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Abstract: To study the effects of different organic amendments on the molecular characteristics of dissolved organic matter (DOM) and the
environmental behavior of heavy metals in contaminated soil, three organic amendments and lead(Ph) —contaminated soils from
the Changhua mining area in Hainan Province were selected as research materials. Incubation experiments were carried out on soils treated
with three different organic amendments (5% sheep manure, seaweed organic fertilizer, and wheat straw biochar), and blank control without
organic amendments. The results showed that dissolved organic carbon (DOC) content in the soil was significantly increased using organic

amendments, and the DOC content gradually decreased at the later stage of incubation. Except biochar, the proportion of high molecular
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weight aromatic carbons(C2) in the other three treatments decreased with the increase of incubation time, and the proportion of oxidized
quinones with lower molecular weight (C3) increased. The infrared spectrum showed that the functional groups of DOM in soil after the
application of organic amendments were mainly N—H and hydroxyl —OH. With the increase of incubation time, all the four treatments
showed an increase in the water—soluble Pb content in the soil. Among them, the seaweed treatment showed the highest content of water—
soluble Pb, reaching 1.91 mg - kg™'. The reducible state/iron—-manganese oxide binding state was the main form of Pb (48% —54%).
Redundancy analysis at different incubation time showed a correlation between soil DOC content and related functional groups and soil Pb
content and form. Pb in the soil solution was mainly controlled by DOM in the soil solution. Seaweed and sheep manure treatments
increased the content of water—soluble Pb and EDTA-Pb in the soil. The application of organic amendments changed the properties of

DOM in soil and affected the contents of water—soluble and available Pb in soil, which provided a theoretical basis for the remediation of

heavy metal-contaminated soil by organic amendments.

Keywords : organic amendments; soil; dissolved organic matter; Pb form; sheep manure; seaweed; biochar
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P g Rk A LIRS R S KRR S =LA
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W) B 455 JR A BRBEAT O o AN TR A ALk R 7R) A 2
A3 itk 7 WIAFAE 22 57, IR T 232 W] - 438 DOM R iR i)
K e, g2 3 S R P S 5 A SR
W G, 1 DOM R H8 KI5 i 0.45 pum
500.7 pm BB A5 AR X — 03 R/NAS [R] 9 A AL
G FIELR G —1KY 145 DOM W] 3 o A T HL fir |
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FFREM 13 DOM 35 B AL S MRy & S ag . 5 & FH
S R AE B 3 S SN A= W ¢ RT LIRS AN 135 pH
{EL, B85 1 3775 % M HLAK ( Dissolved organic carbon,
DOC) RYFRE PEF DOM GG Y EoR . X FH 5
W5t A Rl HLIE XA X35 G 1- 3% CATE 2810 Y
S I A B i P A BILIE RE R AIK  8 rp A2 3 A F R R
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— 272 —

T HERE A S S Cd T RN,
s [ S5 FN Li S0 R 5 R B, A LIS B AR 1k 1)
it A i {25 4R 5 - 38 DOM FR i, Wi 42 vy L3 rp
As FlCd A B . BRI R, APk DOM
HUREE 2053 X Cu 25 B R Sk, AT g /b 8
SEMTG Y. BRI 28 T A Pl R RN 15
DOM 5% 5 4x J& 5 ), fif A5 WF 5% 5 1 A MLk R 7%
DOM % 5t AR % 4 & TE A (W 2 ma B
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(ARSI TR IR P . (B AT R B, B AL i
1% 37 4 S FL R 0+ 3 h S 4R Ph & AR E
by, X JE A AR AR 1 B T AR E N AR
3FPAFA B Z A WL AR i 097G L R R X A5
UURSEE SRR RN i S E U o L o
DOM (1) 55 12 2 B A8 Ak 38 Ph 19 & & B 25 19 AR
B LA S DOM X} 4338 Ph 16 M FIE RS P A 52, LA
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1.1 HRHRESH %
111 A ML R R4 5
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1.1.2 3R S R AL S 2%

A R SR AP EE R A B VLE . %R
Bt AL IBCRE JL I, SR 4 0~20 em B 75 YL 1Y 26 )2 T S AE
atr KRR ) - AR S SR A R SR = R
ai B 25 Sk AL AR RS L 25 CIT 2t 2 mm i
=
1.2 TIEEFFAE

- HE B IR I SR ] PVC e ALAE 7, B A A8 72
1.5 kg T BE, i 4 FhAb 31 25 1 6 B CR i A ALk B
F) L0 A CKs B0 5% (m/m) -2 i 3 85 28 B 75 10
ALk RAAE, 43500 YF CHZ FISWT, AEA44b
PR AT 3K, TERE TR A 0.5 .15 .45 .90 K45 b B
3AEE ARG, 25 CRT, 3 2 mm L 45
1.3 1 DOM IR EUR 8 X I5HR M E

1 & DOM % ¥ 1) 42 B 7 75 2 BOHE SC i e
DOM ¥ 73 S A TELAMGTE | = e s e , B
WIr i L4 2. DOM 1% 5 LL DOC #Y & 2k £oR
{8 ] 5 TOC-L 8 TOC 43 Hr {3l 52 .
1.4 TEPOEESH

K H HCI-HNOs—HF-HC10, 78 f# 1 I 72 £ 1 Ph
SV 5 R 3 DOM ¥ W H2 B 5 7K 25 Ph(Wa-
ter—soluble Pb) %1 ;2K 0.05 mol - L"EDTA ¥ (pH=
7) 32 $E U E - B RS Ph(EDTA-Ph) & 12 5 R
BCR 4 £ 38 BUL U 5 438 Ph 14k A TE 25, 15 51 4 F
ANFE B AE2ETEAS 4 3R 55 BRFEIGS (T1) (Rl JR s/
B AL EE A5 (T2) ] BALS/A HLES 55 (T3)

R A (T4,
1.5 #iE4biE

AHIFZE 48 ] Excel 2019 F1TBM SPSS 20.0 %% 1 ik
17808 g2 1 43 L R FH B IR % U7 22 43 1 (One—way
ANOVA) K 55 AN [m] Hi 41 ] 1) 22 5 W 25 1k, IXR 4
(Duncan) i #E47 J5 22 430 1 2 H#K (0=0.05) ,
Origin 9.0 & . # F§ MATLAB 2016b %k 47 i) DOM
Fluor T HAf X DOM FEAS () EEM Y3 47 F-17 A+
43T (PARAFAC) , 38 1 5% 25 /A %2 43 8 A H A0
o 56 ) 2 i 2 1 TE Aff 9 6 41 3 550, R A Origin 9.0
A AT LT AT ) 2 i R we T AR A . R
Canoco 4.5 A EATTUA 53 HF (Redundancy Analysis,
RDA) , i DOM AH S POIE I E R .

2 GHRESW

2.1 REEHKRFIX 5 DOM 4H4E #2200

2.1.1 AFEA PSR FI4EFE 15 DOC & = A8k
+THEDOC EHRAMME IR, SXTEML,H

PLEk RS 2 & 42 % 1 1 DOC & . CK

FSWT 4k B DOC 7 &t 3 3 =K [ ; YF F1 HZ 40 3

DOC % 2 RV R 56 B THFE T R, 430 256 45

R 15 KU, 4> 5 148.85 mg - kg™ I

305.13 mg-kg ™o TERGFRGE RS, A 4L ¥ DOC 5

SRR SN Gl

2.1.2 ANFA ML R AL FE A3 DOM 9864143 Hy A8k
AT o3 BT 3 R o), A 2y S

R BRENE R RIERELER

Table 1 The information and basic properties of the tested organic amendments

JEAT A L2 Bk PR AU (B )

Raw material Fertilizer name Manufacturer pH Organic matter(carbon)/%
(531 W1 g A HILIE T8 W A R R ] 7.29+0.01 43.44+0.63"
FHE T (NS LI T 1R I AR T A PR Rl 2 B 7.12+0.01 25.60+5.417
INAERERT R B INAERERT LR i ACR RBC R AT PR ) 10.40+0.01 58.95+0.97%

TE: OFRAHUBTE 2035 5 QFR AU 435

Note:(DThe percentage of organic matter; @The percentage of organic carbon.

R2 HENERE

Table 2 Types of spectral determination

i S Y
Spectrometric type

€=,

Instrument model

SR E

Parameter setting

A3 Spectrum 65, A4 IR Bk
A (ERE) 450~4 000 cm™ 1
=X %) it F-320 %6638 X
(RHBRFHL)

K DOM I WV U T8, T B, R 9 L AR 4 21 AR e 3 (30 1, F 4 D B el ok

PR ETR A 150 WATUKT, YEHL A58 B R A 700V, 5145 K 3 B - 30K 9% E.=200~450 nm,
KT E,=230~650 nm, #k IR SIS I R R S nm, FRAE TE R 10 nm, F1H

163 7 1 nm, 453 8 2 400 nm -+ min™ ™
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Bl AEANMRFALETLEDOCEEEN
Figure 1 Soil DOC content changes under different organic

amendment treatments during the whole incubation time
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T, A 3 A b B C1AT C2 4053 o5 FU Bt 35 3% s [) 184
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5K C1A 5 5 e efik, C3 243 5 e i s SWT b B
Cl 45y & Hede i, 16 50% L) b Bk 35 Rl s, ¢ 1
FC2 41 53 5 L g AT T, T C3 4145 7 B 3
B AR5 15 RIS C3 4153 5 He e ik .

2.1.3 ANAA ML R LB+ 3E DOM ZLAMERE R AE 1k

15 DOM LT HMR T 12 B g A AR X 5
E 3 R4 FrR . ZLAMEIE S A EEE R
81,3 400 em™ B 3T 3 2R A9 15 5 06 3 W 2 L iR R vh
N—H & B B DL SR R ¥ 3 —OH I AA e, iz b
(0 RE AT & B e 5 1 635 em™ BiHIE Y B AY(5 B 0 3
B A e b C=C AR 3N, I e C=C 4t JRRER
H—COO0 FIEERE o C=0 & fe B AT R4, DL
QIR IEN—H M 51 &5 1 400 em™ BT H 20
M5 5 IR B E R RS —CH LA ) C—H X FRES

Table 3 Fluorescent components and their meanings

Dty

Fluorescent 18,15, I%EE%
Main component
components
Cl 330/416 & HLIRZOCLL 7, di AR W B AL w5
W JFAE BRI 5T, X 43 7 B B A
TR B
C2 380/474  EJERBIOLH ) AR T, T E
O U8 ik b 5 SR A A L R A T L
A
C3 277/488  FE HERVSCUA S AT A CRFTR )

ALY, BA AR 7 7

iR 3 A AE 5 1100 em™ BT H B0 (0 15 5 0 ¢ 1
i ZHE T C—O Mga iR 3 A AERY; 694 em™ BiFIE 4
PR B 0 3 B3 8 CH— I AETERPY % AL 1 B Rig 1]
il TERTFRVI &0 b RE AR 1R
INIUF A CKSYF>HZSSWT, 2215 35 45 a B}, 55 %) BEAH
L, HZ 1 YF b FRE BE TR X5 S48, 1 SWT Ab 2
W KSR, CK AR 3 & E RE AR & it e s>
S YE N AR e ZAIR T 5 370 491, i At 3 A A 3 R ¢
B REETADN & s TR
22 AEBENMEFMEX 15 PhRSHIZME
2.2.1 ANl AL ek K750 Ak BE A 398 rp oK 7 25 K AT RS
Pb & 1 A5 4k

KA KA RS Ph i AR AL A 4 TR .
5 CK A, 3 FiAh #1 + HEK 75 245 Ph 5 W 5 57 15 [a]
BT b T, o HZ A B K 7S P & i
(1.91 mg-kg™) o AP R FIRERE & 3 H /KBS Ph
P&, RPN o B3 . TERERYIE, 5 CK
AHEG, HZ 1 YF 23514 EDTA-Pb & &0 &5, 1 SWT 4k
PRE B AE R SR P ), 3 A AR B EDTA-Ph 1%

10004 5d 15445d90d  0d 5d 15d45d90d  0d 5d 15d45d90d  0d 5d 15d45d90d
- == === 77
AN ZZ % A 77227758
/) /)
s 80 7 c3
EN 27 %, A% '
gm- ZA ] | NN, Zéaké
- OCHEEED T | i
S 40 — Niesinni=n 2 i
R
20 f
0
CK SWT HZ, YF

JiiHE AL B Fertilization treatment
B2 RAEBENKRFILIE TR REEEFRHE 1% DOM K HEAH

Figure 2 DOM fluorescence components under different organic amendment treatments during the whole incubation time
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Figure 3 FTIR spectrum of DOM under different organic L Aa Aa —I_ Aab Aa
ABa
amendment treatments ’T; 60 -ABaBa& _1_57 éIE ? éﬁé]-B—a7.7
£ fo L _:[_‘I‘ Bb| 7
B2 4
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R4 AEENKERFIARELEFFHEDOM h & E R =F Z
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Table 4 The relative contents of functional groups of DOM under = 22 7
- 7 7
different organic amendments treatment during the whole 0 7 % % 7
incubation time(cmol -kg™) CK SWT HZ YF

AL Ab F HREM

Fertilization Functional  0d 5d 15d 45d 90d
treatment group

CK Fl1 337 541 946 339 261

F2 372 727 105 343 216

F3 306 473 189 857 719

F4 104 411 175 728 57.1

F5 143 244 279 077 682

HZ F1 204 319 148 280 295

F2 15.7 244 195 248 239

F3 125 174 759 238 427

F4 63.0 935 458 67.0 535

F5 125 141 122 148 124

YF F1 305 385 289 463 380
F2 232 319 254 319 265

F3 253 836 30.8 842 583

F4 97.3 183 114 619 747

F5 183 262 196 190 148

SWT Fl1 138 152 827 103 159
F2 11.6 187 193 9.03 205

F3 112 855 329 566 432

F4 715 160 427 248 650

F5 8.80 38.8 328 283 6.89

T P12 F3 R4 FS 20 SR E SRR L N—H 80% R —O0H
(B B LA SRR L C—=C WU (G5 A ) | T H—CH, S C—H AR (JIE
W) .C—O B (B 20 KAL) Rl 1 CH—

Note:F1, F2, F3, F4 and F5 respectively represent N—H in amino
acid salt or hydroxyl O—H (alcohol, phenol and carboxylic acid) , C=C
(aromatic hydrocarbon) , methyl —CH; & C— H (aliphatic) , C— 0
(alcohol, polysaccharide and carbohydrate) and olefin CH;—.
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Jiti AL B Fertilization treatment
Ood O454d 90d

ANTF] 8 R = R RS AR TR] 35 75 I (8] AN [ A7 LIS RS b 2 2 TR A7 i
#2251 (P<0.05) s A A)/ING FEEFRR A — 0 R A I 7R I 40
1 3 22 57 (P<0.05)
Different capital case letters indicate significant differences among different
organic amendment treatments(P<0.05) ; Different lowercase letters indicate

significant differences in different incubation periods(P<0.05).

B4 AEANMRFGETRREEFREELEKBESR
BYEPHEE
Figure 4 The content of soil water—soluble Pb and EDTA-Pb
under different organic amendment treatments during the whole

incubation time

B G i, HZ A R0 % i e (72.93 mg-kg ™) 5
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2.2.2 AN[EA L R b3 -4 Ph IR A 128k

+ 3 PhIE B AR N 5 s . T2 JEA N Pb
BAFAETE A (48%~54%) . TERE TRV, 5 CKAH L,
oAt 3 Fp AL T1 RN T4 (7 HLBEAIG, T3 W% 55, HZ b BE T2
A7 U R, YR AT SWT b FE T2 & FE A%, 44K AT
WA PhIEAS 5 FE 22 BN K 5 5 45 K, 5 CKAH HL L
L 3FPAEFETT T2 (& FLB B, YF FIHZ 203 T3 (5 [
JeAEA , SWT AL BEYE /L, T4 (5 Fe 34 45 90 K, 5 CK
A EC LA 3 b B T1 T2 WA W2 1M T3 7 FUBR YF 42b
P AR TCAR AL AL, At b B A i, T4 5 e
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Figure 5 The percentage of soil Pb chemical forms under different

organic amendment treatments during the whole incubation time
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Figure 6 Redundancy analysis of soil DOM content, composition and characteristic values of functional groups and Pb content and

chemical forms in different incubation time
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