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Improvement effects for the content of five heavy metals, the yield,
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Abstract ; As it seeks to screen suitable methods for reducing the heavy metal content in Chuanxiong Rhizoma (CX) ,CX,the
object of this study,which was treated by quicklime single or combined, has been studied on the contents of five heavy metals,
the yield,and quality. Field experiments were carried out in CX’s main producing areas, Pengzhou and Meishan. The samples
were collected during the harvest time. The contents of five heavy metals were determined by microwave digestion-ICP-MS.
The extracts and volatile oils were analyzed by the pharmacopeia method. The contents of six effective components were deter-
mined by HPLC and UPLC. The differences among each index were compared by multivariate statistical analysis. The results
are as follows:T-1 ( quicklime 6. 67 kg/hm*) , T-2 ( quicklime 6. 67 kg/hm’> + potassium dihydrogen phosphate 1. 33 kg/
hm’) ,and T-3 (quicklime 6.67 kg/hm® + starch 6.67 kg/hm’®) can significantly reduce the Cd content of CX. T-5 ( quick-
lime 6. 67 kg/hm* + potassium dihydrogen phosphate 1.33 kg/hm® + starch 6.67 kg/hm*) and T-6 ( quicklime 6. 67 kg/
hm” + potassium dihydrogen phosphate 1.33 kg/hm” + sodium polyacrylate 10 kg/hm’ + activated carbon 10 kg/hm”) can
significantly reduce the Pb content of CX. T-2 and T-6 can significantly reduce the As content of CX. In addition,T-2 can sig-
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nificantly increase the content of alcohol-soluble extract and ligustilide I. On the whole, the yield of CX increased by 0.93% -

39.03% via quicklime single or combined treatments. Nevertheless , the contents of senkyunolide A ,coniferyl ferulate in Peng-

zhou CX,and the contents of ferulic acid and chlorogenic acid in Meishan CX were reduced to different degrees. Both the

sampling locality and quicklime treatment method influence each index drawn by correlation analysis and cluster analysis.

Committed to improvement effects for the contents of five heavy metals,the yield and quality of CX,T-1 and T-2 can be used

to reduce heavy metal contents in CX,which grow in Pengzhou or Meishan. T-3 can be used to reduce heavy metal contents in
CX, which grow in Meishan. And T4 ( quicklime 6. 67 kg/hm” + sodium polyacrylate 10 kg/hm’) can be used to reduce

heavy metal contents in CX, which grow in Pengzhou. In conclusion, the heavy metals content and yield of CX can be im-

proved by quicklime single or combined treatment, which improving its safety, providing the theoretical basis and technical

support for the high-quality and green production of CX.

Key words : Chuanxiong Rhizoma ; quicklime ; heavy metal ; cadmium ; quality ; multivariate statistical analysis
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Table 1 Experimental treatment methods
%5 No. Qb FEJ79% Treatment method
T-1 HF K 6.67 kg/hm?
T2 AR 6.67 kg/hm? + iR — &80 1. 33 kg/hm?
T-3 KR 6.67 kg/hm® + JEH# 6. 67 kg/hm®
T4 HEATIR 6.67 kg/hm? + IR 10 kg/hm?
T-5 LK 6. 67 kg/hm?® + iR — 54 1.33 kg/hm® + JE#) 6. 67 kg/hm?
T-6 HAT IR 6.67 kg/hm? + BER — 240 1.33 ke/hm?® + BENIETREN 10 kg/hm? + G HESE 10 kg/hm?
CK AELb 3
1.4 FE5H VR T 28 G 5 Bk M BT B BR X BR 5 2 mg 10 mL
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Table 2 ICP-MS operating conditions
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Instrument parameter Condition Instrument parameter Condition
RF 3% RF power 1150 W FHEWEL RE N, Sweeps/reading 20
SKREAE (Ni) L2 Sample cone(Ni) 1.1 mm 1B L Reads 1
I (Ni) FLA2 Skimmer cone(Ni) 0.9 mm & 53 WBL Replicates 3
R Auxiliary gas flow rate 1.2 L/min 3} 240} H] Residence time 50 ms
LB SRR (Ar) Plasma gas flow (Ar) 18 L/min TSN Integral time 0.45
21787 Running mode (TR HEFESHEH Nebulizer pump speed 30 rpm
L Scan mode it Rpq 0.25
ZEALAHAHE Nebulizer gas flow 0.94 L/min SHERE PPk ] Injection flushing time 20 s
Bda R MR Data acquisition mode Dual
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Table 3  Linear relationship, detection limit,and quantitative limit of five elements

. /,l., - Y /\5!% \Tle' ==X

P SpE IR AL A i IR

Element Linear equation Jdnear range orrelation 4 4 Q
(pg/L) coefficient ( r) (pg/L) (pg/L)

| y =0.003 0x-0.213 4 1.00 ~100.0 0 0.999 9 0.01 0.03

M Hg y=0.004 0x-0.278 0 0.01 ~5.00 0.999 6 0.01 0.03

208 pf, y=0.002 6x-0. 668 4 1.00 ~100.0 0 0.999 9 0.04 0.12

5 As y =0.003 0x-0.209 8 1.00 ~100.0 0 0.999 9 0.01 0.03

% Cu y=0.006 0x +0.410 9 2.00 ~200.0 0 0.999 9 0.07 0.23
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Table 4  Linear relationship and linear range of six chemical components

Ay

L AHIC R B AMEVE
Component Linear equation Correlation coefficient(r) Linear range( pg/L)
mﬁ@ﬁ . y=27.89x +1.15 0.999 9 10 ~ 100
Ferulic acid
o3t g
',%»%M L y=7.0 E +06x-8 734.5 0.999 8 17.84 ~178.4
Chlorogenic acid
HIIE MR A _
Senkyunolide A y=3.0 E +06x4 485.1 0.999 9 140.4 ~561.6
P |11 O i
é“l%lj‘]fﬁﬂl y=1.0 E+06x +1 777.5 0.999 8 1.74 ~8.72
Senkyunolide I
BPNHTE
Bﬂﬁﬁammﬁﬂ y=6.0 E +06x +64 115 0.999 7 79.2 ~237.6
Coniferyl ferulate
/- 5
Z- S P y=3.0 E +06x-3 996. 3 0.999 8 120.4 ~1 204
Z-Ligustilide
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E 1 HPLC &itE
Fig. 1 HPLC chromatogram
T AP BRER X R & s B-)IEZ R 5 . Note: A-Ferulic acid ; B-Sample.
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2 UHPLC &iZ%E
Fig.2 UHPLC chromatogram
T AT IR s B ERE N o LSRR 5 2R 15 U 153115 N TR A s4-BIT B AMATIT ;5-Z-B8 A TR . Note: A-Reference substance;
B-Sample. 1-Chlorogenic acid ;2-Senkyunolide 1;3-Senkyunolide A ;4-Coniferyl ferulate ;5-Z-Ligustilide.

JNEFE SRS SR TE DL 3R 5 Wkh )1 25 2544 7~
R 1.98 ~3.26 t/hm® , B PEIR H1Y) 4 28.70% ~
36.91% KRR )R 38.25% ~46.26% 1% Kk
Mk 0. 60 ~1.29 mL/100g, B &1 /2 & 0.30% ~
0.51% , 7¢I PIES Tk 0.02% ~0.04% , 7)1 14

fis AN 0.67% ~ 1.94% , & J7 /g N 0.43% ~
0.71% , Bl BLFRAAFABE 4 0.57% ~1.00% , Z-Hi 7
NBEH 2.32% ~2.92% ,Pb 24 0.48 ~2. 89 mg/ke,
Cd 5 0.12 ~0.70 mg/kg As 247 0. 15 ~0.27 mg/kg Hg
4 0.01 ~0.05 mg/kg .Cu 24 7.76 ~14. 34 mg/kg,
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Table 5 Test results of Chuanxiong samples (; +s,n=3)
J5ki JE1l] Meishan WM Pengzhou
Index T-1 T2 T3 T4 T5 T6 CK T4 T2 T3 T4 T35 T6 CK
PR 222+ 2,00+ 2.4+ 2.58% 2.76+ 2.20+ 1.98+ 3.26+ 2.98% 3.05% 3.13x 2.80= 2.95=+ 2.41 =
Yield (t/hm?) 0.23 0.11 0.41 0.94 0.15 0.41 0.10 0.31 0.19 0.22 0.17 0.02 0.62 0.51
Py P A 28.97 +30.63 £29.00 £28.70 +32.79 +34.13 £35.90 +35.32 +36.91 £33.22 +34.78 +35.43 +31.83 £33.80 =
Alcohol-soluble extract(%) 3.52 2.07 1.05 4.97 0.57 2.13 1.20 1.60 0.8 1.05 0.31 0.48 2.22 0.56
IKE PR Y 38.25+41.70 £40.13 £38.83 +45.58 +42.59 +42.85 +44.83 £46.26 +44.61 +44.87 +44.65 +40. 86 +43.42 +

Water-soluble extract( % )

A

Volatile oil( mL./100g)

BT 2%

Ferulic acid( % )
FENE A T
Senkyunolide 1( % )

TENE MR A
Senkyunolide A( % )

Chlorgenic acid( % )
B B0 R A AT i
Coniferyl ferulate( % )
Z-HAR N R
Z-Ligustilide (% )

2.18 2.51 1.83 2.17 5.09 3.07 0.8 1.18 1.37 1.34 1.49 1.31 4.16 2.21

1.29+ 1.04+ 1.10+ 0.80+ 1.08+ 1.17+ 0.95+ 0.93+ 1.17+ 0.80+ 0.60+ 0.93+ 0.88+ 1.07 =
0.17 0.67 0.70 0.61 0.24 0.38 0.62 0.12 0.21 0.40 0.35 0.12 0.24 0.76

0.40+ 0.47+ 0.46+ 0.41+ 0.46+ 0.47+ 0.51+ 0.33+ 0.30% 0.31% 0.34+ 0.33+ 0.34+ 0.30+
0.11  0.03 0.06 0.07 0.08 0.12 0.01 0.02 0.02 0.03 0.05 0.05 0.04 0.02

0.04+ 0.04% 0.04+ 0.04+ 0.03+ 0.03+ 0.03+ 0.03+ 0.04+ 0.02+ 0.02+ 0.04+ 0.03+ 0.03 =
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.00

1.61+ 1.60+ 1.94+ 1.50+ 1.09+ 1.75+ 1.52+ 0.76+ 0.67+ 0.91+ 0.75+ 0.87+ 0.75+ 0.99 =
0.10 0.06 0.10 0.25 0.24 0.03 0.06 0.10 0.11 0.12 0.07 0.08 0.05 0.14

0.63+ 0.57+ 0.43+ 0.58+ 0.58+ 0.59+ 0.71x 0.51+ 0.43+ 0.57+ 0.52+ 0.57% 0.62+ 0.44 =
0.09 0.05 0.04 0.21 0.09 0.01 0.04 0.04 0.07 0.01 0.03 0.13 0.05 0.02

0.75+ 0.94+ 1.00+ 0.92+ 0.84+ 0.90+ 0.89+ 0.69+ 0.57+ 0.79+ 0.74+ 0.74+ 0.73+ 0.82 =
0.07 0.12 0.06 0.10 0.08 0.02 0.03 0.07 0.04 0.09 0.10 0.04 0.03 0.10

2.63+ 2.32+ 2.55+ 2.74+ 2,49+ 2.84+ 2.42+ 2.81+ 2.44+ 2.85+ 2.90+ 2.76+ 2.92+ 2.85 =+
0.12 0.25 0.12 0.40 0.22 0.02 0.10 0.26 0.13 0.13 0.26 0.06 0.07 0.14

0.75+ 0.66+ 0.93+ 0.72+ 0.48+ 0.62+ 0.77+ 1.52+ 1.43+ 1.47+ 1.99+ 1.99+ 2.02+ 2.89 +

Pb(me/ke) 0.0 0.10 0.10 0.06 0.18 0.01 0.03 0.10 0.28 0.16 0.54 0.27 0.57 0.65
Cd(mg/ke) 0.14+ 0.16% 0.12+ 0.19% 0.17+ 0.23= 0.19+ 0.45+ 0.42+ 0.59+ 0.48 = 0.49+ 0.49 = 0.70 +

me/xe 0.0 0.01 0.02 0.06 0.02 0.01 0.00 0.07 0.06 0.11 0.07 0.10 0.06 0.06
As(me/kg) 0.25+ 0.17+ 0.22+ 0.18% 0.15+ 0.16= 0.26+ 0.18+ 0.18% 0.22+ 0.27% 0.25+ 0.19% 0.26 +
simeg/xg 0.06 0.03 0.05 0.03 0.03 0.03 0.03 0.02 0.0l 003 0.11 0.07 0.04 0.10
He(mg/kg) 0.03+ 0.02% 0.02+ 0.02+ 0.02+ 0.02= 0.01+ 0.03+ 0.03+ 0.03+ 0.03= 0.03+ 0.03+ 0.05+
glme/ kg 0.00 0.00 0.0l 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cu(mg/ke) 12.87 +11.83 + 11.51 +14.03 +13.05 + 13.65 + 14.34 + 9.77 + 8.97 + 10.27 +10.38 + 7.76 + 9.92 + 8.70 +
u(mg/kg 1.19 1.12 0.95 0.65 0.06 2.38 1.04 0.64 1.24 1.97 1.69 0.91 1.22 1.51

2.2 HEAREQ/EXRNSHHHRS MTERIEN
A

A RIS )N E 25k rh 5 R E & )8 ek
A TRFRREE R AE AL (18 3) o 2 F AR 2 i 570 &k
SRR AT AR HE) (WM/T2-2004) L 5E Pb . Cd
As Hg . Cu B3 AEE 5.0,0.3,2.0,0.2.20
mg/kg, HIE 3 AT E A L™= 15 S Foc R & &Y
FFEPRAERLAE , T2 M N E AL Cd & i 2o b
R, AL s ] WoR, 5 CK AHL, T-1 ~ T-5 &b
= Cd BT 1.26% ~35.22% , HH T-1,
T2, T-3 fh#ERE Cd R R, 0 5B AR T
26.85% (P <0.01) .15.44% (P <0.05) .35.22%
(P<0.01);T-5.T-6 AbFLJIES Pb 5 5 43 5l BEAR T
37.76% (P <0.01) .19.77% (P <0.05) ; T2 ~ T-6

LEBRN 2 As AT FEAR T 17.33% ~42.81% ;T-2 \T-
3AEFENE Cu F &AM IR T 17.51% (P <
0.01).19.73% (P <0.01) ; AR AL 3 S )12 He &
WA —ERE T, BT T AR R . 2R
el KW, 5 CK M, AF4#)IE Cd . Pb Hg
T AR, A IR T 15.42% ~39.05% |
30. 15% ~50.41% .23.34% ~38.05% , Hp T2 kb
P Cd \Pb &SRR R, 2 I FEAK T 39.05% (P
<0.01).50.41% (P <0.01) , AN[E L FHFE Cd 2 5
KIE T2 >T1 >T4 >T6 >T5 > T3;T-1 . T-2 . T-6 kb
HNE As i F AL, Ho T-1 B R 2, BRI
T 31.05% (P <0.01) ; A[RAEFNE Cu FEH CK
ToREEA, LA, T-1 T2 T-3 AbHfe i
R)NE Cd i, T4 [ T-5 . T-6 4b 3 fig b 25 F L2 N
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Fig. 3  Comparison of contents of 5 elements in CX treated by quicklime methods
S AXRA S, P < 0.05;"*P < 0.01;"*"P < 0.001( F[E), Note:Compared with CK, *P < 0.05;**P < 0.01;*"*P <
0.001 (the same below).

2.3 HARELEXNNSHEFERRENHIT
A AR IR S N 25 77 1t R ) B Kk
WA —EBRENZEL(E4), HE4 M, 5 CK
AR, JE W AS [R) Ak 2RI ES 25 44 3 72 0.93% ~
39.03% , Horf T-5 gb 31|45 7= 5 &40 (P <
0.05) ; s PRI I LE 28. 70% ~35.90% Z ], £
A 2 8) 2020 AR RR I 35N B E F AR RR
(12% ) , Horr T-1 ~ T4 Kb PREE R 3 CK i
R BRI T 14. 66% ~20.06% (P <0.05) ;7K
PRV TE 38.25% ~45.58% 2 [], T-1 T4 4b3g
KR B CK 43 BIFEAR T 10.72% 9. 39%

Ak, B M R[] b BRI 2 2 b 4 77 15.91% ~
34.97% ,H LA T-1 38 P RO e s B R R )
T£31.83% ~36.91% [ FF 4 25 IALSE | Bk T-2 12
PR MY B T CK A, Ak S CK o 3%
25 NSRS OK R B W TE 40. 86% ~ 46.26%
ZIA AR A HR S CK e i k2 55 5 CK A, T-
3. T4 4b 35 K 5 5 FEAR 24.97% (P <
0.05) 43.74% (P <0.01) , HiAx kb ¥ 5 CK LB %
2550, PRI A R R, A A KA B BE AN ]
FERE R FR 2 )11 25 24 b8 7™tk , T-2 Kb B A8 8 2548 )1
SRR Y, XK R Y FE K B Y

(P<0.05)  RRIACFR)I R M S A CK TR E  mi/h,
2t T EORFEEmS KIEFFER A i
Yield (vhm?) Alcohol-soluble extract (%) Water-soluble extract (%) Volatile (mlL/100g)
4 501 «
3 40 |1 =
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20 z
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Fig. 4 Comparison of yield,extract and volatile oil of CX treated by quicklime methods

HEATIRIERE RS BT B R A5 6 Tl o5 i R ) 22
SRR(ES) o mE S Al b, JE LA [R) 4R 2 )1 25 B

BTN 0.40% ~0.51% A543 € ] 24 41 ) 2020
ARRRON 25 10T ML fe PR i (0. 1% ), Hodh T-1,T-
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3. T4 T-5 Ab BB BRR & FE ¢ CK AR T 10. 13% ~
21.78% o 5 CK AL, T-2 T3 T4 AL B 531 25
Pl T & B TR 32.23% ~ 43.25% (P <
0. 05) s ANl b HE | 5 o Jr 1 o5 i S S PG, HL e -
3 AR IR, AR T 39.23% (P <0.01) ;T-1 4bBEJI|
5 Bl 0T P T R R AR T 16.25% (P <
0.05) ;T4 T-6 AbFR I Z-F5A Py g 5 £ 53 531l 3
12.99% (P <0.05) .17.18% (P <0.01) . A
ARPRZA N S BBLIL & 50 0.30% ~0.34% 1542y
SHE . 5 CK AL, T2 T-5 ZRHI S 125 Y
1 £ 43 B3 30. 98% \31.88% (P <0.05) ; Al
SRS AN S MG A 5 B A — e R A1

Horr T-1 [ T-2 T4 T-6 AbFVE ) E5 AR A & 2R
T 23.32% ~32.84% (P <0.05) ;T-3 . T-5 . T-6 4h¥f
JI 2 2 s iR & B 1 28.66% ~ 42.03% (P <
0.01) s AS[ml b 211 55 B] B0 B8 A8 A1 B 75 f YA —
FREE B REAIG, T-2 Ab B 25 B B0 R FA AT L Z- R AR PN
Tt B 4 B A 30. 30% 14.42% (P <0.01), 7
M R0 25 R, A A RIS b FRAE P 1l %of B B2 4
6 Ao 5 TR M 25 R K, ARV B E 2N )1
NS IR A B 25 R A R IR 5 £ A () 2 B b
5, JE L1255 BT B RN 2 SR 5 1 AN [R) R A RARAI
T-2 AbPRAE 21 )= e ) 2 e 13 at

[DET P #5 BT IS AARA BT o] SRR Z-5A P i
Ferulic acid (%) Senkyunolide I (%) Senkyunclide A (%) Chlorogenic acid (%) Coniferyl ferulate (%) Z-1 ilide (%)
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Fig. 5 Comparison of the contents of 6 components in CX treated by quicklime methods
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Fig. 6 Correlation analysis diagram
H AL B-M o LA BT 527 4 s 3- B MR R N A s 4 K PR IR N 5 S35 0 5 6- BT BRAR 5 7V )11 25 PO IR 15 8T 1155 IR A5 9-54 R 5
10-Pu] ZRARFAFANE ;11 -Z-B5A P Jig ;12-Pb;13-Cd 5 14-As;15-Hg;16-Cu,, Note: A-Meishan ; B-Pengzhou. 1-Treatment method ;2-Yield ;3-Alcohol-sol-
uble extract;4-Water-soluble extract;5-Volatile oil ;6-Ferulic acid ;7-Senkyunolide I;8-Senkyunolide A ;9-Chlorogenic acid ; 10-Coniferyl ferulate;11-
Z-Ligustilide ;12-Ph;13-Cd ; 14-As;15-Hg;16-Cu.
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2.4 tEXMESH

N BB T A R WK 6. JA L5 45
R B R ) IR ) BT ELRR L Cd |
Cu 5 AbHI7 6 B35 IEAHSE, P15 N R 1. Hg 5 4k
TR E S T E A lE A 5 P BB IR
RO PIBEIR 5 He 35 0AAH G ; 20 RR S Cu 3%
IEAHSE; Ph 5 As BFIEAHR; Pb 5 Cd B35 f A
#;Cd 5 Cu R B FIEMK, ZINEREERE],
Pb Cd As Hg 4 oL RPN =5 AR A BRI A
G 2 F a5 A BT 30 38 IEAR G, 7 o B I
R KR Y5 A BT AR O O PR
EZNBE TS Cu 503 AR P12 AT A FIB 2
MRAATIERYS 5 Pb Cd Hg 5 1 35 1EAH O ; BT IR P
MRS As T 3FIEARSC; Z-BAR MRS Cd 235 IEAH
X3P 5 Cd As Hg UK Cd 5 Hg ¥ B3 IEAHC,
Lia o A HIT S Cd B IEAHSC, P 55 Cd B
FOHOE, Ph SR R A As 35 IEAR G

2.5 BRES

R T B2 W P R A BT X S A AR AR
SN, R RO A 22 ) A P 5 2047 R I o0 #r , 25
RN T oo @i ) RIS S B HE AR I &R
T ) SRS S 7 b A A By 2 R OE &R I
DA P 5 0 TR S R 25 e i B AR AR HE AR (LR /S
RIIEE R Wos ARG VR T7 1070 IS, As (Hg
Ph Cd B TER W) ORISR ) o7 i Z-5 AR
NIRRT —28, RIAAR bR R — 28 70" A AL B 7
AT, 73 A A L™ RS2 P ™ M & T 32 7
B T2 B hy—26, HoAthab BRI Sy — 2, JH 1L 7™ bt
CK\T-5 T-6 JHN—J&, HiAt A PR Oy — ¢ . B AAok
A, ZINFE S E RV M) RIEVER )
Z-BiAR AT Hg Pb Cd | As 5 T JE LR &L, T % K
L R A RIS AR T 4% J5ERR | Cu B £
P2 | BT B RR A RATE I T LLURE Rl MUTT 0 7™ s A4k
7 SIS F AR R
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Fig. 7 Heat map clustering
T 1-Ass 2-BER PRI A 5 3K I TR L ) 5457 ik 5 5-Z- B A N TR 5 6-H 3 7-Ph; 8-Cd 3 94 S il 5 1O-7 )1 25 TR 15 114 JUiR 5 12- [T B 5 13-
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Note : 1-As;2-Alcohol-soluble extract;3-Water-soluble extract;4-Yield;5-Z-Ligustilide ;6-Hg;7-Pb;8-Cd;

9-Volatile oil ;10-Senkyunolide I;11-Chlorogenic acid;12-Ferulic acid;13-Cu;14-Senkyunolide A ;15-Coniferyl ferulate.

3 ZigFitig
3.1 Zig
AR RISRE XTI E S B 4 )| & & 25
T TR R AN — , HL 7= b R AL B 925 4 5 45 48 b
i, ARG ERMMESEICR(FEEC) 2
bre i RO R, T-1 (AR K 6. 67 kg/hm®) (T2 (4
G 6.67 kg/hm® + Bz — A4 1. 33 kg/hm®) A E
NN B NS A P B 6 SR A ik T-3 (A=
IR 6.67 kg/hm* + JEHKY 6. 67 kg/hm®) T4 (44

o~

i

|

JK 6. 67 kg/hm® + RPYIHIREH 10 kg/hm®) 1T 53 5 1
I LN 5 A 7 v AR R Y O vk T2
ARBRAE RIS Cd As S5, B =5
ETER MR 5 R 1, OF B — e R
Mo B 24 7 s T-1 -3 | T4 BE B35 BRI % Cd
S R R, BRI RR ] TR E SR
ROCR , IR PR T 2580 R i . e, bk
JrE R Cd BOR S5 IRIZ1 A B Ren'® i 1014538 45
RIEAR B, JE— B U] ERTTIEAE N Cd 2%
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T RS E MRS, W LA I 3277 XK Cd 1]
M A RS
3.2 ifig

BAplRE FH A A K (T-1 A2 JK 6. 67 kg/hm’ ) 7
JELL (26.85% ) .32 M (35. 18% ) 1) HU A5 %5 4 1) %
Cd R N A 77 b R vp s I A A R AT 48 s+ 0
pH BRI - A 20 Cd & &, BRI E 258 Cd %
B O N . T 2 Y il 315 w1103 A = T o 214
R RIS 4 5 3 pH 2 A R = Cd & &
A BT — o SRTT, VSN AE A K ) [R] s 3 i 1
T 4rh Ca MBS, A WFSE L B 3N Ca AT DAy
MEA N A X Cd Y R R 4
ifii He 45" BF9¥ 30 Ca %t Cd A — & MIELVEM,
REAS 4 = B AKX EE 4 i Cd B I SRR 3 R 1)
LE BRI N E A i AR T Ca
(A3 N2 A5 X Cd WS R s S A 5 A etk — 20
5% RS

T4Erh P 5 Cd FA7E B VI OC &, WhIR £kl o
M B RITRE R Cd A o K R
AP D TR 44 pH AR Cd A= BUE
TR IR ER VT VE FN R LB BT AR 0 1, B Ik Cd A AL
PESS S A RTEARAE , BRI K R 4
FRZAM 6 A abdir, JH I T-2 (LE A JK 6.67 kg/
hm® + B — 440 1. 33 kg/hm®) S T-3 (4 A K
6. 67 kg/hm” + JEHS 6. 67 kg/hm”) KbFRRE Cd SCRAL
FT-1, G REIR — S e S AE A KA A,
A DAY RE Cd R . SR T A [R)H ih 76 PR kb X )1 55
Cd & 1 M A AE 25 57, D A A RS A BT R )
R Cd R0 A2 2] - 398 38 A 4 BT A 52 ) , AH 5G40 By
RIS o, 7 H Ak 3 5 0 & F8An A 52
L s 2 11 SO T W P 1< v v o o o
J7 B oy R b R B, RIAS s A TS ) ek R
T FH 8 BP0 b 2R A1 4 A 3R

WA R WK, 14 3 )RS 7 Oy Cd
SRR, AR IR 50% , I EBERY 7 Gy RE 5L 14
KBRS, X 552N £ Cd 35 5018 (0. 54
mg/kg) 5 T JE 1 3 Cd F5AE (0. 22 mg/kg) LA K
J& Ll 44 pH(7. 53) RT3 11 pH(5.47) K&,
NEZjH Cd &80 EE MmN R T 13 Cd &
HHAESN, HA B0 m Cd 8§ E RS FEEER
Z—o AW EIMEZM 6 AL E Cd 557K
CK FEAX T 15.42% ~39.05% , {H H 4% & w4 18
0.42 ~0.59 mg/kg Z ], H TN LG X Cd

FEAR PR , IR BT IE 7 TR R AIE Cd & 81 25 3 i
(AT BE , 400 A i e )1 2 B 42 8 Cd R (] A 2 1L o
Z AT RENE

I SR BR I AE S BT, AT & Pb 55 Cd
2R G, HEI 1 S ZE TR IR Ph A Cd B AR AR 5E 5
PRI, Vb R AEFE Rk A R R , Cd X Ph
(o Wi B 2 LA A S A 0 5 P A5
P A As I 35 IEAH G, HEDI I 25 A4 Kk B i
TR PY Ph & HXENE AR A & A — 7 15%
e, JH W As Fi Ph B AR B4 2 A4, Hu 78
KRG R K FEAR 2R W0 As (P B A AH B4 E 1Y
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