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Passivation of Cu by humin combined with phosphate in soils

CHEN Yuping WANG Yahui YANG Zipeng FU Daijun WANG Yalan CHEN Danni
MA Dan LI Zhongyang LYU Wenying ™ LIU Guoguang

( Department of Environment Science and Engineering, Guangdong University of Technology, Guangzhou, 510006, China)

Abstract; This study investigated the dynamic change of Cu in contaminated soil under different
conditions, including the presence of sole humin and sole potassium dihydrogen phosphate
(KH,PO,), as-well as the presence of humin combined with KH,PO,, respectively. The effect of
humin and phosphate under different ratios on the passivation of Cu in contaminated soil was
evaluatedsthrough the toxic characteristic leaching procedure (TCLP ). Tartaric acid of typical root
exudates in soil was used as a desorbent to stimulate the effect of low molecular weight organic acids
on the stability of passivation products. The results indicated that the addition of humin and KH,PO,
increased soil pH, e.g, the addition of humin in combination with phosphate enhanced soil pH from
4.90 to 5.22— 5.30. The addition of humin and KH,PO, under different ratios significantly reduced
the content of TCLP and acid exiraction of Cu from soil. When the P/Cu molar ratio was 4:1, the
soil TCLP extraction state and acid extraction Cu content decreased by 67.8 mg - kg™' and
104.5 mg-kg™"', respectively, while the residual Cu content increased by 17.3 mg - kg™'. The
passivation effect on Cu of humin in combination with KH, PO, was better than sole humin or
KH,PO,. Tartaric acid as a root exudate widely presented in the soil solution, had desorption effect

on the passivated Cu in soils, and the desorption increased as the concentration of tartaric acid was
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increased. In summary, the combination of humin and KH,PO, reduced Cu desorption and hence
decreased its migration in soil.

Keywords : humin, KH,PO,, Cu, passivation, morphological transformation, soil.
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Table 1 The basic properties of experimental soil

"o AN BRE BER

Rty L et
P A&t it g s gy Bk 5
kR Catlg RERMBC B L RO Pb/ In/ Cu/
pH Moisture exchan Organic Sand grain Powder a » » .
9 ge . ass ‘ ‘ ay mass  (mg-kg™)  (mg-kg™)  (mg-kg™)
content/ % . carbon mass mass mass .
capacity/ fraction/ %

( () ke fraction/ % fraction/ % fraction/ %
cmo kg

4.9 1.16 19.8 7.42 57.06 31.24 15.26 7.4 6.92 5.17

1.2 5T e

H 700 mg- L™ Cu(NO, ) , WAL K/ L BT e R 121 A 30 ] 8 G 1) 375 35 B8 o v e 2 i
FEORAHAHERT AR 100 d, BFEEEES L 100 H e T i , 75 20875 e + S RE 5 045 A RF v 4 5
=4 706.2 mg-kg .
1.3 SRR
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TIERERL N 50 g, IF BAEREFRAY 150 d N5 IBURE 6 U (ERIBGRER [R] 35 5.15.30,60 100,150 d) , H.
TRHC L L3R 2.

&2 pifesissra

Table 2 Passivation experiment groups

FF'5 Serial number AR (B 7040 Humin ( Quality score) P/Cu BE/K L P/Cu molar ratio

1 0 0

2 2% 0

3 0 1:1
4 0 2:1
5 0 4:1
6 2% 1:1
7 2% 2:1
8 2% 4:1

1) 43P 4w A R 1

PR TR 2 RN T Z 05 W JF ok i, R IR & 2 2 14 & (HCL-HNO,-HC10,-HF ) 751
P TF A D WSO GG 2 0 o T 4 i i ) A
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WSE B A 0.1.2.3.5 .10 mmol - L™ BEABATEGE L3 i A7 75 B MR 22 730 05 4 TN S 1 7 ) ) 25
ARAL IR .

2 R 51718 (Results and discussion)
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KH,PO, Ak 55 R 58 , i A H3Ef5  KH, PO, 2 &£ 577 4 K F1 H,PO, , H,PO, 7E - &
KA X HE 0 SR .
H,PO;+H"=H,P 0, K,=K =1.32x10 (1)
H,PO, =H"+HPO; K,=K,=6.3x10"° (2)
FSE (1) Fo 3 RO R T ROV (2) , Rt H, PO, 78 H3Ev i b 845 (1) #-17 RU, LASE &
H W, X258+ pH (EPE T, 55— 07 1, KH, PO, B B8 7= A i Ko e 5 + 38 ik 32 1 i H
K AS Al T T R, RV pH (B TR R K5 0k 2 1A 1SS J60 Ak i ot
I/NFH,PO, 58w 0 g G, — P ih, FERICVA, PO, 5 HEE P 0 a4, i+
8 pH BT (ABEfS K5 -G8k 3R 11 H S AT, 2308 HY iF A 38 ionT il + 38 pH {8 A7
R AR REA A B R ) 44 pH (B SGTRETE  BES A TR, SRS TR AE.
bt KH,PO, i H & 350, B30y pH [EH L T — N getRA8 4k, I3F BAE P/Ca BER LE-R 2:1 B A %]
B RAE, 76 100 d i3 pH (B THaE AEREFE 150 d I, 3 D324k 2H 3 pH (M 4.90 H4/n%] 5.06—
5.18(El 2b) .t E 2(c) AIH, SR AN KH, PO, BXFH Y +458 pH Bl flash 75 A fb b 34 W] SRl it HT K H, PO,
By, 0T 3 pH (B S ARG 3 7E5E 150 d B, V5L 3% pH (B 4.90 3805 5.22—5.30.
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Fig.2 Effects of application of different proportions of humin and KH,PO, on soil pH value
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TCLP LA Cu I T 51.6% ;B KH,PO i & 93, TCLP $2HUE Cu & & A WIFFIL.3 A
FbAY KH,PO,(P:Cu=1:1,2:1,4:1) Zb B A4 1k + 35, H TCLP $#2HUES Cu & a4 R AL 13.2.27.8
42.4 mg-kg™ A E A KH, PO, B, TCLP U Cu &R HIFFK T 58.0 .60.5.67.8 mg-kg ™' .TCLP 42
B Cu B9& 5 KH, PO, MMM A G, In AR BA , Sl 8CR By KH, PO, S BER BG4 Cu
A Bl AR P 3 B it FH B P R
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o
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Fig.3 Dynamics change of the concentrations of TCLP extractable Cu in soils with different proportions of humin and KH,PO,
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Fig.4 Distribution of different Cu fractions in soils with different proportions of humin and KH, PO,



1798 B2 53 1k 2 38 &

DI RIAC L SR A KH, PO, J5 HIERRIRBUS Cu A SIS LB WK 5 iR 4tk 5—
30 dHATR], b EUA A B 2 B A el ) 3 T R R AL, T T R . B 2 A B ) - IR R B Cu
TR DT 74.1 mg-ke. 3 ANEL Y KH, PO, Zb B AR HR B Cu & &4 /> T 26.1.35.9,
45.2 mg-kg ™ ARE N KH, PO, A, BREEIGE Cu &30k /> T 84.4 .96.5.104.5 mg-ke™ . R M
KH,PO,BCH] , HIEMRAREUS Cu & B 3K T 38 S Uit FH v A 1% .

320 —=—i#flff K HM ——2% HM+P/Cu 11
——P/Cu 1:1 —4—2% HM+P/Cu 2:1
—4—P/Cu 2:1 —»—2% HM+P/Cu 4:1
—v¥—P/Cu4:l

300

Acid extractable Cu/(mg-kg™!)

]80 1 1 1 1 1 1 1 1 = 1
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Passivation time/d
B 5 A ST HER I KH, PO, HIEMAEIGS Ca iz a2k

Fig.5 Dynamics change of the concentrations of acidextractableCu in soils with different proportions of humin and KH, PO,

VR IAS R BC L A R A KH, PO, S - 38 % o A4 & i i ghaS A S L an 26 3 B SR 8 IS Bl R
Qb PR SRR S PRI S Cu SRS T 15.6 mg-kg7' .3 DAIEIBC L (P/Cu=1:1,2:1,4:1) fUKH, PO, 4b
RIS Cu SN T 6.7.7.8 .17.3 mg-kg ' AR T KH,PO,BCH] , 7RIS Cu &40 3G hn
T 31.3.33.2.31.0 mg-kg "3 2 F T R00ER SR 1A T TR L A S R ) R R B B R B A A
F L) Cu AREHE BCR IEHREUH R LIBR A A Cu MIENAE ; RBP4 AR 3R Cu S5 KH, PO,
SRV A B R R B R AR 2 B, DS TR 45 Cu 1 BRI A5 AL 00 i 3 b Cu AR E
AT /D T AR B W A -3 b i A A R A KH, PO, J , Cu AR BUS & B PR AR, T b 7 ok i 5 45
JEARY & w3, X 3 Cu 23 1A B Ak H.

F 3 AIF AT sk A A R S SR

Table 3 Dynamic changes of copper content in soil residual state after different treatments

ENEGLs: Rt -~ P/Cu P/Cu P/Cu 29%HM+P/Cu  2%HM+P/Cu  2%HM+P/Cu
Different trentment Originalsoil (1:1) (2:1) (4:1) (1:1) (2:1) (4:1)
ﬁn‘;ljl;/‘ A~ L
M} fﬁ‘a " B 123.8 139.4 130.5 131.6 141.1 155.1 157.0 154.8
Residual Cu(mg-kg™")
Mt

— 15.6 6.7 7.8 17.3 31.3 33.2 31.0

Increment( mg-kg™")

2.5 AR EET A7 R AT 3 Cu ff# 1 Y 52

T PR R — it UL A - AR BRI ) i 53, 76 3B P 3 BB R 290 1 pmol + L' —2 mmol - L™
Z I8 JRI T AR R A T A R A T B R 2mmol - L7 P2 ] 6 SRR Cu 5 Y 2R 29 HA B AN
KH,PO,(P/Cu=4:1) 4bBH 150 d J& , /A [A] ¥ 3 A0 A FR S VRN 38 vp Cu 9 A I TS A1 R VK 0—
10 mmol - L', 25 (A4 3 1 Cu YRR 7.36%—54.83% , HM+P AbHRA] + 3 rh Cu (MR R N
3.62%—51.94% M 6 v LI H  FE TR INBEAL T AL B A A4 T A0 R U FE A8 1T, Cu P i W et ot =22 388
T3 TR R AR 2R 436 TS A R S5 HILRR BE 0% 18 0 398 v T SRR A 1 Y WA R X Cu Y iR
WeAE FH— 7 T e B T R HER0RE ) Cu™ 597 RIS A PR A 15 1Y) HL RERS & Ak B 150 e, 380 1 - A TR
H Co® i O — N ATRRES 5 Cu® TR U B W ARHE T Cu BRI AE—0 A0 BR VR L AR [, 25
M2 F 3 Cu KT HM+P 41, Ui D KH, PO, B A ZER T Cu IIEFETE.
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400 -

300

200 -
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1ok — R IR AT HM(0)+P(0)
—v— W R LY 4:1 HM/P(4:1)

0 1 1 1 1 1 1 1
0 2 4 6 8 10 12

Tartaric acid/(mg-L™")

6 AN[EIR B AT R 1 Cu fYfigE

Fig.6 Concentration of tartaric acid on desorption of Cu in soil

3 4512 ( Conclusion)

(1) Cu V55 R A ISR 1 KH, PO, 4l AL RIS , 18 pH AL A 1 fin. — 25 56 71 il i 1 4 43¢
pH {E M 4.90 F= %] 5.22—5.30.

(2){7&11[17 A B He B 5 B A KH, PO, J5 FRAR T 133 TCLP 4R BUS AR R B Cu &, BN 1 5kt
A Cu W E &, NIRRT LI E S B E B AW ARCE R ST . —F K H P/Cu BER N 401
i, £ TCLP $2BCEE MR IGE Cu & il B8 T 67.8 mg - kg™ Fl1 104.5 mg-kg ™", MFRIEL N Cu &
FHHANT 17.3 mg-kg™ BB A KH, PO, I FH AR 53500 T 3 Boph fi 1.

(3) T IR P AR BIAR BRI AT A et = v i Cu LA WG P, 08t T2 38 BTG A P Uk
S hn A SR A KH, PO, FE IR T Cu A, BEAIR T Cu BYSERS P, A B T KH, PO 5 H 7™~
A A 2 e LR
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