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Abstract

In order to solve the problems of rational utilization of heavy metal polluted soil and sustainable
development of the sericulture industry, 12 mulberry fields around a manganese mining area in
northwest Guangxi were selected as research plots, and 3 mulberry fields in non-polluted areas
far from the mining area were used as control plots. Soil samples of mulberry fields, as well as
samples of mulberry tree roots and leaves, were collected from the survey plots, the basic physi-
cochemical properties of soil samples and the content of five heavy metal elements, including
copper, zinc, chromium, cadmium, and manganese, in soil and plant samples were determined.
The chlorophyll, soluble sugar, water-soluble protein, and total amino acid content of mulberry
leaf samples were also measured, and the correlation between relevant detection indicators and
physiological indicators of mulberry leaf nutrition metabolism was compared and analyzed. The
results showed that: 1) Among the five heavy metal elements tested, manganese content was the
highest, followed by zinc content. The order of heavy metal content in the surveyed mulberry field
soil and mulberry leaves was Mn > Zn > Cr > Cu > Cd, and the order of heavy metal content in the
roots of mulberry trees was Mn > Zn > Cu > Cd > Cr. Although the accumulation of different heavy
metal elements in the mulberry tree body was different, the order of heavy metal content in most
surveyed plots was soil > roots > leaves; 2) In the physiological indicators of nutritional metabol-
ism in mulberry trees, chlorophyll content is significantly negatively correlated with soil pH, and
highly positively correlated with soil total phosphorus content and available phosphorus content;
3) There are significant differences in the content of soluble sugars, water-soluble proteins, and
total amino acids in mulberry leaves from different survey sites, while the differences in chloro-
phyll content are relatively small. According to the analysis and discussion of the experimental
results, it can be concluded that: 1) Soil heavy metal stress has a certain impact on various physi-
ological indicators of mulberry tree nutrition metabolism, and the magnitude of the impact varies
depending on the differences in heavy metal elements and the concentration of action; 2) Under
soil heavy metal compound stress conditions, there are complex interactions between various
heavy metal elements, which jointly affect the nutritional metabolism process of mulberry trees; 3)
The heavy metals absorbed by mulberry trees from the soil mainly accumulate in the roots, and
the heavy metals transferred to the aboveground leaves are relatively less. Low concentrations of
heavy metals have a certain promoting effect on the nutritional metabolism of mulberry trees; 4)
The content of heavy metal elements in mulberry leaves has a direct impact on their nutritional
metabolism, while heavy metal elements in soil indirectly affect the nutritional metabolism
process of mulberry trees through absorption and transportation by mulberry roots; 5) Mulberry
trees have strong resistance to heavy metal stress. Within their tolerance range, they can enhance
their resistance to heavy metal stress by increasing the content of osmoregulatory substances
such as soluble sugars, water-soluble proteins, total amino acids, or other metabolic regulatory
mechanisms, thereby maintaining normal growth and development.
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Z M (Morus alba L.) W RHE TR ARBGEA, Z25 8RR —FF LY. Zh S aEmnEa bR
AT RSB IEIR, R — MR EIT A I BEIR[L], ABOT DN FRE AR, IEREH THRIRK &[2], &
TAEE S, AT B SRR & R, AR uER iR RS IR [3]  AHSCHIT ST 4l SRR
B AR FE M, SRR R, (AR B LA A R R, AT 2R
(KB IFERTHIL SR [4] . RIS, BEAT LAE IR 2 I R0R I e 7 b (i Bt AT ASR T LA AT
ZMMME. ok, WA EDEIRIAL[S], M, RMAAREUAR, HiEEE, HTHE R DRK6];
R EH RN, BAPE. BE. JumssErEmT] sl

HAERRZREPE, PEERET, T ERZEINN[O]. ERIE, 2023 4754 X )5 b m AR 2|
300 Z /i, il AL 90 £, JFQUE LU . FOAONERE RS T R RO
FALEERL Oy EE A DA SO SRR T

MG GeRZ 2, KEKF LR, EEEsn X B pg R, ARG 17— 15
TR, H s Y He b BRI e R SRR A DTt 2 R R 7l AN i 2 587
A R A AL AN T e M ARE, T ELUA ARSI IR AR TR EPE I o SRR RIS, 7505,
[ - ROK AE 758, v T i s XA AR BE[10] [11]. BFFT4h AR, S mT LLE 54 Ja W B 770 1 Bk
EAA[12], FTKARESRGIGEE . Wb, M ES R Rt BRI [13]. A
TEBAMA LB, SRS, AT I bR a5 E g 7 X e
ST T REROITL, S8R AI, S LEE G R E S Pa BA BRI E[14] [15], X0 He )
BT BARGRN E ML RE I[13] [16], fEHEEE Cd Al As {5 QL LI, [MIER KB EN
S RIWEHIFEMA[17]. (224 S bd L3RR G R A R, B SRR ST N, e i AR
B, BRI SR A B [18] . M ARFGR MR A R, LA BRI AE D S v
AR AL T IS IEAR[19]; AIVETERE SHaYE RO SR F ARG, T DAYE R 8 (R IO ARSE[20]5 K
EIEE OB E USRI, R IRTEYARNZEY, AR AR E, YR
A RIS A 7 i ae i A B B (21 [ N S8 T 1 B < A R 4 i 2B S AR B AR AR
URON, SEREL, M) ATEI SRR . ATE R AR R . SRR S SR AR
7, RS G R M E[22] [23]: TR AF[24VK I, & IR IR A KRS LR AT Rk
R A AR P, HOME A SRS, PR IR R ISR R R S s B AR S AR
LA B S UCEAR AT 7 0 A, SRR, AR S A e R - 22 5 W R [25]; misk
SRR, F RS TUAN R AT DL R (8 SRR, SRR A ISR ER . AIVE IR ER B R ATV TR )
EE[26]; A SRR MRS Y 32 B A R AR B AR HEAT T LU AT, SR, AR F
P SRR . ATIE RS« KVE TR A R IR S B I E R [27] . BAR AT E TR A i
BEAT T SEAHSCHTTE, (HOR T E G R a T 5T IR E SR AU AT I0E, R, AE DU PR L
AR B X I ) S i AT SR, LI BT DX (AR IX) 4 5% Bl £ e HEAE M, 38 e SRR WF ST EE
By s, W R X S E IR AR B, DUE D 3t A S5 Mb AT S Rl E it R
HA SRR E MRS %,
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A X ARG B DX S Bl A ot ke . RSB s T B IEVE U7 1714 60 km &b, 2 —rh AR, &
T U AU R, EEDUAACERABRIR S v T, H 20 LR HRIPDEIFERES, BF 60 24
Rl s, Az XA S B, PEAEART. B . B B E S RTR [28]. 202247 &£ 9
H RE R %, RE T 12 A0 XL 2 B ARE dh AT 3 X IRFE AR i, AR
P S TR /N T 300 mPe 4RI RAE I, o — AN [ AE ML AT R 0% 5~6 K1 FLRURFE . SREE
TR I, SRR RORES IR W I SRR AR, R BRI B ARG A & Hothzs ), SRR 0~20 em R 1,
I RAEAN BAE IR S AR R FE AN RE AL . 3 5 ROREERILIRE S S iR, 1 2 mm §fi, 2R )5 1204
INERUE BN R A B, IR RIS, R R SEIR S, — & T e b, —E
MTEREEE . REZH R, MBS E R0 A5 5 HALITE, 45T R4 6 FRIEH K 1,
NN BIFARIC I BRI i A8, RS il AT B A, (RIRORAE, PV RIS =, AT ESE
JE S I E KB SR R BRI E

2.1.2. HmEIALIE

R INITIE, KRR Sk LI S AE B FAR T, ARSI, i 60 H i, 85 A
NRIFE RS, fbrid, %, B TERARE, &M

V4 SPERR FAE S AN 50 SRR A S F B SRR e T8, 2 Ja FHAlKGEE S el 10 min, T A 47K B
3, WITHERIMAKS, 105°C AF 30 min, 60°C HtZEfEH, BEEME, 1 100 Hif, 2 bric e
B, BETERORSE, HTESESENIE.

BRI A R B KPS 3 K, FEA LB T/KIEME 2 I, 3 ROK AU S 5T R H 17K 5
RGBT R LIGERFERAS T, udbrid, 78T 3°C MIUKF A, FIT SR F s R4 A B R b4
. ORVEVERE. KW TE R B R B R I E

2.2. SKBTE

2.2.1. HEIBAMEREMIE

A 3K oy 8 0D e B B RV [29] pH MU E FH LAV [30] A WL B I FH 4 o B
(HJ613-2011) [31]; A=®f& =M E H S AABNIE R - SHEAPLIL 4 [32]. A& =M EH 05
mol/L NaHCO; ¥2#& - FHER P L (7 [33]s A% & & 1IN e F 9L i & [34] . el i 2 1l s FH i 47
B2 [35]
222. EEREENNE

TR ESESENNE, RAERMEER: S8R S%KR = 5:2:0)WH@, ErRiioeitsk; £
PR ZFE R AR S B R S pilE, RN : =& = 427/, ETRBobigiEBEe]. N
T ARIEARE SO BOE (e, RN —2H(15 MRS, I R AR AR e M TR 50
2.2.3. EMHEFRSERIBFRRNE

2R 2% S R FH DA ey, P P 5 5 0 R L €5 (375 /KA 1 B o 5 el
FA2 H 708 G -250 Ye(tyki[38]; LRI 2 2 1l s FH e — i bb 4.5 [39] .
2.3. HIRAE

TAFES M E M 3 N ES, 45 RICTHME, BUEH X+SD E£ow, Bl kb Excel 2019 Al
SPSS 24.0 #47, i EIMZ A Origin 2019 #E47, F#LK % 77 % 73 1 (one-way ANOVA) Rl g /N . 3 7%
SEI5(LSD ) k4T 2 5 i 2 A 06
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Table 1. List of basic physical and chemical characteristics of mulberry field soil in different survey sites
= 1 AEIAEMRE IR EABUFE— R

B i [ eV AL G TR 2R e TR
I > PH (%) (9/kg) (9/kg) (mg/kg) (9/kg) (mg/kg)
LTl  470+0.09 244+028° 36.78+0.80% 2.06+0.23° 166.24+248" 1.92+0.25° 305.41 +28.72°
LT2 469+021' 266+0.10° 34.36+367% 1.99+0.05™" 166.24 +2.45° 2.17+0.05" 332.51 +22.05°
LT3  4.97+0.08" 2.13+0.20™ 37.82+3.39°% 1.92+0.04° 162.74+7.40° 2.08+0.22° 219.76 +16.19"
LT4 570+0.14d° 1.28+0.14° 2547+045 1.19+0.05" 98.35+544" 0.68+0.019 30.07+2.36%
LT5 6.35+0.05° 1.12+0.15° 2645+802" 062+0.01 56.93+830" 1.12+0.13°® 5925+ 4.44°
LT6 6.21+0.16® 1.22+0.11° 26.75+5.23" 0.87+0.03 84.00+0.01% 1.04+0.04* 231.61+31.68"
LT7 593+0.13¢ 176+0.15° 30.68+3.00° 1.22+0.02" 71.75+248" 056+0.04°  9.08+0.97°
LT8 5.64+0.04° 2.31+0.03% 47.84+433" 214+0.07° 151.88+9.70" 1.10+0.14°® 10.79+0.80°
LT9 590+0.12° 170+0.14° 37.90+0.74°® 179+0.1°0 14279 +458° 0.92+0.03 23.51+3.09%
LT10 6.08+0.01° 1.91+0.15° 42.99+6.14° 1.65+0.04° 130.19+253% 1.02+0.09% 20.60 +0.84%
LT11 5.44+0.06" 2.09+0.08™" 39.32+3.99°® 1.66+0.02° 120.16 +10.69° 0.92+0.05° 42.30 +4.35%
LT12 570+0.02% 1.84+0.18° 4331+168¢ 1.73+0.049 14247+392% 158+0.12° 209.61 +6.58"
XJ1 52240039 1.95+0.17% 62.13+271° 258+0.07%° 200.64+534° 1.38+0.04" 168.35+27.32°
XJ2 476+0.03" 188+0.26° 5582+244® 254+0.08° 190.86+1.76° 1.34+0.16™ 208.89 + 31.06™
DS  6.43+0.03* 256+0.01° 4334+172 1.85+0.03% 118.99+6.06° 1.24+0.13**® 26.29 +0.51%

A © FERmS T LTI-LT12 A XEGREAH, K03y XREN A @ FSEHEF AR NS =&
KRZEFEFE(P<0.05), T,

HIZE 1 R, Fef A S 3% pH 2ok,  HXTHoK & B AR, S aES -
OB A ) 5 R o Sbr e, A X 0 R ] 3R O R I E SR AR KB 0B B 2 ULk, R
IIIESRRRN 3~5 P i BH X (ARG Y X)) S b f ke, L3RR BER bR KA ISR T 1 2%,
SIS, R AR PR T8 DX R 0 SR el R
32. WMERNECESE

ANFETRAER S LR SRPARER SR e E o B E A5 R LA 1-5.
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Figure 1. Copper content in soil of mulberry field, roots and leaves of mulberry trees in different
survey sites
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Figure 2. Zinc content in soil of mulberry field, roots and leaves of mulberry tree in different
survey sites

E 2. FRIAEHMREDRRRMIRBAMH RS E

T T T
L1  LT2 LT3

40

35 |4

EN0
EE

30

2
]

)_H
iy

25 21,68 2.0
% 21014 21.80 22}14(1
18,22 198 =
20 18.33

15 13,80
9 1,74 1L78 &
123 e

CrérdE (mg/kg)

7.31

. 51
.o L8 Al .9 . ?
.4 .6 " 6 .8: . 7 )

LTt L2 LT3 LT4 L5 L6 LT7 LI8 L19 LT10 LT11 LT12 XJ1  XJ2 DS
SRR

Figure 3. Chromium content in soil of mulberry field, roots and leaves of mulberry tree in dif-

ferent survey sites
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Figure 4. Cadmium content in soil of mulberry field, roots and leaves of mulberry trees in different
survey sites
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Figure 5. Manganese content in soil of mulberry field, roots and leaves of mulberry trees in differ-
ent survey sites
E 5. TRIASHMRE TR EMNRIBAMMH NGRS S

TR 2 1 5% el - SR S A [ AL B 4 8 B BT IMECR S, RN X A 1 5 el Bz s IX (ot
R, TIEESESENSKHFE Mn>2Zn > Cr> Cu > Cd, MR ESES &N S
TN Mn>2Zn>Cu>Cd>Cr, ZEHE4LBEESENEEATFY N Mn> Zn> Cr> Cu > Cd. MEMA [FH
S HBENESRE S ERE, 7 XM XSRS EN ST 08 B8 > ) > of 1 >
o> W B ENERHTh B > AR > L ) > B > m BEENSREEFYA: &
B> o> Wl WS ENEIHEFY N 2% > 1 > i \EENEIHF Sy B > ) >

i b, AERI XIGZIEN XI5, SRR A RAER Mn &, Zn S8Rz, HPi X
TR Mn & & > 4000 mg/kg, ZETHAPNESEICR; KREHRERFL LM ESLE Cu. Cd.
Crv Mn & & HEMRMSME, Hrb P S 2% Cd SR Ol (CHIs i &R i 35S
QK2 bRTEE) (GB 15618-2018) T ILE I FRAEL(0.3 ma/kg), ANFIT- £ FHAC ™ it B i«

3.3. EHHEFNRBEHERR
N7 3 Pl R R S8 SR AU A BREE AR B 5 45 R L3R 2.

DOI: 10.12677/hjas.2024.143042 329 b k=


https://doi.org/10.12677/hjas.2024.143042

o

PR

&

Table 2. Summary of nutritional metabolic physiological indicators of mulberry leaves in different survey sites
= 2. TEIATHRHERKIHERBRNESER—TR

B MR A A Kt EA BRI
R mg/g % mg/g mg/g
LT1 0.1623 + 0.0049° 35.81 +0.54° 69.19 +0.87° 14.29 +0.08°
LT2 0.1252 +0.0051™ 2458 +0.42° 56.36 + 0.01° 19.57 +0.06"
LT3 0.1316 + 0.0064f 21.14 +0.06 46.47 +0.13" 9.70 + 0.04]
LT4 0.0967 + 0.0008%" 3453 +1.74° 53.67 +0.29¢ 8.54 +0.14
LT5 0.1320 + 0.0091"f 29.60 £ 0.72° 60.54 + 0.06° 10.04 £ 0.15'
LT6 0.1101 + 0.0057%" 26.70 + 0.05° 44.82 +0.28° 7.56 +0.15™
LT7 0.1036 + 0.0015%" 5.34 +0.03 33.18 £ 1.09! 10.28 +0.01"
LT8 0.0972 + 0.0034%" 13.79 + 0.31% 55.77 + 1.50° 9.83 + 0.03
LT9 0.1144 + 0.0045%% 17.61 +0.06° 52.27 + 1.581 18.49 + 0.06°
LT10 0.0902 + 0.0038° 15.78 +0.03" 47.68 +0.60 21.85+0.17
LT11 0.1028 + 0.0027%" 11.07 £ 0.19% 36.60 + 0.02' 17.04 +0.07¢
LT12 0.1229 + 0.0025° 14.00 + 0.09% 26.67 +0.164 8.17 +0.13'
KQ “F¥ 0.1157 20.83 48.60 12.95
DS 0.1039 + 0.0024%" 21.13+0.32 40.38 + 0.60" 9.99 + 0.10"
XJ1 0.1360 + 0.0099°% 24.19 + 0.02° 26.36 + 0.364 11.05 +0.01¢
XJ2 0.1028 + 0.0070%™ 25.65 + 0.16% 49.75 + 0.46° 12.26 + 0.09f
FKQ 5 0.1142 23.66 38.83 11.10

Y @ KQ M FKQ 735l HEH" D B AT R D e i, 1A

AL, AR B R SR s TR A B AR AR D 2 R — e =R, Horp, mIiETERE . K

TR AR R (1 22 5 LU WL S s A DXRE SR AR AT DOt VR 3t S 75 IR A AR S A H A 1
FEMERAE, B T AETEREZ A, FOARA IR bRt R DR b T R

3.4. MRS

3.4.1. HREFBAFESRHERNAGEREHFEXM

ST R A AL AR 5 F e SR A A BRI A SV BT 45 R AR 3. drstewl g, o
SRGESLE pH RRFENIER, 5HEE RN Ay 2R E W IEAR, 5HARTEIEAIRR
I BAH MR, EARE, AEERE. KEEE A &S SRS B 5PN LR AR bR 2 18],
B —EIEMRE A, HEARE.
Table 3. Correlation between soil physical and chemical characteristics and nutritional metabolism physiological indicators

of mulberry leaves in the survey site

3 T TIRR A S RMEFRIFEREREX Y

AT ZE pH AHLRA e TR 2R A

RS 0.160 -0.567" -0.059 0.6717 0.720™ 0.160 0.285
AL -0.127 -0.171 -0.254 0.317 0.422 -0.100 0.040
KGR 0.140 0.007 -0.397 0.220 0.041 -0.184 -0.110
pSE RN 0.414 -0.138 0.054 0.113 -0.084 0.198 0.202

T 55 T RRMKMEREE(p <0.05), “77 KRB EEMNKP<001), FEMA.
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Table 4. Correlation between heavy metal content in mulberry field soil around mining area and physiological indicators of

mulberry leaf nutritional metabolism
F4. T XEMRETEEERESESRHEARNBERERMEX MY

HER MR Al KEHEA MERR
Cu 4 -0.644" -0.799™ -0.467 0.429
Zn 0.253 -0.095 0.098 0.599"
Cr 4 0.555 -0.033 0.030 0.077
Cd -0.084 0.415 0.193 0.324
Mn 4 -0.007 0.110 0.270 0.434

TE: CuFon IR & &, HARDeHE, TR,

Table 5. Correlation between heavy metal content of soil and nutritional metabolism physiological indicators of mulberry
leaves in non-mining area control mulberry sample fields
=5 N EXMBREMMTIREERESESRHERRINEEREREX S

HEJR LR AT TR B E R
Cu + -0.530 -0.926 0.178 -0.810
Zn . -0.882 -0.616 0.644 -0.411
Cr 0.335 -0.871 -0.661 -0.963
Cd -0.619 -0.880 0.284 -0.742
Mn -0.468 -0.951 0.107 -0.850

HIBERT R, AR DXL R S, I R R 0 ) S I SRR S R A TR R S R R B
FEHMR, SKEMEALSEARER SR EAEE I REOEM R, TR SRR 7502 AR
HERELRFIEMXZIN, SHRNEFGEBERR 2 AR MR, R, 8. &
SRS RMWEFNMEAERER R, BA @R, EARE, AR X S H R,
el L3R w5 S R E SRR TR A — E RS, HARE

343 RHESRAESEFNEEREFRHAXY

A AR SR SR & B 5 IS AU A AR R AR O A i 45 SR WA 6. BHULTT A0, 7E 5 Fh
W E LB ORY, SHNTER SR E R EEIERIE — A, BA—eRE, NA%RS
&5 AN RS RoK VYRR P S UM DS AIAR B 3 ARG, AR A B KR A B R RS
Table 6. Correlation between heavy metal content in mulberry leaves and nutritional metabolism physiological indicators of

mulberry leaves in different survey sites

F 6. AENAEHMEMHEERSESRMEFNHEIRERIERMY

R UESF 3 A KRR 1R MR AR
Cu s -0.288 -0.329 0.246 0.333
Zn -0.145 -0.182 —0.496 0.188
Cry —0.246 -0.550" -0.695" 0.155
Cd « 0.377 0.472 0.632" 0.268
Mn -0.137 -0.078 -0.232 0.034
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Table 7. Correlation between heavy metals in mulberry field soil and heavy metal content in mulberry roots and leaves in

different survey sites
F7. AEATHMRETEEERSEWMIRE. HRESRASEHEXN

Eﬁ)ﬁ CU HH Zn R Cr e Cd W Mn W CU - Zn - Cr It Cd - Mn -
Cu+ 0.332 0.284 0778 0325 -0.108 -0.150  0.454 0.531° -0.595" -0.076
Zn + 0.245 0.612" 0410  0.644™  0.281 0.011  -0.013 -0.306 0.358  -0.294

Cr, 0.364 0.226 —0.106 0.450 0.120 —-0.249 -0.283 —-0.143 0.416 —0.230
Cd , —0.259 0.572" 0.288 0.236 0.204 0.027 0.224 —0.362 0.206 —0.241
Mn -0.024 -0.221 -0.439 -0.247 0.626" 0.601" —0.193  -0.439 0.419 —0.016

HIBERTL,  EI R & B S AR A I e R s RS B e Ak, Hb, &
b K4 5 SRR S R o RS 4 ) A G B IR AR G, B R RO B R ) UG, i
FH AR B 55 SRR 0 0 B A 2 0 3 A S 2 TR OG s 3B (R B 5 SRR AR AT S i A v BRI T 3R RO R
PEXIANE 2 IR ROER S SRR IR 2 02 RS TR (0 SRR AR A4 A SR TR A AR S 2
BFIEMR.

4. 71ig
4.1, REITIREOERBLIFE

AT FE R 2RI 5 el -3 pH BOARRYE, 5 XA [40]RIWT FESE RAREL; R ER) 15 S
e, TR B R AUR, T RE S I AL VA X AR R B A R [41] [42]. BTILTTR. &
IR A e SRR e R R A R W B R A [43] [44]. T LT1-LT12 K
FE R ELBERIL AR RL X, B DAL F 3 22 el I A AR 35 S i T S 3R SR A AR A SR 4
preb, AR AR AR SRR RS R LR, AT RES N IS AT 9R[45], 1245 R XA
PANIDESE 7 S 8

4.2. ESRARMRTFM FEIRR

SN 4 b 18 BT BRI 52k [46] [47], EGILT, HAHMRIKE N E SR E 5N R AR
i [48]. FEAWT LI X AL SR, JMRENESESES HEPHNNESRTREREAZE
IEAR(B > 28 LK), MEMHRNESREGE, SHEEPNNNESRITRTERZEAEEN
TG . FEARTTR) 5 Pl E B oR T, MW PSRKE, AEEER SRR R, .
R B v, B S M e b R A ) B < T R AREAREE TR R BB ) 1) B e R A
b, GG RGNS 491 R W [50155 A T 45 FARL. FEX IR A S ey, S vb (R 2 B2 L S
HRES G, AT RES X BRI 5 el 398 b (O 0 B AR B %, RARIR BRI fridk— 8 2 Hir[51].

4.3. EGRIHENRHEFRIHHR

431 ARWHAHERSBHOTW
MR F AN G ta, EEPE ST A REIZNEN, K&z 2E kN Rk 2 it
BRI . HRCORE AR, T RSN T PhE, AMCFBEM AR, IR0
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>

AU PSR IR 252, Mn Al Cu B GERHRMIA SE I 02, (I RBH AL,
WIABIRIF RIS H, ISR R T, NI 64 (53] [54] [55]. EABITM 15 4
SRR, S0 Cu & ik 5 R Mn &R S IEAE, SCRRE R ORISR R, 4
45(91.679%) 1 [X J& i 55 8 2ERE ML S0 Cu o T BB IX A J SR FERE s 7™ X J8 320 3 R
SR EREH A, Z I Cu S E9 T 5 AL T 2R S 1 F 2 A i 5 B U SRR 25 6 A
S, WA H LR UG Mn A Cu i BB R A 56, ELUA T RS 3t — B L.

4.32. MRMABECENKZLEERSENORMW

T e A RIS A, 385 2 B0 LR AT PR AT K TR B A R SRR B R R N R
DS E SO E[21], AT A4 R 5 M. 7 2E L[S6]55MT 7T 1 AR E X B AR R VI 5
Wi, SRR, ARG N SR ARGE 0 N . FEAHE T, Sl AN SR B AR
EEMN B, SRR R B RS, R B R R AL, RS R
R, ShE R AR S R R R AR S B R e, EARRE . KETEE A REEY
PRI EE IRV, AT AR DRoK BE AT, TR RT AR S e e A B A B B I M H AR 22—
MU [ST15 I TS5 RR T, FEEEJR Cu e N, ZRI7 L G A A E TR 228 T )5 _ETHE
%, WEMERASREOAZE TGS AR, HEMBRRMERZ ., F . W RER
MESREESME, RPN MESR TR AR ERMTAEN, FHLBRE SR, 7 XA
AP AR R S, S A RVE R S R AR TG, S5 S K A

HEEARENOAMI; A0 DO SRE A R RS R, 520 R AR S B AR A
E R AT WSO, 45 RS BIRESENE R, AT S —H

433 MEHDIEBSENEW

SN EARSERE, BABREIERIME WTHT PR ERERE D st & YI[58]. AT
o BT DXORA Z E  E AR S AR SR B T, SR R S R S B R e R R, H
WX R Zn SRS R ML ERER S EEEZ IS, MR DO I S b fe 388 Zn &
BESRMPBRER S EEARENIMR, HRNA R0

44, EERBRIBMYBERBRSRHREFR

S B B0 10 5 4 R PR — S RS I8 RE 71 [59] . AT B SR L 4h AR I, F B S AR 1)
He RGP IR . B BB 4 54 39.25 mg/kg FiT 601.69 ma/kg: 4 LA SR = B gD 259% I Bkt
JSE ) 48 G R A A S AR A RS2 A, SRR A R TG Y R . BRI 52 A
43314 40.88 mg/kg 1 527.00 mg/kg [60]. MASHFFLIILE RAKE, M aTE 2P E L8 S S hhan LiEd
IEwAK, B XS 5 S B ms 27033.64 molkg, LA, SEbE — R BoE o i
PERIREY), #HREFE T RS E S B N 2L, S ferE HIRE SR e B R EE RIIER .

A AR AL 2 OGRS E R, TER BB T E S R TS Y R R, FEORIIEZE S
JRERIETHRE N, RO KESMIESEFBN R EAANLE BN X FHFENRRSEREH, 5H
— R IR X AR AR AR LG, R T TR S O SRRk AR R R, B E SR S
A 38 6] ] 5 b v o) 4028 P R AR O BRAL AR AR R [61] . Ak, S AR N & & B Ak [62], 1
B RESE XS P IR VLA X ) 1 4 R T R R SRR L B T AT EE AT TR ST, SERRE, EER
SRFM R EREYEIEDN, FRESVESRS, HEZHMEORS B, REMENEL, &
R AR Y= 4 R S BT A KM AT AR UE[63], ZWF LS R, AT X A A A SR R T E

DOI: 10.12677/hjas.2024.143042 333 b k=


https://doi.org/10.12677/hjas.2024.143042

1

%

THHIE S,
5. &g

1) 3R SR M SR E TR S AR B AR AR AT e MR, RN R S R TR 2 5 K
VPR i iR AN A 5

2) EEMELREAMEKMT, SMESREITCR AR RN, IR HE 57
UL RE 5

3) FA IR PRSI B R T BARAEARGE, H6A2 B B A (0 e R AR XA AR
H e JE o B E R R R

4) FMu e ES R R S RN e R AR R, g ESRoR, N R
PR I RO 33, 1)1 5 i S 18 TR AR A 5

5) ZMAAERESBIME, £HZIEE A, FOEL AN EERE . AR E AR
RIS E T & B AL, SR S R M a P, A I4ERF IR A
KER.
E&WH

IR SR A E BB R B RS0 = (AR [2022] 60 5), T PEELARAE SR L P RO H
rhL0 BT 4 BT BT H (2022GXCSSC18),  H:7h Ak J7 TR O 5 8 H oL B B I H (B 2k HiH[2012] 9 9),
P AR K AR AL TRV ZR T H (202310605033) .
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