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TG PR R SR Wi iR 26 25 3% 3 O R A B S A BH S RE A AR IR L & TR B, L4 Cd. Pb I
Zn AL K F) 1.56%~76.2% . 3.21%~83.56% H1 2.31%~74.6%., 18I, VL8010 H RHE 52 B 0
WS — 0 B B AR B, HE B AR R AE IR B R o A e SE B S A BB AN, Az
M EHEA TG, S SMAEYREEE Y AR, R ROE S E AR AR KA X
S ) [ e 7 08055 ), T it FH B A ) TT R B I - S5 A Bl I R

2 Fhal Z A AL AR E BE A, AT DA sE ar RS AR R A S vk fe . DLIABIHE T + 5 4 s
HRBEEROR . RAE AR R TG Y b B e A L A S A Y s A, SRR E A
MR TS g A pH, [ A RS Cd BT BEAR 56.78%, SEEL T pH AN B BE R AH AR FE
S AU R, CFREEBE KA+ kA R R Ab B RT  E RR R R R & R i R Pb. Cd.
Cu Fl Zn RS S H D MFEAL T 57.69%~80.1% . 7.09%~40.9% . 2.3%~22.7% F 4.5%~33.2%., AHMAD
SV SE o A ) e R R IR E W A 2 G MORL , BRAE A A N AR S 2~3 A, IRl AR
Pb. Zn Fll Cu A R4 & &0 40 93k 46.53% . 32.34% F1 48.05%. ikt L5 e i © 1k 4 3 4t 4k
16 52 H AR AU B AFF 5T 0k 22—, H H R ER T o 56 B S ARG B2 EC A S A 2, B AR 4R
149 2 B R B HE 8 e ORI R IR AR

AT LIS 36 0 JEORL R &5 AR W e A RL, IR B 2 R B A R SR A B A RE, B S R A B
Sy 2 A 2 PP OAS T B e BE RN A TC A b} o e VS VR S AR AR AR 3 R B — B RLRT 2 R A LA
BEXT Ca™ 18 W2 B - WRRAE 5 O R FH 28 N5 R 5580, BRSO AR R X5 4 - 58 b Cd A 20t FIRAE B
AR, RREMBEEE A RHMERE R &R it 5%
1 #MR5E%
L1 SRR

KIS, FIHINRE TR 500 °C &1, BRAMAE 2 h &3k (B); AEARY
WEWEE L 2 mm 0, fEAFA e 2 PR K 52005k B = m B Ak 4 AT AE 7= e 10) 0 ) ol W TRk 2
W (F) M HEE (H), 3 FPp—ArR BT W% 1 s o AREF 2495 32 202 Sk K A — A bk

S, BRI OBk & e B 95.9 Al 69.6 =1 MREAEEME

mg'kg’l s MOBHH 322l T AR R £R A R £ Table 1 Basic properties of materials
WAL, B R O S ST 7.1 g ke o BETHLRERY  THALIIARY PRl
1261.0 mg-kg'o W52 B 0 R 590 43 B A PRAREEL ol gy (em™g") nm
IR E I 1: VRS WA, RIS E8m -7k W IERED 7.28 3.81 0.02 29.40
A" (BF) & oA B FE 2% sk -8 B i (BH) & Iic HEE 9.2 5.72 0.01 12.05
PR WA 9.87 413 0.01 12.70

1.2 XLWHE

1) Wl J122 85 o FRIOU K A M R S (CA(NO,),-4H,0), LA 0.01 mol-L™" NaNO, by 75 & Hi fift it
W, TCE 100 mg- L™ CA* AW . FREX 0.300 0 g #48LF 100 mL =), JmA 30 mL CA&* V&, &
THE IR 7 4% (SHZ-82A, & ixTiFF 24XAR) ) LA 25 C L 150 rmin' &% . 439 F 10, 20, 30.
45, 60, 120, 360, 720, 1440 F12 880 min B 0.30 mL ¥/, B.0ubug, Wk, @ JmF ot
WAL (M6, EEHE AR W CAWEE, RN R, BN OMA RS 3~ Er.

2) W FfE A YR £ Sy . BRI 0.050 0 g BARFT 15 mL &0, 233 A 5 mL AR E CEE TR
(0. 50, 100, 150, 200, 250 1300 mg-L"', X 0.01 mol-L™' NaNO, J ¥ 5l fift i), B TIHIRIEZ o5
HLL25°C, 150 rmin” #R % . 48 h )5, HURELLUE, W@ 8 CA™WREE, THRWRME . B BRd ik
B3I FAT
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3) MR SN . W BN SRR IR S, MR LR CA R E D 300 mge L SCHG AL B BARAR &, TR
JE % . FREL0.100 0 g E W B CA> AR T 2.0, A 10 mL 0.01 mol-L™' CaCl, fift e ik, &
FrEEGRZ AT LL25 €L 150 rmin” &% 48 he BUFEEUE, W U8 CA W EE, ITRMLE. 51
AL ERZH R E S AN AT

4) N SR . A IR A AR E A VLT A . 3 pH Oy 5.4440.05, A LT
I Eh (17.70£2.00) mg-g ™', FHES 32N (10.60+1.00) cmol-kg .+ 4 Cd Jii & 43 0 M (2.02+0.05)
mg-kg !, AT A TS e KUK 7 PR (0.30 mg-kg !

W 5 FhElifb AT RELL 19% F1 5% Bt o 55 R R A 18], B ASSRERS . ATk,
7 S KRR AR K R 60%, B TE IR R SRS (SPX-250, 7 I AR IE FEAR L IR ) ) #E
25 C Hig%. [WINF, BE AT RG2S AT IRA (CK). B PR 4 4 P47,

TEREFREE 15 d A5 30 d I6F, 23 S BCHE 30 O - RE o, YR R TR . R pH 3 (STARTER 3100/F,
v R S AR A BR A F ) a2 £ pH, K EE R 2.5 1(vw)e R H CaCl, % IR 32 A RS
Cd™, AARERAEN . PR 1.000 0 g £IERES, A 10 mL 0.0k mol-L™" CaCl, & , #]&¥% 2h, #.0»
ok, e e G A A B TR T RS {Y (Agilent 7500cx , <36 [ Agilent 23 F)) M 5E Cd &, HIHECAAH
RS B RRAR E 4y e A s (1) B .

(% dLCdf R & B~ A BRI Ca A R & 1)
THHCIHEAS S &

SR UL Tessier 1% 2242 A 40 M £ 3 b Cd i IRAFEAL HERFRIGT 2 mm i i £ 3HERE & 1.000 0 g
BT 50 mL B0, Hedk 2 SR IBGR R S R SRR TERAE R S AR S R T A
Cd &, R P RRIZEA Cd /Y

2 Tessier D RIREUE

Table 2° Tessier sequential extraction method

CA RSB A I = x 100% 1)

PR TRAETE S SR S S
1 GBS 8 mL 1 mol-L™' MgCL& ¥k, pH=7 ZEIR T 150 rmin '$R 1 hWEE O
2 RGBS 8.mL 1 mol-L™' NaAc/A# i (HAcHpH=5) iR F 150 r-min P75 6 hJF &0
3 PREMMSEES 20 mL 0.04 mol-L ™' NH,OH-HCI (% F25% (vv)IHACHE ) 96 °CF 150 r-min '#& %4 h)5 B0
1)3 mL 0.02 mol-L ™" HNO,#15 mL 30% H,0, (HNO,ifpH=2); 1)85 C T 150 r'min '#£3%2 h;
4 HHLEEE S 2)5.mL 3.2 mol-L ™' NH,Ac (i /3 420% HNO,IF ) ; DAMEAES3 h
3) 20 mL H,0 3)E M T LIR30 mini.0

5 BB 2 mL HCIO,#18 mL HNO, R TR A

2 FER5HIE

2.1 ShALA RS IR IR Cd™ Y IR B - IR 4 1

D) BEAL AT BEXT Ca> W B 3 01 24 ke o BEAR AT REXT Ca> i B 2l g F i & aniE 1 R, 5 Rk
RXF Cd™ B W B ol Jy 2l B AR, . Bl BRI, S TR B X Ca™ ) W B o R T K, L E A
W FfF A7 . A RE BL F L H X CA™ A W B 43 I #E 2. 12 R0 2 hik 277, & B A B BF F1 BH X
CA> W BFF X 7E 6 h 1k 315 .

T 1 E— RN E g B S 2 AR R A S TR R R AP W B B 2R R, A S Bk 3
TR o 2 Bl AR R BE A AU A AR X CAP TR W B A AR, (R B A R A A R T
WE— B Ty 2R, WA RRYIRT 097, CAMFIEEM, BEA RS A5 3L bR X 5 4 ) B
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TH W B 45 Ml A L o L S S %
UR I, /N RERT L) RN R B A ‘ e .
HIR X Cu OB R 4o B S 2R TR /R g

R B 1A B2 T A 2 on xmn wB en Ak
e ES TRl EbE RN R N e I R
AR R R 4 8 3o 2 Al 2 0 LB I e >
DR S Rk CaP B R f 2y 0

il ° 10 20 30 40 50

G Bl ) 2 0 Ry R aen

Cd™ 1 W B s AR et (BB O, s iy okt B
PR, 38 2P P A B 9] 8 . BH M BF (1) &, {H
AR, X FEH 2 PP EC R R X Cd> e R B %R
Bt S — MR E, AN TR) B 5 35 R gl 3k 42
BC AL BEXT Ca™ il W B 3 R AR fL B K, BH X Cd™
(9 W B 3 R /N T H, 1 BF & T Fo 38 3 Aok
pH 1 Hb 2% T AL X Cd> i W B o A2 52 e B K
BED VLR F 5 H A B pH AN H 2 1 ALY
AWk B EELIS, #KFBF (1) pH Al EL 2 1 AL
B, X Ccd R IR MH 3 2, AR T
TP BOAE F A8, $2& T BF X Cd Ay i
Bif o %, BB H ORI Y ik B B pHAHIT ;. H
WA LRI R T AEY R, EBEMELE
T AR, 845 BH Xt Cd> il W Bk /T He

2) flAL b RS A i AR TR I M4 . AN TR
BALAL BEXT Ca* i W B A5 MR AR (&l 2 s . B
- A7 R BE 3, S RORRRL X Cdr Y
B 5 T 1 0 . S A REXT Ca I T B BE ) HE
J¥ 0 F<BF<B<BH<H, H¥%&E I #E BH X}
Cd> Y W Bt 2 55 F BF. BB A& 2 B &5 SR %
W], Freundlich W [ 45 i Se S AU X 5 Aokt el i 5
ek % 9 S 36 5 4 0L G B 5 T Langmuir 9% B 45 3
LRI, Langmuir W PR 45 T 2 150 750 fi5 e W ot
TEF A FR M LA HLZ WK, Freundlich WY fff 45
ek S A TR W o I A RN Y S I R R A
TR . BERG SE RRB, CdTHE S Fl
ARG T A2 R A AR S W . A W kR T A
TEFREL . MRS . BB Z R R RE Y,

TE: BRI 5 FBED IR R s HoOW s e
BF R A= 05c-Wi P L R0 S O R s BECR A W - Sl S IRC A

1 TNEFELH RIS Ca* B R B 307 S dh2k
Fig. 1 Adsorption kinetics of Cd*" on different materials

%3 TREME Ca MM NE B A SN
Table 3 Fitting parameters of adsorption kinetics of Cd*" on
different materials

Bl ML 5 2 HE— G5 R

M oJmee") km' R Olmge) kimgEeh)) R

H 9.39 231 09964 9.48 3.22 0.999 9
BH 9.39 1.63 0.9869 9.83 0.33 0.999 8
B 7.52 1.82 09598 7.37 2.04 0.996 5
BF 7.94 1.41 09645 8.56 0.22 0.999 6
F 2.99 0.56 09292 3.38 0.11 0.970 7
45 o H
_ - * BH
36 - = B
~ 7 & BF
_‘m) -, A F
w2F & Langmuirlff fit 2495 2k
£ — — Freundlich Bf45 i £k
i
= 18
=

0 4IO 8I0 léO léO Z(I)O 2210
TN g - L)
B A B TR S O B
BE Jo k1 3%-Be9 A FE 52 BBk B 44 - St S b
B2 TESELMEE Cd M FRL%

Fig.2 Adsorption isotherm of Cd** on different materials

A LI I B A . H R L 28 S 2 MLE S CdP R R R R T o B RL AT LG a3 T 4%

AN
=

B DOTE

SEPLTEHLH [ CA™ A, P, Ay e Mt B AL S I A9 B AL A1 L 2 TR
REMITE N Z ook, X Cd™ iy WL B AL 52 2 FEAL .

Freundlich W 45 il 26 A5 0L 4005 2 50 K 33 BB B 7 B W B o 88, K fRDBBE vy, B R it 32
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Ko il W K AE KRNI, 5 PR Ca R SR B2 HEF 8 : F<BF <B<BH <H. # ¥i##
PRI A5 5 i 2 ) 40 0 b R O R s Y P R Y TR 2 R AR AT LR, BT IR AT
FESMEEERPEA, SR, U, ARSI T EpRA . N, e el e e
BRI A X CA* i T B AL o B S o B AE S TS A Y, A RO e T 260 mgekg
RETEEREIR L 5 TR MR B b 5 Ca> e ™, HB Bl gl e acm . REAR (2 U Cd™ 1E v i
R DOUE RS ITIE o X 0] RE S BRI X Cd® Y W B R B TR R R Y R
AW - I B PR AT A TR A LA Y K AR TR — R IR R R AL AL (3R 4y X ERWITIAK)
B T WU AT R R X CdP R I

B . - T A T ) K, w4 BYSERQUHEEH
TR BB AN AL . A W R T T R i Table 4 Fitting parameters of adsorption isotherms

XECA IR IE . BCTRE Rt AR B gy e R Frendien MIRRAGOS

S CA WM o T 5c e . e G sg by a9 o R e Kl

HLR L Tl v X Cd™ e W B 32 S L E AN (ngg) (Limg) (mgg!) (gL

’ HWEE N ; ULUE AN AL H 26.03 080 09130 1112  3.69 09122
My 26 - ~

DUTERLHIC, W Bfhom B2 o g . b, AWk e - M 0797 005 535 09934

2 TR A P R S T, EREE
*%ﬁi Egjt%@i@ﬁdﬁﬂﬁgﬁﬁéﬁi%ﬁtﬁjﬁk{ﬁ BF 17.36 0.03 0.9552 2.04 2.54 09848
ﬁ[ZS]’ F%{EE@?%E@%@*E{KE ’ }J\ﬁﬁ{}ﬁ//l\*j*ll’ F 14.59 0.01 0.8815 0.27 1.61 09304

25.54 0.02 0.8417 226 223 09158

XF CA* Ay A & -

3) i AL B BE X CARi i W 4 A L R 0

CaCl, fift W 52 56 43 B7 7 [ il 46 1 4 % Cd ol _@

BB M, 2SR 3 R, S R AL AR X

CA> 1 W B R A FE B R 22 5. Hoep | ¢ 10f

VR R U B R S M B 2L O W R A 5 b

20.86%, TR . 51AEY B |

[ T AL BF 9 Cd> i 10 5 4 2 — V% 16 F2 1 1o

FORHE S BEAR, 2,680 KW, AL . :

T IR R R R X CAT R R W B L % " F B

SEART 19, EW, 3 FBHR R Ca T M R ARt (e A5t (pe005)
EPER R, R A B R B 22 5 . ) B3 FES ARG Ca R =

R e 2 PR X A B 7 338 Cd T L 1e 52 N W ) Fig. 3 Desorption rate of Cd*" in different treatments with
fr 2 SRR . R R G, e 2 T R CaCl, solution

AR AT BT S AR AL R A R B, BB T A s s ) 4 9 4 B TS Yo KUK . BF X Cd* 1
WM et T F, SESEE TGS IKE, NHATHECdBERBEE, HEEFURNEE
PR RE BT AL T R O MRS BT B Y W B R M, E RS e P A AR T A
TEIEE BB R
2.2 SRR SRt Cd BRI FER S

1) Ak AL 1358 Cd A e . e 4R A RS R 18 R AL AR R S ) + 1 4R
Wy, AR EY, ESEASCES TR SHEY TR E SR & 52 IR A SR, i E e
INK AT RIS, RPN ESEE R E RO EREE R bR, SR, it e A R
BT AT b BEZH 2 Rl B 5 PR AR I cd RS & & (M 4). ¥53:30d)5, B, F, BF, H Ml BH A4 +
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HE CA AR TR WAL T 79.77%~96.64% . 87.48%~94.89% . 79.89%~97.75% . 98.93%~99.99% il
97.98%~99.10%; Cd A %A 7 12 AR B2 B 6 A REAS 0BG ] A 165 T 366 0m o A 4 o gl S A1 LT LA
W B Cd*, A LMY Sl il R R . B S . A BERRER DIE AL UTVE MF A Al Ak 1 %
A5 gy, MREAR Cd 0 A YA S0 it FHBEfb b B A 2 45 s £ 498 pH,  H b 52 e bR ik
PR R 3 pH 0.67~1.84 PR o X AT BBt FAEW ok & — I K5, K43 i A Ie 2 DAk
iR Eh B E ALY TR, 3 TRIBUK G S8 & 13 pHPY; FIET, 8RS kil A B35, B e
M — UM T R BT AE R UKL [, S S R A 3R T Y R SRR R G , {8 pH A Bifi 2 3
e, FEE SRS pH 20K R, B pH BN, RIEE FUE AL, 0 SR R &
TR A B, AR TR E &R B, WMBEIR LR & Jm i Betk. , e AR . B
FEMA B85 BC A Akt 2 3 3 AR 48 pH SZ W Cd A R .

350 350 -
a
_2s0f _ 250t rh
a Q
o 150F o 150°F
S S
B sok I8 50 L
& 30 < 307
E I & i
T 20 T2+
] =S
H 10 A 10 F
0 0
(a) 15d (b)30d

T BNAEY) B¢ FR BT IF L R0 s O BB s BESRAE W -0 1 16 FE ™ S OB ) s BHOW A=Wy - B WS A2 A A AR [l 3 B R [ — S50k
T ALTRZH ] - CAA BES S RAFAE B 22 5 (p<0.05 )5 *RERIF] - BH % RIS %At Ak T2 ] 13 CAA RIS & B A (e 3 24 5+ (p<0.05)

4 ERAEFISAHINIEESLETIECAETUESESE
Fig.4 Concentrations of available Cd in soils after 15 days and 30 days incubation with different treatments

PRbI A 1% W, Bl i el A W ok - B S AR AR BT 3 Cd A AGS E R ELT
HA A R HLZ . X 0] GBS T BB pH &, X Cd I EEfb PERE SR, AR50 e A R, i
Bt s ) PR — B A B L S IR R R s B M RMA R A A E SRR Y
it FH I 38N h 5% BF, S xF AR LG, A MRS AR R RN R CAd ARG B i, H SRR kA
HZE TECAARES T RER R EER

2) BiAb A BEXS -1E CATRAFIE S M2 . L3 Cd L Z M b2 B F e, o alsg sy nl
R ol Mo o R Tessier 4390 5 5 0 1 1T B4 A REXT 138 Cd RAFTE A2, S5 - anE 5 iR .
TEX IR R, Cd FE DA LM AR L5 G S AT, 285 S AT 60%, BEET
HoAth 3 FOE AR, R TIEAE—E R Cdis g A . e RS, + 58 CdMAFE & k22
b, TSRS Cd e B R . B F. BF., H I BH &b 3 T 4 4 n] 228 # 2% Cd H 451 23 1) K A%
9.50%~24:48% . 11.04%~20.00% . 12.27%~22.25% . 31.43%~39.53% Fl 28.97%~36.39%, i {if 14 # A% 1)
B A AR . AL A S RERIER Cd LB, MoZ 225509 5 g 40 R L1 4607 By i 5%
AT AL B 5 5, Bt R A= W e s S M RERE M RN LI & R T AC e A & i, BOKIRAEPY Y
gL R T, K A W o R A &2 Ot A\ B A B s g R BRI SRS Cd R, kIRERSE G
A, BREEMDEEE . AV S MREAS Cd FaEWIn. A5, BN 5 Fheltb s Rk b 21
G, T Cd ¥ m B RE R A, BEAR T I R T g XU

LA R BH 4 FRA] A £ ] S8 e 2 Cd Lol b HAC PR 2 5 1.719%~5.31%, BF AbPRZ] A+ 4T
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C O Iscids 2 Rh?s B P v e a7
B AL BRI

100 100 r ~x

80 80 -

60 | 60 |

40| 40|

B TEZSIT i He il %
B TEZSIT i He il %

20 20

0 ; 0
0 0 0 de do ol de de e do g do e
CF 0 ge e de de de de o de de e G N 1 l0 o S o O N
R AR A R AR R YT CFRE S
(a) 15d (b)30d

LE BI5GB s O s Wit s BE W LE Wy oW I I R S LAY s BHOWA: Wy o - s it S O A KL
5 EREMIEF I5M30d GARLEA TR Cd RERS
Fig. 5 Speciation of Cd in soils after 15 days and 30 days incubation with different treatments

LA Cd HLI L F AR BRAEFRAR 1.239%~2.919% . (HI, RECHRLAL BT 3 n] 523 25 Cd BRI 5
AF B HE b B4 BRI AN AFAE B 28 5 0 X 5 10 Cd A RS & S8 AL SR L, 24 FH & 3k 3 50
1% )5, SEBCH RS B — RN Cd® Y W B 284 22 S AN B2 1 B RE X £ 3 Cd 35 B i Bl 18 B 3K
o BRT EAEWM PR Cd 5 QA Sl LG RE 0% 38 i 5 R L HE pH 52BN R 4 Jm AT B
A FEARAE o BPRE BH R H AR BT 38 pH A7 7E W34 22 5%, BF M F AREI R + 38 pH L ANA7 7 5
Zedt BUEAR 7R, e pH Z&0F T, LI 58435 Cd &) T 1) AR E I A e e, X nl e 2 2 i bt
5 B — B AR A SR AR T Y S A ARSI R B, LR A R R A it R e R T G
R B B AR A —E 00 T H A A ZAOR , XM RERSED TS 4 AL T &
W, AR E Y B AL B+ e T R AL BOR A T AR AL BERNGT Yy BAL B ), 5 o
pH R AL A0 — 2. I, pH Bl A A S5 e S 36 o A A s B T AS8CR B S BE TR 3R

SN S I T RE 23 X A HEER T 7 A ANE E RS, LA UK o AR W e R BE AR R
YR AE R TSRO AL AR SR, A HGETS L AW SO B A R
FH AT BE 2 72 G2 T 8 B 2 P X b SERIAR 1 ™ 2 — Se SRR R, AN T SRR, R
NN AR S N A Kt i S R 1 S - S N ) P LN 1 R v N L
AP EIAE Y (EE i 52 T AR 6% s /0 B — AR W i R B — R TR SR R T A, AT TE PR IE B 52 AL
SRR F, B T O i AR W ¢ BB S B RE T R A A PR XU o P, R RS T Y SR
PR 1 HETE A s Y18 52 A0 52 b HoA Ko 7 3L
3 #Hig

D BBEB. H. F. BH FIF X Cd™ 1YW 34 545 & W G0 B 20 g 21 A0, SRIA W B o 7 = 2257
fb 2= e Bl 52 . BF 1 BH X CA™ B IR B 4176 6 h IR 8P4, IR B 3R 2 & T F iR T B 3 Ho
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Abstract Biochar and phosphate-based materials are commonly used as immobilization materials for heavy
metals in soils, but there are still some limitation while using single material. In order to get better
immobilization performance, this study was conducted to investigate the effects of biochar-phosphate based
composites on the mobility of cadmium pollutants in'soils. Five materials were prepared, including pig manure
biochar (B), flotation tailing of phosphate rock (F), slag of yellow phosphate production(H), composite material
with pig manure biochar and flotation tailing of phosphate rock (BF), and composite material with pig manure
biochar and slag of yellow phosphate production (BH). The adsorption-desorption characteristics of Cd** on
different materials were investigated, and the effects of these amendment materials on the availability and
speciation of Cd in soil were explored. Results indicated that the adsorption of Cd*" onto BF or BH reached
equilibrium within 6 h, and the adsorption rates were faster than that onto F, but slower than that onto B or H.
The adsorption capacity of five materials for Cd*" followed the order of H > BH > B > BF > F. The
concentrations of available Cd in soils were all significantly decreased over 70% after the amendment of either
material into soils at the application rate of 1% or 5%, which were decreased with the increase in dosage. There
was no synergetic effect observed in BH and BF treatment. The immobilization performance of the composite of
biochar and phosphate-based material was between biochar alone and phosphate material alone. The composite
materials showed great immobilization ability, where the yellow phosphate production containing-composite
better than the composite containing flotation tailing of phosphate rock. The results provide technical support for
the alleviation of heavy metal pollution in soils.

Keywords  soil remediation; biochar; tailing of phosphate rock; composite; cadmium contamination;

immobilization
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