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GLDA RHBAEIRFIFMLIES As. Cd. Cu 71 Pb BYIRENEE
yak k1K

RAK, HE4, GHEE, BEE, £ A&7, T2F

(1 AR I SR T H R B, BN 3100005 2 HIES Rl il #Hal kR S St = (P ERERE), B 211135)

M E: UESEEATS RN S, AR LR UA(GLDA) I Y] B s A Tl A, BT T — R
R 4R OR R 4R BRI R b . 255K ME NS R E 4B RR LN, 48 MR BCRE &
REEIRIE R S+ 1; FRR(OA)XT As, FFEERR(CA)XT Cu FRIRAE ) i T £ kWU 22 —4H(EDTA)N As #il Cu 4R EXAE ST ; GLDA 7£
IRBRI A T X5 R TE 4w B4R B RE 1398 A R R4 A, GLDA I OA TEEE/REEN 1+ 1 BEXT 48 As. Cu A1 Pb 1Y
PEMBE IR, 43R 52.4%. 75.0% i1 89.8%, #5H 4@ ICRIEMAE 1T A Pb>Cu~Cd>As. Tl GLDA Fll CA fEEE/R LA 5 ¢ 1
% -3 Cd MFREAE SRRk, N 95.7%. $REXATSE Y HHEE &R IE A/ HFTRY], GLDATOA(L : DAHARFIBEL T LK EZHIEES
MEAR SR, WO T HITEMS ARS8 ESE =,

KR FEMR RN YRR A As; Cd; Cu; Pb

FESHES: X53 XHERPRERD: A

Abilities and Mechanisms of GLDA and Its Combined Complexing Agents to Extract As, Cd,

Cu and Pb from Soil

CHEN Chunfa', PAN Zhiwei?, HOU Jianguo', FENG Hongliang', CANG Long>’, WANG Yujun®

(1 Zhejiang Geological Prospecting Institute of China Chemical Geology and Mine Bureau, Hangzhou 310000, China; 2 Key
Laboratory of Soil and Sustainable Agriculture, Chinese Academy of Sciences, Nanjing 211135, China)

Abstract: In this study, heavy metals combined polluted soil was taken as the study object, and N, N-bis(carboxymethyl)-
tetrasodium salt (GLDA) and other biodegradable chelators were combined to explore the extraction efficiency and influence
mechanism of single and combined reagents on different heavy metals from soil. The results showed that with the increase of the
molar ratio of reagents to heavy metals, the extraction rates of heavy metals increased gradually, and the optimal molar ratio was
5 + 1. The abilities of oxalic acid (OA) to extract As and citric acid (CA) to extract Cu were close to those of
ethylenediaminetetraacetic acid disodium (EDTA) to extract As and Cu. GLDA had higher extraction abilities for various heavy
metals under acidic conditions. With the combination of different reagents, GLDA and OA had the strongest extraction abilities of
As, Cu and Pb in soil when the molar ratio was 1 : 1, which was 52.4%, 75.0% and 89.8%, respectively. The order of extraction
ability was Pb > Cu = Cd > As. While GLDA and CA had the strongest extraction ability of Cd in soil when the molar ratio was
5 : 1, which was 95.7%. The chemical fractions of heavy metals before and after extraction showed that GLDA+OA (1 : 1)
reduced the contents of heavy metals in most chemical fractions, especially the weakly bound heavy metals that are easily
transported and absorbed by organisms.

Key words: GLDA; Biodegradable chelator; As; Cd; Cu; Pb
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HEA | KREH ARG R E SR SR,
ALH B 3R S AL B, B JGHEE N T IR - BT
i+ 4 B R R FEAMWE R kv
2. s SEN TESEE LR ESZ
B, ORIA E 4R DL ] —F 4 AR RS T 1
R sl AR5 R AR TR, ELD S ¥ e 38 (4 B 4 J 15
B ah P35I, Sk 7 4 e i R BR AR XS - e
SR EBRRCR , W E T IMATG R = L &
&R AR RS B, R Ak 0 4 FE AR R 4
o A BRI K —

H AR 7E 52 22 115 AL IR0 2 B 48 = K2, B/l
SFAEIRGTER . HR . LIRS, KOTm%s
KL VU Z W2 (EDTA) . .23 = 1. LR
(DTPA), HEEH & #R — 2 BR(MGDA), W23 38
HIRR(IDS) . A &R —. L FRVUHI(GLDA) ) M A%
T PR (R S TR 1B B By 1k —
WIS YT 2, EHERE R4 &7 EDTA. DTPA
SEME AR SR S R, BRI AE ) T B 45 5 3R
He OB FE AR, FH A R0 A s A gy mT [ i
AR, GLDA & — Rl B ok (i A 1) vl R i 24
A, Hxt R4 R BA B N%aR ), HMEAR
WL T 0K vE . M s E R shig g Pl
A, 5 MGDA. IDS S54k2% G Ui A 4 ml R ik 2%
ARIM L, GLDA =238 i A= W) & T TE B, Bk 2341
48% MR H RIRAEY), TS A 78 S RTHk ORI 5t
T B R T E, e A BN RS AR
AT fRA 704, {3 GLDA %848 4 A fe 15
KT EDTA, Kbl id A= 9 o] B2 5500 i 4
k35455 EDTA A1) 4 8 2 HLAE ) , RIS S BAIG
BRAS IR D R T Y S A TR D B AR M A

YFEERBE AT, o —i X 2 MES
J AR AT 30 4 ATt 7 ) B BURR, , PRt 5 B R [
A X — M, Guo 451°M% EDTA.
GLDA FIFriEm — #4255 IR A0, 3k T 554
T EDTA AR 5 4 8 $RBURE 7 , (HI A 7 Hoke
EDTA 1E A GIRXFN o 2 — , TETE—E
KUK . Yan Z£UShE GLDA SHudRimmsiss 4, FH
U ML R A s i SR MR 4 R X As 4 EER 77, SE8l
T As. Cd 1 Pb WA 2Bk, Xu %X As, Cd
I Pb B AT5 Y R, SRV 1R O H-1,1- 28k
fi2(HEDP) ., FLI& I FeCl M4 G, HH 4R IRHURIE
FT 79.93%(Cd). 69.84%(Pb)Fl 61.55%(As). ik
W BRI T A AL A, B S EDTA
PEATXT L, f = S 20 A0 AR R 25 A TEA -

BFLL L, AR GLDA FUH A A Y n] i
ARBTG5 A pH ML A HC I,
AT AT e U A 2 451500 , I ELAEAR ST B Jm $ I
ORI B R, 50 A Ik g 2EA T 2545 F
fiti, DAY 4 J i R BR BN IB B T e - R R A
AR3ZHF

1 #RERE

1.1 s

R H WM R, RARIZ 0~
20 em, REMLIEERT, HA 1. FRSE, B
Y3t 0.25 mm FLAEGR, RS M. 13 pH K 8.13,
H$% 0 0.306 mS/em, AL & &M 17.5 gkg, L
WHELSRIEESHIFE 1. X GB36600—2018  +
SRR a5 g XU A s v R
1)) U, L8k As. Cd # Pb & 385 T4 2%
A SIE, 5., NESBEMAIESESR,
As UTCE R KAAMERmE, HEk 82.3%; Cd
PISSER AT HE8 A E, oA 41.4%; Cu DAATR RS
ME, HHA 40.1%, Pb DISSRRATRS N T, Lt
4 35.6%:

£1 HIKTEELBEHESR(meg/ke)
Table I Chemical fractions of heavy metals

EEE B F1(B1) F2(B2) F3(B3) F4(B4) F5

As 2176.9 13.6 136.1 1790.6 184.8 51.7

Cd 825.8 342.1 183.8 237.9 62.0

Cu 2 087.9 680.9 836.7 283.8 286.6

Pb 18970.6 6761.1 55552 50479 16064

. Fl, F2. F3. F4, F5 4353 A Wenzel S HEHE"
RIBM As EERIES: ELHMME . SHERE . TErek
WAL A . SRBEE ALY EE . BiES; Bl B2,
B3. B4 434l F BCR 44 BUE 3/ #311 Cd ., Cu I Pb T 4R
B BERATIRE . THES. ks, mEs,

A FE e A T Y b R A T R R4 AR
HEATIRES , 48 6 Fh KT B AR 2 RN FA L
M2 o NTAQR AU = ) LA B e i AR ) et S
FATERY, bRk AT AR R 2 B T T
TR AP RN AR S5 o BT R X R A o4t PR
B
1.2 Rt
1.2.1  AS[RVRBE (AR vl B A 25 S 0 IR 4R
MR dtee AR 2 P 8 e A, L HIANIE]
VB B T TR A T PR — T30 AR BT VA R o e
FRAE 398 H AR TE 428 A VR BE R 52 o R Fi5 e 1 1
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2 K FIER RN

Table 2 Specifics and prices of different chelates tested

I e WHIER ik Oo/ke)
INT  BRBR_CENE KA, D 16
A F (GLDA4Na) 47%
2 D 2, R 18
(EDTA2Na)
FRHER-ZBm=M AR 20
(MGDA3Na)
I 45— BT D 4 o A R 15
(IDS*4Na)
NN-Z e —BRIARR =8 KVEW, i 5870
(EDDS-3Na) 35%
BRI ask 19
(HEDP-4Na)
INF FHERR(CA) 4 5 O 1.80
AL HR(OA) s & mk 1.89

VE AR 4% 75 www. 1688.com Al https:/www.taobao.
com/ 2], IKFILEEE 99% LL L,

ILEEAE Hbna BT R (Aanss . 8. 5 Wae 54
GBS AW, Ry T AT REAR I 43 b i) H AR
HEE, —BIE A RR B bR 4 JE 22 R EE R ek
FAET 1, MG Wu S50 Liv RPUAFFR 458, A
W5 iR 4 1) Y JRE 7R B 5 3 b o < T ) JRE ZR B
ZHEN 1:1,25:1,5:1 F110: 1., HHFEE 1
Pk HIEE SR S & TR LR E SR
BYEE /KRB 2 mmol, RRFIER L . IR 42T R 5ES
B% Guo PN Liu EPURIBIGR 45 R, [FR % &
FAFN A AT R, RAEA R E N 2 h, B
N 12 100m/V). AR . PRI 1.000 g V5
Pt HET 50 mL B0, 2 5A 10 mL $2HGH]
TR 50510 002, 0.05., 0.10 i1 0.20 mol/L),
fE 25°C. 200 o/min FEEIRGAH TR 2 h, RIGHE
8 000 r/min &5.0> 5 min, B WS, FH 0.45 pm A7k
AHGLFL B RS 8, DU v b B E < R R B o Ak
P3AEE, FATIE 2 K.

122 AA pH T GLDA (R85 R¥E 1.2.1
TSR, M i) GLDA 122 IE . Fritik
R, FH 0.5 mol/L NaOH #1 0.5 mol/L HCI #5 GLDA
TR pH, BCl pH 1 ~ 11 f GLDA %, JFHIIE
WO IR A . BRI S 1.2.1 1A,
123 B4HEAMEERR Ll GLDA khE, FH
ML XA S TS, B
GLDA 5 X YBE/RIrm 2 51,031, 11, L
30105, RRFLEWEELL 1.2.1 IR AR E
HE . TRIEHE AR 8 pH Oy 4150 R R4 A
TR 4 R PR USRI IR IR
1.2.1 A .

1.3 Mk AE

2% (IR AR ) P, 14 pH A
EC #ELIKEEN 1:2.5m/MF, W€ 1 min, &
30 min J&, 209K A pH 11(S210-K, HEERELAI £
AR AT, Hit) A 33U (FE38, MpFEihFoA]
ZANERAE BRA w5 3 LR A R 4R
e

+ I As L0 9R FH Wenzel B:USEFT 704,
oy R AR A | B | TR K G
AALA . GEmAEREUK A FALS RIS 5 MBS,
HorpAE L P A 0.05 mol/L BRRER IR IR, &
PEME I 5% F 0.05 mol/L Bk — S s%iR4R , Lk
FRAEARSE A 0.2 mol/L B ZE M (pH 3.25)12
B, MR AIY LS SR 0.2 mol/L HRERZE
MR (pH 3.25)F1 0.1 mol/L FLIR Il iR 7K 3 (90 °C )$HR,
FRt S HERRR AR 3 1, V/V)iHfk. +3E Cd. Cu
A Pb JEAR A BCR KA 434, 3Lir R gmanl
P TR E | ARSI 4 M, Hd
SR AT RS 0.11 mol/L ZFRIEHIRHE, AT ifJFAR
F1 0.1 mol/L R Mz (pH 2)iZ42, Al EA LA 30%
H,0, /K (85C)AALIG I 1| mol/L ZMREZIE, wRit
SHMR-ARBR-m & R0 21, ik, &7
LW A 4 )R R R ICP-OES(Optima 8000, ¥
SRR AR A, REHE ., RS RS
R FH = RE (R R 2R = )T Ak, TH AR
ICP-OES 5 .
1.4 HIESESSH

A5 4 R B R AL AR A TR

PN T e :11

-

X C(mgkg)fl m(g)ymFRIETESES=
Al ERE L TR 5 Ci(mg/L) AT V(mL)FRRIZ HE 0 i
4 JaR e B FIA R

fdFH Excel 2010 XEHs A TR BRI S3HT, ff
Origin 2023 £, BAELL 2 A-FATRF(E R
TR0 K SPSS 26 H i HL RN 3R 2 A3 Ak e Ak 3 ] (1
R

2 ZR5iF

2.1 ARREEYAERBESTINESENRRE
EES
K1 g AFWREEZ SR L As, Cd. Cu
I Pb HRERRCR . SR L, BEEZG RS EERE
IR VRSN, G Jm B S CRB W I, X5 LATE DT

x100%
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2.5 1), KO THEFINT As BU4RBRE /1A W T
INFFAEBLR, (BAERGEEER LIS < 18110 ¢ 1),

OA Xf As WHRBCR N & TR F48G7H, k58T
67.7% ~ 84.2%. THEPRY As FZE B ek
MAY . AR . HRRERSE AR AP,
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TR B AR XI55 4, bR i) 2L [FAE
fi OA TER MR BAS TR R 4G4 As
FEECRE S22 DL i R BCRHET , AR IR 4% A 5%t
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Fig. 1 Effects of different molar ratios of complexing agents to heavy metals on removal rates of heavy metals in soils

XF T Cd, EDTA JCiFEAREE /R i 27 5 BE R
Femt, AHECHABZ A, X Cd MR f i,
XHHYS Cd M4 AR i X(EDTA 5 Cd 1%
AHEGE 16,59, GLDA X Cd By3EHE S B,
FHAE AR E R BB RS B = 1 Cd $2HUR, Zik
R /N, OA XF Cd REE iR, 1UH
1.00% ~ 8.90%, FIRE/ENH OA HH &)@ il 4%
GV G AE -3 T, DT AR T 4R IO () 4
JEWEERT DR s R BURHEY , AR A Cd /Y
PLBCRITUT 5 EDTA>MGDA>HEDP>EDDS>GLDA~
CA>IDS>0A A [ FI X Pb AUIRHELAE 115 Cd AL,
15 EDTA WHEHCRE Ty f s, T OA fefif. Dhfwimdid
BCRHAER , ANEZ A 7% Po A3 BRI T A
EDTA>EDDS>MGDA~HEDP>GLDA>IDS>CA>0A ,

XFF Cu, CAWEREUE I T EDTA, R4
WG WHBORE, EDTA 5 Cu MIZAH$(18.8)
BT CAYH Cu B AFG9, HliFcAfy
BARE pH, AFF Cu AYFREL, tbsh, M tIED
Cu MBS RRE, BTN &l 32.6%,
WA FTFRRIERFIN Cu AUIRE HAELFIX Cu
4 ERE T AL, EUARTRIEE 7K be 22 ] 1Y) 22 S AN B
o DR BORHET , RRIZAFIXT Cu BHREE
JIfi ¥ % CA>EDTA>MGDA~EDDS>HEDP>GLDA>
IDS>0A,

SR IERARACR Y AN S EE R EER
51 HINE 10« 1 B4R R R BRI K,
PRI RE 5 0 L(RPEEE RV 0.1 mol/L)fENJG4E
IR R
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2.2 A pH &4 T GLDA XM EL£EMERIAR

ANIE pH 4518 T GLDA 1248 5 43 J&@ By %4 5% n &
2R, ARESENRIEAERRER . Bk
o, As R BORAL T AL LR E 4 )8 . BEIR 45
pH [3E T, As RBUR R TR LA,
FEFRME X (3.98 ~ 5.16)FIHE I X (9.41 ~ 10.6)H FLI%
fH, H pH N 10.6 Z££ 1 As #EHUR(38.7%)s KT
pH & 3.98 HIAHEHUR(34.9%), XA REZ T4
pH<7 B}, Bl pH AT, WML BE A%, AR T
AACBRME R, NS T As 2B, Mk, 4
pH KT 70, K% pH (38N, |skS Astbd
Y REE TR, As 5 OH =£#'%, HFIF As
PEBOR B2 5 o

GLDA X Cd F1 Pb 42 R R pH YA fL L 5
As HL, 7E pH 3 ~ 11 Ju[lN, W2 TS -7t
H#a#, GLDA 5 Cd 1 Pb -4 B (RTE N
10.3, J5# K 11.6), Pb W@l i S AR BCRTE
50% LAL, Hr Cd f3ECE R 52.0% ~ 77.0%, Pb
FEBCR N 62.5% ~ 91.0%. Yan % UUFJR T R[E pH
M F GLDA Xf+3Erh Cd #1 Pb IR HIXIGAT ST,
EIRW, WG pH THR, Cd fil Pb 2 ECRE L
FEAR, X —Z5 R SRR RN, WheS T ek
AN T 4 B T S A 22 74 P, GLDA Xt Cu
FIEEBCRBE pH B Thm RS, 48 3R M e = 1

76.0%(pH 3.98)F&(% %= 25.0%(pH 10.6), FKHAMMES
P FH AT GLDA X Cu 35>,

100 -
——As —B—Cd
—A—Cu —@—Pb
80 -
S
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=
bt
izt L
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El 2 7F[E pH X GLDA £ElESEHEIN

Fig. 2 Effects of different pH values on removal rates of heavy
metals by GLDA
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Fig. 3 Effects of different complexing agents ratios on removal rates of heavy metals in soils at pH 4
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GLDA+EDDS . GLDA+MGDA HI GLDA+HEDP 414
X As BHREREE ) 22 A KB 3A), XATREZR
GLDA 5 EDDS. MGDA #1 HEDP ¥JJ& T K/ 74
AR, HXT As BEEHHLIEARRL, AR R X As
H4RBOGY /N, 24 GLDA 5/N3FAHLEE CA Fl
OA AT, Bi#E CA Ml OA BCLLIHE N, 415
A As PUFEECRE T BH BN, RRBEAE 10 1 A
1 : 3 IHEHRE /15K . GLDA+CA 204 F1 GLDA+OA
AL, GLDA+OA X As FUHREGE 10 @& T
GLDA+CA(BCELAE 1:1 ~ 1 :5 1)), XEERR A
OA XF As HYHRERAE 758 T H AR (B 1A)P27, il
Fbk1: 1/ 2 3 (9 GLDA+OA fHARFINT As (42
BORI ., 30k 52.5% il 52.4%.

AFIAAFINT Cd FHRIGIAE S As RIF. B
R, 5 1 BCE AL AR Cd R BRI R T
FABTCE, H R LR 9 D BB A FRAIL, X —
gERRW, AR TP Cd $RIBGE ) E B A4
J& GLDA, FHAWHIXT T4 Cd $&HRCE M B A
Ko AN AKX Z [ H#, GLDA+EDDS i
GLDA+CA R4 & 2l im T HABAL G, 1 GLDA+
HEDP 416 WHIKFHABLL A BL ol S ¢ 19 GLDA+
CA AA X Cd MERBCR R, N 95.7%.

AR ERFIXT Cu A Pb HIRBORES As #H
I, Bl GLDA 5K4rF4& M4 A REAS R LY
A, 1 GLDA 5 CA #il OA d1&#), K
CA T OA Bt HLBY3EAN, Cu A1 Pb AYSRBUR I AR5,
76 1: 1 W%, H GLDA+OA 447 T GLDA+CA
A, %F Cu Fl Pb BYHE IR HIIAF] 75.0% F1 89.8%

i LREEE, GLDA Hil OA 414 M #AF1Y
PEBUSR, AR ELL GLDA  EERMA G
AN H L% GLDA+OA( 1 = 1)%f 4 FhE 43 @ (42
W% T GLDA+OA (1 : 3), Kk, 4l
GLDA+OA 1 : 1 JEZEMRE LS . GLDA il OA
FERCIEA 1 s 1 B X L3 As Cu # Pb A2 HLEE
B, PN 52.5%. 75.0% F1 89.8%, Xf Cd iR
AN 64.2%, KT GLDA+CA X Cd HYEHAE
(GLDA+CA FE/RH 5 2 1 B} 95.7%). 5 %.— EDTA %}
AN[E) 4 Ja AR BCR M e (As: 61.5%, Cd: 83.6%,
Cu: 63.5%, Pb: 90.9%)(E 1), BAHAAEHFIX Cu
FI4REAE /1 T EDTA, TiX) As Al Cd AY$RIEAE
fi&F EDTA; 5 Xu %HE 1 HEDP+FLi2+FeCl; 11
HARFIGERA L, Cd Fl As RYFRBCRIE, 1 Pb
A HRIBCR I3 5

Xof b AR A e ) T L 445 50 B4 R B R K,

AT TP, G55 0LEE 3. TEMRHREGRIME T,

EDTA Xt As. Cd W42HUE R T GLDA+OA(L : D4l
A, Cu MFRIBUCREAR, Pb el MK iAok
&, EDTA WHf HEMIE N 6.69 Ji/mol, X—1h
e GLDA ) 11.95 Ji/mol X, BT GLDA+
OA(1 : DAY 6.09 JG/mol, GLDA+OA(1 : 1) As Ay
JBCRIZ 5T GLDA, i Cu Al Pb (HRBCRE N
el L, 2% 4 FhE 4 Jm r 4R RE 1 A A 1)
Fb#, GLDA+OA(1 = D)4 A a5 2 A i T 24t
EDTA IR 4L G o i FHBGR 7E A [F L3 i 2
e HZ 1 pH, EEEILESH MM RIAN,

PR I 24 e 6 AN [ S 700 1) 5 4 J V5 e - v IR R
R, LUBFEIEAS GLDA+OA 41L& FI % A 7] 4 8
HEE 4 S (A B HRCRE ) AN N AR

#z3 TRAKEFNEEERMNERKAE

Table 3  Extraction efficiency and costs of different chelates

AbBRAL 4RI (%) A
A
As Cd Cu (7E/mol)
EDTA (0.1mol/L) 61.5 83.6 635 90.9 6.69
GLDA(0.1mol/L) 349 77.0 76.0 91.0 11.95
GLDA+OA
52.5 642 75.0 89.8 6.09

(1 : 1)(0.1mol/L)

24 TESEEESHTHL
TIEFESEIESE LR ES R IEMTEE N
HEERE, W RIS R E S RSN
b, AT LAFRGE 4547000 1 35 1 4 SR A SR BOPIL ] . DAL
IR TEARAT B IR BGRI 41 & GLDA+OA(L = 1) R
FENGE, SHEBUG ) 3R SR ST, It S
PRHCHT Y - R TR L, S5R LA 4. BUK L, &
GLDA+OA AR AU, TIEE LB R L
EAGEHHE TR, T As, BREBESFES)TE
AR, LYW (F2). ToE T (F3) M4 s
FHRER A S G SR, JUHE F3 1Y
AR R, MJE Y 179.6 mg/kg T FEFHRBUS
(1) 752.4 mg/kg, 1H F3 {5k I3 As (9 FZIEA,
A7 HIk 70% 0% 3 R A 3 AR R R AL e
S ZI B AP0 RS A LR B S (F 1) & A BT
Hahn, FHAMIEER As(F2. F3 Fl P4 A
FIEEIR L b — o Aok T R MR A .
+ 4 Cd. Cu Fil Pb B TEA f &I TR
X Cd, RAEHRIUS Cd 3R LSRR T #E8B 1)k &
A, HAHmIELR 41.4% THEF 56.5%, H
AL AR R 25 (B2) R AT AL S (B3) & H 1Y 1 R B 5k,
B GLDA+OA A&7 A F T L 3erhnlif )5
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Fig. 4 Chemical fractions changes of heavy metals in soils before and after extraction of GLDA+OA (1 : 1 ratio)
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