ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE

rRE BB A S IR ST L £
: M @ HE




W % B 3 $36% 4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2015 4 4 H 15 H

H &
32 SR RFE B AQD) ST HUFGE JUE AR veveeerevesmeesmeesnes s Bk Kb, E A, ESUE(1141)
2013 4F 1 LT PM,  IXERUEMEHT «-ovovveveeresmmmmesmieisii e FRe,FEVAE,INEA(1148)
2013 4 1 AU — A IGYLP ST oo evvvoeveeosssenseenens BAK,FEH KA, BH B, H0N(1154)
B G UEE S Tt o L el Y IR e = T Wik, Dok ERE,KZ(1164)
I 142 PM,, 1t PAHs M ERHE KOG TG BRMIGE AT e W, HEE L I E KB, A R(1173)
BRI R B SALAR T PM, § SPBRRRER I -ovveveeeeeeeenn B PEA, R AT, %X, BB, R (1182)
SEEMOCT IS SMHT 2014 LEB B AT — IR SGUGIRL ererserresennsenenneens aF, RER,BF G FHEH(1187)
HFARRS IIAF SR PM, F1PM, o H KT BE TEHLES TARIE  oveeeeeereeeseeee et
................................................................................. A, KR TR, R R R R, KB (1195)
VAT RBEHERC A IR BAT LI | TEBTRAGBIESE +vevvereeeeessessesssen s Bt HUR, E A8, 8, 24 (1202)
DU |2 8 B B 15 YR BRI 2 3 ATRRIE v veeeeeesees e B, 5, 5,90 %, £ F(1208)
TN TR B S I ABHEITE oveeereeeesseesseene ol PR, IR, A BB, K RE(1217)
B A U T 1o B U S B MBI R +- v ee ettt INE A EER R, S (1227)
éﬂﬁﬁﬁﬁ-%%(ﬁﬂﬁ(&r}f&*ﬁféﬁﬁ*#?ﬁ ................................................ ?{’(ﬁéifq\ , g g_r%j'}g , 7‘7%% , Ejiﬁﬁ , ?( 1234 )
T SURRUE R R I B RS T AR oo WEER), KEE, ERA, AL EE, EER, RHT(1241)
B /N IK ZE AR VD TEAEXT DOC BRI FEMH  veeeeeneeeneen e 7K K40 E HH A , EZF i( 1249)
K YD T AR I SEHERT BT 11 ORI S0 5 B L5 WAL IE AR oeeeeeeeensee e
...................................................................................................... E%%,ﬁ‘%%,ﬁ%?,}_ﬁﬁ,}_f?@( 1256)
B WA R LU K MR AL A AR RO o eeeveee TER, #FE, Bam—, FMHL, Kok, ENE, ZRI(1263)
AR T S0 ) S DX T < R AR AR SR URAFATT -+ e A, EH P, KR, F5AE(1270)
CTT RIS T B KA 1 = 5 TR JRUBS AL <+ eemeeememmmememeee ettt et e et e e WEA FEE(1277)
FIR IR T2 VS SR SR I oo vveoeveeesensneninennes R, E% okl ERE HOR, ZE AM(1285)
e P DX T - S R A A TR R A S R e DM TAT I weeeeeermmmeneeee e ettt e
.......................................................................................... ﬁ%/ﬁfj, f@z{;ﬁ, )%]%?)\gy ;’B%Y El‘ﬁﬁ, E%E)[]ﬁ( 1293)
EFRARI AR AWK RIS P AL S RO oo eveeeeeeeees s IEH,Emy, EhT, I8, THT(1301)
— /NI RIS D175 BRI BE FTTE - ooveveeeseessesseeseesees WX, ok, K, AT B F % (1309)
BB 25 W X I 2 PR A T VR AR R AR AL AEARHT  ovevveeeeersmmemmmmeee s niie ettt ettt
..................................................................... %g}%ﬁ,ﬁ]ﬁﬁ,if g(’g&ﬂ il ,ﬁ%ﬁ,ﬁ%%ﬁ,%%ﬁ,%ﬁ%(1317)
AT T B R T i AK B 1) WASP AE TS v vvvvvvemrenreenaaanaeaessannmnnnnnnniniiieieeeeeees KU, A MR TR B H(1326)
y IR K B ERRR RN YD B IBITTE «ovveemveeereeremneneeneeneeee IS FRK BAE, B8, WK, Bk, TR (1332)
AR A ) S A A BRS BE EK SO BRI IBIL oeeeeeeemeeeieenens Mo, KE P, R E TSP AN E, RIR(1338)
Fe-MCM-41 LU LI IR -oeveveeesenennens IXH,ERE, DER Ik, ST, EHCE, AN, %M (1345)
HE ) PR o R 5 g e T B R G2+ vveveeeeeesmmmimeee e e et JER B, 28, TEA AEH(1352)
308 nm JEVEH T a-Fe, K HNO, { ey AT PP PP P PP PP P PP PP MR N KR, B E AR R AT (1359)
L-H R - LT 45 S M P AR IR R U | AR oeevees oo R, TRE, FHE(1365)
BRSLIHRE R A T W3R (PET-AQS) 45 S AL AE W BARAFPEIETE  cveeveeeee e
.............................................................................. Y, REYE, WES, £hM, HEYL, B, BEE(1374)
B SRR TR 0T 1 B M 2-H RS DK R PRI R B 1SR oo G, FEZ B, kY= T8 (1379)
W B R AL T 5 06 e o AL I AR BB AID T -+ e e e ee et e e e e e e e e A EE(1385)
O ) F i A AR EE T S 2 1A AN0) o iE 7 ISR B3 E R, W EE, T 0K, HHR, K (1392)
L R Y el o R o A B P L It QA T = - |
......................................................... ﬁ/ﬂéﬁ”ﬁ, ﬁ/@:ﬁé,éﬁfﬁ,ﬁﬁ,%ﬁﬁ,if,fﬂ_ﬁ%,%ﬂiﬁ, E%ﬁ?( 1399)
PRV 3 A7 S B K TR AR TS e T NER S oo IH AR, EAL, IS, 5 F(1406)
P IS SRR BOD, /TN AHSEUA 2 57 28 2t 16 R S A M RS B oo HRA, KK, FNA,HK(1412)
A B AT PAHS 3 Ik BUMEHRBE L S0 BORBEARIT - ooevveeeeeeeneneenens WL I E N R M, % (1417)
T A EL R 0 T KRR M5 SR S5 YRR I woveveveeeeveeeeeenne W, E R IRT, A (1425)
CE AU R b 2L STve S/ AE U 1) 21 R R TR ST P PRSP P HOOE, Tl , TEF, EAE, AT A(1431)
TN e IR D N B == |t (= ITHW,ERAe, TR, A (1437)
IR PTG YR Cu Ph IOIKPEIESL ooveeeeeeens Mtk HEH, 2, E, FRE FRR TR (1445)
Wb R T Al Jo 75 98 X SV R G L BRI B oo FRAK, BT AR, HE, AP, ¥ K (1453)
ATHLTEHLIERE L A HEA AN]SR DRGSR I BETET oo eereeeenessnssnns Ik, 8 AFE, EER(1461)
TG AR S PR AL ST ASIFTE - vveoeeeeeseeeeeens BER, K, BEE, XY, AB,DET AEE(1468)
i TR D O 2L s L L2 R LT L LT T P PP
................................................... mﬁﬁ,%ﬁ%,%jﬁ,{%fiﬁ,';%ﬂ(ﬁ,id\f/?\,ﬁ@,ﬁﬂ%,%ﬁ%é,?é,i%( 1474)
DL AR LR A5 5 B M P 5 KA B oo FITIR, P, S AR, R R &, T H(1481)
T DX P A TR B BRAUBAICRRS HEBIFZE +oeoveseeees e WA, I, B, T (1489)
RIS 9 B M 5 KA BB AR TR v U, Bk, HIEE, Kin(1497)
Tolk VOCs 2855 F B TAEBARPIHEXT FEAEIIHT ocoveeeeemereeeeeieene EFE K EH RS, MAE, EH#(1507)

(AEREEVEITRS(1216)  CGREERLA) MRS (1248)  fRE.(1163,1194,1248 ,1424)



Vol.36,No. 4

5536 B 4 1 BN 1% : 2
20 0 o i S Apr. ,2015

ENVIRONMENTAL SCIENCE

ARIZFHTEEXTRIELFR Cu, Pb HIHEIEE

XL HWF] 2B VA AR’  mE e

(1. PHILARAMBHE KE BB A 7121005 2. PHILARMBHE K2R WIS 22 B , % 712100)

TEE . N TR A A Wy 2 11 0 M 390 "B 1Y (saponin) X5 Y43+ rP 848 Cu, Ph MWRIEE R AR, RS R 8 %,
WFSE T AT LEA R AR GERT [E] | BTiti B | pH . WRBER BSOS S @ DR & R X Cu, Pb B —5 el s G5 Yl 4
Cu, Pb MMIRACR. 253K, MR 50 ¢- L' | pH AN 5.0, WRPERS A1y 240 min, JOTF 5% AL AR T ES FILAEHT
HEERE TS 5B RAS S, 53 Cu, Pb AR RBRBCR B BIRK; AR5+ ME &I+ 50
g L7 A B FERAEMR IR A ME T X Cu BB YRIR TR & 4334351 R 29. 02% FlI 25. 09% , %F Pb (9 Sy bk Ik & 4334391 31. 56%
H128.03% , WISt 7 BN Ph (19 RBRSCR L Co BB, 2 4 YOG, 72 —T5 e+ f 2 405 e 4 b B AFXT Cu
1 BARBE H 43543 31 R 58.92% 1 53. 11% , % Pb (1 BRI A 43R 55 51 R 77. 69% H1 65.32% . HLyR ke fa 15 Je 38 +
B RIEA T REE R T P A | ST Cu, Ph (BTSN BOCR BN BRIRERSE GO AL G A ML
YIFRE A Ca, Pb 1R 2 %R

KEBIRE BA; T A AT B E

hESHES. X53 XEIRIAT. A XEHS . 0250-3301(2015)04-1445-08  DOI: 10. 13227/j. hjkx. 2015. 04. 043

Leaching Remediation of Copper and Lead Contaminated Lou Soil by Saponin

Under Different Conditions

DENG Hong-xia', YANG Ya-li', LI Zhen', XU Yan', LI Rong-hua®, MENG Zhao-fu’, YANG Ya-ti'"

(1. College of Science, Northwest A&F University, Yangling 712100, China; 2. College of Natural Resources and Environment,
Northwest A&F University, Yangling 712100, China)

Abstract ; In order to investigate the leaching remediation effect of the eco-friendly biosurfactant saponin for Cu and Pb in contaminated
Lou soil, batch tests method was used to study the leaching effect of saponin solution on single Cu, Pb contaminated Lou soil and mixed
Cu and Pb contaminated Lou soil under different conditions such as reaction time, mass concentration of saponin, pH, concentration of
background electrolyte and leaching times. The results showed that the maximum leaching removal effect of Cu and Pb in contaminated
Lou soil was achieved by complexation of the heavy metals with saponin micelle, when the mass concentration of saponin solution was
50 g-L.™", pH was 5.0, the reaction time was 240 min, and there was no background electrolyte. In single and mixed contaminated
Lou soil, the leaching percentages of Cu were 29.02% and 25.09% after a single leaching with 50 g-1.~' saponin under optimal
condition, while the single leaching percentages of Pb were 31.56% and 28. 03% , respectively. The result indicated the removal
efficiency of Pb was more significant than that of Cu. After 4 times of leaching, the cumulative leaching percentages of Cu reached
58.92% and 53.11% , while the cumulative leaching percentages of Pb reached 77.69% and 65.32% for single and mixed
contaminated Lou soil, respectively. The fractionation results of heavy metals in soil before and after a single leaching showed that the
contents of adsorbed and exchangeable Cu and Pb increased in the contaminated soil, while the carbonate-bound, organic bound and
sulfide residual Cu and Pb in the contaminated Lou soil could be effectively removed by saponin.

Key words :saponin; contaminated Lou soil; copper; lead; leaching remediation
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Table 1  Basic physicochemical properties of the tested soil
CaCO, oM CEC YIPRRL ( <0. 01 mm) Cu Pbh
pH /g-kg ! /g kg ™! /cmol -kg ~ /g-kg™! /mg-kg ! /mg-kg !
8. 66 75.5 11.2 20. 60 452.2 79. 94 68.51
1.3 5k Cu By B H 70 5 484.42 mg-kg™' F1 478.51

1.3.1 V5B Ba % b A B IEAS I e
A3 R EUE 54 M4l CuSO, T Ph(NO, ), %
NFBELK SR 5K W 5 43 00 B e A [ B o A %2
A A P TR L 250 remin T R 48
h &, BD ABRIFE S SR S T, B AR A K
Tk B KR KA 60% 2247, A SRR R -1y
BEALN 1 a, AR B3 BG — B 22 A B 4 — Ok AR IIE +
Beys Y5 43 5 A5 5 Cu, FRL P 5 43 R Cu
Pb B AT Y+ LU AR Cu 12, B P - K&
&4 B A5 G e i 18 B EK-E A
FRIH A, AR Tk AS B Co £ ME A +h

mg-kg ™' B Pb L FIE A Lf Pb 1Y B4
575.45 mg-kg "' Fl1554. 49 mg-kg~'. 7E Cu, Pb &
bR b AR A PR RE AT B s ], DL 45 5
HZAXK 2T Cu, Ph AT RE i R4 00475 L 5.
1.3.2 BHEBNEYE L Cu, Pb AYKSE
TE—F 5 100 mL HRHE L8 2 Bl A5
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pHE (3.0, 4.0,5.0, 6.0 Al 7.0) & Jf & #e &
10.0 g- L™ "2 H W (H 0.1 mol-L™" ) NaOH F1
HCl R 5 B W 0y pH) . AT S5t L i o
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Fig. 1 Leaching kinetics curves of Cu and Pb from contaminated Lou soil with saponin

BRI e B ARG e 4 Ca | P
(18 A B MR, I B O FsF TR 7 B b e 444
R4 5B AR, 7E 120 min #7448 F 2%, £ 240 min I}
WR VL B A 3k B, 22 5 ik vk i G AR N, 7
1 440 minfH ke 538 i 28 fe e, 1HL 55 bR 06 S Ay st
A TE A8 . sh A Bk E 2B T Bt
Cu, Pb (%% & BURTEM D A de ke, (A 22 5 R
K, 22 Bt 2 bR e S i) A 2 4K 1 A T R R A A
e DR i I 3 U ob 4 LI N [ £ -9 e ]
ffe e SN Ty 2 2 B S R P, 0 Y B, o S
TARFIE AT SR A e, b i e e B S 3 4 R
(18 i 2 BEAE RSN, B BEREAT, 7 12 5 i B ) %
N T LRGBS B 4 . A A

Yudt - rf Cu, Phb bk Pk it A9 A2 4k S S5 BN IE T 1L 3
FIFAEAAR AT, 5 2 2R BRI a6 R — 3
KL, APRE O ~ 240 min fE 4 B HMKVE Cu, Pb BYTR
FURE B BE 240 ~ 1 440 min A1) /E R KYE Cu, Pb AY1E
FNE R B . 2843 B R0 I35k S Al e A B — 7 Y
L AT Cu AR ERE B3 T Ph(P <0.01),
MAEE AR LW FRRE R TR 255
[T U Y FE 8 Cu B ATE A b vk
B (240 min) A% Cu BYIRPE S 53 082 1 Rk
YEE (1440 min) ) 96. 24% F192. 09% ; £ Ph +
A L, X Ph Ik i 43 501 38 B o5 Kbk vk it 1
89.27% F196.28% . FILAIKF 240 min 1 A 21 XF
TG4 Cu, Ph SEBRIRE Y ik B 1]



1448 ®

B 36 %

2.2 AN[A] pH B BATFHE RO L Cu, Ph kUL
R

TR pH (E SR T 4 R TS M
e mE TR EEE A CHE N E 2 —. Hong %51
WA, B AY pH /T 3.0 1, H T e W
YEFH RS R  RE 5 FR 1T 40T Bl R o 281 - e ks 2% 1
s R E D IR sy A S iy €l o [ @ N A S =
HRWE pH (VSR BEETE 3.0 ~7. 0 Z [A].

i 2 frR , i R+ | BR—iE YL 4
BAET5YE - Cu, Pb WKVEE R K 1% ,
FLBE pH AR TE I B ARk, TR+ rhE 4R
AR A R T Is e+ 25 10.0 ¢- L7 BT
W pH {EAE 3.0 ~7.0 Z [, J5 + 1 Ph (7
VEE R B E T Cu, HIH Cu %532 + W pH

= * z %! —_—
L K

r —— it + UPW —n— G5+ + UPW
| —O— #iPbt +UPW —&— it +5
—X— HPbt +S —e— gt +S

by ik E 48 3%
— (%] L] E (e [ -1 -]

(

HARAL R SZ A, WK PE A 73R 7E pH {H R 5.0 BT+
I, N 1.76% F106. 71% |, i 1 156 WA A 1k 32
BAFXT Cu, Pb S AT BRI L BR80T, HAZ BT
W pH AL/, X T is e 4 sk i, 24 5
TR Y pH {H7E 3.0 ~5. 0 X i), Cu AYKVESCRIL
AR Z HARL RS0 ;. Ph (IR 40 R4 A 38 .
MH pH H EFAH 7.0 B, LR Cu & Cu MY BKTGE
Ao RBCRE Y AT Y 4 Cu, Ph HIKVEE
Oy RBAAK, [RIRHE AT LUNE 2 B 7 pH {E
95,0 BF, 553+ rf Cu, Ph MR TE E /18
KAE, R AT S AR Sy S BRIy i Ay e (R B
RSP AV N AR s G i :0 )
ALEE AR, A pH (E I B0 I AP BT
AR KX - e S R A IR0

=

——— 8% o @

—4— i+ +UPW  —O— fiCut + UPW
L o — 4+t +UPW —h— it +S
| —¥—MiCut +8S —o— g4t +S

Cult ik & 41 %8/%
[=1 — (3% ] L7 e L L= e | o G
T

5_\? T e &
2 3 4 5 6 7 8

pH

2 [ pH EHEFHRRIFREL P Cu, Pb EIHIEHLL

Fig. 2 Leaching curves of Cu and Pb from contaminated Lou soil using saponin solutions with different pH
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Fig. 3 Effect of mass concentration of saponin on the leaching effect of Cu and Pb from contaminated Lou soil
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WH b I HE WS NSRS BRSNS MRS RS A

i Cu + Cu 3.77 5.25 138.04 117.99 164. 82 54.54 484.42

kAT L Pb 3.99 4.26 SL11 307.13 120. 55 88. 40 575.45

Cu-Pb H 4+ Cu 3.59 5.7 150. 98 128.20 147.03 42.94 478.51

Pb 4.42 3.03 40. 94 288. 68 148.75 68. 55 554.49

i Cu + Cu 8.38 8.71 119.76 90. 86 133.39 56.99 415.98

. L ph 1 Pb 4.09 4.03 43.78 233.08 83.56 91. 15 459.70

UL C 8.71 7.15 127. 47 94.83 131.36 44. 66 414.18
Cu-Pb 54+ " ' ' ' ' ' ' '

Pb 5.13 5.12 30.74 244. 47 119. 86 77.33 482. 65
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Table 3 Effect of leaching times on the leaching effect of Cu and Pb from contaminated Lou soil with saponin
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