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RFRANESROBETINRE
Il 37 7R BE T TE

Bxk RER HEF HEx

ChER 2R R I AT, 210008)

EERARKB/NENIBRPHARTT MA KM Cu, Cd, Pb BH R EEE).
HRZRVL YUKERERMPETR KB R AR, X 5KBRAOMNLEBER; 41
0.1mot L™ HCl HEREHFMAN=2 XK, WRFADRAMBRE. EHLXBEKE r=
0.0l AR FRY T I MEMRESHREAF(BERFMLLUATE, SleseBIN
ISR B REEEN 90% (EC.), Rt W HbMHh Pb, Cu, Cd MySFikF (18/81)
BN, 488—587,17.8—25.3,1.11—2.12,

Xaf AyBH.ELRTH

AMREAGCFESBOBFHEHREAR, HELYEMAAEY, &(Daphnia) k. Bk
RSB EE EET FNHREPE RN aEEE, BXhE, UAEEAHR
&, BEBSIALERETRENGAME, 70 £/RK, Bulich, A. AV FRT—MLIR
F4i e (Photobacterium) FRT HIFIHZERMAVE N FHIEMICROTOX ), sk
RGBT ek, A RN M S, 80 KD, BEEAFWH TESE—
RECOFAEYE, FAZUBEERARTESGBRRAE RAOKGES, LR S, X
EFMYREDBUENERETRANPENEDERAKE, BRXESEYRERA
%W, FBHoRHMEER M FR(ECy)o I ECy bW HHEEE R/

AN ARCMENREE, HRAMARREN Cu, Cd. Pb MAHEMEY,
BARGERAEPCRS AR L EH Y, HNENBEENAERESTRERRARN
WwRKE,

—. BBt ik

1.2 #HHRELM; ZIHREKITHANTRENKRILUELAIFSE, Bt 2R HREANR
5, R%E 0—20cm + ¥, S+ EANRT . BEBE . ER.88 3 A

2. ERRY: BTIAIREZRASA THMTEK. .

(1) 131 +Cu (CuCl, - 2H,0); CK, 100, 200, 300, 400, 500, 600, 700mg/keg 1,

(2) 1 +Cd (CdCl,. z%u,o); CK, 0.5, 1, 2.5, 5, 10, 25, 50, 100mg/kgt,
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(3) £+ +Pb (Pb (CH,CO0),+ 3H,0); CK, 125, 250, 500, 1000, 2000, 3000, 4000mg/
*gj o

ﬁﬂﬁﬁ!ﬁ+&hﬂiﬂ’§ﬁ~@o KR T 1987 £ ¢ ARMET, 9 AHIEKF/|E,F 1988
F 5 Ak RhEAM], & & R —(KIBK P B 7L,

3.REME: (NREEDFE T 1987 EXBOREHR 1988 £HFREBP L IR LB, AE™
DXY-1 R MR HE MICROTOX (L iRHAH Ak F R + 8B 15 /7 $h k. (2)1M
EMEAE & Miller W. P. F1 Mctee W. W. BrTIRFEERL MDA SR&T 0.1mol L™ a[{BE&
Cu, Cd, Pb,fi P.E. 380 BTt ME,

4 BBL4M. ROEERAFECHIRRIERTHEMTN F RN LSR MR

VBRI R

(=) #RFIBMEB AR

21 FIRTSHESEOHEALR, NZEL, SH1NE N.2 P 2KHERR
K ARLHERIE KT RE File 3 Fo MAERI(<0.00 Imm)AILL B, A LRI A-TF 40—
0%, HmAE L0, HHLE, (R%E, R¥HHE(C Mg K. Na B EISHITI L > 28
+>FTE Lo, fioH 2B AR, XEERATRNSHIAHNSEIREES
HE28 MR 8E PR

21 SiARERNEFER

Table 1 Basic nature of yellow-brown earth tested

AR £N &P £K KRR Rt | tEE BLRA R
RELM H Total # X |Percent (%)

P Organic| Toial phospho- Total |ExchangelExchange-{Satura-| Mechanical
Sampling matter | nitrogen | rus potassium| capacity |able base|tion composition
focation <0.01] <0.001

- et . .
(g kg~' soil) (cmol kg~' soil) (%) (mm)| (mm)
T B 7.26 4.50 0.43 1.37 21.30 12.40 17.48 70.90 |24.90| 48.10
% B 6.78 6.50 0.50 0.39 16.80 14.55 20.90 69.60 |28.10] 52.60
B 5.85 | 11.30 0.80 0.61 15.30 18.60 21.46 46.70 |30.70| 47.60

(Z) FEn&RBHRRWHEY

L EMSBENRFRNAKEBBEESE: —BINY, UABERRESRARSEET
TR R LEWREAREDBERN, RULSARDAEYRSEEL X —ERR
B, A SPFEREERY, MR 2 Y, RRASHEREE 1987 ERMATIKE Cu,
Cd, b HMBE, BTZRTMNSEETFHWRBENRE, B AEEAERBRERE, &K
BEEXN(xe/g 1):
" Cu ND—0.28,  Pb 6.01—2.85,

Cd ND—0.191

EXRARBREEERENLEETORLT, 1EFRETESR, :TCK#‘EHEH‘
(RAKPIEHE THE, RIRRIEE(T%)EE 93.3% Ll L,

EIMBRBSERERRK DRAH SEABLT RERH KR EABAERE,
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®2 BHER:WAKREREC SWE TXR(1987 FK)

Table 2 The water extract’s concentration, C, of Soil added with metals in

oo

relation to the toxicity, T (paddy rice, 1987)

Bina M . . . . §F 8 1L
.. copgentration of Xiashu soil Xisogan Soil Xuyi Soil
netal added
-pg/g s0il) KC pg/g Soil)] (T %) (C pg/sg Soil)l (T %) |(C pgl/g Soil)y (T %)
' Cu
CK 0.04 100.0 0.02 100.0 0.06 100.0
100 0.05 108.3 0.06 83.4 0.06 155.9
200 ND 108.3 0.08 96.9 0.07 139.6
. 300 0.09 104.5 0.05 103.5 0.15 134.9
400 0.16 98.3 0.07 115.0 0.14 169.0
500 0.22 99.2 0.02 104.5 0.20 146.5
600 0.19 97.5 0.06 110.9 0.2t 136.5
N [ 0.28 100.0 0.03 105.7 0.2% 158.0
r —0.707 —0.048 0.368
p <0.05 ~0.05 >0.05
J cd
CK ND 100.0 0.197 100.0 0.068 100.0
0.5 ND 97.7 0.122 107.7 0.018 98.6
1 ND 102.3 0.092 97.0 ND 164.7
2.3 0.098 96.4 ND 77.7 ND 92.3
- 5 ND 98.7 ND . 89.3 0.002 99.1
10 0.035 104.5 ND 90.9 5.076 93.5
23 0.028 109.2 ND 87.2 ND 94.3
50 0.051 101.3 ND 0s5.2 ©0.034 98.4
v - 100 0.091 101.3 0.063 104.7 0.071 94.0 -
, r —0.0677 0.677 —0.334
CLtop >0.05 >0.05 >0.05
B Pb o
—ad e
- cK 0.65 100.0 0.35 100.0 0.80 100.0
125 2.43 119.4 1.36 93.2 0.55 98.4
. 250 2.85 69.8 0.44 108.0 0.84 98.7
S s00 0.80 115.0 0.80 13.1 0.53 105.2
10d0 1.50 89.6 0.07 87.8 1.43 76.1
2000 0.26 80.0 0.01 88.3 1.08 108.2
3000 1.63 74.6 147 89.6 1.52 80.6
" 4000 0.43 §1.8 1.59 92.1 1.36 90.3
’ —0.0399 —0.066 —0.768
? >0.05 >0.05 <0.05
T— M REE, — RN, P —ERBEAT.
B p>005 (&2),
C X—-#REUEBIRRSTENERZEERY, TR ERE FRMEEND
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2 EAREMEERE T, KBRS ERENSHYEABETEWERKN KT, #
FEMARAR, & BHEA LG HKERBROBETLESRA, B EF FRR
R HR #lo .

2. WEE NS R EINE 0. tmol L™ HCl REMKFH - 7 £ HH2E 5% 0.1mol L
HCl BB kT REBRZAEREELE, WHZBSLEMENRE TEDTRY
SRIUY, 3 S RATISLIES TR — Ao M3 3 714, LIEEMERM Cu.Cd FRE/
0], REERMAES Cu. Cd IRERFHBRE, ULRZERNER", BR
0.lmol L™ HCI F4EH# Cu.Cd REMBHSAYE, ERFBER,

0.1mol L™ HCl AREM L L BEUESBS , TR ME(re/g £)H(E 4):

Cu 3.25—142.8 Pb 0.30—72.01

Cd 0.194—29.12

ZEX g T ,0.1mol L™ HCl RS BIRE SR & R LR R nia%E T
AEBEANE®E, B Cu, Cd. Pb M, HEXBEKFE—RITAE P <005 R
<0.01,

3 0.1mol L' HCl + MR & MBiE R H ety W M1 (LU 4R 00 51D

Table 3 Availability of the toxicity of metal extractable by 0.1 mol L~' HCI
on plants (As an example by the yellow brown earth)

, -1
tanneRAE B Extiomoble fo:-ln?lb?(ﬁlmﬁol IR
(peig +) Water-Soluble form L-' HCI (%)
Concentration | % # | & K | Bik | ® & | & &k | Bus |0 e
of mewsl added | (1) | (uafe 1) | g | (D | Gule 2D | gi, | P O
te soil Toxicity |Concentration [extraction| Toxicity [Concentration [extraction
Cu
600 0.0 NDV 19.4 112.2 13.7 —62.8
400 - - - - - ~22.4
300 0.0 ND 5.62 59.9 20.0 -
200 —_ — — — —_ -17.9
150 0.0 ND 3.61 21.2 14.1 _
100 - —_ : — — — - 14,8
75 0.0 0.3 0.4 1.50 7.7 10.2 —_
CK 0.0 ND 0.00 ND
Cd
200 0.098 1.6 0.8 1.54 83.3 41.7 -
" 100 0.000 0.1 0.1 0.4 37.9 37.9 —72.7
50 0.082 ND 0.26 14.6 29.2 —95.1
25 0.060 ND 0.062 7.4 29.7 +7.8
10 - - - - - +28.3
CK 0.000 ND 0.00 ND

* SRABTRAR T, AR,
D Rk, TR
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%4 BhuaMio 1mol L~ HCl NHRE C 5WE T RXR(1987 ££K88)
Table 4 The 0.1 mol L-' HCl extract’s concentration, C, of Soil added with metals
o relation to the toxicity, T (Paddy rice, 1987)
-3 174: o . . ) ) i e 1
<Concentration Xiashu soil Xiaogan soil Xuyi soil
of metal -
added
‘ s0il) | (C palg 1) (T %) (C pgl/g 1) (T %) (C peleg L) T %)
{pgle )
Cu
CK 0.50 100.0 0.25 100.0 ND 100.0
100 14.25 49.9 6.50 56.9 3.25 35.7
200 32,50 31.3 16.00 25.5 12.75 26.4
300 53.50 17.0 38.00 13.8 26.50 23.4
400 76.00 4.5 70.00 14.1 39.25 17.2
$00 102.00 4.2 94,25 11.6 56.50 13.4
600 119.75 1.9 129.00 5.7 66.7% 9.6
700 142.75 0.9 139.25 9.6 99.25% 9.2
r —0.839 —~0.726 —-0.923
[ 4 <0.01 <0.0% <0.01
Cd
CK 0.136 100.0 0.086 100.0 ND 100.0
0.5 0.510 90.6 0.194 102.5 0.682 111.4
1 0.692 93.2 0.218 102.5 0.636 92.9
2.5 1.328 86.2 0.538 90.7 0.798 68.3
5 1.806 95.3 1.262 101.3 1.666 65.1
10 4.770 60.3 3.232 104.7 3.358 63.7
25 10.212 87.7 9.116 98.8 6.814 57.4
30 15.940 71.6 15.120 80.6 13.140 52.1
100 29.110 40.2 24.370 68.9 25.320 46.2
—0.840 0.892 —0.693
? <0.01 <0.01 <0.05
Pb
CK 0.00 100.0 ND 100.0 0.91 100-0
128 0.31 102.7 1.10 101.5 1.06 94.3
250 0.52 102.7 1.51 84.8 1.51 63.9
500 0.79 95.4 2.44 80.7 4.07 87.6
‘1000 2.12 95.6 8.11 84.4 13.06 70.4
2000 9.86 58.1 27.37 49.3 29.31 38.3
3000 28.08 44.2 3G.48 42.6 52.44 21.9
4000 48.72 27.2 72.01 19.6 69.35 17.2
--0.940 —0.941 —0.936
? l <0.01 <0.01 <0.01

%R E] 1987 £ R T HKIRERERD BIRA H 4, NiZE 1988 FESZMFZ(RILN
FRNP I MR CEBEFNRK) GELTHEREE, HbZFEHESEENTE LN
3.lmol L™ HCl ERAEFH:,BE TS5 L—ERHBERUNES. 0.1mol L™ HCI £
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BH=TRREEHEE(g/g 2I2HH(CR 5):

Cu 1.22—111.25

Cd 0.11—31.14
$5 FM&MLW 0 1mol L' HCl A RE C S T X R(1988 F/\H)

Pb 0.41—59.18

Table 5 The 0.1 mo!l L-' HC! extract’s concentration, C, of soil added with
metals in relation to the toxicity. T (wheat. 1988)
BineRRE . Z R L+ i 86 L
Concentration Xiashu soil Xiaogan soil Xuyi soil
of metal
added
(ug/g soil) | (C H8/8 1) (T %) (C ug/g 1) (T %) (C ugl/g +) (T %)
Cu
CK 0.17 100.0 0.00 100.0 2.50 100.0
100 1.79 100.0 1.22 81.8 5.50 58.4
200 3.84 38.5 17.84 16.6 7.25 12.9
300 26.25 10.2 25.90 4,83 12.75 2.24
400 56.25 1.57 41.50 9.27 27.25% 0.90
500 77.50 1.05 60.00 1.06 43.50 0.30
600 98.50 0.92 86.75 0.76 47.50 0.53
700 84,25 0.75 90.50 1.54 111.25 0.00
—0.807 -0.754 -0.515
? <0.05 <0.05 >0.0%
Cd
CK 0.12 100.0 0.00 100.0 0.00 100.0
0.5 0.14 96.9 0.17 98.8 0.11 100.1
1 0.21 96.9 0.20 95.5 0.15 114.6
2.5 0.33 100.0 0.57 94.0 0.26 108.0
b 0.66 100.0 0.93 85.3 0.65 97.3
10 1.57 109.1 1.58 92.2 0.96 97.9
25 4.22 89.6 5.30 77.0 3.43 86.4
50 24.92 61.3 21.03 60.5 17.35 62.7
100 31.14 56.9 29.60 38.6 28.93 48.9
r —0.967 —0.971 —0.951
? <0.01 <0.01 <0.01
Pb
CK 0.06 100.0 0.33 100.0 0.47 100.0
125 0.49 108.3 U.41 102.3 0.64 103.2
250 0.53 110.2 0.95 104.2 1.00 101.3
500 0.87 108.3 1.55 105.2 3.12 109.7
1000 2,08 93.0 3.79 101.3 6.28 99.3
2000 6.79 98.3 12.55 108.3 20.71 75.2
3000 14.20 92.3 37.58 40.7 33.99 38.7
4000 25.11 46.7 52.33 i 27.% 59.18 22.4
r —0.916 —0.961 —0.974
4 <0.01 <0.01 <0.01
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BHABG L E—FRREAER TH, 0.1lmol L™ HCl BRENSEREESHARX
BERREMEXYE, 8% L5 L — %L ER, Cu, Cd. Pb T p < 0.05 5 0.01
AR B ¥ K.

A RABIBAR T BRI, Xk 1987 FRIFEE 1988 £/, T B NS
i 0.1mol L' HC #EUB B ERMEBREA S ERXYE, BXEZKEHE p=
0.01 (& 6)o XRHA, T HREZMOR, MHBETHENLME RS SRR 18 0.1mol
L™ HCIBEAER) Cu, Cd, PhL,EBRSTHSERMEEIEX; +HEMER
(RESIREMFROEFENBETERBAT RS EBRAUAR KBS LE, EVERLE
MZEhRmt,. XMAXENEE, CHRBEIRENEBERESHRNSR LMW
0.1mol L™ HCl MEUEBUMMERXRGTE, K ECy (Tw) RUFNHE %, WK ECw
- (Tw), LIRSE MG RIS R B (R MIR A VFRUREE) BT T o

e oMM o.1mollHCI WA Wi SRS

Table 6 Correlstion between the concentration of metal added and the toxicity of
extract by 0.1 mol L' HCIl from the soil.

RECEHRAXETHORAHUE TR
&4 R +£ m 3 LB T L :
Optimum quasi-conjunction equation ’ R
Metal Soil of concentration (C) with remanent
s 1 luminosity (T)
Al £ (K B
Preceeding crop (rice)
F T = 107 ,3¢~0-0005C —0.984 0.972e%
Pb ¥ T = 109,4¢0-900:C ~0.968 0.950%*
T T = 90.61 — 0.021C —0.951%*
F T =91.03 — 0.485C —0.830%*
Ccd # T = 102,170 001C —0.926 0.908%*
o T =91.18 — 25.00LgC —0.931 0.930%*
T T = 106,9¢9-%eC —0.989 0.988%*
Cu # T =158.6 — 54.9LgC —0.931 0.93)1%*
1
- —0.984 0.949%*
o T 0.008144-0.000143C
B E U )
Succeeding crop (wheat)
F T =110.4-0.0116C ~0.842%%
Pb ¥ logT = 2.081 — 0,000138C -—0.890 0.890%*
& T = 128,4¢70-0004C —0.964 0.922%%
F T = 101.3¢70:000C —0.924 0.918»
Cd ¥ T = 96.43¢000C —0.994 0.988**
33 T = 105.5¢7°-%0%¢C -0.976 0.969**
F T = 149,8¢70-%01C —0.945 0.90]**
Cu » T = 3256866.8C %% —0.936 0.996**
2 T =i4.83 + &:5 —0.974 0.974%s
|

so—p = 0.01 MWKP, r—HEXEH, R—LBXRM.
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() REE Rt NpNEEC)HERNE

L AL TARSEAEE: MR 7FH, R 1987 ERBER 1988 FMHZE, B
MRS T, LEMEEMN ECy RFHX Pb> Cu>Cd, HfiABHF AR,
Cd > Cu > Pb; I #: Ll Cd &%, Pb BK; X R T B AR, R RN,

2 HAGETARE L HMAOFE: % 78 BN, Rk Cu, Cd, Pb ARG RE, 1987 £
MRENLREMNERE EC, BUMRESES /D, REERTE; 1988 £ M EJFHY ECs Il
FHKE, Cu, Cd DIERFEFAR/N,Pb HUFBERERAR/D, KRBZEERL
M Cu, Cd FHEAREIT RO

3 LHABRMEERUAFEOHDEEN: A THEIARFRBEH RSB G
KBTI gE = LRt R R, fE T L BRI s B 28 R RIAY ECy AT HE S #o

%7 LWMBNAM EC, ER

Table 7 Comparison of EC,, of metals added to soils

EC,. (pg/g Soil)
1987 4E KRS 1988 E/NE
Paddy rice, 1987 Wheat, 1988
+ m BRLNTRALERN EC,
Soils EC,, of different metals under the same soil
¥H+ Pb(2545)>Cu(111.8)>Cd(84.6) Pb(5207)>Cu(126.2)>Cd(110.3)
4 Pb(1958)>Cd(183.1)>Cu(95.1) Pb(2768)>Cu(123.9)>Cd(71.4)
st Pb(1934)>Cu(82.9)>Cd(44.4) Pb(2358)>Cu(196.4)>Cd(91.1)
& K HEe¢RBRTARL MM EC,,
Metals EC,, of different soils under the same metal
Cu F111.8)>%(85. 1) >FF(82.9) FF(196.4)>F(126.2)>F(123.9)
cd F(183.1)>F(84.6)>HF(44.4) FO0.3)>FF(01.1)>H(71.4)
Pb F (2545)>F(1958) >FF(1934) F(5207)>F(2768) >FF(2358)
31 tMBMEMEC, BEFHEIHE
Table 8-1 Variance analysis table of double factors for EC,, of metal added to soil
£ 9 ERIAR
Cause of Ss DF MS F
Crop varistion
+ X ® 85300 2 42600 1.00
1987 & & B g 8375000 2 4187500 98.665%*
x RRigs 169700 4 42400
& A 8630000 8
‘ + | 1565600 2 782800 0.98
1988 4 & X 8 22142900 2 11071400 13.897%
P RBRE 3186500 E 796600
= & 26895000 [ 8 o

B: @ n, =2, n; =4 04, F,,, =6.94, F, , = 18.00,

®@ =

p=0.05 B EKE,e»

p =0.01 BEKE,
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M 8-1 FEIRFED , Tk 1987 EFBER 1988 FME, THARMEEH ECy, #&
TMBRNRAEREAEE, FEHRE p= 005 BEEAEBEa&BRRE, FHEITE
¥ 0.01(1987 F AR, 0.05(1588 EFE)BFE KF. NERASEBABRERDEER
REETB/LHTRZEETHERE LSR A%, HR(GES-DIFRA, THENER
ECx ZRDPEH TEFAET Pb 5 Cd.Pb 5 Cu 2], 7 1987 FMBEEE p =001 B
K, 1988 SEFIKT p — 0.05 K LBK,

¥s-2 EC, BRRWEa LSR NEBHR
Table 8-2 Results of LSR test for diversity significance of EC,,

K 2 3
£ & WREE n R % R
SSR 5% 3.93 | 4.01
Crop Test item Results of test
SSR 19 6.51 | 6.80
&R X X-96 X-104
1987 4 D - 7146 2050%% LSR 5% 467 476
X ®B SREHH cd 104 8 LSR 1% 774 808
Cu 96
&= X X-90 X-148
1988 & Pb | 3446 | 33s6e 3298% LSR 59 | 2025 | 2066
h O » Cu 148 58 LSR 19 | 3354 | 3504
cd 90

s——pw 0.05 BEKF, == p=0.01 GEXKPR,

(A) tMeMGEAREHNE

mfElER 6 BYNERTENEM LB REBBERRE, XBEETHEER
W R ICEAIRE, RADEXSCIRTEIOBRE, SHHEUREREE 80% (BIBEER
HLTFREZHT 1002 (FIAERERXZ N ZHERLCERE, BRXANEE
EREFRENIREBRERARESHBERRES™ 10% KPRFN DERERREN
I MEREEDLRERL BELEHZRPEN, —FRFRCEIRERENA,
FEGRBETHRENEAE. ZRHEALHREN. Hit, EHRXERMFTENTRS,
RAVE R AL, B H IR & RHEE 90% (EC,) fEX ISR 20 bRaE, (RA R 6 X5,
B EMEMEBERIRE («g/g1), EHIWF4:

KB(FE—F) Pb(488—587) > Cu(17.8—25.3) > Cd(l.ll—Z.lZ)

INE(B-F) Prb(888—919) > Cu(91.9—95.9) > Cd(18.5—19.4)

F MICROTOX ZaER L%E—RAZHAER ERAE: 5 25H 15 5504
B, Hit, RIMKRULERREAHT RS BIEFIKE B MICROTOXyy #r#, ZERK
MICROTOX FERZENBIR T, ARERTHELK,

NEIMIEAEESBRARKRRTALETENET AFREES), B LR
IR BE X6 1+ 3 Pb.Cu.Cd H A BB ME,
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EVALUATION OF TOXICITY OF HEAVY METALS ADDED
TO YELLOW-BROWN EARTH AND ESTIMATION OF
THEIR CRITICAL CONCENTRATIONS

Gu Zonglian, Wu Liusong, Xie Siqin and Zhou Dezhi

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

Summary

The toxicity of yellow-brown earth added with Cu, Cd, or Pb was researched using the
MICROTOX method in the process of successively growing of paddy and wheat in a pot exper-
iment. It was confirmed that when three metal elements in yellowbrown earth were extracted
by water, their concentrations were too low to display toxicity as contrasted with red soil; but
when extracted by 0.1 mol L™* HCI, their concentrations rose obviously and toxicity appeared.

The optimum gquasi-conjunction equation between metal’s concentration in soil and its re-
manent luminosty (toxicity index) was founded on the basis of correlation significance at p=
0.01 level. The critical remanent luminosity of soils containing metals was defind as 90%
(ECuy). Accordingly, the critical concentrations of Pb, Cu and Cd in yellowbrown earth
(grown with preceeding crop) were estimated to be 488—587, 17.8—25.3 and 1.11—2.12 mg/
kg soil, respectively.

Key words Biotoxicity, Heavy metal pollution



