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Immobilization of Lead in Soil with Washed Honeycomb Briquette Combustion Residue

LI Li—ping, XI Huan, XING Wei—qin, XIANG Guo—qiang, ZHANG Ke, HU Chang—qian

(School of Chemistry and Chemical Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract: Phosphate has been widely used as the most effective amendment for lead(Pb) in soil. Due to the limited phosphate rock resource,
people are trying wastes or by—products as alternatives for phosphate. Honeycomb briquette combustion residue (HBCR) is a common solid
waste in rural China. Our earlier work observed that HBCR could be used to immobilize Pb in soil, however, application of HBCR in soil re—
sulted in elevated pH and electric conductivity(EC). In order to decrease its negative effect on the pH and EC of soil, HBCR was washed with
water or dilute hydrochloric acid (HCl) before being applied to a soil spiked with 1 000 mg-kg™' Pb. The water— or dilute HCl-washing
decreased pH(1.94 and 3.70 pH unit, respectively, compared with the un—washed HBCR) and EC(0.785 and 0.890 mS+cm™) of the HBCR
greatly, and the availability and the total content of heavy metals slightly. Application of the water— or dilute HCl-washed HBCR resulted in
higher availability of phosphorus in the soil. The concentrations of DTPA—extractable Pb in the soils amended with un—washed, water—washed
and dilute HCl-washed HBCR decreased 67.2 mg-kg™, 195 mg-kg™ and 117 mg-kg™, while these values were 102 mg-kg™, 91.8 mg-kg™
and 86.8 mg-kg™, when amended with additional amendment of phosphate. The differences between the amended soils and the control were
statistically significant at 0.05 level. Sequential extraction of the soil Pb indicated that the effect of different amendments on the Pb speciation
was not robust. These results suggested that both water—and dilute HCl-washings were effective in reducing the pH and EC of the HBCR,
while water—washing was more effective in improving or maintaining the immobilization effect of Pb of HBCR.

Keywords: honeycomb briquette combustion residue; water—washing; dilute hydrochloric acid-washing; lead; soil; immobilization

Xt F R A G AR E SR E i A
RENERESRARE, NN ESRNEE,
W ARG G B RTA BT R . BRAL R R B R L
SRR R RS RE T, AT PERRAE X B RS E AL 2

s H #9:2011-12-02
E2WMH  MEEHE T ARBHE TR B (2011A610006)
BN 2 E(1972—), B H#4, BlEdg,

E-mail:li_lipingen@yahoo.com.cn

BEAR 5 TP ) PO IR R RABFIR AR TIIEY, BEIR
Hh KB TR R EE I E 2 WS TR
R, WRPRER R BRRRAMEREAR T i5 R P AT A 2K
M JEE ARk T AR A AR R AR Y X R R 1Y
REEAER 1, SR , 7675 G S ikt FH 77 i , B P 2
— IR, v A FH B AT e A A ) B M RRAIR, {ELE
BN AT RAESXE, B S A FEH BT IR
TRBE>9, HIk, A B A RE S U B AR



5 31 55 6 )

SR U 1125

S E S
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RHIIEERAL . XTSI+, A IR Be A IR WF
REZE , A K A JRA e 2R TR IRES i & e vl
RS A pH (8 PR DA AR RO, U HAE
MRt PR BB B, S LA BT K
HEAE | i 351 2 o %o - AR — R B E AR ISR,
BB SR BRI BEIRES R W), o T e
BA B B ARS8 S RIRCRY . SRR RERRER , anyf 2k
E[(Mg’Al)zsi4010(OH) *4(H,0)]. i VTN =1 e ol A
Ttk Y R B B AR E A A2 AR AT
B 2 AR TS e 3 rP A A AR, X 2R R AR AR
RESHIBCR BIFTIER I, P LUK §A%8 7 (birnessite )
RORERIFS B e ) — MR , I ELAT B0 A
PG REEP R ESEA —E R,
ABFFELE X e B I RO IR B, [l 5 Je i
S5 P FH B g BRI RE R A - S A A R (B
W 2 R pH MBS RTH &, XN T4
TR S R A AR FP,

AHIFEE B BRI FEAT IR, AR
H pH ML 3, Z SR TR B s KT+
HEAR R M TR M R R

1 #BREFZ

1.1 L%

PR AABMRBIX AR H , BT TCTs e,
TR T L, REEEEN 0~20 em, AT, BF
B, it 2 mm 5 RS . 128 DTPA-Pb &
249k 45.8.2.45 mg -kg,Olsen-P & & & 6.48
mg kg, pH(H,0) % 8.10, B, §Z(EC)4 0.223 mS-
em™ o TIEMERAINE IT S8 A KSR,

1.2 K&

TIPTS5 DM SR RSB X /MR AR
RAERT R RBURY) , AR T9 IR R AR K
IR o BrEA TR0, 0HE T 2 mm i, RG], K
R I PIRRAS [F e 07 AT AL B 1 — TR R AT
2 mm i (9 B R K (mev )=1:3 IMAZEIEK,
Y57 S min(180 r-min™) 513 &, 80 CHET, BI I &5 %
TRYEIRHE o FE—RE BT R A9 2 mm i 1 R Hh 48 IR/
W (mw)=1:3 A 1:100 HC1, #E¥% 5 min(180 r*min™)
JE I UE, 1A B K R AR (mev )=1:3 (mév ) il

AZIEK P’ 5 min 51338, EEFRIBKEERL R 4
Ko BVEU 4 WRTEHAY pH 4(7.24+0.04) . K 80 C
HET , B8 BRI
1.3 3R

KRR 5 Ay . — 13 LA Pb(NOs), ¥
% 1 000 mg-kg™ Pb A& A Pb; 55— ANimss, H
INARERR AWM AR & 5 n4s M, 13
KB E 20%, IR T R3%, I E K, F L
BEKERE . R FEINER 1 fin . LGS
17 d FEABS AU , Bk FREIR — 245, IR B W
AMBE(P)FE, 4514 0.1 219.6 mg kg, BB RS
Tn%s & A9 LB (P:Pb, mol:mol ) 737124 0.2, AN[FAL3
RIREXIRERAAR, 2008 T EREM 0%.2%.
i ELE 4 R, BEEA ST 400 g T+ /Y
T+, HIEE KB E 25%, FiE T 85,
TKFERR,2 d HEAK 1R

® 1 AesE
Table 1 Treatments of the experiment
1 PbhOPO 0 0 0
2 Pb4P0 1 000 0 0
3 Pb4PORR 1 000 0 2
4 Pb4PORA 1 000 0 2
5 Pb4PORB 1 000 0 2
6 Pbh4pP2 1 000 2 0
7 Pb4P2RR 1 000 2 2
8 Pb4P2RA 1 000 2 2
9 Pb4P2RB 1 000 2 2

. ARG PHOPO %t HR, PbO 1 Pb4 43335 /R 0.1 000 mg-kg™
B9 Pb Fi &, PO FIRAANBE, P2 R B (P/Pb=2) , R R/ IR , A
FIRMMAKYEIHE , B TR INARVE IR -

L4 HEmaHr

B A 357 60 d J5 K HIERT,
W, i3 2 mm §ii, HFHE pH Al EC,Olsen—P
DTPA-Pb & &, TEESH A K3, pH [ PHS-3C
B2 B TH %2 ,EC A DDS-11A B $0 o S0 22 .
Olsen-P & & 0.5 mol- L NaHCO; $2E¢. 7] 436
FETHE (722N, R EREERARAF ).
DTPA-Pb H] DTPA $2H . JtaJET W ot vk
JE (AT I TAS-986) o £ 1MAb BEEH ) — &k 43+
FEWHE S 3 0.149 mm fiff, FI T HIBEES R 04T,
Jrik BHA F 3R, 0.1 mol-L™ Mg(NO, ),. pHS
9 1 mol-L™ NaOAc.pH2 /Y 0.1 mol - L™ NH,OH-HCI ,
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0.1 mol -L™* Na,P,0,.,0.25 mol -L~ NH,0OH -HCI +0.25
mol - L' HCI,pH3 #J 0.2 mol - L™ EL R ££+0.2 mol - L™
FFR+0.1 mol - L™ HLINMAR S HFR A HLAS . BRIRER
Han EMEEED AIREES TERA L
e mELSKESE P, RESP SEM
H,0,-HF-HNO:-HCIO, 3187, DL EARBUREIR AR
FR R KR S TR B BRI E .

RAEEFTIAE . KW AE Olsen—P pH EC %
DTPA X A&BESLE , k575 T AR R BT A1
TETTHETTH, FAh, W I SRR BB B
BT8R, B 2.50 g IREIMABS.OE , RIS O F
FIIRARE R my M omo, [0 B A 50 mL 0.5
mol + L™ NaHCO; 2B, #8 % 30 min(120 r*min™) J5
8, REEFELOE P RWRIR, (BB TEE L
B, RIELOE RIE IR S E & ms, 52 B R
FIERHK mi(me=ms—mi—m,), T—iﬁﬂ/\(SO—m4)mL
SRR , sk SR IR ph eI 4% b B I IR
DER, ZERBUEKE & ms IR IR ET, B
OB A (ms—my)mL 32 BGF] , #%% 30 min (120 r-
min™) 53 U8 , FEERER 4 R LA 54 I 5E 3 R
ANTRIAE SRR v B , S A 1 S 45 TR VR TR R Y
wE

A SR e 0 S AR
1.5 #iEabiE

BRI E R E ER P HE

BUPE B Microsoft Excel #11 SPSS13.0 R 447
Lo R ZE ST, 28 EBCR AT LSD .

&R

2.1 BEHFFRX KM BRI

AN LB (AN R 2 . Al AR
H, PR 2 K BE MR BEALBE S , AR T Olsen—P #01
DTPA-Pb & .pH FIHL FR(EC), +HEFEERER
A —ERRE RIS, (BEE BN PIFUEERITIE ML,
PRUEXT 25 R B R MR, K e IR GE AL BN ri 3
AU BRI

A [ Ak PR K i 7 S 4R BUR R B an & 1 B
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Figure 1 Concentration of Olsen—P of honeycomb briquette

combustion residue under different treatments in

sequential extraction

7N AT AR, AN FAL IR 2850 B SR B , 39
BKIE MRS T AR . R KB K
MRV K 4 IRIEEUBER B2 7358 46.2.36.6,
34.3 mg kg, XRBIKFEFMBREEIIIR T KEFH
oA BB, JUH LR BB B R B E K, (HRR Y
UK GEPIFP LB 5 28] A 22 RN o IR BT 22
PREUA S R KB AR 28/ T 58— 4R
B IR R RCR, XSS 48 R LUS R B A B 1
MR
2.2 11 pH fIR SR

AFI4b3E 4 8 pH FE SR (EC) N 2 fizn . /]
DIEH, 23T G pH B3 TR, IKELS vk,
HFE 43 pH EAMBEIEERK TR, HE, X
Fmesbss , ANE LR R IMARE, A K KB
s FIRRYE I ¥ T #2513 pH,

TnES AN EomE K& WA~ P+ 38 EC B3
F X (P<0.05), fESAIMBEELT , I ABRYEF
TKGEIKH , 135 EC BIREAK, Ud B K i W] R W% it s it
T —ERMKBEEET. AT RESSHREE, 1
B &I & KB FRBEC LR/, X EC 1Y
FEEARFT RE 22 B TR BHE B IRER

AT , H EC BRI (P<0.05), A
IKBEFBRYE i 5 , EC XA FHE , INABRYE K 5
EC ZRE8 /N X ULEH , AT BB I A MK HEBERY

R2 FRLERENESRMER

Table 2 Basic properties of the honeycomb briquette combustion residue after different treatments

Y RiEi Olsen—P/mg kg™ pH 5%/ mS+ecm®  DTPA-Pb/mg-kg™ 4> Pb/mg-kg™ 4 Zn/mg-kg™
RR 26.6 11.97 1.092 1.17 459 29.8
RA 18.2 10.03 0.307 0.99 41.7 29.1
RB 17.0 8.27 0.202 0.63 37.6 29.6
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Figure 2 Soil pH and EC under different treatments
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Figure 3 Soil Olsen-P contents under different treatments
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Figure 4 Soil DTPA-Pb contents under different treatments

100
90r
80
701
60
501
401
30r
20F P
10

1
Al

22
/7
2
/0

Il
]

Lot/ %

5 &
(e L1l
ISSSSY NN NN NN
NN
Y N NN N

I

2
(/4

{1

Pb4P0  Pb4PORR Pb4PORA Pb4PORB

Pb4P2  Pb4P2RR Pb4P2RA Pb4P2RB

PbOPO
Qb3
O%ES B RREMEESS A LEMENSEES N AIESEES
B StEmEaes O REEEEEES B ¥

B S5 FRIALE T EREHSAT & L f

Figure 5 Soil Pb fractions under different treatments

SEAAIG R , HUCHR A, A iz
A MENRE AP IR, S5y 13
FHE, RZETE YA 3, H A SRR 1
nEsE, AR RS URRERE AN E,
A AL I+ HEX — TR HFIITE 60% L) L, ik h Sk
EELEAAS , BT o EL BB A , 45 T4 Ab B A
DT & IR 0.43%,

XFF A AL, ARE R B I AR, IAKRRE
AbFR R o RBR R 45 A A H Y EL A Y A5 18 m , [RI
AL B Pb M LIRS T B AR MBERAT
AR KPR , 133855 BR A4 1) Hh ) ¥ 38 i, (H
IR )5 , X — Hu i OB 8 T R i 514 F
RS [ 2 3548 5 e B2 g/

RSk, BRI BIRIFHLIX 4 A
I s b BN - 34 Y AR
2.6 TIEBMAYMSHERENXER

XiF 16 AN 1334 5 Y Olsen—P &5 DTPA-
Pb S EHATHIM ST, ZRWE 6 s, FILLE

&
L 700 ONRP PO
2 600} X P4
a0

[ y=—24.26x+939.4

-

(=™

F 400} X

- r=0.516 6* X

& 300r o,
200 y=-8.504x+734.9
100 r=0.601 2%

O 1

0 1‘() 210 3IO 4IO 50 6IO
Olsen—P/mg-kg™
B 6 i Olsen-P & &5 DTPA-Pb S EMMAXY
(In4sAb 3, n=16)
Figure 6 Regressions between contents of soil Olsen—P and DTPA—
Pb(Pb-spiked treatment,n=16)

H, SEFmA R BE AT s B, 1%
Olsen-P &5 DTPA-Pb B ZRI¥ AT R,
PRI SR EIA ] 0.05 A9 87K, LU s Bomnsiak
R, P EE e RER A XT EE B,



5 31 55 6 )

SR U 1129

A4 I ABEE 13 DTPA-Pb & & Olsen—P
RGN T80/ ) S R I B Y 2R 08
3 iFig
3.1 BEikATiE R R R E MR

B FEERVT T 7K B FERIE B 10k ok e 8 R IR
MR AR o AT R B AL R B #9208 N E K
X 14 pH FIi S EFA ST, (I EE S 7EA
T3 e

MARFR G RARTF , K 253 K BE IR B AL 22
J& , AR B S A 1 R FE T 3R, R K P 2 R0
RS FRERT . oM, KB Z PG , F pH
B—EREHMER, Hrp DIRRYE K G IEE R R,
IRE G, AR e R RE 1152 msR . M
DL S5 TRE AT SE R P B e S R s A R % T
BRI
3.2 IREIRE TIERHIVIIE

AT LA S R E  FEA IS
HF, 2EEI AR F K, DTPA-Pb & & MK
I Ay 7K IR > BRUE IR > IR R o X R, IR
o BRI R P, B T A S R R —
FE R TTER , (ELR I B AR ma M B , R e R IR
RE T A TR BE K

— ke R B BRI, S AR R
AR 4R A+ &8 ALY, JTTRABIESREE
A E K, B, R MR B s 8 4 A 2L
2, AR SRR RE Y T DR R A B vT 14
SRR R FRL AT , AT 2 - S4B AR
WREGRRKE, FIKEZKE , Hf e LB 6E
HKIEH I, MARBEE , KA S8 M Re S RFK
VeI s R, R 22K Be 5 , e pH FEAIK 1.96, T
ZRRVES , H pH K 3.70, X BH, R 2K vk
Ja, KRB FPEEXNTREBAFINET,
K BEINER T I A Fe e VR o X LE B AT g R — Lk
B S e AR g 3 R SR S I BHE T,
i Ca Mg, [FBT, ZKBEIE , IR AR ORRERE R 55
P, ZEEAEAE R TG 0 AR UL B £ BT
BT . B LIRS, H pH KIE TR,
FHEBE TP TR EM, REORE X
B BE 7 ARG, 57K e s A L, BR UG I X A O R e
RB I TR, (EERUE KR E A R 1T IR K,
XA RE R FRRVEDE 2 T R R Bk P S
TFHiE,

3.3 RiEIHEHTREER

FE{5 3 HIERRIMBHEOLT , A R B X4
R A EES ; DEPIMABE , BAMAIK
HEATIRE B3 AR SRR S, (BRI B R 2 7]
TEEAMMHFAFEEREES . XK, AT
Je Pl ABERER TS OU T , Ik BE AR U IO 7
P AN R BCEAT AT A S — bl Bt , A R0 - 39 %
A 2

4 Zig

(1)ABI ST R FZK B8 A £ AR e 4% e s B i
IR YRR T  F pH SR B TR

(2)JFKHE TR BEICHE MBRGE IO A T35 , A
WRE RN FABEREL, HALER B % MR
AR B FERME PR IE LT , A R
RS RE B I BE 1 KN R K R IR i > BRUE IR > IR
o TEREFBFRRELTE LU T 3 R AS E SRV RE N 2
FEIN

()RR 2P W Jm A 3%, Hishn 4 3% pH
IR SR BE T W (BT — R 93 hn L3 2L
PEEIRCR

S E 30K :

[1] Ryan J A, Zhang P, Hesterberg D, et al. Formation of chloropyromorphite
in a lead—contaminated soil amended with hydroxyapatite[J]. Environ—
mental Science and Technology, 2001, 35(18):3798-3803.

[2] Cao X, Ma L Q, Chen M, et al. Impacts of phosphate amendments on
lead biogeochemistry at a contaminated site[J]. Environmental Science
and Technology, 2002, 36(24 ) :5296-5304.

[3] Chen S, Chen L, Ma Y, et al. Can phosphate compounds be used to re—
duce the plant uptake of Pb and resist the Pb stress in Pb—contaminated
soils?[J]. Journal of Enwironmental Sciences, 2009, 21(3):360-365.

[4] Melamed R, Cao X, Chen M, et al. Field assessment of lead immobiliza—
tion in a contaminated soil after phosphate application[J]. The Science of
the Total Environment, 2003, 305(1-3):117-127.

[5] Park J H, Bolan N, Megharaj M, et al. Relative value of phosphate com—
pounds in reducing the bioavailability and toxicity of lead in contami—
nated soils[J]. Water, Air and Soil Pollution, 2012, 223(2) :599-608.

[6] Chrysochoou M, Dermatas D, Grubb D G. Phosphate application to firing
range soils for Pb immobilization:The unclear role of phosphate [J].
Journal of Hazardous Materials, 2007, 144(1-2).1-14.

[7] Basta N T, Gradwohl R, Snethen K L, et al. Chemical immobilization of
lead, zine, and cadmium in smelter—contaminated soils using biosolids
and rock phosphate[J]. Journal of Environmental Quality, 2001, 30(4):
1222-1230.

[8] Basta N T, McGowen S L. Evaluation of chemical immobilization treat—



1130 AL FAE A RIGE R SRR 15 3 S A R E AR IR

201246 A

ments for reducing heavy metal transport in a smelter—contaminated soil
[J]. Enwironmental Pollution, 2004, 127(1):73-82.

[9] Geebelen W, Vangronsveld J, Adriano D C, et al. Amendment—induced
immobilization of lead in a lead—spiked soil : Evidence from phytotoxici—
ty studies[J]. Water, Air, and Soil Pollution, 2002, 140(1-4).:261-277.

[10] Ok Y S, Lee S S, Jeon W-T, et al. Application of eggshell waste for the
immobilization of cadmium and lead in a contaminated soil[J]. Envi—
ronmental Geochemistry and Health, 2011, 33(Suppl1):31-39.

[11] Padmavathiamma P K, Li L Y. Phytoavailability and fractionation of
lead and manganese in a contaminated soil after application of three a—
mendments[J]. Bioresource Technology, 2010, 101(14 ) . 5667-5676.

[12] Zhang M, Pu J. Mineral materials as feasible amendments to stabilize
heavy metals in polluted urban soils[J]. Journal of Environmental Sci—
ences, 2011, 23(4):607-615.

(1312 Z& B K BRE S URNMNAEHYEEERIEES

JBEFSRRCRAIRNAT]. LEASPRIEEA, 2010, 19(4) :822-825.
LI Lei, CHEN Hong, PAN Jia —xing, et al. Effect of amendments on
phytoremediation of Echinodorus Osiris in the soil contaminated by
cadmium and lead[J]. Ecology and Environmenial Sciences, 2010, 19
(4):822-825.

[14] & . Boinfbses R xR Bre L # h R b 2R S 55k
BIREIAILT]. AL BRI RL 22 24R, 2008, 27(5):1791-1795.

YUE Ping. Chemical forms and transformations of Pb in granitic latosol
on Hainan Island through adding chemical amendments[J]. Journal of
A gro—Environment Science, 2008, 27(5):1791-1795.

[15] Abbaspour A, Golchin A. Immobilization of heavy metals in a contami—
nated soil in Iran using di~ammonium phosphate, vermicompost and ze—
olite[J]. Environ Earth Science, 2011, 63(5):935-943.

[16] Brown S, Chaney R L, Hallfrisch J G, et al. Effect of biosolids process—
ing on lead bioavailability in an urban soil[]]. Journal of Environmental
Quality, 2003, 32(1):100-108.

(17 " EE, #EiR. IR L e IRIE SR W), 37
B TR, 2009, 3(3):549-554.

GAO Wei-guo, HUANG Yi-zong. Effects of humic acid and compost
on speciation transformation of zinc and lead in soil[J]. Chinese Journal
of Environmental Engineering, 2009, 3(3) :549-554.

[18] Deydier E, Guilet R, Cren S, et al. Evaluation of meat and bone meal
combustion residue as lead immobilizing material for in situ remedia—
tion of polluted aqueous solutions and soils: “Chemical and ecotoxico—
logical studies”[J]. Journal of Hazardous Materials, 2007, 146(1-2):

227-236.

(191 2,47 3R, BB BB M ERET ST RS
AR, 2010, 33(3):88-91.

TENG Man, FU Qiang, JIA Li—-ming. Study on lead ion adsorption on
bone char[J]. Environmental Science and Technology, 2010, 33(3):
88-91.

[20] Knox A S, Kaplan D I, Adriano D C, et al. Apatite and phillipsite as se—
questering agents for metals and radionuclides|J]. Journal of Environ—
mental Quality, 2003, 32(2):515-525.

RUE ¥, =HZE. XRY- x5 5 L5 b8 ay B2 fE ] FomAt
2#,2008, 28(2):129-134.

WANG Hao, ZHANG Ming-kui. Effect of natural minerals on immobi-
lization of lead in soils of tea garden[]J]. Journdl of Tea Science, 2008,
28(2):129-134.

[22] Hettiarachchi G M, Pierzynski G M, Ransom M D. In situ stabilization
of soil lead using phosphorus and manganese oxide: Influence of plant
growth[J]. Journal of Environmental Quality, 2002, 31(2) :564-572.

[23] Sonmez O, Pierzynski G M. Phosphorus and manganese oxides effects
on soil lead bioaccessibility : PBET and TCLP[J]. Water, Air, and Soil
Pollution, 2005, 166(1-4):3-16.

[24] Kumpiene J, Lagerkvist A, Maurice C. Stabilization of Pb—and Cu—con—
taminated soil using coal fly ash and peat[J]. Environmental Pollution,
2007, 145(1):365-373.

[25] Hashimoto Y, Matsufuru H, Takaoka M, et al. Impacts of chemical a—
mendment and plant growth on lead speciation and enzyme activities in
a shooting range soil: An X-ray absorption fine structure investigation
[J]. Journal of Environmental Quality, 2009, 38(4):1420-1428.

[26] & 3K, 250, TRAE)T, 5. S BUREMBHILE SHE R am Rt

B+ AOBESE]. AR AT AR, 2010, 5(6) :868-875.
XI Huan, LI Li-ping, XING Wei-qin, et al. Remediation of lead pol-
luted chaotu soil with low phosphorus availability by application of
honeycomb briquette combustion residue and phosphorus fertilizer|[J].
Asian Journal of Ecotoxicology, 2010, 5(6) : 868—875.

[27]) Ednsh. T HT IR M]. L5 : o AR Rk, 2000:
12-21, 166-187, 474-492.

LU Ru-kun. Analysis of soil and agro—chemicals[M]. Beijing: China
Agricultural Press, 2000:12-21, 166-187, 474-492.

[28] Amacher M C. Nickel, Cadmium and lead[M]. //Sparks D L, et al. Meth—
ods of Soil Analysis, Part 3—Chemical Methods. Madison, Wisconsin,
USA : Soil Science Society of America Inc, 1996:739-768.



