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Abstract: In order to assess the heavy metal pollution of soils and crops around a typical manganese mine tailing in
North Guangxi, and to select suitable plant materials for the remediation of heavy metal pollution in this area, nine crop
samples, 23 dominant plant species and their rhizosphere soils, were collected. The contents of Cd, Mn, Cr, Pb and Zn
of the samples were analyzed. The ecological risks of heavy metals in the soils and crops were evaluated using the single
factor and comprehensive pollution index. The bioconcentration and translocation factors of the dominant plant species
were calculated. The results were as follows: (1) Cd and Mn were the dominant pollutants in the soils of the studied
area. The values of single factor pollution index of Cd and Mn reached 18.53 and 147.09 respectively. (2) The contents
of Cd, Cr and Pb in crops such as Arachis hypogaea and Brassica chinensis exceeded the threshold values in the National
Food Safety Standards ( GB 2762—2017) , which had great health risks. (3) Among the 23 dominant plant species, the
translocation factors of Celosia argentea, Bidens pilosa, Emilia sonchifolia and Eremochloa ciliaris for several heavy
metals were greater than one, indicating that they have the characteristics of metal accumulating plants. The heavy metal
contents in roots of Arisaema erubescens, Ricinus communis, and Senecio scandens were relatively higher, while their
translocation factors were relatively lower, indicating that they were root hoarding plant. The metal contents in the shoots
and roots of Crotalaria albida, Rottboellia exaltata and Sonchus arvensis were relatively lower, while they kept healthy in
the contaminated soil, indicating that they were elusive plants. The results show that the soils in the studied area are
seriously polluted by Cd and Mn, and Celosia argentea is a potential plant material for the remediation of the co-
contaminated soil.

Key words: soil heavy metal, manganese mining area, pollution assessment, accumulator plant, translocation factor
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Fig. 1 Distribution maps of soil sampling areas and plots
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Table 1  Dominant plant species in the study area

# & i
Family Genus Species
FAR ey i
Gramineae Eremochloa Eremochloa ciliaris

i e

Rottboellia Rottboellia exaltata

B s A fif B

Eleusine Eleusine indica
AL A g #
Convolvulaceae  Pharbitis Pharbitis nil
R E R BERR
Euphorbiaceae  Ricinus Ricinus communis
PN PN — B4R 2
Araceae Arisaema Arisaema erubescens
EaEa i R B i R B
Asteraceae Praxelis Praxelis clematidea

JLEEE )R B

Bidens Bidens pilosa

— LA — AL

Emilia Emilia sonchifolia

(SRl INEE

Conyza Conyza canadensis

THR THUE

Senecio Senecio scandens

5 JE T

Artemisia Artemisia caruifolia

FiH
A. mongolica

Sonchus Sonchus arvensis
2 BT R HEIEE
Fabaceae Alysicarpus Alysicarpus vaginalis

o )

Pueraria Pueraria lobata

R L i 44

Crotalaria Crotalaria albida

ENCAH 2HRAE

Cajanus Cajanus scarabaeoides
LIS THEZE THEE
Onagraceae Ludwigia Ludwigia prostrata
Rt i £ B2 Sheg
Loganiaceae Buddleja Buddleja asiatica
AR FIE3R R W AE R
Capparaceae Cleome Cleome viscosa
At H A H A
Amaranthaceae  Celosia Celosia argentea
HZER} e g PEE
Malvaceae Malvastrum Malvastrum coromandelianum

DRGS0 0B (B AT P 5 S (B) M hn HE T3R0S Y g
B (rh AR ILAE AR AR EEE, 2018 ;) PH AR
TR, 1992) o VRV H 4 R T de 45 )
TS R, DUE K& 6% b i KA AE
FFRUEME (Liu et al., 2018) . PFA 45 540 R P04~
P <1.0, K154, 1.0<P, <2.0, 525,

2.0<P,<3.0, P EI5Y; P, >3.0, HEFJG Y, Pl
KA YLl ™ o,

( Pflla‘( +P§\'€‘ )
P, = [l (2)
com 2

Hrp P RRGEE TS Y485, P, R A T
15 QAR BT BIE 5 P, RS H 735 G AR By 5
KIE. WHE RN HEANFER P, <0.7, K5
Pu;0.7<P,,, <1.0,EWME;1.0<P,,, <2.0, K5
B:2.0<P,,, <3.0, P EI5Y,P,,>3.0 FHEZIGY,

H W) 4 228 ( bioconcentration factor, BCF) J&
A b A 4 Ja e e v O R R
Y E, ¥ 18 & 0 (translocation factor, TF) J& A
Yy b 50 53 T 4 1 e R R R O R 4 R
T HCAA, H 53 S0l S e T AR 0 A g b g s R 4
J& W RE 3 FIAE Y 4 B 455 Jm DAAR BB 56 78 ) 3t |58 53
HIHE J1 (Liu et al., 2014)

2 HER G

21 TEEERETERR

FFFE X 4 3875 YRl S5 Y8 B 36 2, 4
W] AT A A B o e e (530 bR HEAELY 36.43
292.14 .1.01,0.89 #11.82 %, LA P L35 AR Ak
HARHES G (] PU AR AR B AT, 1992) ,5 B
4 0 N T Y48 B0s U R Mn>Cd >
Zn>Pb>Cr, H:F, Cd Mn Fl Zn A8 V5 4L 48 51 ;
Ph ik E B 75 YL G5 Cr sk BNV EEIS5 Y g0, LU
R T SR AR ES % (SR BE W A
,1990) ,5 F 4 & J0 3 BRI U5 Y 4 B0 IR
J¥ K Cd>Mn>Zn>Pb>Cr, M1, Cd Mn Fl Zn i5 %]
TG Y G Ph IR B B YL Cr AT R TS
YORAS . DA 375 Yo KBS i S (EAE M ARifES % (b
1e N R AEANE A B PR B, 2018) ,5 FiE 4R L R
PAR Y5 Y d8 B S AR S Cd>Mn>Zn>Ph>Cr,
Horpr, Cd A1 Min 35 B BV Y G0 Zn b TR TS
YL ; Cr Fl Ph AbFAR V5 YR, BRIy Cd/
Mn ZA&155, W58 IX Nemerow £ 515 YL 45 BT
TG YR, R S R S TR
BR i A FH M A 805 Y KU A s br it (04 7) ) (GB
15618—2018 ) H L 114 - 345 il .
22 EMIMT R AMHAESESERTLEIEH

BT B AR AER BE X F5E X9 R EY)
Al AR S P 4R A i s e R AT T
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Table 2 Heavy metal contents and the pollution index in soils

$EHT Heavy metal content (mg - kg™)
Index

Cd Mn Cr Pb Zn
% KAH Maximum 10.93 51 416.67 151.78 79.78 364.10
/M Minimum 0.19 360.56 54.89 18.04 95.93
I Average value 5.56 25 888.62 103.34 48.91 230.02
IR BEH Screening value for soil 0.30 — 150.00 90.00 200.00
345 B Intervention value for soil 2.00 — 850.00 500.00 —
TV 4 5635 S {H Soil background value of Guangxi 0.267 176.00 65.30 19.50 75.60
o[ 3875 58 Soil background value of China 0.07 583.00 150.00 24.00 64.70
TOB 20.82 147.09 1.58 2.51 3.04
COB 79.43 44.41 0.69 2.04 3.55
B IS Y8 HL P, 18.53 147.09 0.69 0.54 1.15
AT AR P, 106.69

T TOB NARYET™ PG 32T SeE 55 i B P Fi5 Ye 36 BUE ; COB AR i [ H 335 St VT3 e A SR PR T e PR 00 e

G fFLF - S (A 1E FH A pH Y[ 5.5<pH<6.5,

Note: TOB is the value of single factor pollution index calculated by the soil background value of Guangxi; COB is the value of single factor

pollution index calculated by the soil background value of China; The applicable pH range of the soil screening value and soil control value is

5.5<pH<6.5.

5T, R IEK 3, REBVEY AT £ AR o o 43
JR SR TR E KK bR (GB 2762—
2017) i EME . & DX AR B 4 )R TS e A
B IS YRR E LR 4 4 FhEE 4@ c RN 175
PR BOE R A Phb>Cr>Cd>Zn (&M & 2 FE
PR R AL Mn) Bk Zn AN H 4R PAEI(EER
3L, S TEEGYS, Nemerow 25 A 15 Y
TREES R Wow A VR #R AL T 8 B TS JL 90,
WL 9 R B 4 25 6 15 G AR B e AR Y Sy
IRNGS/INFAFESHAESZ RS &> FEK>KE>
A>FN
2IMBBEYEEEREREEHIZHS
ABgE 23 FLFEAE YR N EH 48 & E
Bl & Cd 5 0.08~7.64 mg - kg, Mn & 101.93 ~
2 400.70 mg - kg ,Cr 4 1.30~94.63 mg - kg ,Pb
7 1.88~30.04 mg - kg, Zn K 3.63~61.88 mg -
kg (F5) . Hr, Cd BYRARME H PUAE B 32385
YRR, foe e (E Y BEAE T OB R AR 8 5 Mn 1Y) £ AIX
1B L ST 6 2 2 A b b A o A R AE A Y
Hi B35 Cr A FARAE 3 AE T BB b B30, fe &
{8 BUAE 25 5517 5 B AR 55 5 Ph 1) e A AEL H B0 76 7 il

0 S o (E S TR AR AR R 5 Zn 1 o
R H B0 A 2 7517 A AR e e A o LA 2 AR 1Y
HRHB, — M1 O, AR A R s e A 8 i i
L) 4 TE 5 B 46 R % Y LN Mn 2 1~700 mg -
kg',Cd } 0.2~0.8 mg - kg', Cr &y 0.006 ~ 18
mg - kg" ,Pb A 0.1~41.7 mg - kg ,Zn A 1 ~160
mg - kg ( Gardea et al., 2004 ; Hao et al., 2015),
ABEFE R 23 FPOEHAE D) B Ph A Zn 5 24T
IEHAEEN, KR P Cd Mn F Cr & 238
T IE RS RRE

W 6 i, AR HAEY G R FhE RS
LERENL 12 REAAAE R E R, PR
BN Cd 1Y S REOR E, 73 0008 1.80 Al 1.535{UA
A X Mn W52 REGE T 1,8 2.57; H4 3 Fh
AR MY EERBO RS 1, 5T M
Cd W¥Eis 2B, iR 2.42 F12.24 F M
XS Mn (5512 R 8RR, 5050k 8.30 F16.79; 75 8
X} Cr (5538 228055 9.94; FH R4S TR — 5 41
X Ph i 2B, 43 5 2.78 11,68 il 1.66;
BEFE A B AR B X Ph AR s RO, 2y
Wk 4.93 3.49 F13.26,
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Table 3 Heavy metal contents in the edible parts of crops in the study area ( Unit; mg - kg™)
R Cd " . " .
2R Sesamum indicum 1.69 170.69 1.90 14.40 25.63
T Arachis hypogaea 7.79 550.14 65.64 9.63 16.72
/NEZE Brassica chinensis 1.08 365.00 66.08 5.47 14.13
4 JI\ Cucurbita moschata 0.24 5.00 1.28 0.06 56.25
W/ Vigna umbellata 0.07 28.18 62.89 33.22 30.13
EoK Zea mays 0.01 21.19 1.67 11.40 24.88
KRG Glycine max 2.75 114.01 3.32 1.92 78.50
Jiit 5. Lablab purpureus 0.01 68.86 63.19 5.11 24.00
2 Allium fistulosum 0.07 488.61 1.76 2.64 14.75
J{H Average value 1.52 201.30 29.75 9.32 31.67
L it 2 4 [ AR
Threshold value in the national food 0.05~0.50 — 0.50~1.00 0.10~0.20 20~100

safety standard
GB 2762—2017

GB 2762—2017 GB 2762—2017  GB 13106—1991

T — FROR B B AR X T il 2 4 T 50 i B BRI

Note: — means there is no national standard; The values that exceed threshold values in the national food safety standard are highlighted in

bold.

x4 HARXEVESRTEEH

Table 4 Pollution indexes of heavy metals in crops

BT 5 QR P,)
Single factor pollution index ( P;)

TEM 44 P

Nemerow ZE & 15 G4

B (P...)

Crop name

Nemerow comprehensive

P, Py, P, P, P, pollution index (P, )

PR Sesamum indicumxi 3.38 — 1.90 70 0.51 51.28
1A Arachis hypogaea 15.58 — 65.64 48.15 0.33 51.77
/NH3E Brassica chinensis 5.40 — 132.16 18.23 0.71 97.46
® K Cucurbita moschata 4.80 — 2.56 0.6 2.81 3.89

/N Vigna umbellata 0.35 — 62.89 166.1 0.30 124.27
EK Zea mays 0.10 — 1.67 57 0.50 41.65
K ¥ Glycine max 13.75 — 3.32 9.60 0.79 10.87
Jii 52 Lablab purpureus 0.10 — 63.19 25.55 1.20 47.43
. Allium fistulosum 0.35 — 3.52 8.80 0.74 6.66

J{H Average value 4.87 — 37.43 44.89 0.88 48.36

it

B A DX R R A SR T gL R T X
18 b e — i o < Jm ™ B AR HIE R . AWESE
b B AR R A IX R 21 1+ 2 b Min (Cd \PD
F Zn 0955 AP AL T8 5 K F | Nemerow 25615 4t
5 B B I 5 DX A A T o R g O, BRI

3

15 YLFE B M RABESE X Cd A Mn BB B8 5
YuU: , A ML AL Cd/Mn & &5, +3 Cd/Mn
AR WTEY X R Z e, %
/NIRAF (2014) 0T T BRI R0 BB HEIX £
B K A h e W+ R E 48 S N
Hakanson 3% 75 42 5 16 3 48 Kok 1 @ A 285 RS TF
Y, a5 T U R e R X 4 M A A4 AR A i A
43 HIA120 565.7 mg « kg F1 6.82 mg - kg, 4
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Table 5 Heavy metal contents in the roots and shoots of dominant plant species ( Unit: mg - kg™)
Y R Root Hi 178 Shoot
Species Cd Mn Cr Pb Zn Cd Mn Cr Pb Zn
WRWA R Eremochloa ciliaris 490 707.92 1574  13.92  5.00 0.82 23271 36.92  4.05 16.31
24 Pharbitis nil 0.89  557.36 10.03  4.83  61.88 0.26 54826  5.42 7.58  45.63
BM Ricinus communis 3.85 258.19  5.26 14.33  47.00 0.22 51512 2.20 1.92  28.56
— BTG & Arisaema erubescens 2.78 1555.06 17.53  10.13  31.50 0.40  677.92 66.35  8.53 25.44
R E Praxelis clematidea 1.40 277.78 7536  30.40 16.13 1.04  567.71  67.74 3.02 16.13
HEJEXT. Alysicarpus vaginalis 133 233.61  6.04 5,76 13.13 0.88  446.46 62.51  4.22 13.50
WA EL Bidens pilosa 1.67  529.31 1243 11.03 14.75 0.41  514.47 68.66  15.36  15.00
— JH4L Emilia sonchifolia 1.50 133333 5.08 4.10  28.63 1.90 108542 2.52 6.78  54.81
¥ Pueraria lobata 0.08  567.64 70.22  9.15  19.50 0.20  943.06 71.81  9.37 15.63
THZE Ludwigia prostrata 2,76 282.64 66.61  6.06 31.50 0.17  824.60 64.67  4.59  21.00
/NIEEL Conyza canadensis 0.89 23042 68.69 7.75 17.75 1.15  267.01 58.57  5.17 9.88
T B3 Senecio scandens 7.64  561.81 15.28 521  16.13 119 24221  1.30 5.24 14.81
FH 1 Artemisia caruifolia 0.60 8293  4.18 4.00  9.50 0.35 56277 41.56  5.85  23.06
H & Buddleja asiatica 0.38  245.00  6.00 7.86  30.63 0.67 43390 1.93 0.28  25.06
S Artemisia mongolica 0.68  495.14 70.18  13.60 19.38 0.47  587.99 7173  5.11 26.06
EALLL Cleome viscosa 0.68 316.53 69.57  6.97 18.88 0.64  730.21 68.49  6.63 18.50
FHH Celosia argentea 0.57  290.00 68.54  2.01  9.50 1.28  2400.70 2491  5.60 10.94
FE3E Malvastrum coromandelianum 0.39  306.81 70.63  9.67 17.38 0.66  708.26 63.62  4.78  26.00
W4 5 Crotalaria albida 0.54  121.65 66.22  7.97  17.00 0.36  546.18  66.57  13.40  6.06
LB Cajanus scarabacoides 0.11 71222 73.74 12.65 13.63 0.12  591.67 68.87  14.98  12.00
442 Rottboellia exaltata 2.03 53556 83.21 28.19 32.75 0.10  101.93  2.58 1.88  21.25
4 H Eleusine indica 0.38  492.50 94.63  14.18  3.63 0.61 92583  3.35 5.15  47.50
33 Sonchus arvensis 0.08  487.50 10.08  4.33  3.75 1.14 33736 5.79 3.92 18.50

TE ¢ ORI AR AR AR Y5 Gt o 8 v 4 i A R 4 L T < kR B A BB AL

Note: Values that exceed the normal range of heavy metal concentrations for terrestrial plants grown in uncontaminated soils are highlighted

in bold.

I R A, Ry X R RS
YOLFE, RS (2016) £ PHEEMTT M H 24
KR R T TS BN A 52 A0 T ROR B R
() = AbEE BT 5805 Ye A A, o BIR IF R IX
TR IX B MUK & X R4 3R St 45 007,
25 S WA RN 2 X = N0 IX el 32 5 YL oT
., XL R BEIAL T X Cd/Mn B A 15 Y AF e 5L
KAEBKE, HEPRER Cd, Mn & & Al Ge 2
FEXARY T DI R, BEgE R0, 3 b iy
BHIE AL AR R AR RN G S5 R — R R
FR, SR VAR A L B I R 45, R I R AR AR
DIRE AR 2R X SR A R, 3 2 )
PR3 B A5 17 , 38 O A A 38 [ IK ( Haider et

al., 2021) , HEWEEA o & 0 42 R A b
o PRGBS BT | R TR I 9 A
AR B R I 25 3 BORE W O Ak R Mk Bk = A 240 i
Wl o B, AR 2R A2 4K (Santos et al., 2017)
PR, 7E 20t 45 1 PR B R AR R e AR K BF T K
SRACEEF U A ) 0T 4 R TS e PR B LA R
B N HE T o DA A A o i 2 1D B 4 S it
PERE SERE I MAE Y T 45 4 1B E B
AR W W T o

A HH - s b v Y G s A
Yy A T 52 e AT & P ( E 0 AE,2020) . H
T VE B b BRI A R B = FE AT XA ] A R
HARAEY ) R Ry, AR EREY], B
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Table 6 Bioconcentration factor ( BCF) and translocation factor ( TF) of dominant plants
- B R BCF s ZHL TR
Species Cd Mn Cr Ph Zn Cd Mn Cr Pb Zn
WRWA R Eremochloa ciliaris 1.06 0.03 0.26 0.11 0.10 0.17 0.33 2.35 0.29 3.26
ZE - Pharbitis nil 1.35 0.11 0.04 0.20 0.28 0.29 0.98 0.54 1.57 0.74
BERR Ricinus communis 0.58 0.03 0.02 0.04 0.14 0.06 2.00 0.42 0.13 0.61
—JULe R & Arisaema erubescens 0.71 0.42 0.95 0.24  0.27 0.51 0.44 3.79 0.84 0.81
R ¥ Praxelis clematidea 1.53 0.07 0.49 0.09 0.10 0.74 0.44 0.90 0.10 1.00
BEIETT. Alysicarpus vaginalis 0.73 0.03 0.51 0.11 0.07 0.66 1.91 0.95 0.73 1.03
Y% Bidens pilosa 0.60 0.09 0.65 0.63 0.09 0.61 0.97 2.12 1.39 1.02
— 4L Emilia sonchifolia 0.75 0.11 0.02 0.23 0.31 1.26 0.81 0.50 1.66 1.13
& Pueraria lobata 0.05 0.05 0.75 0.13 0.09 2.42 1.66 1.02 1.02 0.80
T2 Ludwigia prostrata 0.72 1.04 0.81 0.13 0.20 0.06 2.92 0.97 0.76 0.67
/NFEEL Conyza canadensis 0.43 0.01 0.53 0.12 0.06 1.30 1.16 0.85 0.67 0.56
T B Senecio scandens 0.45 0.01 0.01 0.13 0.09 0.16 0.43 0.08 1.01 0.92
T Artemisia caruifolia 0.63 0.11 0.39 0.20 0.15 0.59 6.79 9.94 1.46 1.18
5 Buddleja asiatica 1.20 0.08 0.02 0.01 0.16 1.80 1.77 0.32 0.04 0.82
ST E Artemisia mongolica 0.85 0.11 0.67 0.18 0.16 0.70 1.19 1.02 0.38 1.35
AL B Cleome viscosa 0.45 0.06 0.72 0.21 0.09 0.94 2.31 0.98 0.95 0.98
H M Celosia argentea 1.26 0.30 0.32 0.26 0.06 2.24 8.30 0.36 2.78 1.15
F&F% Malvastrum coromandelianum 0.08 0.02 0.42 0.06 0.08 1.70 2.31 0.90 0.49 1.50
W44 5. Crotalaria albida 0.04 0.01 0.44 0.17 0.02 0.67 4.49 1.01 1.68 0.36
E B Y Cajanus scarabaeoides 0.01 0.01 0.45 0.19 0.04 1.06 0.83 0.93 1.18 0.88
45 3E Rottboellia exaltata 0.28 0.02 0.02 0.05 0.13 0.05 0.19 0.03 0.07 0.65
LB Eleusine indica 1.80 2.57 0.06 0.20 0.42 1.63 1.88 0.04 0.36 3.49
T 33K Sonchus arvensis 1.24 0.05 0.06 0.16 0.11 1.05 0.69 0.57 0.90 4.93

T W& 4R R BN E REOCT 1 MEUEIRL,

Note: Values of bioconcentration factor ( BCF) and translocation factor (TF) that are greater than one are highlighted in bold.

WX il i1 -8 BRI VEY) 252 3 Cd  Cr A1 Pb
MESEG Y, 4 KRG MZ M Cd & & &
LR R e A [ AR ME P Y B FRAE, X ORI RE
BHEY) & THE AR h & % Cd A ¢ (Rai et al.,
2019) fE4E DA AR/ SRR SRR Cr %
#1760 mg - ke, m TARE L BRI 60 £,
BRES AN AT 8 FEYI ) Ph & Rt #HE L T 45
HE FRRIE . BEZRIT45E(2016) P84 1) PR A0
X BHFIEE 166 A5 S A i 10 HE 4 w75 e s i, &
Pb Fl Cd (88 bR B0 52 50 Wb 2, R =5 b ot i s
B R B R R AT 9 FEM 256
15 e BOKT- AR I8 2] T S YL g, X 5T A
(B FE 45 FAR AL, BN, BR 7 5% 4 (2017 ) X 7g
I AR ORE 3 AR E X 19 R B

HEATE A R A i A AT, SR A TS QAR BRI S
PeRIRH] 93.5% , AT RENEYFE S Y
Mo R H R B AR, KIE HZ0E5E XY
o X A7 A 5 v A R XU

A b - b R 4 i X T O e A
WY RA HEEWSEZER, B8 HETX T 0w %
YR E SCIRAFAE— & 538 (5 B ETE 2 A
R B AR AE Y e AR A . (1) M B
B3 I S, 0] 40 Mo 10 000 mg - kg, Zn
3 000 mg - kg’l,Cd\Se 100 mg - kg’l,Cr\As\Cu\
Ni.Pb 1000 mg - kg5 (2) YW E SR EZL
oA FE s By BRI Gs RBOR T 15 (3) X H
4B B AR 9 00 i 32 1 W S0 46 i IO 5 e G
1EH% 4 K (Fernandez et al., 2017; Sharda et al.,
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2021) , MAHZE R 23 Fp AL S48 Y 135050 5 4
&S EORE S M E AR YRR B A, B 258
WK, HREHX LAY P IR IA R VAT BT R S
OB 2 & Y s E Y, XIS
R eth T E e 8 4 8 A AR A W T A
PO 38, 3 — i DN 4 R B 25 R ] LA
FNGGUE , 25 5 7= ER 43 AH ) 19 & B JR BUCRR I i
AINF L UL R E S R R R,
A, KRG 4 XoF 5 4 Ja I %o N [R] ML o R A ) 4
Shy e A2 AU RE W AR S R Y A A R R sk B AR )
(Vaculik et al., 2012) , 7EXJ A" X S H i ih o 45 @
5 Y HEE A8 5 R 2 4 R Al AR v, AR B
A0 P9 R 1 R BB 0L ) 5 e e A TR A W mT P
V5 YRR B A AR AR TG R, AR S ) R TR A ) A
PR AR ) T 3 A P T R R A DXl ) R
52 TAHE(Zhu et al., 2018) . H4F A% (2022) #F 5%
TR A SR R IX 30 FR ALY B 4R
EAERHE, S5 R R R T HDE ke SR
W ARRURE Y, S SRR Y Y HE S A AR A AR )
T AU A B8 Sy FakE A ), B A R ) e K I i
T A JE IS s B e Ay . ARBESY
A R ERR | — g IRIA R SEXT Z M AR
PERBORT 1, BRI, R A
FRAE, Hod Rt od f Mn W52 R BT A
R e, % e 2 X L) Cd/Mn & & 75 5N
F 0 45 YRR, A VRN X R IR R
IR IENE AR . AR G AR AR 4 X) 38 rp B 4
AL QAR W (E NG £ o o e N T 4 i
IR RS A R B RR T BB SR
TE 4R R, s REURAL, HA AR R
RUREY)RAAE KWLk 7 AR ) R kO AR 5 X - 3 rp
& JE WML, A Y rp o 4 TR A P R AR
BEMESE SRS, HAERE S B Y+
Herp RB R AR K, HLA L AU W RRAE

4 ik

() WFRIX I E 48 & ks, o cd
Mn J& F 25 Yon &, A 15 Y 15 5053 5l A
18.53 1 147.09 , HA e 0 A A AU

(2)23 FREHAEY IR N 4 8 & &t IE
JO L P A R RD | — RAL IR FSE XS 2 R
HEEBHRERBRT 1, B s ERBEY R, |

i b A R AR S B E A B I A AR
HEL T R e R RSB A

(3) W X AEAE /N SRR AT & BB AL P
1) Cd Cr Pb & & 3 M ok £ 5 B 5% 2 bR i (GB
2762—2017) WAy IR, HA B g i AU . Rk
FEAE S 05 G + S IR B I X A 1 W 05 g e B it
A7 W, R B 7= b T 4
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