Advances in Environmental Protection FME{E3 RIS, 2024, 14(4), 852-865 Hans X
Published Online August 2024 in Hans. https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2024.144113

il T NN S T
xO&EL RO, F O AOX, B AN

WA R AR A, DY) BB
2o ] o AR A A B I B T AR AL B A PR A F], D)1 AR

Weks H . 20244F5 190 #HBEM: 202446 H20H; &AM HM: 202448 H9H

H E

LM VEBRBRAERE. RERN, S ENETESRBESEREEE . MESE. TR
FIRZX—HARKEFARM S . XEUSEELBEF XBEER (PAPEMP)R — Z./% =& 7 B X BEER (DTPMPA)
ABERMTER, T AR EMEE TR S i) W EIRER (As). 45(Pb). %6(Sb)iz 4 t+3%
FIMLERESL, HRFTMBERT S R BB R ESRRESZNEN, BEETRERB(MTE
ABEM)EATHEHRATETREESENHRBESAKR . £R2ELH: EREKEELT, ZPAPEMP
FIDTPMPA=K#¥t/5As. Pb. SbEBRESHIEXZ|86.35%- 90.07%-. 48.89%F178.07%- 98.36%.
42.51%. WPETREWE TR H,ERSRS, HENT LRI BAER. VRS E. HEFXHRE.
25, BUHENESE. A, LEFELSRENESRETEE. ESENRMIMAEREMRGLE K%
HPbFISb TR A W R HERTS, AsHEEBAER A Y] R FH .

X7
PAPEMP, DTPMPA, BE&JE, HMREEM), Wik

Study on the Washing of Arsenic, Lead and
Antimony Contaminated Soil by Two
Organophosphonic Acids

Han Yuan}, Jian Lang?, Qiao Li?, Jie LiuZ, Gang Yang!

ICollege of Environment Sciences, Sichuan Agricultural University, Chengdu Sichuan
2Power China of Chengdu Engineering Corporation Limited, Chengdu Sichuan

Received: May 19%", 2024; accepted: Jun. 20, 2024; published: Aug. 9, 2024

XESI: weE, BRE, 0, XA, BRI BAE PUBBRIT . B BT G R D). SRR AT, 2024,
14(4): 852-865. DOI: 10.12677/aep.2024.144113


https://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2024.144113
https://doi.org/10.12677/aep.2024.144113
https://www.hanspub.org/

Pl
&
48

Abstract

Soil washing technology is easy to operate, fast and efficient, and is widely used in the remediation
of heavy metal composite contaminated soil. Screening of green and efficient washing agents is a
research hotspot of this technology. In this paper, polyamino polyether methylphosphonic acid
(PAPEMP) and diethylenetriaminepenta-methylphosphonic acid (DTPMPA) were used as the test
washing agents to investigate the washing of soil contaminated with high concentrations of arse-
nic (As), lead (Pb), and antimony (Sb) in a lead-acid battery factory under different washing condi-
tions, and to explore the changes in the physicochemical properties of the test soil and the status
of heavy metals before and after the washing, and then to investigate the changes of heavy metal
status before and after the washing, and then to explore the changes of heavy metal status before
and after the drenching. Finally, the environmental and ecological risks of the residual heavy met-
als in the test soil were evaluated based on the intensity coefficient (Ir) and migration factor (MF).
The results showed that, under the optimal washing conditions, the removal rates of As, Pb and Sb
reached 86.35%, 90.07%, 48.89%, 78.07%, 98.36% and 42.51% after three washing processes of
PAPEMP and DTPMPA, respectively. Although the washing process took away some of the soil’s
quick-acting nutrients, it increased the content of alkaline dissolved nitrogen, organic matter
content, cation exchange, total phosphorus, quick-acting phosphorus, etc. in the soil. Meanwhile,
the morphology of heavy metals in the soil was changed. The Ir and Mr values of heavy metals
showed that the mobility and bioavailability of Pb and Sb decreased and the mobility and bioa-
vailability of As increased in the washed soil.

Keywords
PAPEMP, DTPMPA, Heavy Metals, Lead-Acid Battery Plants, Washing

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

AR, BEAEWTT SRS, FRE Tl AV HEE 58 /N K &S Y i i B 4 s 52 615 el
Ha R, CE™EBMIINEARERE, SRR REMPE. & RS R RE S 1]
B PR ARAEAE A RENE . SV AR RAE E 7 13 Bon th B3R5, LI Bl 2 A T E 4
Bt m B R . M RCR IR KRR B TR IR S . KR SRtk eI iz
FIGHAE L HAFEMIE BB WRBERERAR, B AWM SR . BRI, A7 0 B 4R 3 A i 288
IR FRAN RO IRGE 7)o

2RI LW T XU (PAPEMP) I — 20 — i . H X B R (DTPMPA) & B ARG V2 o BRAI AR (1)
KATAEIBR, NEEERFOES SR RBLIGERE, # 2R T KA K%L, &
VIR 2)559138[2] . PAPEMP {E45 8 A VU BERR L], MR (D ESE X 42 8 B BUs ISR A /g . T
DTPMPA NI HAN B R A1 5 %UR FAH%E, MRS Re M4 8 5 T 45 & T IR EE G 4([3]. MAME
MUBERR o (1) C-P 8275 5) w38 R S A= 0 P (0 AH DGR o0 e, (LA O P[4 DAL, X R AL
IR B W B 4 SR I G TR I T, SR, % PAPEMP #l DTPMPA B 7R HEE & + 1%
4 R Tk R A A R
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BEE B EAT I R R R, FREST TR S it i) R oR & H 2830, (ER K AR P 4R & Hith il oK
AIRESST T MHE AR AR 25 R G ™ B AE A VS Y [5]. Sun ZE[6]3E T-i5 YTl Fa B R 7 40 X 46
TR RS EG YR, B R RN, X RZE LR, B B WU S R
S IR H AT SUER 7 AE 0L L, FREET X AT A AR R I R ) B R S e R, AFLE
FERBEAS R EEEERLEE )2 SYERR BRI A VIR AR R AR 2 & 52 K. T4
HE B M AR A BEE N R RN NG 208 N A P9I A0 48 2 Guts SRAS R i o, 3k 51 42 B
a5 BRSO B A LB R SR [7]. Lk, BRAA DIRR & i A I R e s A 2
FhESJE, TSR B—IUSE N[SIRT I3 M BB & it [ 483 1398 b & J8 ¥ ek e b AT 0 AT, Wt
FLEE SRR AL 45k Pb 1 As IR BE ¥ IA I H V5 JoKkF,  TESUE KBS PR BT 78 30 As ) LE AN
BN (880 RSk B2 B KT, R XA E RO ™ E I E S m 5 4. thah, ArEARE iR HAR
As 5 ShOoAfEA TR, HILIXF KGRl EARIAE 515 %40]. E4EJE Sb Ol AA 2 M YEEtt,
WnEErE, H Sb 5 B YIAR R AT E N S8, Rk, T3 Sh g Y2 R FH T . As
Sh L& 4k 3 EFIBR B 71 A S 0 0I5 e[ 10], FHor mlae 5o | REUEY A E B SoEY[11]. Kk, f
BB H As-Pb-Sb B A15 Y L HEIF X8 3 B R R A S I B TAE N

zi b, AWERBEHA 2B E LB UBRR (PAPEMP) A — 2.0 = i 1 F SUBSER (DTPMPA) 25 1 Lk
VeFAE SEALMRE I 6 E T, SH R 2 it As.Pb 1 Sh 5 & 8 4 & V5 G 343 i bk e 80U e i R 2%
FAR TR BE T 5 p il T e A o A & SRRSO 0, R T 5 B R AU (1R) FE 2 R EU(Me) 27 & VAN 41
R E LR ES R, DIAATRIES O ke IS 4 i s, XHaf i LR
IR R R e BA EEE .

2. MRE 5%
2.1, #ikis

2.1.1. R,

T g R AR B IR ANIR S itk P 8, BTELL R VR E VIR 0~20 em, TEYRERIS FEHE IR T A
BRGEFY . WG, BT RIFEREHE AT AT, RFEEmEFT 2 mm KR, LA
B R RIS 5 itk . SEIG RTINS 8 Al 1 Bk, 3R As. Pb il Sb & S35 0 B
REARE PRI o g 5 P S e KU B AR (IR T) ) (GB 36600-2018) H [ AH AR #E, As. Pb
SR B T AR 1 (60 800 mgkg ) 1.8 Al 37 {5, Sb ALELEE— I KUK IR E (20
mg'kg b)) 8 %,

Table 1. Heavy metal content in soil (Unit: mg-kg™2)

1 TEESRSEENA: mgkg?)

TLE Pb Sb As Cr Ni Cu Zn Cd Hg
i 18808.42 86.28 88.80 2.89 23.42 110.07 83.18 0.33 0.21

2.1.2. #kizesH

AT R MTEFIAN: 06 =B X ER(DTPMPA), T H Il R E R K EHE ARG R A,
AN 53 F BN 573.2, E(20°C) A 1.35~1.45 gem 3, HRMIFEEN 50%; £ RAIEL I F PR
(PAPEMP)I B IR R ANEHE IR HBR A ], AR 4T B4 600, % (20°C) N 1.15 gem™, HHW)
RS EN 40%. RIG KRN E K. WFa PR wE LR,
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Figure 1. Schematic structure of two organophosphonic acid molecules
E 1. BHEBRs FEenER

2.2. BERKERLE

AERR PRI &0 2.00 g BIEFEE T 50 mL SO, BEE NN 20 mL @RG-S 0.10 M M
PR B AR R TV pH . pH AR E Jo5 # A B T IEIRR % 45 1 B 25°CF 250 r-min® i1 s B 2 A4
PR — e8] . Bl 53 S BV B T35 0oL BL 3500 r-mint (A6 5.0 10 min. B0 45 G, IR
ERBUGE FIFBOTHEH 045 pum WRFLIEROEIESS, 8 HL RO G A B AR B R A BT BB VR P ) E
JEA, ERIBR A e, TR LBRE . [RIRHE A S B IR SRS, NSRRI

AW P BRSSP AR pH A DR S TR0 338 As. Pb. Sb IR AR . pH (5
W E RN 3.0, 40, 5.0, 6.0, 7.0. 8.0, 9.0 (JKFE = 5%, WVEHSE = 180 min); IKFE D5 E N 2%,
3%. 4%. 5%. 6%. 7%. 8% (pH = 6.0, WRPEASE = 180 min); WkPEHT[A] 73132 E v 10, 30, 60, 90.
180. 240. 360 min (pH = 6.0, WKE =5%). =& B EBRRITE TR Q)FIR:

R% =

CoV . 100% (1)
m

A, R () NEEFELSENEBRE, Co(mgL)HN ICP-MS MERKEEIKRE, V (L) AR,
m (g) A T3 As. Pb. Sb =

2.3. ZKGEIRIE

FREX 2.00 g & Ri5get3%, 76 50 mL B0 RN 20 ml 7 2 bk s e 2R BT A ) B VR R
1 pH 1B 5 FIWREET,  $5 B B LR (a0 R Y . HAhR e D IR 2.2, Btk 3% 3 K.
2.4, WESFGISE
241 TMEERBISE

Tessier 2R R RS RIEESEF AN TE, HEIIREERT ZIAT. HET As JET3
&R, ARATRZHESRE, HiEEUSANES FRAGAET LS, R 2 HEA RS N[12].
R AL SE 1) Tessier %) 38 i As FUIREUE AR 24 iE o« TR E g, K As 248 3R 3 EAR 4
IR R E R B VRO Ok . Wenzel V2 BT EIE T As IESBRERPI FiEZ —. AR5
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T Tessier 751 Wenzel S A AIFEEUHA PN FIFEA T Py Sb F1 As, $REUTEWE 2. % 3
IV

Table 2. Wenzel’s continuous morphological extraction method
5 2. Wenzel EESIREUE

iz PRI AR 2% A
A IR P A 0.05 mol-L ™ (NH4)2S04, 20CH#R# 4 h
R UES 0.05 mol-L™t NH4H2PO4, 20°C#Ei% 16 h
TR BEMDE AT 0.2 mol-L™ (NH4)2C204 (pH 3.25), 20°C EE:HH#EY 4 h
s AN S G 0.2 mol-L™ (NH4)2C204 + 0.1 mol LI MR, pH =3.25, 96°C/K¥4R% 30 min
RS HNOs 5 H20: &l €

Table 3. Tessier’s continuous morphological extraction method
5= 3. Tessier EEFSIREUE

iz FREG AR AL 2% 1
EIEE &N 1mol-LtMgCl (pH=7), 25C, K%
IR A 1 mol' L™t ZERANIBE W (pH = 5), 25°C, k¥ 6h
PAAMMEES 0.04 mol-L* ) B2 Mz, 96°C, 4% 4h
HIGEES 0.02 mol-L ™ HNO + & F¥ 30% H202, 25C, #&¥% 3h
RS HNO; HCIO, JH fift 5l &

2.4.2. TIRIBIME R E
¥ 2.3 TS R A I E T KU T E AR T, BRI O e DL A e R e R AL
AR . BABARITIIA T R 4 FR .

Table 4. Determination of conventional chemical properties of soil before and after drenching

4 MRRIRLIRERUFMENETE

I 5E FabR D5E J7 1%
pH 1:2.5 Liftt, PHiHIE
T HBEE WL (SOM) HETRA R - Ahn#ik
AH(TN) P Lk
21 (TP) NaOH & Rl H B b €132
2H(TK) NaOH Kl K 6 e vk
B %L (AN) TRy s
ML (AP) NaHCOs ZHEEH BT bh %
R (AK) NHsOAC & $¢ KIE 6 BEE
FH 25 722 46 8 (CEC) i SRR AT i
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243 WRABS Gt

IR E G AT AR R e AN AR TR R . AR OE BE I8 TR R 1R SRR I 1 4%
T B SR AT S SR . IR 7E 0~1 Z[8), HAB BRI e/ ME 0.06 275 KB 73 bk B H <5 LA Al i g s A
AR HASAFAE, 5B EREEREDI8S, BB & HERGE 1, RESE T EAREBSITS
LIRS AR, AT, BERERE DN AW

le = Zik:llK_lj

KNI ANESBRSRNEE, AR k=5 FREFHiMESESEIMETH.

g (Y 4 A A R I IR A R T Me SRAT & 2R S 1 R AR R R R AS S AT R T
RE, LA RS54 BRI 78 R R/ o 24 Me (B s o 4 i 7E LI TR 25 5 e 8, AR R 45 5 RN
XS (B IR 2 SR R, BURE Me (S s B R AR 3B b RS E P S vy, 0 PR 0 45 5 AR
RN TR AR

2

Me =30 R/ LR ©)
b i NESERSRIE, At k=5, F NH i BIRIEINESE S Emgkg D).
iZ 11 IBMSPSS 24.0.0 (SPSS Institute Inc., Chicago, USA)XHRI6 B #E4T [0 970 #7 . ANOVA J7 24y
AT DA B ) FH e /I8 3 25 W 2515 (LSD) ik A7 22 7 (. B MEAG IR (P < 0.05 A ZERF R, P <0.01 NEZWEE).
{4 Fi§ Origin 9.0 #EAT%#E %

3. GREHH
3.1. BREX PAPEMP §1 DTPMPA i8R N0

3.1.1. RGEFIR B X SRR AR

PAFPIRGE IR EEXRT As. Pb. Sb (2R3 W1 2 fivs, B PAPEMP IKFEIEN, As. Sb Rk zis
MGEHE R, 24 PAPEMP KB IA 7%0], As BERCRIA R i mifH, MR ATk 50.14%, M4k 242 = PAPEMP
W, HMPRG T TR 1124 PAPEMP K JE ik 6%Hf, Sb kiRl B m{l, thialik 12.67%, 4k
Zi4R = PAPEMP W5, MG R T . i DTPMPA XF As. Sb FIMBERCREAR, B sk 2 1
Bhn, As. Sb HIMBERCRIZWTEE, Z4IRE N 5%, As. Sb IR A E 36.5%F1 18.48%, 4
DTPMPA B LI /5, As. Sb I EBRZIMIE T %, wH7iR M, LI ILERHEF Ca®'s Mn?, Fe¥',
Zn?* 5 As. Sb fE7EsE4r, MIMxT B & B ReE = Efm . ok, H3Ed Fe &5 As. Sb F1ER#
FIIEAR S, JEH Fe MIsa B H & fm 38 As. Sb MR [13]. H PAPEMP fil DTPMPA
E RS RIBESE, At 5 Ca A E R AW, PAPEMP B RIFASEM . k. BFMMEH[14]. Hitt,
YA HUBRRIKR I S, i e S B 5 H RS KB, FFK T PAPEMP fil DTPMPA X} As.
Sb 1k R

24 PAPEMP [ FEA K 6%F1 DTPMPA IR FEANER Hh 59N, Fifi & bk e 77 & S 47, Pb itk
KA BT, HRIATIAF] 53.78%5 63.14% (P < 0.05). X AR TR ik = S 5 EE B
GRS A Z, TTHNGR T % B AR A LR EFH[15]. SR, 4Rk st b TH 4 8%, AV 2R URIR
FHIREA R (P > 0.05), 1X 7] A T L =i 2 1E B m M 4 8 C A 05 FR[16]

PR PRI YT Sb LR ERA K, {H5 PAPEMP #tk, DTPMPA Xf Pb R H BRI 4 )8 &
TH54 71, 1M PAPEMP X E 4 )8 As BA & LR i, UPiFa BRI 5%, DTPMPA
X As. Pb [IEERFR > 5N 36.5%. 63.14%, ] PAPEMP (1253 73 5 N 42.68%. 51.41%. AJREZAA
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Figure 2. Effect of PAPEMP (a) and DTPMPA (b) on the removal efficiency of arsenic, lead and antimony
at different concentrations

2. PAPEMP (a)#1 DTPMPA (b)ZEARRIIRE T35, . $HAIKRIRMEZN

DTPMPA 8 £ )& N &+ 55 51 (N-Pb) /775 B B 1A BAE H , &k Reidt— D42 = DTPMPA Fi Pb?
Z IR ISEA I [17].

gr b, FESERRMBTEHEIE Dy T 7R G e R e R AR (R BT, 5% 1K) DTPMPA
Je B As. Pb. Sh ALK, 6%A1 7%(% PAPEMP 73552 %k Pb. Sb Fl As [H ik .

3.1.2. RFES pH XGRS AR T

M 3 FTLAE th PAPEMP #1 DTPMPA 7E pH B #i FH i (I OL R, % 4% As FlI Sb R Bk 2
PR s . Horp, TERRIMEZME pH = 4 1), As Al Sb R, 0 HliEF] 32.46%. 15.63%F1 15.33%-
25.97%. ZREEHEEHRVER] pH, PIRHBETINT As. Sb R KA B R (P < 0.05). X2 i TER M
MR, B Ca?t il FeS A t, 330 P 7R IX S A R THI 1 As Fl Sb i — DR AEmME A& T,
W OH B FIREEI N, OH BF4 55 b B A B, N T 43xF As 1 Sb BT IR aETT,
FHAs F1 Sb A Gy B R 18]

70
—e—Sb—e—As—A—Pb I g ok
60 | ¢
50 F
50 F
o =0}
2 =
%30t b 0F L a
b b b
20f 20F a ;
a a b
b b b
10 F 10F
3 4 5 6 7 8 9 3 4 5 6 7 8 9
WK pH WLEIE pH
(a) (b)

Figure 3. Effect of PAPEMP (a) and DTPMPA (b) on the removal efficiency of arsenic, lead, and antimony at different pHs
3. PAPEMP (a)F1 DTPMPA (b)ZEAR[E pH Tx#. $H. $#HHERREEEIT
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1M PAPEMP i1 DTPMPA X} Pb )£ FrZkH pH (3G K 2IARES, % PAPEMP [ pH #£5, Pb
f 2B R E IR = 5 FRE(P < 0.05), 24 pH = 8 Itf, PAPEMP X} Pb K% HiAF|HE 63.65%. 4
DTPMPA ] pH 34l Pb ) B RIZ W&, 24 pH > 7 i, Pb 2R IEA K (P > 0.05), {UEF T
2.43 mgkg™, pH =9I}, Pb HIERFKILF|E KA 58.13%. K ATERIESME T, OH B T BERRIE dh XU
AR TSR Fukui $530, NiM{ PAPEMP fl DTPMPA ¥ %5 S5E 4 R4 4 119]. Hutal WL, MiET
Sh, +TIEH As. Pb BJZFRZFZMBEFIAIE pH B2 K. 28 b, 4 PAPEMP F1 DTPMPA [¥) pH = 4
i, XF Asy Sb I BERCR B LF, pH =8B, X Pb [kt SR f i

3.1.3. #iFEFIRT E xR AR

RPN [ PR LB R 5 4R LR e an 18l 4 FoR, 7ERWI 90 min P, PAPEMP FiI
DTPMPA %t As. Pb. Sb [ ERFREZIRE(P <0.05), K NESEE P AREHRERE, 556
BRI REFE S, SEESEEZRF2EIIN[20]. 165 ket fEd, PRkt E 4R 1 2k
FIHARFAE AL . 7E 90~360 min [, PAPEMP %} As. Pb. Sb {2 1 K 2218 (P > 0.05), Ff-7E 240 min
JE 2B . DTPMPA £ 90~180 min N, X Pb [t = 22 R R )ik 63.71%, 4438 itk (7] Pb
FI BRI NP 1 As T Sb 7F 90~360 min P, EILZEISHEK B TP rikass . 78 -3 FLE
e R RN BRI I Sl R, M BRI S, SR ESR S DI RS, LS
EEGRM BE RN ERR, X5 Xu SR g R 25 b, B3k s (7 3: AR T4
5 PAPEMP 1 DTPMPA X 5546 J& I e 8UR o ZRASibn TAER A . 3 4 pe e 0% S e A &2 1) J
WITE R R R, HEEL PAPEMP AR et 18] 90 min, H 0 ini& F T4 e &, 1 DTPMPA ittt
i} )y 180 min.

80 80

70k —#— Sh —@— As—A—Pp 70_+Sb+AS+Pb
ab 2 b

60 b % ? i a

T T

¢ C
10 c
L L L L L L L 0 C L L L L L L L
0 50 100 150 200 250 300 350 40 0 50 100 150 200 250 300 350 40
WRBERTIE] (min) WRPERT ] (min)
(a) (b

Figure 4. Effect of PAPEMP (a) and DTPMPA (b) on the removal efficiency of arsenic, lead, and antimony at different
drenching times
[E] 4. PAPEMP ()1 DTPMPA (b)ZER Gl ERTE T8, 55, AV EBRIZEF M

3.2. BE—ilTE 3 KRR

HET PRI RS R, 14 5 NERMEESM T, DTPMPA il PAPEMPA [ 3 Ytk et L3 As,
Pb 1 Sh [k PE4h H . As. Pb FlT Sh 2 2% 55 26 i 5 ke /0B 0038 o 18 K o L B ase bk e 775 338 As
Pb YA B E MM . BEAh, IR IO 4 8 1 A R R Bs a5 2 BE S R B T, R
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FRIBW T B . 21 DTPMPA F1 PAPEMP 28 — VGGG J& , X Pb )25 B 2853 il ik 5] 73.29%741 68.25%,
XT As (1225523 5 51k 3] 48.64%F1 52.33%, IX FEH T 5 —RMkBE O 4 2Bk 7 b oRE - ] L s
(F1)~ BRIRERLE A B (F)MBE AL B (F3), Al FBUE Ok se R B2 T8 — ok Z, M
=M BE R L R2 B 7E 5% e A7, X S R AW 745 B —3[22] [23]. 4 PAPEMP ={iH¥E)S As.
Pb. Sb £RZF/>HiAF] 86.35%. 90.07%. 48.89%. £ DTPMPA =it As. Pb. Sb ZEZoHlik
$] 78.07%. 98.36%. 42.51%. DTPMPA X Pb () 2% T PAPEMP, 1fii PAPEMP Xf As. Sh [ 2%
W& 5T DTPMPA. I SE XEL,  SEBrd B8N i ST AR R B FRIR I HLAE KR DR 1], [RIRS bk i K
3G i i L2 AR, HAEe 25 SRR B 5 =itk xt Asy Pb #1 Sb I EBRBURIFA B3,
I TESEBME S TR, MRS 2 briE & H bR S B e s HI7E Ik LA

100
or I T
SN 90 | Rtk
A B v
60 ] =itk 80 | L] =k
_sob _0p
s S 60
40 F M
40 g ol
H w
w 30 F 40 F
< =
20k 30F
20}
10f ob
| 0
PAPEMP DTPMPA PAPEMP DTPMPA
R WP HFR K
(a) (b)
40
[
9 B ik
L =wbkek

PAPEMP DTPMPA
PRI
(©

Figure 5. Effect of PAPEMP and DTPMPA on the removal efficiency of arsenic (a), lead (b), and antimony (c) at dif-

ferent drenching times
5. PAPEMP F1 DTPMPA FERE# R B T3 (a) . $A(b). 5 (c)RIERRIER M

3.3, MkEXT IR RN
MF 5 W LAE 4 PAPEMP fll DTPMP kit S5, 1238 pH 6 RNEFEE HIBHKR, FERIEE 2 7508 2.2
AR 1.90 ANEALL, UDAZ BRI LIRS pH ) < 2.0, VG RS HEEN 3, (135 pH BE(K.
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Table 5. Changes in soil physicochemical properties before and after showering
5. ERIETIEBUMERT K

WP A3 R+ DTPMPA PAPEMP
pH 8.38 £0.19 6.47 £ 0.14c 6.18 + 0.16¢
HHLF (gkg™) 30.87 £ 0.14a 39.28 £ 0.32b 34.31 +0.15¢c
2% (gkg ™) 1.18 +0.13a 0.91 + 0.02b 0.86 + 0.01b
4 (g-kg™) 1.39 £ 0.07c 13.17 £ 0.58a 10.73+0.5b
441 (g-kg ™) 18.75 + 0.82a 16.37 + 1.06b 12.77 + 0.95¢
BlfE & (mg-kg™) 9.18 +0.57a 20.48 +1.1b 13.28 +0.35¢c

TR0 (mg-kg™)
TR (mg-kg™)

770.53 £1.29¢
171.49 + 1.05a
1754 +£1.12c

1290.97 + 1.64b
127.57 +0.78c
19.89 + 0.46b

1459.11 + 1.42a
159.14 £ 0.82b
21.97 £ 0.93a

CEC (coml-kg™)
e A AR A F/NE BUK S - BHRR AL BE 2 8] S 3 HOK P 2 53 8. 35 (P < 0.05).

WG A VLUR SN 30.87 gkgt, 4 PAPEMP fil DTPMPA kit 5 2 M2 = 11.1%A1 27.2%, —
J5 A TGRS A AN, S =0kt fE, 38 ik BRI S 8oa Uk & =38, 5 —Jr T
ReE AN 5 E& B & AN G AR EE LT, SECIEAVLTIEM24].

+- 111 CEC 2 3 B AR B 7 P R B S 74 K. Cat. Mo it AR5 1) s &, AR TR S5 1
[ AH 4 BH 25 T 2C #e g /3[25]. T30 CEC E 5 HARMERE /I R 3 IEA DGR R . ARG S, +
HErF i) CEC 1 17.54 cmol'kg * 4% - F+ 28 21.97 cmol kgt 19.89 cmol-kg™t, _EF+ 7T 25.3%F1 13.4%.
keI AR T B g G AR ES T,  ANIfSERH B RS H G A

WBEIE, R A EURN A BRI R 4 2 2 PP < 0.05). R 5 M - 3083 W R R AL 11 75 23 3 B2 ik
R RO A, HOL S B R S AR A BRI . 42 PAPEMP fil DTPMPA kG, #
RO S B R NIE(P <0.05), HAIE AR, BRI A S E R E (P <0.05), HAHME A H
9.18 mg-kg * 437 EFH 2 13.28 mg-kg * F120.48 mg-kg ™, &M H 1.39 gkg 05 EFF % 10.73 g-kg* F113.17
gkg™, MR 770.53 mgkg 4 ETFE 1459.11 mgkg T AT 1290.97 mgkg™, A BER KA NIRRT
THKERERREER, B LAGE I8 o Bk B AE i

34. W TINEERESHRE

AT 5T HIH Wenzel F1 Tessier SR $&15 70 BIER FT M ME VLR BEE S 128 Pb. Sb Fl As JEA& )
G R 6 Frs. 4 PAPEMP A DTPMPA i 5 () 4% As. Pb. Sb IS sk AE T — 8%
JERSCE . fERGEPRIIZI5 Y LY, As FEUILHERIAF2). wBEs a4 (F3)
R RGBS (FOMELE, hl 6 TS5 =1 11.7%. 65.96%F1 11.78%. Sb DIk A A4S
HAF). B GEFHRFRERFS)NE, 5704 29.14%. 20.75%F1 22.69%. Pb LAR[ZZ#45(F1).
R R 45 A B (PR ER AN B (FIFLE, (LA 44.65%. 38.16%F1 10.15%. FHHn[zi s
1) Pb BRl& P, SHAEMEARRMERE, 80 75 KK[26]. Sb % F1. F2. F3. F4 F1Pb [ F1, F2.
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Figure 6. Changes in the morphology of arsenic (a) lead (b) antimony (c) in soil before and after leaching

6. MERTE IR P (a)$R (0) 8 () LS

3.5. HEXLIRE SR KRR

HE B NIT B R M AR 2 1Rl L35 BB AR . Wk 6 Fias, Whsenr, i54
T3P E SR MF {EK/NRIUN Pb > Sb > As, IR {EA/NRILA Sb > As > Pb, #iH] Pb #HE: T As I Sb
BAEHEmNBEshE, HRDPHEYIBI . DTPMPA k5, Pb. Sb 1 MF 43 HIPEMK 9.55%F1 61.85%,
Pb A1 Sb [ IR 453417 0.02 £1 0.09 /™ ¥47 . 1] PAPEMPA k3% 5 » Pb As A1 Sb 1) MF 43 51l F#A 13.15%
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() L3R FR 1K Po A Sb 5 RIS A8 R R e . xRS A7 BRI T Pb A Sb R RS AN
AEPIRT R, TR T IR RS A . 1T DTMPA Fil PAPEMP k5 As 11 MF 43736 n 1
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Table 6. Soil heavy metal Mr and Ir values before and after leaching
F 6. MAAIBLIEESLRE M- IRE

HEBAESKE Mr % Ir
W E 2w
WA WL WA W
As 13.62 48.85 0.34 0.42
PAPEMP Pb 82.8 71.91 0.23 0.17
Sb 27.24 1141 0.6 0.49
As 13.62 41.40 0.35 0.42
DTPMPA Pb 82.8 74.89 0.19 0.17
Sh 27.42 10.46 0.58 0.49

4, gEip

H il PAPEMP 1 DTPMPA R F/KAAEEAT MY, STk B LI E & B it 7. A
W SR X A HLBERR bk e 22 5% Asy Pb. Sb SZA&T5 Y148, RFUMBEFIREE . WP pHy WD A
X As. Pb. Sb ZEFRFHIFEN, R Z Rt — DA S E S m e, IR T KA1 TR R
(Me) 25 VPl L3 ik B B & R I A A A8 AU . E A5 1R I T

1) As M BE S WRIE N 5%, pH = 4 () DTPMPA, #k% 180 min Al 5 A 7% PAPEMP,
pH =4, k¥ 90 min. Pb BB WKE N 5%, pH =8 [ DTPMPA, k¥t 180 min A1k & A 6%
f) PAPEMP, pH =8, kit 90 min. Sb I Mk BES&AF: WKIE N 5%, pH =4 () DTPMPA, ¥ 180 min
R £ A 6%fK PAPEMP, pH =4, ¥t 90 min.

2) RSN T, =MV, DTPMPA Xt1-3ird As ke % A 78.07%. Sb N 42.51%.
Pb >4 98.36%; PAPEMP X} -3 As [k A 86.35%- Sh A 48.89%. Pb >4 90.07%. —XitkitRI AT
BRI TR Y Asy Pb Al Sb,  [RIMTESEER TRER A, BUCRH Rtk L.

3) PAPEMP fll DTPMPA k¥t )5, T3 pH . % SHFE A &5 EHMFE, BEaYESE.
PHES FACH i, AW MBI E 06 N AR RS . H DTPMPA B REIRZEE TR Pk

4) LIERES As IS A TR AL PAPEMP Fil DTPMPA k5 17 As HIWR B A5 544k . Sb 1 F1.
F2. F3. F4 F1 Pb ] F1. F2. F3 &WhBt/ai KE £k, MMANUBRRM G Pb A1 Sb 78 LI R 3
155 RS AN A= P ] R P A T BRA . (B33 rh As (1) MF B8 hIAIT IR 1) FAAI 26 W L3R A R A AR vl A I VA
Friag. Kk, PAPEMP F1 DTPMPA MkBEAE S 5 i - 43847 75 BEARHE 52 br il U8 4% H bRt — 2P iy 4k
H,

ELWAB
rb [ L g4 BRI H % B (P42819, DI-ZDXM-2019-42) .
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