














5% 2 3

B o K A AR R TE R ok R AN T A B A I R B F 5 e 359

JERIRR T AR L R S B A RS SR, X R
I+ 4 B TS Y B S 9 R . 100 ¢ RREIMA
VR JE SR LI T M R 30 g WA A% B AR b 4 4 45
SR, PR 30%~50%1

3.2 BEBELEANYMSRES

3.2.1 XMEAMMFTESSE A% LEAIYIE
YR8 A LG Je W) CRE A AT WIS Y POPs) (AT L
R AR IR GRL TG R KA R A
HEA b, O e A e VR T RE 3 e TS
Bo, SRR TR IEIED ERK R T BRIREY
PR . AT R LG B E R Y
SRR, PR R R E S A
Fl R AN A S A7 A B LA B 3 A i 5 W o 50 W R 5 Ak
485 EEALRALA IR, DL B R | i A R AN
T E R A A Y H AR EE MY 185 Mt
WEE . A ARA A Wik 5 IS5 A Ak
BRGSO S b2 S & N R £ .
3.2 BMBLSIEANYFTESR JBHRBE
FIEAHIS Y R AT 3 . OME s
S Ay 3% T3 M R W I G A T L R R A Ry R T
TR AT K AT AL DA A8 e A e B Ok L i
LY. QIR S5 + 5 R A HL— L E
A A a5 TG HL B N AE R AR A A
AR IF 2 A FH 1) FL - 32 0 AR B A i A A S R
ZREME AR R AN Y. EIRHEED
350 T AL T S N AN [) 2 T 9% 2 R0 6 B 4 o S I T e
VEAVE L IER 25 °CF -+ o B e il (LAS) .+ —
JE FE AT R B0 (SDS) AT+ — o8 B2 1% R B4 (SAS) 43 51
A 0.4 g/ L JEAE R & v i [ 8 2 10 4 00 X 48 T
AW E AR S R PR R IR ik 63 %0 KL . Sk
IR A 43 ) O A TR L B B Al R SDS X it vl sl
MR G IR BEATAE S S0 KA 2R WD R A R B il
T3k 56.6% . Perminova 2507 B 55 155 A1 R XF 22 3F 5%
S A five 2 B o T A R L VIR S L TR AR IR UK S A R
YT B A B O BRI EE B 95 R I S R TR O i R
e . Wang S508 [ 2 1) Je ot 22 G 1) W BfE 3 56
FE U L T S R N 4 J BH B L AE B R A A A e f
22 G I R R B . 3 PR R Ok R R Y B, Sun
SRR T F WL AN 0 R R 1) 4 TR JoE ok R I A
FER 1.5 h 5 4 9o e B TR A R 38 86.0 %0, 259K
R 55.6 %0 JC I M R XoF R A 4 B Jo 1k R I A R R
S5L7% KRN 4.4% . 2 W55 K8 J2 18 2 % ft b 75
YuAgr 7 AT T A WL G, 20 AR T e R AR
TV P AR Uk TS G R 56 e A B IR i A i
o JE 25 U9 M X PAHs Bk R R R

V5 YL L1 T B Rk R R4 A R 52.996,70.1%6,30.5%
46,1 % F 42.8% . 75 Y KA 1 v e Kk HE R 4 )
9 51.8%.67.3%,35.0% ,38.3 % Hl 35.5% . [A] i £ 3£
I J 1 AR B 0 A R A AR R A8 i T ¥ Y 21 4 R K A
RSB R K 56.3 %1 49.8 %,

s AFERIE SR

41 HFEEXTEN[H

(1) JE R I ot U5 R 28 78 21 o R . &R Gk 3
M PEOFTEA R . IR — KA I I I E REM £
FEM R TP 5t . sl b A 08 56 T8 A T 0 A= 1 g A
BR . AL TR BRI AR R 4 o B R (& LR AR
TR T B R GRS ) o AL 40 7KV P L TR RN A W P i
TR o A B KAy F/N o F I AR 25 . H A X i
PR AN ) 20 53 e JLARe PR 43 7 1t 3 5 a0 15 T 0 Rz 4R
T A R SRR R RN BT S5 R E U Z IR . X
FE PR o 2R el M BE R o A L & — BB EL R
A LT AR AL IR AN A, B A R R LR b
P 5 4 UE B 6 R R T 4 1 T 4 R 1Y T I AR
A8 5 R XU Bl A A5 0 0 B S TR B L AS VS A R
Xt 4R A W B Z A . O WS E
FUT 40 R i B ) A A 3R B 80 5 el M b B X 4 T )
A 3R %) T B A RO

(2) FEAE R A RE RN AN i AN
B2 Gk Z EXTPER AR N R . IR A48
LI AR R 18 SC e R AN L R G A D R Z A B K
E ARG HT  AH G0 77 ARK =R e R E
A 4 0] R AR A Al R B A R 1 R R A
R A MLIC ML A N RS R 2 63 A TR 0 45 S
(R4 T 07 T o AT - S A 04 VR HTBIL SR AHT 7 i I
RH/DAE R, K E G50 ™ o 2 S
FEZ A EHEREA L ERR, TSR NG IY
15 Yt 5 46 0] RIURS SR e ] A EE XM X 6 Pk i) A
I A,

(3) XoF J AL 7 it R0 N7 FH B2 AR IV A o AR
A T B AR R N HE T 2018 . R T AR
r AUF i U AR 3 5 7 3 R — BR T, X A R AR R
VR 2H 53 e 1 RS P S IE A E TR S R BIE 5 LA R
FERR 77 b HE 77 3 i B2 At By FH A P 9T I AR
TC 25 R AR A A 2 A AT TR — SEBR Y S 3 I) R
T R AR AR L TR A B A R T A
v L ABOME B A DR Hl 5 Wi 1 A TR 7 o B i R
P NGIEER &I
42 MIREZE

(1) Jom i 068 5 700 A= 40 g A T 0 U0 40 25 L 40 0 8



360 7K R E

%12 %

FIE ARV A5 SE AT 5T . BE b ATF 50 02 AORE ™ il B
AOERL . OC TR AR R 1 I T JE Al AT A7 AR AR 2 i
iR R 14 T T o A 5] A L R 55 42 R 1 2 Al 2 I )
L, A= ) A PR S T e R R 15 A W) DS AR PR A EL A
JH o 80 A0 DR AR A 1 B T TR T T A ) 480 3R 2
Xt SEAE Y SR I < i S R A IR A, ke
SRk IR L BT 5 4 S0 I AR I 7 b 7 FH il Y
RAETt.

(2) s JE A R A 5 ke RORS Y8 A2 b Y
FHEERIE T . T AR 2 AT BILA) B0 A 2 8, e 2
THERCR PPN R ZE AR . H AT A AR BT AE R A
A 1L Z5036 BN L AR B0 R0 47 3 DL R SR iR
HUS Y B AE TAR p, A HLBOE A AR B 0.6 4
A FEAS LR R A 1 AN 57 - Y - S R A
h 2 KBRS R ALY TG Qe n) L e =
R P AR 22 4 BOR TR Y b A BUE A S AR AN
[ 4L 73 758 52 BOR e B v o A 2 A 2 S TR )
o PR PETT A B ™ a B L. AR S SRR
VAL IR T K L UMk G T Jie L T 5E . A SC
SR AR P AT BRI R B A R 1Y 355 .

(3) TS8R X J5 AL PR AS: M J ¥ 0T 5 R Bk
WET A2 I FE 2R GEFL 55 1 BRI AF 52 F 7 i F kR b
T R AT SR S AR R 7 A TR AR, X e
V& REL R 9 0 i A5 R P AR A 2 T 37 Ak (868 AR A T o
i RGP A8 5 7 O B

(4D TINS5 ARPL TR KT 7™ it L O K 5 78 3 ol A i3
B LT A 7 URE IR 7™ it 76 AN [+) 3t DX 3R 358 T 1)
HORZE5 B3 . L 75 A0 J5 A 5] 3t DR 7= i #) F
S B G T ] 7 P38 7 98 AR A a6 29 2R A i 4
FERRIE L 1 N7 AR R A S i R RS Y A8 5 A T Y
JO7 P AR RS AR AR 5 ) iRF o o et 32 7 M 14 5 Ao
PR 7 Ml el IR 2 R T A AR Ml DR e i ) R 2
it HEERR T b2 F HA O LA — 28 T 7= 1
M DX TTJ T G5 AL IR 72 3 el A i 4 I A S0 R G s
TAERE SR [ 5 SCHE ] i HE AL 4FE S I AR R A
w22 A R AR 2SSO B R AR ORI AE

[ % x # ]
(1] WRAEZ EHEREY RS IMI. 2 . db st b2 Tl
Jikt 2020,
(2] Ze/hve sk R, B et B A R 70 3R Ak 1 3 e R v i B
FRFFE L)) R ,2020,72(2) : 31-34.
[3] Stevenson F J. Humus chemistry: genesis, composi-
tion, reactions [J]. Soil Science, 1982,135(2):129-130.
[4] Simpson André J, Kingery William L, Hayes Michael

H. et al. Molecular structures and associations of humic

(5]

[6]

7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

substances in the terrestrial environment [ J]. Naturwis-
senschaften, 2002,89(2) :84-88.
JEIB& R TR S A ) A R i e 9 U A 3R 4
FARCE M PLEIL) ] B AERR . 2015(2) : 1-8.
IRA I, X IR, A B A W R Wi g BR S B IR A
RIEHFHT] GRS IR 2T .2008.1(5) :31-34.
Calvo P, Nelson L, Kloepper ] W. Agricultural uses of
plant biostimulants [J]. Plant and Soil, 2014,383(172);
33-41.
W, EERRKE, S RIUH X R L AE SR
BTt L) ). A 7@ 4, 2011,27(27) - 23-31.
P SCHE B oA, 1 ek R BF o8 5 00 e [T 4R 38
P H,2008,17(3):1282-1289.
VRO X240 AR 19 F AL 1) A L AR Aol B iy
FAL T FEARAP A 5. 2013, 26 (1) : 48-52.
E AT AN [ 4143 6 A R X 4 R K 4332 3 R0 3 AL 1 BT
RS2 D] BV VU2 P 42 8L TR %%, 2021,
XU, AR A B L S5 R WURE 15 A J AR 192 A Xof 37 2R
- 38 DA 5 A R A BIL B 1 52 e [T/ OL L R T 2R 25 2 4R
https: // doi. org/10.13287/j.1001-9332.202204.012
X RIUH , B e, T SO AR TR o 4T R B b - 1 4
7K b T e R R g W AR L) ). R ol 2020, 14(36)
195-196.
XUPE L B 5k, 2T, AR AR R X R I 1 4 L BT
WEFELR IR [T B HIR . 2016(2) : 1-5.
TR L R S O A T AR R S AN [ SR X g iR
Bk B R AR R R F 5[] ]I AR R , 2004.(6) - 32-36.
KK By, R 5E AR A T AR TR PR 3R K RO
BRI L] ALY 5F 5 R 4, 2017, 23(5)
1207-1214.
SCHE 28 AR 0 XUAR I 8 8 1 A 4 38 e Ry i LT .
B HHF % 5 289 ,2010,20(33) : 148-150.
Cooper R J, Liu Chunhua, Fisher D S. Influence of
humic substances on rooting and nutrient content of
creeping bentgrass [J]. Crop Science, 1998, 38 (6):
1639-1644.
Lobartini ] C., Tan K H. Pape C. Dissolution of alumi-
num and iron phosphate by humic acids [J].Communi-
cations in Soil Science and Plant Analysis, 1998,29(5/
6):535-544.
AR T RSO, A5 BRI o TR R VR I L X K
F o B R W K A R e [T ] A
F 5 MR ,2017,23(3) : 641-648.
1 WL R IR K/ 43 F AL AR O B AL R
FE 1 1% 73 A F 5 [ D1 AL 5 b st pfoll K2 L 2016.
EARYR SR AR S A R G R AL X S R
A S R R L] R E SRS R
#,2012,18(1):249-255.



5% 2

B o K A AR R TE R ok R AN T YA B A L R B F 5 e

361

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

NG 2 AL S B, S5 A TR R A R AR S X - B v gk
135 L ACR BT SE L) LB AL AR - 2003 (4) - 11-14.

U RO e DU R TR T e R 3 A 4 v AT R R
AR I b Al B . 2014(1) < 105.

B A CIRANY /A e R R e W i B Y | I R R L
Rtk AT kR L) ] MR 1642, 2014, 33(12) : 2048-2057.
ek LA T S R A 2 b B it
INEEREE KBRSz [T Y E 57 5
k4 ,2008,14(6) :1186-1192.

X BH R S 0] 375 A A 4 R e b i R R D B 9 i
LA B2 BF5E . 2007, 28(2) :68-71.

B, TR A T S R R TE ek R R AT
FEA5 ML) B HR . 2017(5) ¢ 1-4.

Sarwar G, Ibrahim M, Tahir M A, et al. Effect of
compost and gypsum application on the chemical prop-
erties and fertility status of saline-sodic soil [J]. Kore-
an Journal of Soil Science &. Fertilizer, 2011,44(3) .
510-516.

Liu Mengli, Wang Chong, Liu Xuelian, et al. Saline-
alkali soil applied with vermicompost and humic acid
fertilizer improved macroaggregate microstructure to
enhance salt leaching and inhibit nitrogen losses []].
Applied Soil Ecology, 2020,156:1-10.

INTE 4 B0 B A 5 0 AL TR o IR U VA R B - 1 280 R K
HLERAFFE (DAL 50 i Bk R (b 50D . 2013,

JE) PR AR T R TR M R R A R ROCR S (D]
St FERANE R 52l Rl sy, 2016.

TRANBT L PNFERT L S IR BE A R X A [ b
7 SRR WAL R RSO ]2 8%, 2013 (8) £ 286-289.
AT MO A WK B R B S (DAL 5 AL
HMRE R, 2010.

A, AR BN, AR T 21 98 TR 2 43 R R BHE
xR A P B M B S i )], R 74, 2014, 51 (1)
114-125.

Pang Qingyang. Xuan Yulong. Cai Xu. et al. Effects
of cottonseed meal humic acid fertilizer on soil water-
stable aggregates, soil enzymes and soil nutrition [J].
Agricultural Research in the Arid Areas, 2017,35(4) :
54-56.

T2 e A ) TR X B IR A S AR
MR LD AL 5 E AL R 2 B L 2013,

ZE B S P I 1 B R R R e H N I F SR LD .
Jemt i E Ak KA LR L2021,

A MR R LT SR T P LR A s
5275 AL LT ] o AR 2 42 202036 (20) : 83-91.
B, ARy e R T B B AR k1 B A ORLOF
FEBERELT ). I APREHE R . 2017(11) - 21-25.

WA, WAL R FE AR E B R R LR

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[51]

[52]

[53]

[54]

[55]

Gz Jm R 8 M B S AL AR S R ()], 18, 2021, 53 (4)
682-691.
HAEM, BRI E S 8PS i
HIBE % 5 [T A A28 35, 2005, 24 (12) : 1499-
1502.
Pellegrino C, Anna A, Ricardo S, et al. Soil remedia-
tion: humic acid as natural surfactants in the washing
of highly contaminated soils [J]. Environmental Pollu-
tion, 2005,135(3) :515-522.
Baker H, Khalili F. A study of complexation thermo-
dynamic of humic acid with cadmium( [[ and zincC I )
by Schubert’ s ion-exchange method [ J]. Analytica
Chimica Acta, 2005,542(2) :240-248.
ER TR E ORI RE R E S BB REE
A BIEZE Rt SR [T ], o [ R . 2021.,40(2) 1 147-151.
Qian Guangren, Xu Lu, Li Nuo, et al. Enhanced arse-
nic migration in tailings soil with the addition of humic
acid, fulvic acid and thiol-modified humic acid []].
Chemosphere. 2022,287(2),131784
e ek, 5 8BRS e 1 S5 R A R TS LT ] AR
f£T.,2006,26(2) :132-137.
G R CI D W C CE N  TNC
IR A BRI B VR R A7 W ML 0 AF 5 L] S AR . 2015 (1)
12-17.
Apostolos G. Evangelos G, Antigoni S. Application of
sodium dodecyl sulfate and humic acid as surfactants
on electrokinetice mediation of cadmium contaminated
soil [J. Desalination. 2007.,211(1/3):249-260.

Xu Miaomiao, Zhao Zhuanjun, Song Yiran, et al.
Evaluation of ferrihydrite-humic acid coprecipitate as
amendment toremediate a Cd-and Pb-contaminated soil
[1]. Geoderma, 2020,361:114-131.

S B R A TG S OR [E IR A R X P, Cd ¥5
F IR R AN LT ] IR B SR, 2011, 31(5) < 1-6.

Sepehr E, Rengel Z. Citric acid decreased and humic
acid increased Zn sorption in soils [J]. Geoderma,
2019,341:39-45.

DIHE NG AR 2L SRR R IC R X S ) 4 9 R Y
BRI BN 5 58 . 2019, 34(8) : 34-36.
BB BRI, A% B A TR R L PR B AR A U 1 g
PERLI B MR . 2014(1) :9-13.
T L R BT G TR A R TR A R X A o i
Yy i WA A E L) . % & 5B % 4. 2004, 4 (4)
52-55.
SR ) 25 LT AR TR A 3R T I M R X il ek s
ST A AL T A A A 4L 2006, 19(3)
23-26.

(F#% 376 1)



K - PR 4R

%142 %

XUE A AR B 2240, 25 3T K AR 35 R AR 5
BrLTJ K AR $F R H AR 2006 (1) - 28-30.

Wk BH 42 2 , 3 AR 3T R R o R P K R R B IR
(] 8E3k 1 .2016.2(6) : 228.

XML 214 B Big DX a6 ) A 8 N K 3k 2k Bl TRk
SRAFFELT ] K £ PR 45, 2002(2) :31-32, 36.

T M A B3 T K R ST R A A S B TR T R
(0.3 & R AFSY ,2000(3) :17-19,34-78.

ESRITRTI I N R 08 i I N o s W & L
Jiti A7 Jmy LT ] B PE KR, 2019(4) :199-201.

AR R T IR K AR B A LT P EK £
1545 ,2013(3) : 45-47.

TR, AT AR, A5 BRVT = A U i X 3Tk
Wi I B A e HLsgs . AT M T R L) 0K £ AR
W4 .2001,21(6) :77-79.

Bl ney 2 388 T K AL 2 B YA DN AR ME S R A LT .
=K F],2018(8) :11-13.

5, 25 80 30T K 1 320 MR () ) B K A 4R 4
2013(5) :64-66.

TR BE s AR TR B A A <P 98 B TR T A e iR
I H K 3 B LT E K R AR R, 2021 (5)

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

1-4.

TR, BE AR S - W AR AR SE T K AR R LR B i
5 s 5 A Ry W g [0 v K 34, 2021(6) - 31-34.

R 124 . 0 R T sk AR v oKk AR R R A LT LK £
PR FR ST ,1997,4(1) : 16-18.

RS I T B < K R BRI T R R i R R
LT, W EKFR] 1996 (1) :23-24.

FAA BT AHF R AT # IR H K & 5 &
WA AR s B LT ]K b AR 1 T A, 2020
(6):50-51.

AL XU, b A, & A T A A 7 g i i B
R AT ST (] P E K A4, 2020(5) : 33-35,69.
PR BRI L X SR K S R IR DI T K 43k W
). BB T, 2021,7(12):113-114.

ZE R, O IR, 42 7 A TR T R AE A 7 Al 1R I
H K 4 W v i R R - DA B 552 1 A R T A
X RN R BRIT . 2019,40(2) :153-159.

T A B 30 Tk A L1 XUE B AL 2013
(5):145-145,

AR e ok D RN b 0 A DN ) e w2 R 0
I LT ] b E K AR R, 2021 (4) 2 9-11.

(L35 361 )

[57] Perminova Irina V., Grechishcheva Natalya Yu, Kova-

levskii Dmitrii V, et al. Quantification and prediction of
the detoxifying properties of humic substances related to
their chemical binding to polycyclic aromatic hydrocarbons
[J]. Environmental Science & Technology, 2001, 35
(19):3841-3848.

Wang Yu, Wang Lei, Fang Guodong, et al. Enhanced
PCBs sorption on biochars as affected by environmental
factors: Humic acid and metal cations [ J]. Environ-
mental Pollution, 2013,172:86-93.

Sun Zhuyu, Zhang Chaojie, Chen Pei. et al. Impact of
humic acid on the photo-reductive degradation of per-

fluorooctane sulfonate (PFOS) by UV/Iodide process

[60]

[61]

[62]

[63]

[64]

[J]. Water Research, 2017,127:50-58.

TLLHE BRI DT T AR RR X 22 21 05 R AE T Y - 3 b bk iy
S BR o i 1 RCR O 52 [T 0. 30 8% 02 24 4. 2010, 4
(10) :2306-2310.

R EME SEY XX LRSS TR N
W 7S D] AL 5 - JE Bkl R, 2019,

KRR B4, A4 A IR X Pb*T N7 L Cr' T IR
BEF P RE A9 F 5 [ ]I AR . 2010(5) £ 18-23.

i vhoRE L B ok, 2 A L A R R X 4 R A A ) VR R
FRAEDTIELT ] BRBER 24224, 2018, 38(9) :3721-3729.
Wang Ping. Ding Fangjun, Huang Zhanbin. et al. Ad-
sorption behavior and mechanism of Cd( Il ) by modi-
fied coal-based humin [J]. Environmental Technology

&. Innovation, 2021,23(8):101699.



