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Abstract: [ Objective] The speciation of metal elements in soil determines their environmental functions and effects.
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Developing predictive models for element speciation based on soil properties is an important approach to enrich the
informational value of such data and reduce the number of required analytical indicators. This is of great significance for data
mining under conditions of limited information. Most metal elements, as important trace elements in soils, are widely present
and affect crop growth and soil ecosystem health. Their forms and valence state have significant effects on their migration and
transformation mechanisms on the surface and underground. Therefore, studying the metal forms in soil helps to understand
their geochemical cycles and facilitate the evaluation of their impact on soil electronic networks, providing scientific basis for
developing natural soil remediation methods and supporting the green, efficient, and sustainable use of soil. [Method] This
study selected manganese (Mn), a representative trace metal and redox-active element in soils, as the target. A total of 29
surface agricultural soil samples from different locations in the urban area of Hangzhou were collected and analyzed. The
samples were characterized for their physicochemical properties, including total organic carbon (TOC), pH, total Mn content,
and cation exchange capacity (CEC). The classical Tessier sequential extraction method was used to determine five Mn
fractions in the soil: exchangeable, carbonate-bound, Fe—Mn oxide-bound, organic matter and sulfide-bound, and residual, and
their correlation with soil physicochemical properties was evaluated. A neural network-based weight analysis method was then
applied to predict Mn using soil physicochemical properties as input variables. [Result] The results show that the soil pH
was mainly alkaline, with abundant CEC and organic matter content. However, CEC exhibited high variability and was
probably unevenly distributed and may be easily affected by external factors. Further analysis revealed that the average total
Mn content in Hangzhou soils was 1.46 g-kg™', higher than the background value for Zhejiang Province. Among the Mn
fractions, Fe-Mn oxide-bound and residual forms were dominant, followed by organic/sulfide-bound, while exchangeable and
carbonate-bound forms were the least abundant. Spatial distribution showed a layered pattern for exchangeable and carbonate-
bound Mn, decreasing from north to south. Significant positive correlations were observed among most Mn fractions, except
for the residual form. Among the physicochemical factors, pH showed the strongest correlation with Mn speciation, particularly
a highly significant negative correlation with the exchangeable and carbonate-bound species. CEC was positively correlated
with carbonate-bound and organic-bound Mn, while soil organic matter showed no significant correlation with any Mn fraction.
Also, the neural network modeling demonstrated that using three parameters: total Mn, pH, and CEC, yielded the best prediction
performance, with the coefficient of determination (R?) improving from 0.41 to 0.85, and prediction error reducing from 65%
to 16%. [Conclusion] The findings of this study provide theoretical support for predicting metal speciation in soils based
on the observed distribution patterns of Mn and its relationships with soil physicochemical properties. The neural network-
based modeling approach proposed herein offers a feasible strategy for deep mining of conventional soil survey data and enables
rapid estimation of specific metal species. This contributes to a better understanding of the behavior of Mn in the soil redox
network.
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Table 1 Physicochemical properties and total manganese content in sampled soils

FE PR Indexs /ME Min ok Max Il Mean K2 SD AR EH CVI%
pH 4.19 9.23 7.16 1.44 20
TEBHR
SOM/(g-kg™) 0.90 52.66 21.87 11.79 54
RS FXinE
CEC /(cmol-kg™) 0.55 29.88 6.72 6.33 94
B

Total-Mn /(g 'kg') 0.63 2.78 1.46 0.52 36
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Fig. 1 Mn species in different sampling sites (Tessier Yi)
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Fig. 2 Spatial distribution of Mn in different forms and soil pH in the study area
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D) ZIARIUIE ZE AR R, X5 MERPT AR — 8. X — R R S 80 75
BHBRIR Eh A5 G IR 1 EZJEE (B 2) , BOABUMN T L35 pH 230 H 70 B AR 4
B, XA 5 ACHIE TS RIATLH 17 3 pH S R0 A — 0 (B 260 o W& 2 W, pH A E 70 A
BTSSR ER A H AR, 3R 5 pH X RS E . BT S, ik pH
A TARE Mn(ll), R BERRVEIN S, SR S IR AT ASHORES s MR, fEm pH & AF
T, BITRAGEFEFMA RN, ST EAESPEN, BUOVREMD A AN ELEEE. X
AU AR TR A AL RE, 8 28 S LA H IR (A R . WIS R, TRIR
HAESMEN LR UY L &S CEC RIEMKR K R, R CEC M, MR T4 1515
THRRL ) AR R TR . S meg S AR LS CEC ERFEM XKML 1t
b, ERERNRE, KBHOESMEAIRESEIF W BMR R, JTHEAIW RS &
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W, X RERE RO A R S5 A HL TR I R A TR S IONLEE A AR R, kit ML AN )
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Table 2 Pearson correlation coefficient for Mn species and soil physicochemical properties

$84% Indexs pH CEC SOM Total -Mn Ex-Mn Ca-Mn Fe-Mn OM-Mn
Total -Mn -0.323 0.406* 0.253 1
Ex-Mn -0.917** 0.143 0.412* 0.437* 1
Ca-Mn -0.702%* 0.526** 0.381* 0.646** 0.865%* 1
Fe-Mn -0.273 0.161 0.231 0.736%* 0.398* 0.493%%* 1
OM-Mn -0.304 0.694%** 0.071 0.678%* 0.428* 0.666** 0.630%* 1

e #ER3R1RR 0.01 5 0.05 KF FE3%. Note: ** and * indicate significant correlations at 0.01 and 0.05 probability levels, respectively.
2.4 HIRPEESHTNSETRENZNZSELE

UTAER,  PREE I 2 PRI J N B R FEAZ IR A 2 T - . RS B — /N5 A OC R o vl
AL, RS EAN pH REMEEASMEERN R . SRHAE S BIEN R A S B RTESIE1T 4
PER, rRia A X 5RCRm T

1 V2 V3 Yy)) =&)X (Wir War Wizp Wap) 4+ Wiz Waz Wiz Waz) (1)
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(W11 W21 Wz W41)=(0.05973 0.03909 0.51466 0.13587) ?)
Wiz Wzz W3z Wy -0.02811 -0.03618 0.00617 -0.01592

(R2 RZ RZ R?)=(0.19080 041683 0.54226 0.46024) 3)

X, XIFRRBHEE (gkg) , wRRREME (EEHN) , Y. Yo Vi LA NERRE 7S
HEE. BWRBRESSHETE. WRENDSEESHEE. A ERADSE S SHEE (kgD
R2. R2. R3. RiI4yHZFRIN 4 FHELIEZAS I TNEE R4, B8 (20 7740, FrdE ACE wi (i=1,2,3,4)%)
NIEE, BHSESHEEERESEEIEMEG, Si— WM r—%. i (3 mH, $
NS BTN AT 22, AR (RP i 1E 0.5 LUR . Rk 2 Edk— B8 i N S 501
N

MR A SRS R pH AEAXGRASET, SRR RS AT R A

W11 W21 Wzp Wy

M Y YY) = XZ)X(W12 W2z Wiz Wi

)+(W13 W3 W3z  Wy3) (€))

Wiz Wz W3z Wy -0.04262 -0.01200 -0.00991 -0.00677
Wiz Wz W3z Wyg 0.33307 0.06551 0.09014 0.04146

(R RZ R? R?)=(0.8528 0.6649 0.5085 0.4273) (6)

HZ (5) wlH, BOA BIBCE wi (i=1,2,3 H¥08IEE, SRS H S ES SRS B W
PR wi (i=1,2,3HB087H, WIAESMEES pH 200K, K51 TR E S —
Blo XE (30 A (60 WIRL, 2 MRS R FRSCR B A SR B RCR A W 52T, R
Tl 1 1 AR A B S BTN ) D E AR (RS TR 0.19 $2TF2 0.85, HARER LS TN RCR YA
$eTt, ERIHREAIFE 0.5 T, H4kE: 13 SOM & &M CEC fE N AS N, w321 T
INEDREWASIRSEVE T

<W11 W21 Wsg W41> (0.02141 0.02830 0.50575 0.12978)
= 5

(Y1 Yz Y3 Y4) = (Xl X2 X3 X4) X + (W15 W25 Wsg W45)

(7)
W11 W1 W31 Wy 0.01765 0.01807 0.55397 0.08624
Wiz Wiz W3y Wy -0.04262 -0.01321 0.00209 -0.01871
Wiz Wiz Wz Wy3 | =] -0.0001 -0.00009 0.00242 -0.00253 ®)

Wig Wiy Wi w44/ \0.00064 0.00195 -0.01036 0.00956
Wis Wis Wis Wis 033200 0.07806 -0.04941 0.18166

(R? R? RZ RZ)=1(0.8666 0.7812 0.5705 0.7137) ®

X (8) mIHn, A4 LIRS EIAE wy (i=1,2,3,HBNIEE; MXT pH FIRE wp
(i=1,2,3, )M IE A —, YL pH A& T &L 2 8 1 DT R BUSAS [F] s 6T 3% SOM AL E wis (i=1,2,3,4)
A3 CEC IALE wiy(i=1,2,3,4), XFIERA IR WIAE B, XFRW L0 R —SHE
I3 BTHE LU B B SEAE RO, TR B A R SEG AT AR AR S 04T, A BESRAR 8L
BIERR . Wbl (9) A5 (6) Al A1, 4 ANMRIASEI TR 2 AN N S 500 Pl 35 R A B 2
T, RN TR GSHS 2. RREMDSEERETE. AV ERUNEETHEE
RTINS R 52T, IR EA 0.5 38 FF 2 0.7 EX T B 1 2 #e s B TSR 42 - PR, AN 0.85
T+ 0.86,
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N T EEVSBRR A FRAZH TR, BURIR 45 & S S B PR, WARRDL K
AR AR OARER, bl 7K 3. i 3a- 3¢ TR, BEAE A SEECERIEN, R
RUIESETE, WX IR GREPIR) BRI XA T EAE X R A R8T &, HE KT R %=
MIRAZ R 65.66% K 2 =22 B[] 16.52%, RIL RIFHITTNMERE. HTEZRINEZRZ, B 3d
RY], HEINZEMN 3 AR 4 AR, WEHGOREE PRI (R2=0.78) , W ZARENS
FEGIN SOM A & 5 tHILE LAIRES o i 4UE (0 H IS B I GRREAR I UG & SR, BT
HIBARITINGE 7 Gz Akfed)) & NiE. R &2 UG HAXSHAE TN SOM i 5481k
FEANULE, KW SOM XHIRER Hh 45 & SV IA bR 185, AR, X5HR /N AR
B SOM S &ML RARRT . AR R 2 (8] 1T AR T REHI 598 8Y  G it A e TEAN e 7
U, fEAKHRSES, DRSS &, pH. CEC AHZR TG H A T Bt 5AEE.

L J
(a) ° (b)
0.06 0.06 |
= ~ £=0.9999
L-’D sn 2
ol o 0 | ¥ R=0.6649
3 0.04 F TR E: 172.72% @ 0.04 |
= 5 °
E © s ? e
3 o 5=0.9999 ] TR 98.10% %% 26.99%
E ° R*=04168 | = R ° °
Z 002} o LD e Z 002} °
Fi ) PR 2 65.66% i
= @ =
?
0.00 | ] 0.00 |
(]
RO
1 n 1 i 1 n 1 gg 1 1 1
0.00 0.02 0.04 0.06 0.00 0.02 0.04 0.06
S {5 Measured value/(g-kg'') S Measured value/(g-kg™)
N, 0.80
0.06 | (c) iR 16.52% (d) S
] 0.75 |
) 0.70 |
b1 ]
21 N @
5 oo R . = 0.65 -
E . L]
5 TR %E: 90.85% %0.9993 % 0.60 F
2 R-=0.7888
E .
Z 002 ° 9 0.55
g ? 0.50 |
»'E;: ]
0.45 F
0.00
e
o9 0.40 |
1L D 1 1 1 1 ! 1 I
0.00 0.02 0.04 0.06 1 2 3 4
S2I{E Measured value/(g-kg™") 5 -4 Number of variables

E: oa) LA R —MAZSEG b) DU pH NXURMAZE; o LA, pH M CEC A=ZEMAZH; d) M
MEVHZRE (RD SMASEEEZRIRRER. BIHRGHIM X BE X, QR XKIR2 HllH . Note: a)
using total manganese as the single input parameter; b) using total manganese and pH as dual input parameters; c¢) using total
manganese, pH, and CEC as triple input parameters; d) relationship between the coefficient of determination (R*) and the
number of input parameters. The dark shaded area represents the confidence band, while the light shaded area indicates the
prediction band.

3 BRERERGS A S S B IE S SN E RIS R E
Fig. 3 Relationship between predicted and measured values of carbonate-bound manganese content
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TR AE AT 5. T ATI W70 WATRIBR ], ASTTREXS BT Ay <& 1) I A TS EAT I E
DAL e+ B B ot < B P A AT P, B B . AW FCRA S AR pH. BIEAHLR. BHE
TR (CEC) 5BV 240y Pk 4 [ 3 & v e I 24, AN F R 25
WARFINFRZR,  RUAHT T R ) 2 A2 B ST %, A8 — D3 aE LR A8
MIRLH, AR REA &8 B SRt — M R E AT RO BB . (HRE BRI, BT AR s
UHEAR, FEREETHOMNTORE R (CLZRASEy 3, HPii A m fg 5 3E - 25
AMIEFPRFAE A 38, FEHET 2 H A X skl - SRR I 7T e 7 20— Db AT R B I

FEARR, WRARE— DAY, g9 NTE 22 1) R 7 2 e 1 H SR B A RS L it
IR IR AL (Bh) 8%, S ARARVE R BNLES % S 505, AT B M PNAS L o [yt — 2P K
JiiENE g JE e R MG HVEE , AN A R Te R A RIS S A SRAT R St IR AN IR,
DN RRUE FR) - SR8 40 26 ARG R S 3 R B0 4%, iR H 8 BB S  Jm Te R A 2 &
HASHE S SR RRA AT

3 4

BN AR RS2 3 AR R AR S S T AR E 45 B A8 A9 AE . LB AL 2 &5 S AN
AT BTAHSHE R A 135 pH A2 LB R A FER AL, HAEESX A& 8
o REEME R T HHIESE, pH 2% B T HSMBRIR EE 45 & S AR R R . IRy, T
RS (pH. HAf. CEC) MMM A E A SCHL T XHER A HIRHETIN, B R oy £
B R I E B S XS B PRt 1R AT B .

Sk (References)

[1] Zhou J M, Shen R F. Dictionary of soil science[M]. Beijing: Science Press, 2013. [ A [, Pii=77. T3 KR #iM].
dent: BREEHRRAE, 2013.]

[2] Geng N, Wu Y C, Zhang M, et al. Bioaccumulation of potentially toxic elements by submerged plants and biofilms: A
critical review[J]. Environment International, 2019, 131: 105015.

[3] Lai Y J, Reina-Gonzalez P, Maor G, et al. Biotin mitigates the development of manganese-induced, Parkinson’s disease-
related neurotoxicity in Drosophila and human neurons[J]. Science Signaling, 2025, 18(870): eadn9868.

[4] Chen W, Yu S W, Liao J, et al. Source analysis and health risk assessment of heavy metals in groundwater in the northeast
of Nanchang City[J]. Environmental Science, 2025, 46(2): 854-863. [FR5E, KA, B&, % MELRILITH T KESLR
5 YR AR T KA BE U SR [D]. FREERLE, 2025, 46(2): 854-863.]

[5]LiulJ X, Kang Y X, Zhang Y'Y, et al. Research progress of interaction between heavy metals and a-synuclein in Parkinson’s
disease[J]. Chinese Journal of Neurology, 2024, 57(6): 655-660. [X|4:3%, FEfEdr, ikMit, % EE&RES o -5 E AM
AR ML PR et B[], s Rl A&, 2024, 57(6): 655-660.]

[6] Lu A H. Study on environmental mineralogy of natural iron-manganese oxides and hydroxides[J]. Earth Science Frontiers,
2000, 7(2): 473. [& &, RIVEBEREN) RS EANIRET V) 2E T [J]. #2172k, 2000, 7(2): 473.]

[7] Liu Z H, Wang Z Q. Transformation and movement of iron and manganese in acid sulf ate soils of China[J]. Acta Pedologica
Sinica, 1994, 31(4): 376-384. [XIJEHE, TR, FEMRMERIREE P EREIR S F A SATRE)]. £IEEHR, 1994, 31(4):
376-384.]

[8] Jones M E, LaCroix R E, Zeigler J, et al. Enzymes, manganese, or iron  drivers of oxidative organic matter decomposition
in soils[J]. Environmental Science & Technology, 2020, 54(21): 14114-14123.

[9] ChiY J, Yi HW. Lignin degradation mechanisms of ligninolytic enzyme system, manganese peroxidase, laccase and lignin

peroxidase, produced by wood white rot fungi[J]. Mycosystema, 2007, 26(1): 153-160. [ EAs, UL, AM 1 F & 5

http://pedologica.issas.ac.cn



+ R

Acta Pedologica Sinica

AR (2 S -l A . RN R 5T 2O S B AL 7 AR B R LA (], 454K, 2007, 26(1): 153-160.]
[10] Wang C G, Guan Y K, Lv M Z, et al. Manganese increases the sensitivity of the cGAS-STING pathway for double-stranded
DNA and is required for the host defense against DNA viruses[J]. Immunity, 2018, 48(4): 675-687.¢7.

[11] Horning K J, Caito S W, Tipps K G, et al. Manganese is essential for neuronal health[J]. Annual Review of Nutrition, 2015,
35:71-108.

[12] Mei Z A. Possible mechanism of manganese in the process of oxygen evolution in photosynthesis[J]. Progress in
Biochemistry and Biophysics, 1984, 11(5): 8-14. [MffH%. fE e A 1ER A FE R T BENLIE[)]. ML= 5 4 0P)
PR, 1984, 11(5): 8-14.]

[13] Zhong X L, Zhou S L, Huang M L, et al. Chemical form distribution characteristic of soil heavy metals and its influencing
factors[J]. Ecology and Environmental Sciences, 2009, 18(4): 1266-1273. [#P0%>%, LR, #HUAWN, & HRELBHE
A ATVRFIE X HFZM N R )], ZEASIEFR, 2009, 18(4): 1266-1273.]

[14] Zheng Y Q, Xu C X, An Z Y, et al. Research progress on speciation analysis of heavy metals in soil and sediment[J].
Chinese Journal of Inorganic Analytical Chemistry, 2024, 14(9): 1281-1290. [#8 55, WHSE, % T1h, &, LEAUTR
BEBILSSI IR T ETTHL T2, 2024, 14(9): 1281-1290.]

[15]1 LiY, Gu X Y. Soil manganese oxides and its extraction methods: A review[J]. Environmental Chemistry, 2022, 41(1): 9-
21, [ZF, E G LIEPEEAIES AR ESER ], R, 2022, 41(1): 9-21.]

[16] Leeper G W. The forms and reactions of manganese in the soil[J]. Soil Science, 1947, 63(2): 79-94.

[17] Zhang Y Y, Hobbie S E, Schlesinger W H, et al. Exchangeable manganese regulates carbon storage in the humus layer of
the boreal forest[J]. Proceedings of the National Academy of Sciences of the United States of America, 2024, 121(13):
€2318382121.

[18] Tessier A, Campbell P G C, Bisson M. Sequential extraction procedure for the speciation of particulate trace metals[J].
Analytical Chemistry, 1979, 51(7): 844-851.

[19] Quevauviller P, Rauret G, Griepink B. Single and sequential extraction in sediments and soils[J]. International Journal of
Environmental Analytical Chemistry, 1993, 51(1/2/3/4): 231-235.

[20] Zhang Y L, Liu X W, Chen Q M, et al. Comparative study of Tessier method and modified BCR method for extracting Cd
in loess amended by composted sludge[J]. Environmental Engineering, 2019, 37(5): 34-38, 81. [K/KFl, XIBE3C, Bim &L,
%, Tessier YA BCR V132 UM N #4375 6 J5 15 1A Cd pXT LEBFFE[)]. 385 1A%, 2019, 37(5): 34-38, 81.]

[21] Deng X X, Mi Y H, Li Q W, et al. Comparative study on extraction of Pb and Cd from paddy soils by modified BCR
method and tessier method[J]. Acta Agriculturae Jiangxi, 2016, 28(9): 64-68. [XSWEFE, Kifudl, ZLH T, 2. FIH SR
BCR 7l Tessier AHE UG H +3%8H Pb. Cd 19X EEAFFE[I]. VLA ML 243, 2016, 28(9): 64-68.]

[22] Mao M, Liu H, Dong H. Distribution and speciation of metals in sediments along Le An River[J]. CERP final Report,
1992.

[23] Peng H L, Tan H X, Wang Y, et al. The discrepancy of heavy metals morphological distribution in soil and its associated
ecological risk evaluation under different planting patterns[J]. Ecology and Environmental Sciences, 2022, 31(6): 1235-1243.
(ZL00E, iR, TR, 5. ARFMEECT 2R SRS 27 5AES KGRI SR, 2022, 31(6):
1235-1243.]

[24] Wang J, Han Z Y, Feng Y, et al. Morphological distribution characteristics and ecological risk assessment of heavy metal
in the green soil of industrial zone in Chengdu[J]. Ecology and Environmental Sciences, 2021, 30(9): 1923-1932. [{Fill, &
5, e, AF. R MY X Gk 3 T R T A A AT RFAE S AR A RS TN [T]. RSB AR, 2021, 30(9): 1923-1932.]
[25] Deng Y, Jiang L H, Xu L F, et al. Spatial distribution and risk assessment of heavy metals in contaminated paddy fields—A
case study in Xiangtan City, Southern China[J]. Ecotoxicology and Environmental Safety, 2019, 171: 281-289.

[26] Chen Y, Jiang Y M, Huang H'Y, et al. Long-term and high-concentration heavy-metal contamination strongly influences

the microbiome and functional genes in Yellow River sediments[J]. Science of the Total Environment, 2018, 637/638: 1400-

http://pedologica.issas.ac.cn



+ 2
Acta Pedologica Sinica

1412.

[27] Tang L, Zhang Y B, Tian J C, et al. The migration and transformation regular study of metal manganese in surface soil of
Yiwang Industrial Park in Shanxi Province, China[J]. Human and Ecological Risk Assessment: An International Journal, 2018,
24(8): 2224-2239.

[28] Wei L L, Wang K, Noguera D R, et al. Transformation and speciation of typical heavy metals in soil aquifer treatment
system during long time recharging with secondary effluent: Depth distribution and combination[J]. Chemosphere, 2016, 165:
100-109.

[29] Xu F, Li P Y. Biogeochemical mechanisms of iron (Fe) and manganese (Mn) in groundwater and soil profiles in the
Zhongning section of the Weining Plain (northwest China)[J]. Science of the Total Environment, 2024, 939: 173506.

[30] Ma A L, Huang Y, Mao S J, et al. “Mn(II) Curtain” in the riparian sediment at the lower reaches of the Hanjiang River,
China[J]. Journal of Hydrology, 2023, 625: 130047.

[31] Hao Y C, Li X F, Liu W, et al. Depolarization of Li-rich Mn-based oxide via electrochemically active Prussian blue
interface providing superior rate capability[J]. Carbon Energy, 2023, 5(5): €272.

[32] Wang X X, Jones M R, Pan Z Z, et al. Trivalent manganese in dissolved forms: Occurrence, speciation, reactivity and
environmental geochemical impact[J]. Water Research, 2024, 263: 122198.

[33]1 Qi C C, Hu T, Zheng Y, et al. Global and regional patterns of soil metal(loid) mobility and associated risks[J]. Nature
Communications, 2025, 16: 2947.

[34]Miao R X, He Y H, Liu X Y, et al. Predicting the spatial distribution of heavy metals in soil using machine learning models:
A review[J]. Research of Environmental Sciences, 2025, 38(5): 1087-1097. [Wi¥ 25, BUaRME, XIZFH, 2. RV
PR +- 38 5 4@ 2= 18] /0 AT OB ST R[], FRBERIA1F 78, 2025, 38(5): 1087-1097.]

[35] Sergeev A P, Buevich A G, Baglaeva E M, et al. Combining spatial autocorrelation with machine learning increases
prediction accuracy of soil heavy metals[J]. Catena, 2019, 174: 425-435.

[36] Shen J Y, Xu J F, Shi D D. Analysis of cultivated land soil conditions and spatial distribution characteristics based on
cultivated land resources quality classification—A case study of Hangzhou City [J]. Zhejiang Land & Resources, 2022(7): 32-
34, [VLINGE, TRIRTF, Attt FeTkH BE IR T 73 S A B b 39 A% A1 B A 18] 3 A REAE 73 T —— LABTN T N BT e
YL ¥R, 2022(7): 32-34.]

[37] Wang S. Evaluation and improvement approaches of water resources carrying capacity in Hangzhou City[J]. Bulletin of
Soil and Water Conservation, 2018, 38(3): 307-311. [ £ /&, HUM HT/K B IR 13- ZARTHRAR[0]. /K AR ERER, 2018,
38(3): 307-311.]

[38] Wang D Z, Yan J L, Li D, et al. Present situation and improvement approaches of soil quality of newly cultivated land in
Hangzhou[J]. Journal of Zhejiang Agricultural Sciences, 2021, 62(6): 1218-1222. [ Ei& %, =& r, &), 2. BT R
HEHD B RR I R AR IS RI]. W& RFEE, 2021, 62(6): 1218-1222.]

[39] Ministry of Ecology and Environment of the People's Republic of China. Determination of soil pH by potentiometric
method: HJ 962-2018[S]. Beijing: China Standards Press, 2018. [FF & A R ILAIE A 35588, 3% pH EAINE dhrik:
HJ 962-2018[S]. b5+ Elbr itk H AL, 2018.]

[40] Ministry of Agriculture and Rural Affairs of the People's Republic of China. Soil testing Part 6: Determination of doil
organic matter: NY/T 1121.6-2006[S]. Beijing: China Agricultural Press, 2006. [ 4 A\ AN E A R A . 35848058
6 Er: HIEAHLUT A E: NY/T 1121.6-2006[S]. b5 E AL H R, 2006.]

[41] Chen G H, Fan F, Lin Z J. Determination of cation exchange capacity of soil by spectrophotometry after extraction with
[co(NH3)s] Cl3[J]. Physical Testing and Chemical Analysis: Part B: Chemical Analysis, 2019, 55(12): 1448-1451. [Ffi:4E, 4
7, MIER. SN E A BRI ORI E IR B A B R [0]. BAGKES: fh o, 2019, 55(12): 1448-
1451.]

[42]The Ministry of Ecology and Environment of the People's Republic of China. Determination of total amount of 19 metal

http://pedologica.issas.ac.cn



+ 2
Acta Pedologica Sinica

elements in soil and sediment by inductively coupled plasma mass spectrometry: HJ 1315-2023[S]. Beijing: China Standard
Press, 2023, [ N RILFIEAEZSFAELES. HIRMPTRY 19 MEBTR S NNE RREEEE TR L HI
1315-2023[S]. dbxt: HEFR#EH R, 2023.]

[43] Wang Q H, Dong Y X, Zhou G H, et al. Soil geochemical baseline and environmental background values of agricultural
regions in Zhejiang Province[J]. Journal of Ecology and Rural Environment, 2007, 23(2): 81-88. [{EIK%E, A, JHE1E,
S WA L ERAL 2 S S IR TS BB [T, AE S S R IR B 2E3), 2007, 23(2): 81-88.]

[44] Yan M J, Chen X Y, Cao R B, et al. The distribution characteristics of soil Mn and Zn in typical white tea plantation in
Fujian Province[J]. Ecology and Environmental Sciences, 2022, 31(5): 885-895. [EilHE, MRWTE, Wk, & fEHmA
257 X 2k I IR AR T A REIE R s R 2R ], B HIR AR, 2022, 31(5): 885-895.]

[45] Li X L, Ni J J, Chen X M, et al. Study on the manganese forms and their influential factors in paddy soils of Anhui
Province[J]. Chinese Journal of Soil Science, 2010, 41(6): 1333-1338. [ K, Rikll, FHR, & 2#EKkEL 5
FEZS R H R R AU [T]. 3R, 2010, 41(6): 1333-1338.]

[46] Yuan Y. Research progress on the impact of physical and chemical properties on the bioavailability of heavy metals in soil
crop systems[J]. Frontiers of Earth Sciences (Hans), 2014, 4 (4): 214-223. [ [©. #ALHE HH-RIEM R A ESRE
WA AR U RE[D]. HERBLAATHY (D7) | 2014, 4(4): 214-223 ]

[47] Chang CY, Yang J, Wu J, et al. Deliberations on collaborative supervision of risk control and remediation for soil pollution
of constructed land[J]. Acta Pedologica Sinica, 2025, 62(5): 1246-1258. [FHHE, WMiE, R, 25 B35 5 XU
BB E RS W AT B, AR, 2025, 62(5): 1246-1258.]

(FEREE: 18HAD

http://pedologica.issas.ac.cn



