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Bl Be 4l it 5 26 4, 4 3 A4~V IX, CdC, -
2.5H,0,PbSO,,Cu(NO,), + 3 H,0 ¥ K E =/ fr 4l
A AR B R RO R AR g S, ST
HepEk fE t, pH 6.0, A HLIR 27.12 ¢ - kg™, &}
(Pb) 4 (Cu) , 5 (Cd) ¥ 51 52 53 %51 51 4y 34. 90,
37.40,0.01 mg - kgfl 5
2 ik
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W3 W, S E I BEK , IREF 70% 2245 1) H
()RR B, 70 Aty B A 30 U R A ] 3R A7 v,
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R 1 AR FIT R R K-

mg - kg -
T A B AR
Qb B 7K S
%iﬁ ¥ (GB15618-95)
JLHR
12 3 4 —u B

popitst - - - - - -
Pb 300 400 500 600 <300 <500
Cu 100 250 400 550 <100 <400
Cd 0.3 1.0 10 20 <0.3 <1.0

T = 3 YU 15, ) AR AR SR A S, [FIR R
AR R . £ 105 C R RFE /DA, 70 CHET, 5351
Frig - F AL T T8 BAE RN 294 d,
A ACFRIA 132 d,
223 EL&EBRBEEMNNE HELEEITRE
GB156185.1.5.2 Fn( rr [ 24 L) 2005 4F Rt —FlBff 5
IX B HE AT, Cu,Pb,Cd SRH ICP L&, N
PRUEI E g e v 50 R M, BRI EAT 3
WA, e Je B 3 B 59 . I @ = 0. 05
IKOFEAT 22 5 W E AT .

P ofe ittt 2 2 i« 4 0 W RO St 9 b o 1 R
(UG FREE T L, LS GSB-04-1767-2004 ) , 3=
TR M R A ZR FBR HEVE VR, R FH D WO 3 A A

%2 Pb,Cu,Cd FRUEMRARIR R E mg - L7

JLER PRUEE I TR L

Cu 0 0.5 1.0 2.5 5.0
Cd 0 0.5 1.0 2.5 5.0
Ph 0 0.05 0.5 1.0 2.5

itz BR A [ 24 81 ) 2005 4 it H A O RE SR R 4 B Y
TTEPAT o SR 3 DA 3 U BT Rt 5 9 5 At 3K
WA 20 pL, AW EIE, e . = NIR A 24
C,#EFERE] 1 h,

PRt Lo 2s il K % AR UAE 105 °C TR 2
(1) FE SR R X HE Pl 2, TG 7K £ 43 il il A 1 mL
4:0.02,0.04,0.06,0.08,0. 10,0. 12 mg (7, 1T
S UL LM, AR EIH RN Y =
102 530X —=716.72(r =0.997 8) . AR [a 1975 FL &
S 45 RE SRR A 0 1A W 1 AR, B AR SRR K A0 1
TE,
2.3 BURAFES S SR DPS 3,01 thagEg
WG AT 2 A2 E LA
3 4R
3.1 R —EE A JE a0 A AR K A R
3011 XPAREECRURRL R E M Pb,Cu,Cd

YRR HEm 2, W2 2, — 4 J FPp I T AR R AR BEK P A R AL
AN B M G VP A G e PR RIS LR R A 1, B 3 v n R R
P2 B2 A ) B il 390 Ah 22 B e A7l b ) KR R A AR L R R, Horh Cu 38 R BBl
(TFRCARIAE) ) o W db , SRRSO SR A S H 43 0 L X BT R 95. 3%,
2.2.4  FERRMNIEEL HEMIE  RERMEE  96.9% , JLT4al, W3,
#3 P EEPHEE BRI I (x 5,0 =5)
. SR REOE NG Hi b T HWFTE
WPIEER A HKT "
I /o) /cm /o) /e %
CK X HE 150.0 +4.24b 15.00 £0. 14d 23.32 £2.81a 63.37 £2.82a 13.34 £0.70a
Pb 1 250.0 £24.04a 21.67 £1.78ab 20.83 +3.58ab 62.37 £3.58a 11.36 £ 1. 17bed
2 170.0 +4.24b 13.30 £0.85d 19.42 +1.96abc 54.30 +1.31b 11.07 £0.91bcde
3 101.5 £6.36¢ 9.23 +0. 19¢f 19.45 £1.56abc 55.28 +£2.86b 10.33 £0. 60cdef
4 86.5+9.19cd 7.76 £0.48(g 19.28 +2.80abc 55.06 +£3.04b 9.64 £0.25efg
Cu 1 162.5 £23.3b 14.77 +0.36d 20.90 +3.07ab 56.71 +4.34a 8.57 £0.54¢
2 61.0 £15.5d 2.29 +0.38h 14.77 £3.26de 20.01 £2.77b 5.82 +0.10h
3 24.0 +4.48e 1.81 £0.42hi 11.78 £4.33e 12.64 £1. 14¢ 5.13 £1.16h
4 7.0 £1.65¢ 0.56 +0. 14i 4.95 £1.73f 8.81 £0.84¢ 2.55 +£0.04i
Cd 1 251.5 +28.9a 22.97 0. 10a 21.78 +3.26ab 57.35 +1.08a 11.88 +0. 60abc
2 231.5+33.2a 20.83 £1.52b 22.43 +1.94ab 55.46 £5.73ab 11.14 £0. 18bcde
3 138.5 +47.3b 19.24 £1.73¢ 19.22 £8.22abc 51.21 £3.09b 9.35 +0.48fg
4 91.5 £4.9%4cd 9.94 +0.47e 18.27 +3.50bed 42.03 +£0.62c¢ 8.35 +0.76¢g

TE BRI AR 95% , Horh /NG SRl i 22 He AR P < 0. 05 225 (3R 4,5 ) .
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KM P25 W% FelJe Cu lihin 2b 38 3 F ik
B4 5y X R R 52.2% ,78. 8% . UiHA Cu
BT 4 JE W A0 6 RR R R e A M 2 R
Cou Jifp 380 %) B =5 52 J6 A BH &, Cu 38 b B 4 ()
PR AN 4. 95 em,
3.1.3 XfHb BT E#m @3 3 Al4, Pb, Cu, Cd
B 4 0 o b R R A R BN,
Wi A B 5 B4 I B A, Ph , Cu JiiRif %5 Cd ki R [
TR R R Cu JBh38 7E Vi B2 AR 38 5 % IR L
RN D ELES Wit AR AL FEACE X = A
PR AR e AR S T A R e ] T, AR v R T
T R S e A — 3
3.1.4 XPHL RN TEE#M  Pb,Cu,Cd B —E 4R
AT Hl R T EE S R B A B R iR AR
S T E R 0TS X IR L AHR R R
2255 ULEH Pb,Cu,Cd Fo— 5 4 & Jifra0 X) B Ak
AR ZR B B

H AT D, , J2AG R X 4 R — e B —
M ZLTAVE o 78 - PR 5E BT & — U bn i b IR (A A,

55X HRAH LG ARG R A W i 3, AR i
AR, AR TE R, X T = AR TR
HEARSEX,
3.2 A JE WA ot BN R A AR LA I 4 A
A

AN [F) VAR B ) 4 i A BT ) AR 45350 o Az 1) EE
e EEERTE, WKL, Pb,Cu,Cd B —ELE
ISTER Y SR iR SN gAY 90 S VA7) SEE s
JEE R AT, I LI A 3 R 3 DR A A7 T 4 i
HB ARG K . Pb, Cu, Cd b 38k 7 fe KB, AR
25 R A N 4 JE S A B KB, Pb &b
P BE B A AR ZE e R Pb A3 51 X B
13.92,1.52,0.98,0. 96 5 Cu 4bHR ¥ BF B Fo i 2%
e SRR Cu f 5 2 02 XY 0.22,1.1,0. 45
5, HoP R Co & 8 5 R A AL 3 3, Sk B Y
5.3 4% Cd 7EAb MR FE 5 R, AR ZE i R
Cd B84 2 4 B8 B 7.00,2. 89, 3. 00, 3. 37 £,
B MG T UL A AR X R 4 0 R AR R T IR, 2R
- CRBEY AR BE AR/, 3 S AR 4 R A A
KAELAHRAL I, GBS B 48 B 1 [ e 7Eax Sefi i |,
D] 5 e o = R s B W i 2 AR
R A5 —2L

A TG R MO T R A LA I EE R TR A B R (3 25, =3) mg - kg
WBITE  ARTUKE i - AR
Pb oy 3.47 £0.581e 2.35+£0.218d 2.59 +1..404d 2.80 £0.382¢
1 12.67 +1.701d 2.47 £1.053d 2.97 £1.074c¢ 3.51 £0.368bc
2 27.88 +1.106¢ 3.73 £0.692¢ 3.93 +3.007b 4.01 +0.254b
3 42.36 +1.325b 4.34 +0.841b 4.76 £0.352¢ 4.36 +0.578a
4 55.80 +4.354a 5.92 £0.742a 5.12 £2.467a 5.49 £0.34a
Cu Xt R 26.94 £0.417e 12.08 £0.599¢ 9.64 +0.389d 9.40 0. 114¢
1 62.1+£3.411d 13.03 £0.452b 11.62 +0.478d 10.73 £0.359bc
2 89.66 +3.326¢ 13.16 +0.449b 14.58 £0.203¢ 11.85 +1.867abc
3 169.76 +4.722a 13.86 +0.359b 17.72 +0.989b 12.66 +1.079a
4 153.8 £6.771b 14.77 +1.168a 20.23 +1.409a 13.63 £0.262ab
Cd Xt R 0.11 £0.009d 0.09 +£0.002e 0.08 £0.001e 0.08 +0.002d
1 0.13 +0.008d 0.17 £0.007d 0.18 +£0.004d 0.18 £0.001¢
2 0.24 £0.004c¢ 0.29 £0.003¢ 0.24 £0.004c¢ 0.29 +0.004bc
3 0.56 +0.002b 0.34 +0.007ab 0.29 +0.008b 0.33 +0.007ab
4 0.88 £0.001a 0.35 +£0.002a 0.32 £0.003a 0.35 £0.002a

ChRifE) MURE 1 25 R B i) 50) B 2 €00 i JBUAR
U, B 25 AR JEURE R R | i B e H ol 5 25
SRR XA Y 5k o b S T2 A OB
LN A2 5 b R . (b i) J2 AR N RS
AL X AR5 52 5 10 s e 2 IR B R A 22 52

A 2T AR — , o A T 4 s R AR v - Y
(Pb)<5.0 mg - kg ™' #4(Cd) <0.3 mg - kg™' . 7R
(Hg) <0.2 mg - kg™ 4l (Cu) <20.0 mg - kg ™" Fif
(As)<2.0 mg - kg™ ' M <20.0mg- kg ',
Hi1Z% 4 3fral LI, Pb, Cd 73 5 £ AL B 4 il
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AL B3 sk SRR AR 4y i e i) R BR
bR Cu £ LA b B e B2 AT R A ) (b ofie) Hh Y
FREEARIE . 00 T8 e AR A o 0 R
FHHERATRSE L.
3.3 T m I n N A AR AR R IR & R
LAl

(Hr [ 25 8 ) 2005 AF bt L AE SR R 11y B A
I PR R R AT VA, OF HoAE TR AR
FRRARAM AT 0.12% . Pb, Cu, Cd H— A
It Ak B e JBE ) 49 O, B e R R AR CR R R B A
R P TR S R A B RS A R — 250G KR RE

SRR & ETHE S . Pb, Cu, Cd #R7E AL Bk
-4 i), B R R A Ik B i ORAE, 2 B IR
K20.52% ,25.76% ,15.72% , 2= 58 =&, W%«
5. ATLAFE i Pb, Cu, Cd Ho—Jp 30 XF 5 Ak 7% 58 2R
PR 5 B R B O S R BOM ], 4 b )
W7 AR R S RN RR 2R, O ELAR U W da e AR
SR TR 8 T JRE K W Pl e e R R — 2B K B
R AN AR . X ARSI T
HL 25 0 AR ™ W BB 5 B0 B 56 &R 1 BIF 9T 46
AR — 2, th 5kl B 1 LR 5 T 3 R
At U A A A B R WA A S 8 — 2

RSB R M0 R BN R AR SRR 5 RS (v £ 5 ,n =3) g- L7
HRER CK K1 -2 A3 T4
Ph 0.229 +0.011a 0.253 £0.011a 0.261 +0.006a 0.271 £0.013a 0.276 +0.021a
Cu 0.229£0.011h 0.253 0. 008ah 0.264 £0.015ah 0.282 £0.01a 0.288 £0.024a

Cd 0.229 +0.011a 0.257 +0.009a

0.258 +£0.008a

0.264 £0.025a 0.265 +0.009a

Wk 5 Fros  FEIT AT R BV B, SR AR AR IR R 15 it
FRAR T [ 24 i) 2005 4F i b BT8R 2 10 e A A
o R4 Pb, Cu, Cd Jip 38 % SR 3 AE SR W2 & 52
[ 45 5 0 AR AR R L 8 & i, /T LU,
Pb, Cu, Cd JIB 2 $ITE AL BKSF 2 b K SF 1 403
TRV 2 B ERG RL a  Ba A] DA, BT DA =
hRE -3 42 )& Pb, Cu, Cd I SFHE 530 AT AR
7 400,100,1.0 mg - kg ™',

4 R 50N

Zi5 RS Mgy Pb, Cd 2 FE 4 JR 7E AL 38K
1 AR BEIKF 2 B AR K SRS AT, Cu ZbBE7E 4D B
KA 1A R A AL B G, I HL I /K S A 32 A
R SR o e (bR FRAE Y, TRl i SR A Y B8
1R o o LG FR IS AT 45 15 , DR HOAR s A R R
AR A A A R 3% Pb, Cu, Cd 3 FhEE 4 )8
I BB 53 15 7 S 400,100, 1.0 mg - kg ™' Ry ELA
R T Ak P A S Hb 4+ 33 Pb, Cu, Cd & 12 b 7 2 it
s

K MWFFEHGE , 54 R 3 A PR 5 4 K
B BRTEMF , A i e —F ik, K
B AR 280 & Jm e R FEE AT B A TE
YT BRI A B A Mg &8 FAE, Bl
T WA Bl A BT VE AR T, A AR R IR Y
SIEAMELLE L A aE L e et R, ek
T A0 W T B PN, A B A o 4 Y o Bl R
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JURAEAE YR N 80 W WO L o) % 28 Ak o o 7
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LG R 518 2 NP,
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WP S R R AETE 2 ) T P Ab PR A 22 1k
A5 T7 BT FEERIN R, A R 5400 A= A QI A $R358 2 A
AR TFIRAACHE, AN 400 A= A Gl Ao 24 S it 46
YRR, AR AN T A 1 A i P10 T — 7 7
FERR U AR, WA KR S AU e —E /Y
ST OC AR A e e B S R AR R R IR AR
P I s B SR A B UCAE 7 Y
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SR, SR R < O B
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X34 take by white mustard ( Sinapis atba L. ) grown in different soils
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Effects of lead, copper and cadmium stresses on growth and
inherent quality of Prunalla vulgaris

WU Zheng, GUO Qiaosheng, WANG Qingya” , ZHOU Lijun, ZHANG Zhiyuan, ZHANG Lixia, HUANG Tao
(Insititute of Chinese Medicinal Materials, Nanjing Agricultural University, Najing 210095, China)

[ Abstract |
and cadmium (Cd) on the related physiological and growth indexes of the plant. Method: By referencing the GAP and the soil envi-

Objective: Prunalla vulgaris was used as the experimental material to study the effects of lead (Pb) , copper (Cu)

ronmental quality standard, the growth and inherent quality of the plant were observed under different concentrations of the heavy metals
stresses. The data were statistically processed. Result: The results showed that the plant grew normally when the heavy metal concen-
trations in soil were close to up limits of the soil environmental quality standard [I. The content of heavy metal in spica met the re-
quirement of the standard, and under the circumstances the content of ursolic acid was increased in a certain range. The critical values
of Pb, Cu, Cd in the P. wvulgaris grown soil were set at 450, 100, 1.0 mg - kg™, respectively. Conclusion: The harmful influence
of the heavy metal stress at a lower concentration is lighter than at a higher concentration, and it could increase the content of ursolic
acid. The stress of Pb, Cu and Cd is more obvious than that of Zn.

[ Key words| Prunalla vulgaris; heavy metal; single stress; growth state; heavy metal accumulation; secondary metabolism

doi: 10. 4268/ cjcmm20100301
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