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Effect of Citric Acid and Phosphorus Coexistence on- Cadmium Adsorptlon by

Soil : | ¥ | l‘“;_.r Iy

SONG Zi-teng, ZUO Ji-chao, HU Hong qmg / o
(College of Resourgel and Environment, Huazhong Agrlu,_}}tural-Umversny, Wuham 430070 China)¥ "y

Abstract; In bran red soil, the effect of ph.osphor};f ar!,d- Citric acid co-existencd on the adsorptlon of cadmium was_studied usrng
indo6t experlmentq‘ and isothermal equilibriumeadgorption analysm After treatment w1th different do%eq of phosphorus and citrig amd
the fractions of Gadmium were altered by Varying, dry and wel conditions. The results ﬂflowed that {@D Soil treated with 10wmg-T.7}
CdCl,/solution showed Tio notable effect on cadminm adgorption when a low congenfration/of phosphorus was added (40 mg- L"ﬁ)
however higher a concentration of added phosphorus (80 mg-L™"), significantly 1ncreased cadmium adsorption (an increase of 78
@ Usmg a 40 mg-L~
proportlona]ly reduced cadmium adsorption. This mhlbltlon effect was more notable for the soil treated with low-dose phosphorus (40
and 5 mmol-L"~
40.97%, respectively). The effect of citric acid was not significant, however, at higher concentrations of phosphorus. When the

g- kg and 7. 89% compared to the control treatmegt) " phosphorus solution, the addition of citric acid

mg- L.~ ) than the high-dose treatment with 1 mmol-L ™" citric acid ( cadmium adsorption decreased by 30. 89% and

concentration of citric acid reached 5 mmol-L™", cadmium adsorption was only 1% lower than without citric acid treatment;
(3 Periodic dry-wet alternation significantly promoted the transformation of cadmium from a weak acid extractable and reducible state to
an oxidizable and residual state in the soil. That is, the availability of cadmium in soil subjected to the combined action of phosphorus
and citric acid decreased with an increase in wet and dry alternations.

Key words:soil; cadmium; phosphorus; citric acid; dry and wet alternation
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T, AR S E S RIE A A WM et 12 RIERARRT Cd® i SRR R
4 A BRI B A R ) T R ST Akt B DA FIA 0.2 ¢ B K K 10 mL 20
b ES R, NS ESm R M mg-L™' Cd** (CdCL,)-0.01 mol-L~" NaNO, IR & W
M AR AHLER I, AT LUE o R h RO TR (pH =5.5) ,7E25°C 1225 romin "' FIRY 2 h, FHE
AR DA S 5T - 48 P 4 T AW BRE T AT 22 he I AR RN B 9 10 mL KH, PO, % (pH =
UL A LR < W B D T A S P AR, 5.5) WA P RN 0, 40 A1 80 mg-L7' 75 5t
ATHLIR S AR AN AR 52 2 R e SRR AT W% i 0.01 mol-L™' NaNO,. F 25°C Fl 225
FE W2 T A & =F W EAE A fE e remin~' F¥EH 2 h, A 22 h, 764 000 r-min "~ B0
FEE ILARGE. 10 min, 38, W2 PH pH  Cd % 5 KB & 6. 22
TR AR L e W B E M BRI BRI ke cd R
B, +HE D SE SRR AWM EEL 1.3 Fmsesiat s + e P AR i i 5 1
A AR b A TSR, G T DA I B LA A 0.8 ¢ KA, 3 10
J7 A T IERARS R stern 25, 2315 % Zeta mg-L™" Cd** (LA CdCL, MBS ISR F2 1 d, 205
R AR G T AR g AR IE B9 PO KILPO, BB R 1
TET P 7 LA 2>, I L AR M A TR [ - s b o, 2 b B A R ﬁ%‘lﬁﬂ/\ﬁlﬂ(ﬁfﬁ‘?*ﬁ&/’”{ﬁ(%
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(SRR ST, Bt A HIL IR R 17 0T ot 98 R 4 ) 25 =L A T 0. 0T mol4L%' NaNoO,. 7E 25°C #1.205
Eﬁ'ﬁ FpHs2 *ﬂj{%@& WA T B RS ﬂi%ﬁi@FL remin 1?%@2 h :fif;% 22 h. ﬁ;i 4000 2 mln -1
’leif?iq:/'fkﬁC%ﬁﬂ: ANARER 4TS ¢,\T}}’ﬁ%* B0 10 min A5 ST DH 1 Cd 2 ~
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:f,_‘ E ﬁk ﬂ‘f‘tqj Eﬁ-ﬁﬁg‘ﬂig ; J Tabled” 'Concentration combination of soil colloids -:.-:'
o B 4 treated with phosphorus and citric acid
ﬂ v g N '—F me A B C - D E F
L1/ %QA)H‘;H’ . P/mg-1.7! 80 80 80 40 40 40

f/\ﬁﬁ:ti‘%%ﬁﬁ?li% K A Mt J:/lrﬁ/IE[: cit/mmol +,~! 0 1 5 0 1 5
FJZ(30°17.804'N, 114°19.246'E) . + ATk,

PN . pH 5.3, A UL & 14.79 g-kg ™', FHE T 28 FiRANEE S O S  FE SR T . #oK 1
Ak 12.75 cmol -kg ™' HEAHE S 8. 7 mg-kg !, 1 UIMAEE K WK 2 d, Irfa FE e AR T

LA ZH R P KE (0.02 ~2 mm) 12.46%, ¥k AT EHEEEHKRIMALEEFKOKLEER =1:1)
(0.002 ~0.02 mm) 50.72%, &i ki ( <0.002 mm) B BEENE B B RS TR A FEREA
36. 82% . -4 [ K AT B Al o 0 J5, TR R B EC (0, 2., 4 F18) G ET, # I BCR DR HUGE AL

<2 pmPYFRLER S, HIAS Ca JTUBCIA. HFES (UL 2) M Cd TEASRAEL.

BERIAH . — K AR (SO et Fom) B 1.4 BdiEibr
fig S AR A A At W A E 25 4 AR FIH] Excel 2007 F1 SPSS 20. 0 X $ 4 #4748 1+
FIA BRA . 430 (P <0.05) , 3 origin9. 0 1.

F2 tiEd Cd# BCR ZHREUE
Table 2 Three-step BCR extraction method of Cd in soil

IR IS FEIGAF SR A
I RIS 0.5 ¢ 2120 mL 0. 11 mol-L~" CH;COOH 25°C #ELENRE 16 h, 3900 remin ~' B0 20 min
I AR KBEE AR AN 20 mL 0. 5 mol-L~! NH,OH-HCl 25°C HELEHRY 16 h, 3900 r-min ~' 0> 20 min
I A ARSI PN . DS mL300 mg-kg ™' H,0,; @5 @25CHEE 1 h; @ 85C /KA 2 h; @ 25°C E LR

mL 300 mg-kg H,0,; 325 mL 1.0 mol-L~! NH, OAc % 16 h, 3900 r-min ' B> 20 min

v BRI S FEIK I
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2.1 N[l X e A A R 1) 5% T
W% 3 Jim , AN [R) e B2 (A i Ak B85 ] 358 i+ 458
AR R4 P R o0, - S e A X 4 P WA P it 40 22
BRI EEE A I T o, MW A BV Ol 40 mg- L7
IS, e XG40 f A 2 B 8 1) A2 R AN B J 5 1 24
BEAS I A 2] 80 mg- L' AR AR B 3%, H IR A
KSR W BB AN T 78 mg-kg ™", B LW b FH I
B2 = 8. 66% . FLl I3 AN [k 3 119 Wl 175 Y Ach 34
Ja , RIS pH {34 L Jo sk Ab BEA I g, ik
B2 Lb v v B Y o VR R B R W ®E S i & o 40
mg+ L™} 80 mg- L~ i, H 3R pH (B 433 m T
0. 39 F10. 24 EAL.
£3 FEBEREXT T R IR SR A S0
Table 3  Effect of different phosphorus concentrations

on the adsorption of cadmium by a soil colloid

ﬁ%'&mﬁ/mg-gg']

WG B E/mg- L pH
0 5.56¢ 901. 02h
40 5.95a 905. 21h,
80 5. 80b |/ 979. 06a "

1)EWITIH /J\??ﬁﬁﬁ'lﬁi’%fln E@%LIEFj:iJUP pH Hl 951 £

=

R (P < 05,) ‘FI‘J f'r

2.2 rf%wﬁsw L7 xua%w:@zwsmmwm
1 4R S L RESTR: 314r YA 1002
WGl Jﬁ%?ﬂﬁn%&}%ﬁtb,%ﬁnmﬂﬁif
WEEiﬁ%MZI:XT%mE’J%iKﬁg LA R TR 1Y
T R S VAR G 0 PR B B 7 B R
NI 40 mg- L~ B AL B A 52 MR 4L 80 mg- L' WA B
W% 7E IR L 40 mg- L™ BEAREILS | T
251 mmol-L ™' & 5 mmol - L ™" ¥ b B, FXF 4/ 1Y
W B 0 0l FH R e A A R AR B 119 937. 31 mg-kg ™
W% % 628.35 mg-kg ™'} 526.98 mg-kg ™", BN [}
RO T 30.89% I 40.97% . i #71 R 4T 80
mg- L~ B 4k PO 4 B IR o R 5, W
1 mmol - L~ UFTFAEBR AL B 5 R IR AT R (1 b BRAH
Ll A 398 e PR X e 1 W B G W 2 S B

R4 B SEELTEX T ERER MR
Table 4  Effect of citric acid and phosphate co-existence

on the adsorption of cadmium by a soil colloid

WA B TE AT ERIRIK L PRV HE e BN SRR

/mg-L="  /mmol-L~! P /% /mg-kg ! /%
0 5.82 83. 69 937.31 93. 69
40 1 5.61 91. 66 628. 35 62. 80
5 5.62 95.03 526.98 52.72
0 5.70 84.61 972.72 97.26
80 1 5.58 83.79 969. 29 96. 91
5 5.57 82.56 962. 66 96. 26

1 mmol-L ™" 15 mmol-L ™" AYATHE iR &b ¥ 22 7] , + 3%
FREAA K 4300 4 R o et JE I dd X 5 A R Wk Ay
5 mmol + L™ "B, =498 e {7 XoF 4 1) R B ot 15 A Ay A
PR AL BRAR BE , X 57 19 W B 2t B AR T 10. 06 mg-kg ™',
IR B3R T 1%
2.3 AT H A Cd TR
2.3.1  TRAERT b v 5 R S IS A 1Y) 52 i
M1 AU ORI T TR AR I, PR AL B AT
2 AR g b g PR AR WU & i, HAT TR Mk 2
@ﬁ,%ﬁ%@ﬁ%&,fﬁ@i7qu(80 mg-Lfl)?,‘fﬁ
BN 1 mmol-L™" A 5 mmol - L™"#FEEER AL B | 55 1R
SR IR 5 2 S BOR TS InFy i BR Ab PR IR 62. 96
mg-kg ™' K 159.87 mg-kg™'; 7E K B /K F (40
mg- L) N, AR A VE I R BE 35 E T Ab B
51 P S 4 7 HE 0 i AL D ALIEFA”E&T 73 85
mg-kg ' & 161. 19 mg-kg . “._‘__-,r;,-'

250

[

00

150

100

PRI A i /mg ke !

50

0

b7
E1 FEZENTERBRERRENZM
Fig. 1

Effect of dry and wet alternation on weak acid

extractable cadmium in soil

BRATRERR NN B2~ 5 mmol - L~ AL AN, %%

Ak 3 v 55 TR AR ISR 2 1 A BE TR A B v BoH
M2 R B, S AT A VR i A 38 v 55 T 12
BUSHEEZ 2, 4 M8 WTRIEHG, 70 TR T
0.80. 30. 13 F1 38.45 mg-kg ™', ¥ RR U N & Ky
1 mmol - L~ AL FEZ R FE TR EE 5, 55 PR $ IS
BB WAL T 4.30, 16.60 F119. 68 mg-kg ™' ;
TEARANIFF IR I | 55 R B DU 4% & B TR A
HEFTI T 8 1 e 32 AR B /K- Ak 355 °F i Wl K O
F, e LR B AR D AbE b 55 R S S 4 7 i
/\”'JTIWT 2.06,6.09 F117.01 mg-kg ™", MM
1 mmol « L ™" FPAEHR 5 , (I 7K - A B A 55 iR £ B S
B AR S L i B KOF B B AE E AR 3R b 431
WA T 13.91, 18.55 Ml 27.85 mg-kg™'. ¥s J
5 mmol - L™ AFEERR Y C Fl F AL | 55 BRI B4R
ErETET AR 2 W R, A3 R T 43,83
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mg-kg ' F13.78 mg-kg~'.
2.3.2  TRACEN B3 AT AR Y R

R 2 FirRs , U IFT A6 R AT fufE 1 338 e A v 1 T
TR RERE AR, ELAE PSR Bl A6 R 5 o A
1R AN FEARIEAT TR, vl i SR A & 7
A AT 3 AL EE 4B 172.6. 120.0 Al
66.5 mg-kg ™' U1 1 mmol-L ™" Al 5 mmol - L ™" #7452
PR 3 S A VR I A2 R 1) AL BRRAI T 52. 6 mg-kg ™!
M 106. 1 mg-kg ™5 FEACBE S BRI P AR Xt
AR T A A B i BRSO RIRE B e, D E R F Ak
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