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BRI RETIER N RER SRS

gEE ERAY, B B RER, kEE, L R

(1 KPR S AHRMAIFFEBE, KU 4100225 2 i pg IS KA Rl =22 B, KV 4100815 3 EALOMRMABOMSETIR T, K15 410205)

 E: UREm A WAARRRE Cd SYURE EHORFRNS, SO AREMPEIGEZE . BRANUIL ., KRR I AEYRR)
HENEALFRERSY T HIBNE Tk P S Cd AR ARk, FR0 A DLEME L T 13 Cd A 3MES TIB S0 3:07 1 QAT . 4 RaR
W A MUPEL B E SR T IR A MR, AR A NUIER R T IR A S, A R SRR R
IR ETEE, A P FIA Y Bk W] AR T A BRSO d o KRR AT B AR M B A B R T G A L S A
TIENET) 1 H(>40 gkg)o SATGEAALL, FIAPLYPEA TS S HIEARES Cd S8R, EhfsHIBAES Cd
TR, BOFRIRIL 20.00%, TIRARGS Cd S5 2A . 2. 2IARI S YR BERAACCR, BITH I it
A BT HAL PRI L1 1 1 Cd & 39T 0.20 mg/kg. HENET S A ML RPN+ 3800 Ty 2r G de 8, 2 ILAbALFERY 1.50
& ~3.18 1%, (HHE MEFH FH Cd SaAERsm G . Btl, SR Jr Cd 153wk H - IERBEIE K R AT T 2% it I 2EA UL,
K. LHERE AU FR(C); REEG ARG ARt

RESES: X53 XHEFRERD: A

Effects of Organic Material on Farmland Soil Fertility and Cd Availability

CAO Xueying', TAN Changyin®’, YANG Jia"?, ZHAO Xinlin®, ZHANG Peiyu®, MA Jun’

(1 Rural Vitalization Research Institute, Changsha University, Changsha 410022, China; 2 School of Geographic Sciences,
Hunan Normal University, Changsha 410081, China; 3 Institute of Bast Fiber Crops, Chinese Academy of Agricultural Sciences,
Changsha 410205, China)

Abstract: In this study, farmland soils with two different degrees of Cd contaminated in southern China were used to study the
changes of soil fertility and Cd availability during crop growth by applying different organic manures (pig manure, commercial
organic manure, rice straw and biochar), and the correlations between soil Cd availability and nutrients. The results showed that
the application of organic materials significantly increased the contents and availability of soil nitrogen, phosphorus and
potassium, commercial organic manure increased soil total nitrogen content, pig manure significantly increased the contents of
soil total and available phosphorus, and commercial organic manure and rice straw biochar significantly increased the contents of
soil total and available potassium. Soil organic matter contents of the lightly-contaminated soil treated with rice straw and biochar
increased to level 1 (>40 g/kg). Compared with the treatment without fertilizer, the effects of organic materials on the contents of
available Cd in lightly-contaminated soil were not significant, but the contents of available Cd in moderately-contaminated soil
decreased significantly, with a maximum reduction of 20.00%. The content of available Cd was negatively correlated with the
contents of total nitrogen, phosphorus and potassium as well as available phosphorus. Cd contents in the aboveground of Brassica
chinensis L. treated with pig manure and biochar were lower than 0.20 mg/kg. Soil nutrient index treated with commercial organic
manure was the highest, which was 1.50-3.18 times of other treatments, but Cd content in the aboveground of Brassica chinensis
L. had a higher risk. Therefore, the application of pig manure can be considered for the cultivation and safe utilization of Cd
contaminated farmlands in southern China.

Key words: Soil quality; Organic materials; Cd; Soil nutrient index; Availability
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FEHR AR B A P AR AR A, + 358 o 4 R v e
SR P e 4, Fl st B s X A AR (R v 7
M SRRSEE A, 3 ARl A R R
RO R NSO E - T A T R o a8 ) e ¢ ]
2%, R, FERH GRS B E R E
Jre B 22 SR H RN e A PR RE T, AR S
TR BT 26 . IEAER, AN R RUEE sl IX 94k 4
Bl & Rl YR A A R R, RE T RIS
BTt FHACAE S B0 - 85570 e 7, E 4 SR A A T
R Zhu RN IR E R KRR X AT K
P, i fEAEALBE 13 pH M 1980—2014 4F3F1F
FET 0.94 L7, 76% MIFEK Cd #hr, tIERfL
BIZ XA Cd bR EEREZ —. hRE Cd
15 e H A T A0 B 7 R A A PR R R K
RER A X o v e %) o [ A vt Y A ML A T 4 4
NE T3, olest 48 i ) 8 A G o S8 A A HLAE AR
SRR, FEARYE L R TR R U AR
FERR EIR AT RALNEZIE AT ) ekl 4%
% R B EAEED . rp RO R 2 B 408 B 2T 398 S
HEE 25 AL R, SAMEALALEAR L, K
Jite AL AE AT i 133 pH R R 1.15 ~ 1.28 4847, i
1t AT AL -4 pH FH&5 T 0.69 AN, H AT
HLAEAb B A AR . 2. 0 R . ARk .
IR R B E T,

Al A 7 b B s 7 A R AR RS A RN B B 24
ISR B 2Bt ok — R G0 AR AP Il fian,
il AT FH 1) 58 458 23 B TR0t 1 R 2 SRR UKL TS e )
TR TG Y, M5 & %8 O 4 n R RS Y 3228
VS AHVYPEHNFEFT . BB 2 e B T .
A=A R ST AU S Fh gl 0 i TCHLI AR, 2
P ISR IR, RO HUE S RERHME
AR HEEA R EZ R P, RERFE
I HLTRAY Mt 29 2 209.8 77 t, Frfol E RS FF 4 4
FEIA) 80% LA AR R R A P AR R AR B Y
WEET, Gl = n)— K8 TR WY, i
TR 55% UL, BEAEENBE. A, 85,
PEAFEIRIUE, WINAEW) Ik v] LU S04 v e
TPV AW TR 2 SR, R R 67 H e
AR, SEREA, BRI EIEE LSS, AR
RIS - 398 5 4 JE A R0 IR 400 VR P 4] EE 4 TR 1 I
WOV B AT AL R T LA R AR T, R
HerEpT, R EMAK, REREIL T Cd AR,
PIHIEIXT Cd MR, 2 Cd 5 YpF i 2 BRI
AR it

(EHem Y piR T shit Rl ) VIR X iR Y
Y - S 2 SR e 4 R 5 58 o A5 38 2ot it
ANEA PRI HXS AN R AR EE Cd ¥5 Ak H A
J1 R AEY) CA W52, AR 4 [ 55 R e A
KA AR B LI TR AR AT 090, Gt b
+ AR S 25548 40(Soil nutrient index, SNI), LIK+
HE Cd A RED ASIRRRAL Cd BRSO, LA
S B TR A SR D e, AR T Cd TS
e H Y 22 4R AR 23 A1 TR0 1Y 4 s S5 SR 1R R
EARIE R SRR

1 HREH%®

1.1 il

BEIA AL RIE FT A 2 (R B Th B 7R 4 it
CREE, &K 15.4%) . R b A VUIECLBREERER A
AR F L) . KRR AT CR H B T B
TSI 2 ~ 3 om ZINBO)FIAE Py 5 e (R /K A G A
TE 450 Crp A/ S s s A il A% HEA AL
YELR) pH. Cd &it . FRor& a3k 1. /eyt
¥ 1185 (Brassica chinensis L.), T ML 75 {H 8 Fp
P A BR 2 R 3K

F1 i BERLEMER

Table 1 Basic chemical properties of tested materials

B LR pH  Ccd&H FRor ik (g/ke)
(mg/kg) N  POs KO
3 8.07 0.33 333 504 217
T A AL 6.71 0.15 448 2.7 1050
IKAEFEFE - 1.02 10.1 1.6 41.6
IKAEFEFAEY L 9.04 1.91 8.3 2.7 47.4

A AR B T R I R T (TS G ) IR Y B
(hi5 43R FRZ0 ~ 20 em), & ABEFH R
R, 3ECd F 43 h 0.55 mg/kg Fl 1.85 mg/kg,
RS Cd &9 0.26 mg/kg F1 0.76 mg/kg,
KA HIEXTE, i 2.0 mm R, IREYSE
Ry, B+ 2.50 kg(fE#L AN 25.0 cm, =K
16.5 cm)o ALK F BEFAPE T UL 2.

1.2 Rt

FRARA I AE ) pi VIV K 2 R e R kAT, 3
WE 5 A, OXIE(CK), AHEAE; Qg2
(PM); it FH 7 b A7 MLAE (COF) ;- @it FH /K Fei % T
(RS); Gt FH/KFEFEFF ALY ik (RSB), RRAMbFE 3
ANEE, ARSI 10.0 g/kg. AR
PR R — e, It S R NIR A 1
HT20174E 7 H 12 HEERN, 9 H 21 Hllgk. 78
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W 3 ~4 B, AR 4 tRKEAE RIS
Wi AHIRNTAK Sy, PRI 60% 47 H B REK & .
1.3 HEARESNE

3 Ml E SRR R AR YIRE i L 43 I FR EE A
Ha, BT R EE . AN WO R R R4 1
Heresh, KT . A8 .

+ 3¢ pH FIH pHs-3C Tt e B i1 i + e
WKL 1 2.5, m: E, HIELERHILIRE
RIEME; IR A S AL aIA AR bt L (&
BAE ;. IR S A Rl O

Pl s +3 NH;-N, NO3-N & 2 mol/L KCI ATk
B, sl /AN A 5 1364 5095 F NaHCO; =248,
FHER DL LL AEME 5 B R H O R i 4, i
TR E ;. HIEARES Cd &k DTPA
SRS, JEF IO A2 o A IRE S SOIR Ve e
J5 105 CA7 30 min, 70 CHEZRIETE , 2» BIMHE)S,
2 2% 3¢ [H ISR B (W BRI D7 5 (US EPA3051a), i
AT A OO RE S AT I AR, R WSO IR Y
WsE Cd e g, MRt R2 oo as ([ AAREE DL ST
Pt

F2 M HIEERMR

Table 2 Basic properties of tested soils

4t 4 458 pH H L o e g Tl fff 2L EER e A
(g/kg) (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg)
Big e 11 5.17 27.2 2.01 0.42 12.4 98.3 16.7 125
g g 4 4 6.33 21.7 1.76 0.38 10.6 79.6 15.9 108

14 TEREASHRTERAEZEEEHNTE
141 AT HbRE AR A
YA AR AR RS . KAy A SRR Y g
SRR (st AR LR A R £
HeFRor (R W B IR I T A B Y R
gy, Hor s R R AR S KO . AR 4 AR
TR A A AR T G bR D XHA
PR AN AT (A 2. 2. A
BUR . AR SRR . AL FE ARk AR )
Y BIRHESETT T4

142 HHEAESIZE A ESND ST ik +3EAe
153G L REE ST AR AR R 2 AR S S ), W LS
B3 B PFAl BA — 2 R PR o SNT 2 H 3R /3 25 51T
Y EAHE, SNT (K, Dam L3 he Sy . Hit
GRUR

n

Y=Y, |xF =1, 2,3, 4,5, 6, 7;
p

—

p=1, 2...n) @)
Kb YRS i MERRAE S BCREG Y, B% i
FEARTESS p DT EIESE; F, 2% p DR
INESROR1=R8

,
W, =[Yi/ZYiJXIOO @)

i=1
P W BRSNS YRR i MR
BER S8

7

SNI= Y0, xW, (3)

i=1

K. QBN i NMEARAY R B

PO SNI, — 2 HIEFE PRI R, TR
HAHAE ; — &R Jm R B . O R IR AR AL ER
R Hf 4 ] 55 Uk - A 4 - A g o b i)
Hh K RIENE A s, R RIEADLR . 2R &
W MR ERE, AR 1% NOs-N
FINH3-N S 82 FMIRR) . AR . dsdy 7 M)
FEPR AT RIRERE L T1PEH . QF8 AR I «
FH B 3 A% L3R R PRI T AR B E . QR E
PRI S RIS IR B AR SRR pRECSE R LRV 4R
FRSVEY R 4 2 1 0C R ik 3Rk =, e T LR
AN AR AL BB 0 ~ 1 ITEHENME,
o L7 AN N S E =t N ) WA i T =R
BIE MR AR

D(Xi):(Xi_Xmin)/(Xmax_Xmin) 4
A X FRE i DEFRIIIE M 5 Xonax AT Xonin 73571
FR A AR § AR bR 0 B KB RN B/ IME
1.5 HIELHEBSHH

IRI6 2% K FH Excel 2016 F1 SPSS 20.0 #4347
Wingiit, R ANOVA 1 Duncan £ K
(P<0.05)# 1725 5 B E M/ AT A Pearson WUAE & AH ¢
PRS0, SR Origin 2021 B4 & 2,

2 HERE4SWH

2.1 HEABEVYRIXLE pH ANBEVRHE I
+ 35 pH AR 4L Z B P RS B pH IR,
BYLWE pH(FE DI T 3 pHGER 2), #2759 145
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A s gt 1 585t FH A HLA B8 pH % CK AR 3453 5]
PE T 0.18 ~0.76 F10.31 ~ 1.15 4> pH BAL2(F 1),
H:rp PM I RSB b3 5 CK 4B R B2, HiEfH
HILJST 5t R B s AN A 1 T3 IE ) i 2R AT
HIE R e tb e i B 5 1 398 i 4 Jg AR A sk vk
FAE e i A s D AR ST 4295 g + e HLI A
15.86 ~ 45.50 g/kg, RS Fil RSB AbFEA HLF & 4 CK
REFRA TR T 13.30% A1 24.49%, 35 308 7 1
0(>40.00 g/kg). TG R HIEAR AP & =217
g/k) BT e 1 HE(27.2 g/ke) IR (GR 2). G L oA
ML N 14.19 ~ 38.08 g/kg, RSB AbFRAT AL & 2 i 35
T HAAE R, % CK ARBRTRE T 45.40%, J& I
A 77 2 9%(30.00 ~ 40.00 g/kg).

22 FERAEME TEFRS RN

2.2.1  Jiti AT ALYRE T 4 39 A R R R P
+ 3, COF 4b#+ 384 . NOs-N Fll NH3-N & i
¥rm P HAAN R 3), BRI, AL E L
AR AN 2.17 ~ 2.44 g/kg, YIkF| HIEAE S 1 2%
(>2.00 g/kg). Fim 3, ANEAPE RS R EF &
A 1.70 ~ 1.85 g/kg, ¥JE AT 2 94(1.50 ~

x3 AR L

2.00 g/kg). 1% NO;-N F1 NH;-N S2VEY) ] B HER Uk
AR IRy, PFh 3R NOs-N &858 COF A
CK AbPERA 45 iy, oAt #a) G & 35 25 55 i 38
NH;-N 75 545 Ab # ) A 25 A K

CORisge - 03 s et
8- 501

a
a a _I_a
, 1 40t B i
a R _Ib_
b b b % b| [b
= £ 30
Z ¢ oy 3] b Bl
B 6 =
”_|‘ ab 520 ¢
b P
B
5 +H
10
4

| 0 :
CK PM COF RS RSB CK PM COF RS RSB
Ll Jostil
(B A INE 4 3R A — - 3JEAS [ b P 0] 22 5 4 5
(P<0.05), T
1 BN4R 1% pH FnEH R E I

Soil pH and organic matter contents under different organic
manures

Fig. 1

BRSENTM

Table 3  Soil nitrogen contents under different organic manures

b3 BRI rh s g 4
2 (g/kg) NO;-N(mg/kg) NH;-N(mg/kg) 2% (g/kg) NO3-N(mg/kg) NH;-N(mg/kg)
CK 2.17+0.06 b 322+131b 1.43+0.11 b 1.72£0.09b 2.55+1.29 ab 1.78 £ 0.68 a
PM 226+0.01b 1.09 £0.40 ¢ 134+023b 1.70 £ 0.06 b 1.06 £ 0.20 b 1.62+0.56 a
COF 244£0.11a 50.12+£1.87a 2.59+043a 1.85+£0.02a 449+278a 1.84+0.45a
RS 2.20£0.03b 1.82 £ 0.79 be 1.27+0.05b 1.77 £ 0.05 ab 0.62+0.02b 1.46+0.42a
RSB 224+0.05b 1.00£0.23 ¢ 126+£021b 1.77 £ 0.02 ab 121£020b 129023 a

T RAFFIA /NG FREEIR AL BEIR] 22 7 1.3 (P<0.05), Tl

222 JEAA VRN RS R 5 CK
AbFAH L, SIS AL AL X 1 4 i R S5 1 1Y)
RIS PM Ab L 3 T i A b B R
FEGR 4), TIELBEE BN, Bisomdis it
e h 0.51 ~ 0.65 g/kg Fl1 0.36 ~ 0.66 g/kg. AR4b
AR S 2 RROR, 2 PM AN, RS

YRI5 3R 350k 58.94 me/kg Al 53.47 mg/kg,
Bk 3 7 1 2%(>40 mg/kg); HKE COF Hl CK
AbFE, PRASAb SRR TC W3 25 S, Rls e R R
HEAE T 2 2%(20.00 ~ 40.00 mg/kg), 5+ b8
3 2¢(10.00 ~ 20.00 mg/kg); RS Fll RSB ZbH - HEA &L
WS ARk, AT E 2R, B8 ) 3 9L

x4 ANYHLIEBSENENE

Table 4  Soil phosphorus contents under different organic manures

Lb LG s g
4 (g/kg) H U (mg/kg) £ (g/kg) W (mg/kg)
CK 0.58+0.03b 39.88+£6.87b 0.48+£0.04b 18.02+5.31b
PM 0.65+0.05a 58.94+13.98 a 0.66 +0.03 a 5347+501a
COF 0.51+0.02 ¢ 30.33+5.20b 0.36 £ 0.04 ¢ 15.64 £9.17 be
RS 0.51+£0.02¢ 13.64 £5.54d 0.44 £ 0.08 be 6.09+0.53 ¢
RSB 0.52+0.01 ¢ 19.68 £ 0.10 cd 0.45 +£0.06 be 10.44 + 0.83 be
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2.2.3 i A HLADRE T - S5 5 R AL
PREXE A 38 A A2 AN K T - A
A2 R B GR 5). RIS LM AR
(12.23 ~ 17.17 g/kg)¥I @& Frhi5 4 (1097 ~
12.90 g/kg), I K COF AbPif s  is e+,
COF. CK il RS b2 & ajE LIEL S 3 X
(15.00 ~ 20.00 g/kg), AL E AL T 4 9%
(10.00 ~ 15.00 g/kg). FRAMALERSS, 1 BEHR &

SRR I PG g SR R TR Y 3 (H AR
RN COF AbFifR i, HIKJE RSB b3, )8
+3HEAE S 1 9%(>200.00 mg/kg), RS. PM Fl CK 4b¥f
- A A A e A AR HAC PR TC 25 . 5 CK &b
FRAR LG, it L4 R} b B A S 0 A o (R s
5B )Y BT, BRI RS
Ye+ e COF Ab#H +3EHR i %0t 4 )& CK Ak
) 9.92 5 F1 5.20 5.

x5 AR LEBSENENE

Table 5 Soil potassium contents under different organic manures

Qb BRim AR e

28 (g/kg) HH (mg/kg) 224 (g/kg) T (mg/kg)
CK 15.97 £ 1.29 ab 61.51 +£6.82¢ 11.00 £ 0.89 a 90.16 £ 19.70 ¢
PM 14.73+£1.90b 58.17+10.88 ¢ 11.04£1.55a 113.67 +6.14 ¢
COF 17.17+£0.06 a 664.20+£92.78 a 1290+ 0.96 a 553.68 £58.29a
RS 15.93 £ 0.64 ab 76.11 £4.18 ¢ 12.65+0.35a 135.06 £ 14.17 ¢
RSB 1223 +£0.81 ¢ 242.46 +£36.63 b 10.97+0.40 a 32441 £14.77b

2.2.4 FEHAPLRIAS SNI [N Ris Y
V5t 3Ed, COF 4bFE SNI B4k 0.70 Fi 0.64,
Ay AN B 1.50 1% ~ 318 f5H1 1.71 4% ~2.86
W, ¥ m T HAG (A 2), it i
IAG LB 3 SNT % CK b PR IS A FHisn 5l R 1,
COF Ab3Ah, REALF SNI 4 0.22 ~0.46, #5 CK
AEPRTC R 22 R s e R B HLA R AL 3
SNI 5 CK AbBEAH LI i 2 i, J2 CK ARFEY 1.50
& ~2.91 1%,
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X XXL AR o060 R
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XX RIXX] XN XXX
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2 TREAGEEH
Fig. 2 Soil nutrient indexes under different organic manures
2.3 FERAAVHHAXYLEERE Cd REREY
Cd IR Y 200

231 HEEARES Cd SR AL b fin %o} 4458

AR Cd FEIEMAKRGEE 6). FHisgetEd,
B Cd &8l 0.23 ~ 0.27 mg/kg, A AbHE] G
WERER, Pl g, ARES Cd &5R 0.68 ~
0.85 mg/kg, HINAPLYELEEE +IEARES Cd & it
B CK ALB R T 2.35% ~20.00%, Hirf PM A3+
HEARAS Od F iR TR
232 1E¥ Cd WolleiEsl & 3 JRR[RIAR R AR b
EB R RS Cd Frik (LA TR, R,
R S Cd it 0.14 ~ 0.28 mg/kg, Horft PM F
RSB #bFfiHl 35 Cd S48 CK ARFR 3 R T 25.00%
H141.67%; KA HLPRIEEL 3 Cd S e BE T
Ff, 5 CK AMFEALL, MR Cd ST 50.70% ~
66.15%. HimgL L, AR LD R A
THB Cd &M 0.19 ~ 0.78 mg/kg F10.22 ~ 0.57 mg/kg,
P BT CK ZbFH(1.13 mg/kg F1 1.36 mg/kg). Mifh 1
Herp PM AbFE T HE 1 Cd ST GB 2762—
2022 (CERh A ESERE BT YRR ) (S
TSGR Cd PR EARIE(0.20 mg/kg).
24 TERAKESEY Cda RHIHEXKR

K 4 J2 R A DGR IR SARGS Ccd S X
VR AR Cd E A M. thIE 4 vT%0,
VT b AL TR Cd E S R A RS Cd i
I EIEAC(P<0.01), 5IESE . SUERARE
TR EOAC, MHEARE dSRE2A. &
W PR RS & R B E AR, LR
A AL BE . BRSO R, AR T A
A Cd &, WD T RiE X Cd I,
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Fo6 AHIHLIEAYES Cd ZENFIT

Table 6 Soil available Cd contents under different organic manures

ftik + 15 CK PM COF RS RSB
iyt 0.23+0.03a 0.27+0.03 a 0.27+0.04 2 0.27+0.04 2 0.24+0.04 2
URRCE ot 0.85+0.06 a 0.68 +0.04 b 0.79+0.04 a 0.83+0.03 a 0.76 = 0.09 ab
[0 B O S 3 it

L. Tt RS
a

08r a

Cd% it (mg/kg)
Cd it (mg/ke)

¢ b
b
0.4+ b b H be
b
T ol ’—x—‘a ’{Rﬁl ’—l—l d ’_X-l c ;d
’-}‘—x—‘ :

00 T T T T T i T T T
CK PM COF RS RSB CK PM COF RS RSB
i bt

3 AR EEE Cd ZERFE

Fig. 3 Cd contents in Brassica chinensis L. under different organic
manures

pH pH

3.1 BRI TR S8R0

TE AN Ty R R AR A KA T, B
PEFS TR E LB MZOER, REFRE
W1, AR DIA R RIEAL . B SAESR A
SRR . A IR R A LT
P ARy A A R G A U A AL
RE—E R FR LR SRR, 5 CK Ab B AH
L, PP 3 COF Ab#E¥ & T 342 A . NOs-N
A NH;-N #4555 3), PM AbHH 439 il AL 50 &
T HAAR B (R 4) AP -5, COF fil RSB
Ab P A HE RO S i B R HEAR ) 1 9, WA e T
AL B (R 5). FILEE: —HEE A P EA
S EABEFES, WA EA LR, BRI+

*P<0.05 ** P<0.01
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Fig. 4 Relationships between soil nutrient contents and Cd contents of Brassica chinensis. L
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HeFRor it RS, JE3E T PLOs TEALRI(50.4 g/kg),
R A HLIE P 4((44.8 g/kg) Ml K,0(105.0 g/kg) i 4
15, IR S A L R R = T A
REFRA I i . RSP R B, RGN
REOEZE . W93 | A4 28X b A RO A R B R B
AN, A WL RO e 2R )2 POk
WA s & s . Khaliq Fl Abbasi®& 9 5 %
N LB AR B, A ALY R EL i e e/ A T
14.0% ~ 29.0%. 35— J7 T A] e A HLYRL I it FH ek
A5 SRR RN, A HL-TCHLIR I e A
THRARHRCR . Blan, B 3985 ) 9t 0% bt
TE BUME PER IR R , MR MRl X B8 o 1840t A LAY
BB AT AU 17 LB Ak, L I o 4 o (0 S 4k
By A B SR LB T 9 I B X W B, R R R A R
PER G WL R HLE FR A A AT RIS N+
e £ A MR 1 2RI RO T, A
DIRG9 G - B e wee L AR E R N
[ RRSRE R RARTE B A 5T, PM AbHER
FJEE R RERE S, fokad g, Hoh st
YriEvEssm, A REINEE T A P B e B ik B2, A
T B0 A8 35 5 1 3 v A AL B a S e B
MR AE LY it A L kLA A8 158 NOs-N
NH;-N FUsE R & B (R 3 gk 5), Riysyefihis
+HE COF Ab3 A+ HERR A3 244 B2 CK AR
9.92 {5 A1 5.20 15, 5 CK AbHUAALL, i5 YL+ 1t
A HLEEEE SNT FHm T 0.50 F% ~ 1.91 £, WiFp
THE I COF Abfiferr, Jrlie oAb HERY 1.50
B~ 3085 17145 ~2.86 17, ZMf 1l 3,
BTt DU R 4 o MR A R L R TR 2
A= ) AR R AR 2 A AR e Al 7™ A T B e D5
RZEHME A A ML, EA AR BB A7 RE 120,
AT 1 G S5 A MU o i AL, O
SR - HEA HURR BB L A s Ak 2T ARBFgE
PP+ rf RSB A BEAT LT & 134 25 T (B 1),
[l REh, R 4E AR DR A LR R AL 3 4R )5,
KBS P A A AR L, b B MR Bt 38
19.5%.
3.2 BHYEITL1E cd BREREY Cd RILHY

A

A A WL -4 4 T A st B VR Cd
W SE IR 251 IR AEAE R R AL, TR A ML REAS B 5%
B B4R, KIE AT RExE i - b & 48 B2
IR, ARBIFSE A, K RE RS AT K R RS F AR 420 5
WAL Cd Fra B8, 709 R 1.02 mg/kg F11.91 mg/kg

(F D)o (H5T5 Y it A7 LRk A 30
Cd a5 CK MR EER, s tiEd
HRAS Cd S8 CK AbHY B E R, Hf PM
WELRBE T 20.00%(% 6). FFEERM, HHLY kY
Iy e AR AR R, e 3R T B R RS E
(R 28 5 1 A B 4 AR 3 RS PO A5 BL Rt A
- B8 J5 A AT DAGE I I B AR G AR R R
BRI | W R IR AT R RE A RN EC AL AR S B T, REASEL
&g cd™, fE—E R T AR R Cd Ak
PECU BLAh, AL B pH 555 (6.71 ~ 9.04),
bt A ML R 3 pH A AR B T (]
1)o BBV i o 72 v = A 0 J AEL R 2K ) o 23 B
LR A AP, MEHEHRE AP
KfgmireEE 2 0, g ERAem g
e ocd ABEARD. LAY REELENR
FURIR 2 BB T+ 3 4 i A0 A A sk
AW, HHEAMES dEESEA . 2. &
PRI OB S 2 W OGO R, RiEE b
TR N HS Cd SIS HHAGS Cd SR E
IEASC(E 4), #eRIA . . PEa, AR
AR Cd Fiat HAd TEDXT cd Bk,
15 Y% 13 PM A RSB 4B |36 Cd & &% CK
AEFRSY R T 25.00% il 41.67%, 54 GB 2762—
2022 Cd R EARME. 5 CK AABEMI L, Fi5
e sgErh WA ML RE A Bk TR AT R Cd
BRI R I 24.27% ~ 81.55% Fi 58.09% ~ 83.82%,
o PM AR B |3 Cd & R 4T A GB 2762—2022!"
e Cd PR 545 E (B 3) . 1d B A AL kL Al S 3
Cd 75 YA 1+ 38 ) % 4R o

4 ZEig

RIS, A HURAS B 3503 & i 2
TSR AR I A A = T AR BRI
QT N ) N TET T S L e = o W o L SN B  l
ErE TR . BV BRI R Cd R
HHEARES Cd HRPEEMEX, SHESA . &
T RT3l 5 e 8 2 60 A O o A LA L S 3 R
T s g RS Cd A, T B AEIES X Cd
P PRIRR g, it i FE AL 34 1 96 7 S
Cd &S GB 2762—2022 R EARIE LB % &,
P A ALIEXHE T R SR ey, HAER 7 Cd
15 e R B IAEY) A A HE PE RATAE— 5 KU o B
X R 5 TR Cd TG Y - 3 A 85 A B 22 4 ] T
R E A PUE
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