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IR E T 3 A HLER R ADRHY RESE & 13T A A MLBT & A pH, H A BA -+ RS AR IR T RO B W 3 (P<0.05), 5
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Abstract: Some soil in the coal mining area of Western Panzhihua has high Pb and Cd contents, and there are certain
food safety risks in the development of the plantation. In this paper, we compared and analyzed the trends of Pb and Cd
uptake in mango in the region before and after the application of three groups of organic amendment materials (mango
grass straw, mushroom residue, mushroom residue+mango grass straw) through a large field experiment, and investi-
gated the degradation of Pb and Cd in the mango in the region by different dosages of organic amendment materials and
their influence effects on the quality of mango. Three groups of organic amendment materials improved the organic
matter content and pH value of the soil, among which the fungus residue+mango straw group had the most significant
effect (P<0.05), and the effect increased by 10.85%-25.66% and 3.55%-8.06%, respectively, compared with that of the
control. All three groups of organic improvement materials had certain effects on reducing Pb and Cd content in mango.
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The effect of reducing Pb in mango was shown as mushroom residue+mango straw>mango straw>mushroom residue;
the effect of reducing Cd in mango was shown as mushroom residue+mango straw>mushroom residue>mango straw; the
effect of applying mushroom residue+mango straw was most significant, the reduction of Pb and Cd in mango for the
mushroom residue+mango straw was 13.80%-27.87% and 6.32%-27.58%, respectively; there were some differences in
the effect of different application amounts of organic amendment materials on degrading Pb and Cd in mango. Within
the experimental interval, applying 8 kg/plant of mushroom residuetmangrove straw material could reduce Pb and Cd in
mango by 27.87% and 27.58%, respectively, which was the best effect (P<0.05). The health risk evaluation showed that
the HQi values produced by consumption of mango in each treatment group were less than one, and there was no health
risk, so it could be safely consumed. In conclusion, applying 8 kg/plant of mushroom residuetmango grass straw in the
experimental range can better inhibit the absorption of Pb and Cd in mango, effectively reducing the enrichment of Pb
and Cd in mango. It can be used as an ideal material for the agronomic control of mango cultivation in the coal-mining

area of western Panzhihua.
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L1 KBRSl I U )14 2R A
TP X AT 7 3 37 25 R AR X (126°59'33"N,
101°56'58"E ), J@ W #H T Hn #5 3fe, 4EHR
1 20.3 °C, G FEKE 836.5 mm, AT A HEFHIE
T 2013 4, FFF 2017 4R i R se-78 +—SEEE
e X T ER . ERXERTAILREZ
(0~90 ecm) &% LIR)ZMRE (K LFa - ibakk
=1 1) JFRMRAE A, A2 2000 m?,
FERSTH Si0,. ALOs, Fe,O;. CaO F1 MgO 55
Wk, HRPIE. AR S EIR, AR b
JFA U AK )72.24 mg/kg , TR 57.84 mg/kg
HRLHE (AP ) 11.98 mg/kg, AL (OM ) 1.05%,
PHEF2c#id (CEC) 21.47 mg/kg, pH6.2.
1.1.2 A A Pl R AR B (R
HERFRILLRL ), R H B AL T R A b T3R5 1
ANE IR R, FEEMR RS | Ak



559 4]

INE VAT - AT LSRR AT A7 1 52 B X1 L SRl i s 1949

go. HBER A DU RIRGATR A AL R i
ML AP RAPREEABAL R LR 1. o
WK 2 FA PR (R SRR ) K. B
A, i 100 F A, A BAE T B iR AL R AT |
o

FHR A M H] . OPTIMA 7000 HoJBokE & 4%
B (ICP, 26 PerkinElmer /A7) ), HNO;
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Tab. 1 Basic physical and chemical properties of organic improved materials
R H LB 2% 2T 24 Pb cd
. pH O O o B C/N o o
Material OM/(g-kg™) TN/(g-kg™) TP/(g-kg™) TK/(g-kg™") /(mg'kg™) /(mgkg)
R 6.40 364.53 4.77 1.48 14.13 49.25 - -
T i 7.80 625.14 12.55 1.22 11.65 38.78 — -

e —FmAK,

Note: — indicates it was not detected.
12 A&
1.2.1 Rkt R AR ( Dasheri ),
P T 2R AL T P X AT A e P SRR X, B
1% 6 a, BRMMATIE 3 mx3 m, Bt HLk B AR
SR RS AT L A L AT AR, T 2022
A2 H S RAR R R T e, IR 16 4 A0,
AR E 5 AER, 180 AIX, AN
XK 30 m? (5 mx6 m), RAEHRECH 3 ¥k, &
AINKZ A BE 0.4 m () SRR RS, B0 AR R Ab 2R )
FHESZA o 16 NAEFRS 3 AT AT A5 HLEk R AF
BHRXTIE (CK); - EEFFAEARIC N G-MS, 5
HEFIFEAFAL IR, a3 2. 4. 6. 8. 10kg/
¥R, 23 MARiC A G-MS, . G-MS, . G-MS;3. G-MS, .
G-MSs; WA FARICH G-MB, 5 A,
A 2. 4. 6. 8. 10 kg/bk, 4RlFRic
4 G-MB,. G-MB,. G-MB;. G-MB,. G-MBs;
BT RSP AR IE Y G-MIX, 5 B+
FREFEAL I, sy 2. 4. 6. 8. 10 kg/
¥, IFRiE N G-MIX,. G-MIX,. G-MIX;.
G-MIXy. G-MIXs. AL A AL i =0k H
W, WM %I, RE 40 cm, FFk
KMRHEEE T (3 40 PL R BRI 1 R
Tt ), 352 Y A 7 > A T H ) R DR K
MEAEAE ) T 2022, 2023 AEPCR A TR R
Pb. Cd & M - B Au v B i il o
122 ARz (1) WETE, 2% H 962—
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HEATI5E o

(2) FESLIA . PRI (2022 4F 7 .
2023 4E 7 ), HMR S ASURFEL S BICR AR A b B
FITERAR AL, B, UIHUR AR, &
T 85 CTFMTZEE &, WHE&H . A& U
JE B RFIIAE S 5.00 ¢ TR, 350 CRiLET
M5, 550 'C KA 4~5 h; W HS , MIAZGR HNO;
TR, FUOKAE 2 ho BURRAE I 1R R 205
A HNO; SEAZE 250 mL, RAIEH .

(3) TAEXM. i OPTIMA 7000 HiJEHE A
EHE TN (ICP) = FpE i p BAR o & 2
HEATIAE

ICP TAEZSEL: R 1150 W, Ak
0.7 L/min., 5B <& 1.0 L/min, RHELHFIRE
12.0 L/min,
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Tab. 2 Evaluation model parameters for heavy metals

iy ZH SHH SCHR A TR
Index Parameter Reference value Ref.
Ep R E/a 30 (BN ), 6 (JLE)  [19]
Ar S FERT /A 365%Ep [19]
Bu T kg ;;))( M), 15.9 (JL 20]
WA Z I _ _
RfD Hrg-kg ™ Pb=3.5, Cd=1.0 [20]
F YT RIS 1 [19]
Ir BEAR/(kg-d")  0.0557 [20]
Er BT F/(da) 180 [21]

RGEFETN B X FRAECHQ T AT -

ADI
HQi = ﬁ x 1000

Arh, HQ; N —H & BB MK 84 HQi<I,
FWBA W] XU 5 HQ =1, MIAFTEWSAE
B XUSS
1.3 4R

HIFH Excel 2022 #AFR G K #1740 B
FIH Origin 2021 3 k17 EI 26, R SPSS
20 HrZ M =K 507 ( Duncan’s multiple range test,
DMRT ) 6 48 A [F] Ak B 21 i) ey Sl 2844

2 HER55W
21 BHNERE#MEXLEE pH, BHRMFE
3 A LR A RE A R n & % 3% pH
HAR I E 1A ) A Bk B A5k G-MS .G-MB |
G-MIX 7E /N [R]s in 2 A BR T 2 6 BH 8 42 o 1 5
pH, H G-MIX AR R i E; G-MS 4 7EA A
T T4 3 pH 0.15~0.41 N EASE, L G-MS,
AN BRRORFcAE ; G-MB 41 i -2 A9 388 i + 1€ pH
BT R R B 7E G-MB4 A BT 14 pH
PRTFRRE, $TF 0.29 MR s G-MIX 4 S

it i+ pH M ETHE, Hf G-MIX;s
AbFER X 445 pH $ETHRCR I, 42 0.51 AN
o Bk L, 3 AN RAMEH G-MIX 4%+
58 pH TR s, A Ab 3 G-MIXs R
A (P<0.05), 2023 4F 3 ALk R AR 1
2 pH MR TR S 2022 AR T B M2 R
AN TR A B R B R A B 8 Y 5 T
ik 1B Frs o5 CK AH L, AL R AT R G-MS |
G-MB. G-MIX i +HEAHLE & EiEE 4.84%~
25.66%, Hrh, A HL R MR G-MIX X A L
o R T ROR By . B = 3 m,
A ML S Wi, L G-MIXs 2B %
I, M CK T T 25.66%., AL, 3 A ML
RPEF G-MIX 4% + 564 HLE & & A 273
WA, AR G-MIXs b BRACR Al (P<
0.05 ). 2023 4FE4bFRLNT 4 A HLT R THRUR 5

2022 4ERA IR T B E LR
22 ANME#MMNTEFTHEPb. CdEE
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Bt A0 ARt I R 3, R IR O .
F1, G-MS 4 H5E A RAE Pb & FEA
10.58%~22.51%; G-MB Z1f#i + A% P &
K 7.85%~ 20.01%; G-MIX 411# + 3 sp g %L
A Pb H R 13.80%~27.87%; 4 G-MS . G-MB
ANPGRS Ph AR T IRl
1Y G-MIX 4 ; G-MIX,AbF 5 +3E P A3 P
FEY B ERTHAALR (P<0.05), HLAT L,
Jiti 3 ZH A HILC AR AT G 2 B AT 1 B R A K
A Pb Ei, MEF G-MIX 410 AR+ 54 304 Pb
S ENSERIET G-MS 41f1 G-MB 41, Hr, DL
G-MIX, AbBERUR B4 o M 2022 4F 5 2023 4 2 4
B R, s e ek R RS, Rl RS+
BPASES P SR 2a N EMEER, UHA
AF 5 i SR FH B B R 300 N A FHASCR A X RRUE

it ek A RS TR A S Cd S
2B R o 3 A HLEk R ASBHEA [t n & %+
BrPARSES Cd &AW AR H A VL R AR
G-MIX SR Ecl o G-MS 416 A )i fin & F FAIG
TIPS Cd S 1.47%~18.95%, LL G-MS;
BORHAE; G-MB 7EA Al 2 B AR 1
AR Cd & 4.84%~24.01%, DL G-MS, %R %
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(=)
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AT} /ING 5 Bl 2 7 ) — e BRBRHTE A [t 2 (1) 2 5 . 3% (P<0.05 ),
Different lowercases indicate significant difference between applications of the same improved material (P<0.05).
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Different lowercases indicate significant difference between applications of the same improved material (P<0.05).
B2 AHERMENEEREYES P, Cd EENHMN

Fig. 2 Effect of organic amendment materials on effective state Pb and Cd content in soil
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[P Ml BRI S rp P 2, G-MS ZH IR Rrp
Pb &K E 83.53~98.55 ng/kg, G-MS4 AbFHER
®UIF; G-MB 4R Pb & AYFRIERCR IR T
G-MS 41, Hamjgr=HRd Pb S EE(IKE 88.16~

101.56 pg/kg, Lh G-MBs AR, FHiEER=
G-MB; 2b3 5251 Pb & 50h 101.56 pg/kg, A
et Pb HRFEIE (B Z e ERE gt
TSP ) (GB 2762—2017 ) P2 75 44
FREFRMELLIN (100.00 pg/kg); AT G-MS.
G-MB P4, G-MIX AT P FRARSICR F 4,
Pb & M 110.21 pg/kg FFEEZE 79.51~95.01 pg/kg,
P G-MIX, #H M3 R mbf (P<0.05), AU,
FR G-MB, Zb3ICH - R Pb & RIS & i
1Y BR AR AEAL, oA A B34 e A AU AR SR
H P i, Hi G-MIX, AR B . M 2022
4E5 2023 4 2 dBdE AT N it in R 2 ek AT RN
TR Py S 2a NLRENLER
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Different lowercases indicate significant difference between applications of the same improved material (P<0.05).
B3 ANERMBERF Pb. Cd SEHF M

Fig. 3 Effect of organic amendment materials on content of Pb and Cd in mango

PN . G-MIX( 34.42~44.51 pg/kg ). G-MB( 36.74~
45.26 pg/kg ). G-MS (38.53~46.81 pg/kg ). T-4H
Cd &3z AL R PRI R 52, 75 G-MS
g, RS, TR Cd S EEAL, LA G-MS,
ORI, Cd & EREIRE 38.53 ng/kg; G-MB,
Aefits b Cd &8 FEE 36.15 pg/kg, [ NEER
df, G-MB 4IP3 Cd SRR It T
G-MS 4 ; G-MIX X} 22 2R v Cd 5 o (1 B AR AR
AL T G-MB. G-MS 41, Ll G-MIXs &b P55
. AT, 3 A LR AR REA AR
R Cd FE, AR G-MIXs SR RS .
282 a B XL, 2 AR TSR Cd S R RE
TR & B 8 AR 1k
24 BNHREMEXNER Pb, CdEYRER
b

M 3 Al M 3 APl B ARG TR

x3 BUMRERMBNER Pb, Cd EMMERE (BAF)

) Pb Y B REH&EMLH G-MB>G-MS>
G-MIX,G-MIX A 221 Po AE YR R R IR,
BT CK FEME 13.80%~27.87%, HA G-MIX,Ab
TR P AE YR R R BURAR, G-MIX, 5 G-MIX;s
ARFRTC 35 25 5 i 3 A HLER AT RS TR Cd
YRR B &N G-MS>G-MB>G- MIX,
Hrp G-MIX 4IP3 Cd &5, B CK [
fi% 6.32%~27.58%, HIULAT UL, A5 HLek B ARSI X)
T2 Pb. Cd AR BERFU" A, G-MIX 4H
T Pb. Cd BIEWTR B REUR /D
25 TERBANERXEEEMN

AR B RS PEAN I, a3l N . LR
FRTEI AR BRG (75 SR = A ) HQ E R 733 (&
4), Hr G-MS,. G-MB,. G-MIX, 75~ A
%A G-MS .G-MB .G-MIX 4 #b PR 2251 G-MS, .
G-MB..G-MIX, 53l &/ JLEEA G-MS .G-MB |

SEA0

Tab. 3 BAF values of mangoes after conditioning with different organic amendments
HEIE 4 5 BAF(x107%)

Heavy metal group cK 2 kg bk 4 kg bk 6 kg B! 8 kg B! 10 kg #k !
Pb G-MS 0.58+0.03* 0.52+0.01° 0.49+0.02° 0.45+0.01¢ 0.43+0.01° 0.44+0.03%
G-MB 0.53+0.01° 0.51+0.02° 0.49+0.06° 0.47+0.05° 0.46+0.03°
G-MIX 0.49+0.05° 0.45+0.02° 0.43+0.06° 0.41+0.03° 0.41£0.05°
Cd G-MS 0.54+0.04*  0.53%0.02° 0.49+0.01° 0.46+0.01¢ 0.44+0.03° 0.44+0.01°
G-MB 0.51+0.03° 0.47+0.02° 0.44+0.05¢ 0.41+0.02° 0.41+0.01°
G-MIX 0.50+0.02° 0.46+0.03° 0.43+0.01¢ 0.39+0.06° 0.39+0.05¢

T AF/NG B3R R W) — s RBRHE A [ 8] 22 5 3% (P<0.05 ),

Note: Different lowercases indicate significant difference between applications of the same improved material (P<0.05).
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Different lowercases indicate significant difference between applications of the same improved material (P<0.05).
B4 TELEER Pb, Cd RIS
Fig. 4 Health risk index of Pb and Cd in mango with different treatments
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