHA Cd 0.224—
0.336 B /A H,

BRAMN G, EOHERERETEN, KATBEBRE 800 FnL(P,05), BE IOF
RIHBER L HEKERE, 10% HEHE, NsFEMMIET A LHNE Cd ]2
37.3 mif, W45/ LU R W b S R R AT AR R B 24 0.497—0.746 35 Cd/ A,

BR,OEBLAGEHTBRELHKEORNFEROERBERTRED, EXEHERTHE
AT mERE N,

(Z) ATFREIMEHBXLFEAR

BEXERSBRRESOTELARY, THNAN KRS EY:

Wo=Ws—8

ERP W HEXREAR; W HERERE; BAKRETRE,

MRFBHXAGBUNERE, URRELHETREAY 0.157mg kg™’ Cd it
B.REITHNBRARATBARERLNE IR, MEPITAREBARNLRE LML, BAA
HHEA Cd AU BAEF A 0.7—6.4 AT/ AHl. BAAEBRAY, AEERATEAL
BMOBRKRBEINE 14242 AT/ AH(CTERRN,

¥9 HREFERLREAHBALTER

Table 9 Maximum environmental capacity for Cd in different soils of China

RXAHB(AR Cd/AHD

ot Eockivl Maximum loading (kg Cd/ha)
Soil type K H E-‘ b

Paddy soil Upland soil
Eept i 0.96 0.73
ch it + i 2.98 1.63
IR 1] 6.36 1.86

(=) EFiHh

REREXELXB T ANBYANAEER(BEALTFEAR, HR—TREBM
i 8 AR A - SRR SR R A IR BEAO W] RE R el
RITELRAEE MM ERA L RMORERE 4y 0336 52/ AW, ZRX 0.7 &/ AH
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(Cd)o X—BERBRELEN R I(0.73 AFF/AH, % 9)AEE:, F83 1000 (5L E, 4
BURE N IR TR BAE FAR, Hi A 1000 5 Bk B MM K S &o

A AL BNE, REFREMRR, BREE—/MIYKERBEDRER XX
EEE e Xt RS W RAY™ B % " 8607, E P4 Rt 4 AR IR SR W Bt b 7 %5 HE 350
ERZTENMREARES, BMNRERGITRFTORRIBEFRVERENNEE 1—
5%, WARZERNHESR(W, BEFATFMANBRONBBEOT(RES 1% iT):

ERHEE L.

W =225 X (0.5—0.157) X 0.01 = 0.008 AF7/AH (Cd)

ERREL R LES:

' WI-ZZSX(6—0157)X001—005’\ﬁ/’\ﬁfl (cd)
F‘—-M?Eiiﬁk[ll]ﬂﬁﬂg(o 02—0.15 A7/ ABOBEN,

HELAY, RN ENFRAEERENERRERRE, REEERKFUR TR
WREKORGT, B KRN A LRSS R EERAERAE, B2,
BTREEZRO—EE/IEE , XUBRT —RIRBZESTRERT , NTXE#T
SERHWE, NARARRMUEN, UHRAE L AREZE L,

£ % X W
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CADMIUM CONTENTS OF ROCK PHOSPHATES AND PHOSP-
HATE FERTILIZERS OF CHINA AND THEIR EFFCETS ON
ECOLOGICAL ENVIRONMENT

Lu Rukun, Shi Zhengyuan and Xiong Liming

(Insiisute of Soil Science, Academia Sinica, Nanjing, 210008)

Summary

Total 67 rock phosphate samples collected from 36 phosphate deposits and 30 phosphate
fertilizer samples from main phosphate plants of China were studied.

‘The content of Cd in rock phosphates from different deposits varied from 0.1 to 571 mg/
kg, with an average value of 15.3+74 mg/kg. The highist value was found in the rock pho-
sphates from Guangxi Province, varying from 12.2 to 571 mg/kg; while the lowest Cd content
of the rock phosphates from Hubei Province varied from less than ! to 2.10 mg/kg. Fortuna-
tely. all the phosphate deposits of high Cd content are of less importance in the phosphate fer-
tilizer production of China. If not counting these minor important but high Cd content pho-
phate rocks the average Cd content of phosphate rocks of China should be 0.98 mg/kg.

The Cd content of phosphate fertilizers collected from 30 plants of China ranged from 0.1
to 2.93 mg/kg, with an average of 0.60+0.63 mg/kg. It is very interested that the Cd contents
of all the Ca-Mg phosphate fertilizer samples collected were quite low which are only 15% of
those of superphosphates with an average Cl content of 0,11 +£0.03 mg/kg. The lower Cd content
as compared with superphosphate is due to Cd volatilization at high temperature during proces~
sing.

The phosphate fertilizers consumed in China in 1989 amounted to 4.189 million tons of
PsO,. Total amount of Cd brought into soil with phosphate fertilizer was about 16.8 tons Cd
in that year. This was equivalent to about 0.3 g per hectare of arable land.

The maximum soil environmental capacity for Cd of differnet soil types was calculated.
It ranged from 0.73 kg Cd/ha (for acid upland soil) to 6.36 kg Cd/ha (for calcareous paddy
field). From these data it is believed that the problem of cadmium pollution due to long-cont-
inued application of phosphate fertilizer might not be expected.

Key words Cadmium, phosphate fertilizers, Phosphate rock



