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BAFALER (PAC) Fl CaO VR I (X3 DT P A B B R P s I 38 o, 83 Py Zn IRIZIZMFAR, 1M Cd ¥k
S AR S B W B - 255 8 Cdy Pby Zn IERRBCR, WHAIRES . PAC. BRIRIEELFN CaO WA & 43500 0.25,
0.04. 1.0+ 0.3 g/L, VLI 3 FhoC a2k 1k 3R B MAOTARHE . (EBCERAS I T 4260 5 B A B i e 5, 4 S50 2k
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1.1 ##

PR 4 R AR e a T Y XA T
My tiE. WE 1 af i, fHK+3EF Cd. Pb. Zn

TR O™ B B b MR B R e M
(GB15168-1995).

2255 A BAEEME (PAC). TRIRT
. CaO.

FEALE: K@ e T (WFX-130
R, ARt A BT AER A T s 188 IR s e
i (GTA120/AA240Z, Varian); J6-IA HUiHEa%.

=1 LEEAMER

Table 1 Physical and chemical properties of tested soil

& cd i Pb & Zn pH CEC AHLR U4k (g/kg)
(mg/kg) (mg/kg) (mg/kg) (cmol/kg) (g/kg) <0.002 mm 0.002 ~ 0.02 mm 0.02 ~2 mm
4.17 570 727 5.03 5.38 36.62 19.87 22.39 57.74
1.2 Ak DG THIE Poy Zn iy HlA s o o B

PR =) 2% o S B S E L 0 Al - o AR B <
0.005 mm 4Nk (£ 2, HP) Cd. Pb. Zn WK%
Vi 1A HEE K BihnifE: GB5084-2005) . 437 HX
RGBT 1000 ml BT 1L BER, $ 2R £
A, DA R SRR B AN R 20567 K2R
ERB LA TN, S, BB I 3k -
0. 0.05. 0.10. 0.15. 0.20. 0.25. 0.30. 0.35. 0.40 g/L;
PAC IS4 0 0.01. 0.02. 0.03. 0.04. 0.05.
0.06. 0.07. 0.08 g/L; Bt ARSI A4 0. 0.2,
0.4. 0.6, 0.8, 1.0, 12, 1.4, 1.6 g/L; CaO ¥sInESy
BIk: 04 0.1, 0.2, 0.3, 04. 0.5, 0.6, 0.7. 0.8 /L.
H J6-1A BUipE2S AT 2REESET, BAESE .
120 t/min, 2 min; 84 40 r/min, 10 min. FE 30 min
o, WCRIEWCHEATINAE, WE Cdy Pby Zn HiE. B
Ab PRV E ARG, i A2 A pH {H.

R2 BiFREBUMRR

Table 2 Physical and chemical properties of suspension

Cd (pg/L) Pb (pg/L) Zn (pg/L) pH

21.22 4166 6099 7.30

JKFER AR 7322 BL 100 ml ZKAFEUN 200 ml bk,
TGS 5 ml, 76 B nBGHEm (i), %S
10 ml 247, BN 5 ml AR AT 2 ml =y SR, 4RBi il
HAE 1 ml Zity, WHEAATS, FHIMAMEE 5 ml
MR 2 ml, FRRZEE 1ml 2247, BURAHL Tk
W, RIGAEHEE 100 ml ZEHRT, A5
ERTIE, A, MM A KGR PR

vl Cd &
2 HZR5WR

2.1 WRERIBITEIZA T Cd. Pb. Zn RIERRIE

T R B BRI A 1 S, MR R A I 2K
A AR DT A A . AR — Rl
TE LA (AR, il 215 77 LI R RORL N,
Ft PRI R Y. M 3 WTLAEH, SXHEML, 4
B R BRIl 0.05 /L i, B Cd. Pb. Zn [
WREERITAG N, pH EARIFAGHN . GRERER S It A
0 M= 0.25 g/L W, & Pb WEEEH AL, )5
BEGT R ES VS IS 8 I, BT Pb IREIEAAAR,
WS T SRBREAR IR 0 SEmE] 0.2 g/L I, &
Wb Cd Wk R AR 4.65 pg/L, EBRFRILT
78.08%. 1111 Ji ittt B EEVAS 0 &= 1) T vy, i P Cd 1)
WREE MW T e SRR I AN 0 B9 0.25 g/L
I, T Zn WS RAR, 1T S BE AR R AN N
P3G, i Zn WEERSAH FHm . nT 0L, At EBRE
GEINE, A MRREN B E. KT REH
T, T 2 SRS B R A FH £ 1 1 i 1 5 5
IR A, A 2 BRSNS i L A T
WSS JLRETE T 2B B A 2B, BLE R A
RESE A TG R URLG T s 2R Ik st iy, [ AR A kE
A, WG RN H IR . SRR N
oM 0.25 g/L i, &I Pb IREER 111 pg/L, Cd ¥k
FEoh 9.45 pg/L, Zn WRJEN 686 ng/L, B pH {EHA
493, ¥ITFE A HFEBATARAE . BT DA IR R B i
RN 0.25 g/Ls
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%3 EBRIEXTER® Cd. Pb. Zn EE R pH B9FMI

Table 3  Effects of aluminum sulfate on pH, Cd, Pb and Zn contents in suspension

Wi (g/L) 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
pH 7.30 6.72 6.33 5.40 5.28 4.93 4.46 4.08 4.04

Cd (pg/L) 21.22 12.69 9.64 7.29 4.65 9.45 12.60 13.72 16.11
Pb (pg/L) 4166 3063 2015 1007 367 111 127 174 197
Zn (ug/L) 6100 5373 3867 2273 859 686 771 802 886

T RAPEEI I, R

2.2 RBRESUBMEIFET Cd. Pb. Zn BIERYE

AT (PAC) fE/KH B A AR B,
K 7K BT ) B v i 2 ST o VR B A A T
KIOREDER, i BP0 H P 24 pH>
8.5 B, A1(OH); Bfil i Al LI R IR ks 1 pH<
S, RIER Tk SO,” i . Rk, hEkTE
R 2t R, 3 pH (I 7E 5.5 ~ 8.5, i
4 0lH, BEE PAC ININEMME I, BWh Cd.
Pb. Zn WKEEHZWED, e pH MR,
IRAEYERRAE 7.1 ~ 7.3 ZIA. 4 PAC WINEHA 0.01
g/L i, Cdv Zn. Pb WEHTFHEM. 2 PAC
A 0.03 /L B, Cd. Pb. Zn WREESH 55

3.22. 496, 861 ng/L, EFRZE0 84.83%. 88.07%
Fl 87.93%, M Cd. Zn ¥RJEISIA BN AR M HERE KR
FrifE, T Pb AR fEVRINE R 0.04 g/L I, Pb
FEvR/> 2] 157 pg/L, IABHEbRHE. FEF] PAC IR
IEXEE pH AR E AR, IEEE B INE A
0.04 g/L. 8RR PAC LR S2 8 S AT 3
W] PAC MISAERINE M N 0.04 g/L. 1 28 SC i
W9t & Pb JK/KFEW PAC HI#IN&=HN 10 mg/L
I, Pb [¥25 BR At BRIk B J ff 7K P, 31X ] AR
BRI PE SRS, P [AIRIURIR EEA 56 . 2% H sl Pk
T URR e 22 B ok s B A, Hoh PAC
ORI, BAEBOINES 0.02 g/L.

£ 4 PAC MWE&®T Cd. Pb. Zn B ERK pH 895N
Table 4 Effects of PAC on pH, Cd, Pb and Zn contents in suspension

W (g/L) 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
pH 7.30 7.28 7.25 7.28 7.25 7.22 7.20 7.19 7.14

Cd (pg/L) 21.22 15.69 8.60 3.22 1.08 1.06 0.67 0.64 0.92
Pb (pg/L) 4166 3372 1787 496 157 46.3 27.3 20.9 23.2
Zn (ug/L) 6100 4289 2662 861 165 43.4 26.0 46.9 243

2.3 BRI EIZF®P Cd. Pb. Zn BIEBRHE

B R A m DAAE A 2R 7 22 i K P i) COD Al
BT BRIRW KSRGS A, AR AR i
A, BEMR B K BRI AR BT, T I B UTIE . N
N8 S R Wk ] LAY 5Bt K i) pH B . R S
ATLLE H, D IR R Ak, BT Cd. Pb.
Zn WEERGE >, R INEA 0.2 g/L I, Bt
Cd. Pb. ZnIKFEEZr %S 534, 1190, 1861 pg/L,
FICHE I EBRF AN 79.36% 79.24% 1 69.48%.
pH M 7.24 FF£E] 6.05, &l Cdy Zn WKL F
AR HEBE K PTbsitE . BEE B IR WA N (S n, - %
JCEIREACIIMREE A K, Cd W a6 TH R, X
AR T-RRMR W 2k /K AL pH R BT ASF T30 » 2465
TRV RIS &k 1.0 g/L I, Pb 3 %4 212 pg/L,

RN 96.29%, FEALBNHEBhRUE. HIERIGIR Y
BRX) Cdy Pby Zn ZEBRACAM 22 ek, AESEBrRid B,
MBS 5 TC IR PE AN, BN A i . L
SRR LRV I >0.2 o/L I, Cd W Kam BT,
(AT FEHE O R HETE R P, ESIEBR R E2RAN n i 1.0 /L
BOGH . B WEPWI TRIRW. PAC. fRERE
SN R K (R ZRRE T AR, AR W AR R Bk 4 £,
HE BN 0.5 g/Ls
2.4 FALSEIEIZEP Cd. Pb. Zn BIERRIE
Ak (CaO) I AE by i o 24 7] p R R 1 /K
BCE EAE IR, ATRRIER KB . CaO FLAIK
TR A, A 2 P B A A
VE, HRUCHIRAR . DRSS A Ehiie,  H
56 R K HR B A SHORE BE AT BB AE - AR DRy BOR A% 184
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Table 5 Effects of ferrous sulfate on pH, Cd, Pb and Zn contents in suspension

Wi (g/L) 0.0 0.2 0.4 0.6 0.8 1.0 12 1.4 1.6
pH 7.30 6.05 5.85 5.74 5.73 5.70 5.69 5.61 5.54
Cd (pg/L) 21.22 5.34 5.86 8.03 8.78 9.01 8.65 9.50 10.77
Pb (pg/L) 4166 1190 628 322 320 212 187 152 114
Zn (pg/L) 6100 1861 1332 1189 822 676 708 699 763

A, IEREYIN . WK 6 iTLIEH, CaO X}
THES RSB RB . KRN AR
CaO Vs £ (38 I iy s 9s /D o i &4 0.1 g/L B
A Cdy Py Zn A AR/ A 4.57. 851 1542
ng/L, EFRFESHIER] 82.32%. 85.15% 1 74.73%,

JLHr Cdy Zn R34 IR BAR T HERE /K TARAE, B9 pH
B4 10,1, X530 S PR B A KL Zn

JRIK K135 AE pH {E 9.8 HHIE s [7] I 45 ST 25T W 7 2K
FLIHAY pH £ 10 LU Cd. Zn W AR . 24 CaO
VSN 0.3 g/L I, & Pb & &I/ 3] 153 pg/L,
D BRAILF] 97.32%, FFEHEBORE, JEIN pH fEY 11.3.
1 Pb (ReR I, At 0 28 2 S BE A R e 1) 39
Redksiim /b, 78 0.3 g/L MR 2R 90% LA b, ok
$£ CaO FLINHH 0.3 g/L.

#6 CaO WE&®P Cd. Pb. Zn B ER pH 8IS

Table 6 Effects of calcium oxide on pH, Cd, Pb and Zn contents in suspension

Wi (g/L) 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

pH 7.30 10.1 10.9 113 11.4 11.6 11.6 11.7 11.8

Cd (pgL) 21.22 4.57 1.88 0.20 0.56 0.44 0.35 0.34 0.29

Pb (ug/L) 4166 851 410 153 117 113 114 124 135

Zn (pg/L) 6100 1542 931 184 119 93 91 97 75
2.5 AMZEEFXEIZRP Cd. Pb. Zn BIEBRA P, A CaO A& Cd. Pb. Zn MLEBRHAKE,
2437 B Cdy Zn WREEAE pH {Eh 10.1 Btik 2] TR

4 i BT A0 RO AR T 2R DT B 11 B R BN =
WA BRERES 0.25 g/L, PAC 0.04 g/L, iR 1.0
g/L, Ca0 0.3 g/L. ZREEMAMKI A B R W2k > i B4
>PAC>Ca0 (£ 7). CaO "JLLHATR/AK pH 1, 1
Z MG R B T R A AT, IR TTEY 1
B 8. P, %8¢ CaO 1F 425 pH 1
M EEE BT XA EEEN RN —BkiE pH
8, G B IR, {HX) Pby Zn SEPHE
SR, pH W g & 3 T iy e Rk E R
W, B I E AR TR R N . 9k 53 P
FT A IS & LS B TR M ZEESOR, R IR
W CdPb.Zn [t 2 BRACR T pH Y8734 -
8.5~11. 8.5~ 11 Ml 9~10. FZCRFRPE L
R B A K P RVE AL B Cd R K, e pH B NAE
11 ZEAT A A LR BE de /N o R AR AR AE PO Cd.
Pb. Zn (%A tE pH (4 9.2. M HA K
ANEAL B G R R K, LR pH /£ 8 ~ 9 Julf
W, Cu. Pb. Zn 1] LAfF BB I AL R0 . AHFST

HFEBE A bR e, Pb KJEAE pH {4 113 A Beiksks
o, e AR pH EYEHEY 10 ~ 11, X5
H W S5 FARL . 78 SEBR B A b ] R B i
TG 5 PR RIS M1 pH .

RT A MERFTBAKLLER

Table 7 Cost comparison between four flocculants

A % Ouo LURINA (6T £
gl 760 1900

PAC 2500 1 000
N7 RIAZ 450 4500

CaO 300 900

E: R ALATI 5T S T SR 45
3 g
AFFEEE LRI, A6 JORL 7 B BR AN MK Bk
2671 02 B 4 i 41 ks R VR 3 A T R U B BE T RK
MK B 4 SR UL 0 8, AR [ A0SR R 7K ) e s A M2
e HAe TS AR T ikl . FELERINT:
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(1) & H Cd Pb. Zn ¥R JE R B BRI
38 N B e BB AR S B RS, Hodh Cd 2B ki
W 3 MoCERBES PAC R CaO 73 I i if Ui
RREAR: Bt o R TV R VS I PR S, i R 1Y) 5 32
Apde, ot Pby Zn WRBEEWTIEAC, 1M Cd W LIS
RAARR i 128 4 [ T o

(2) ZEARF Cd. Pby Zn LR, i
MIRAS . PAC. B2 WA CaO [Hfe A I 43 5 A «
0.25. 0.04. 1.0, 0.3 g/L, BEi} 3 Mook EWIEFI&
FH W /K T AR A

(3) 4 P gUst SR BE AR IR Ny TR IR 2k >
RE >PAC>Ca0. Ak, P CaO 154 & dnfuik:
AR B AR, AR R S AR 2RE pH YUl 10 ~
11,
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Effects of Removing Heavy Metals from Suspensions Separated by Soil Washing with Four Flocculants

SONG Yong-wei, WANG Guo, HU Xin-xin, WANG Zhen-da

(College of Resources and Environment, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: In order to determine the optimal flocculants and the corresponding dosage, the effects of four flocculants (including aluminum
sulfate, polyaluminium chloride, ferrous sulfate and calcium oxide) were studied for removing cadmium, lead, zinc from the suspension containing
fine soil particles separated by soil washing process. The concentrations of cadmium, lead and zinc in the suspension were decreased firstly and then
increased with the increasing dosage of aluminum sulfate. The concentrations of these three heavy metals were rapidly decreased with the increasing
dosage of polyaluminium chloride and calcium oxide. However, when the dosage of ferrous sulfate increased, the concentrations of lead and zinc
were decreased, and the concentrations of cadmium rapidly were decreased and then slightly increased. By comparison, the best flocculation dosage
of these four flocculants for the flocculation and precipitation of the particles in the suspension were 0.25, 0.04, 1.0 and 0.3 g/L, respectively. When
the suspensions treated with the optimal dosage of each flocculants, the concentrations of these three heavy metals were all below the irrigation water
quality standards of China. Using the optimal dosage, the cost of flocculant for treating the same volume of suspensions were ferrous sulfate >
aluminum sulfate > polyaluminium chloride > calcium oxide. In conclusion, calcium oxide was the optimal flocculants for treating the suspension
containing fine particles, and the corresponding optimal pH range was 10 to 11.

Key words: Soil washing, Suspensions, Heavy metals, Optimal flocculants, Calcium oxide



