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Abstract: In order to study the adsorption behavior of Pb in sediment and soil, the adsorption of Pb adsorp-
tion in sediment and soil were investigated by batch equilibrium studies according to OECD guideline 106,
and the influence of the pH, organic matter and N, P concentration on adsorption process were also discussed
in this study. The results showed that the adsorption isotherm of Pb was well fitted with the Temkin equa-
tion in the sediment, the correlation constant R* was 0. 925; the adsorption isotherm of Pb was well fitted
with the Freundlich equation in the soil, the correlation constant R* was 0. 971. Studies showed that, Pb un-
der the adsorption condition of 15, 25 and 35C, with the increase of temperature, the adsorption of Pb in
sediment and soil would be strengthened, AG<C0, AH>>0, revealed that the adsorption of Pb in the sediment
and soil was a spontaneously endothermic process. Studies showed that, under the pH condition of 3~11,
the Pb adsorption quantity increased with the increase of pH, after the first increased and then to be gentled.
When the pH was equal to 5, the adsorption effect was best. After removal of the organic matter the adsorp-
tion amount of Pb in sediment and soil decreased by 121. 6, 87.4 mg/kg, respectively. With the increase of
N, P, the adsorption amount of Pb in sediment and soil decreased, which might be due to with the carrying
of N, P, the K" was added, and it had a competitive adsorption of Pb led to reducing adsorption capacity of Pb.
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1.1 #iXERSatE

AR VR I 1 AR K A TR S OK PR L Ak
B BT S 3K B A R i L BT ST 3ROK R
KEWEENKEMZ - FESEH 2014 4F 8
H o RERS R 100 B SRAER T AEalRE 5
FEEALPE RN 1.

1 MR EEEAER

e o A/ HHLR,  RA/ aes/ 7/ WU R R/ %

~H p N e W A e TS e
! (g-m™®) (g-kg) % (mg-ke ') Wk HUBR 4Bl Bl
JEETR 6. 34 1.79 41. 23 0.15 0.12 27.34 10. 80 34. 20 23. 90 31.10
+ 1% 6. 81 1.65 34. 65 0.12 0.09 23.17 4.71 52.43 22.15 20. 17

EBRAPUTRE & R H O, T8 35 22 B AR S
MR DL . FRECZ KT S IS 8 RN B A ) 45 300
g MA 6% HoO, 323 10 d J5 . HZ WA 30%
H, O, 100 ml. 5834 £ , fe &2 #4740 B2, 3% U2 F1
FHEPAHAREE B, RREIREM E DY
H, O, SRRk BRI e LB FOK % S
AT T WS K R A i e A g XU T S B
S R A
1.2 gt
1.2.1 PbRMFEZL MR OECD guideline 106
S A I B R 5 vE gE AT . B 1. 000 0£0.000 5 g
BEEAES T 50 ml RO LB P HRK LI 20 ¢ 1
FA 20 ml AN [R]¥e BE Pb % W, fff Pb @9 ¥ B 53 0
50,100,200,300,400,500 mg/L,7E 25 C F 1 & 4§
i W . F 4 000 r/min T g0 10 min, #JE,
e By Ph e il g i & 3 IWH & .

1.2.2 PbA Mz A% H1.000 0£0.000 5 g fit
WA T 50 ml BOKE OB MA 200 mg/L 1
Pb %W 20 ml, T 25 CFEEMR G . 70l #&% 1.5,
10,20,30,60,120,240,360,480,720,1 440 min, T
4000 r/min F &0 10 min, i 3&, W % FiE W Pb
WRE 3 IRER .

1.2.3 PbARM#HAAF S 1.2.1 Wil
B ¥ 4G e B R 50,100, 200, 300, 400, 500 mg/L
) Pb %W, /3 5 & T 15,25,35 CA&MTIRG 2R
Bff -7, F 4 000 r/min F &0 10 min, o 38 & T
HW T Phb k3 IRER

1.2.4 RFE %A% Pb R W47 4 8%k

(1) pH X Pb W& fff 47 K 52 . ] 1 mol/L
HCI #1 1 mol/L NaOH ¥ & ¥4 75 A& & pH, fifi #¢ 5
pH ik %] 3,5,7,9,11, 8 1. 2. 1 Y7 iy 58 7 vk

HEREHTL W E Pb ik B, b5 R [l pH {H X
Pb W B 3o 72 ) 52 0

()AL =X Pb W BT A B 52 . 43 51 B
1.000 040. 000 5 g i AF 5 A1 KA AL BT FE & T 50
ml RO E OB KR 20 2 1A 20 ml &~
[ B2 Pb i W, fff Pb #9#k B 433 o 50,100, 200,
300,400,500 mg/L, 7 25 C N1 3§ 7 2 W [ 7
7, T 4 000 r/min F B0 10 min, 1 38 00 5 5K
o Pb ¥k i,

(3N, P & X Pb W BHA7 A B 52 M, 75 % W
BN NCl KNO, figdilD Pl KH, PO, Beal) . ff
RV NOP vk B 43 5 0,1,5,10 mg/L il 0,
0.5,3,5 mg/L, &M 1. 2. 1 W73k, SR 56 347
HEEAE,

2 #gR5ie
2.1 PhHEKREMTIERHNRMEERITH

VRN - HEXT Pb iy W B 25 UL 2k 8] 1 AR 2 BT
No HE L RTE 2 A) L YR R - HEXT Pb i
PIREVS W Ph kB (38 i g oK. A Ph g
W BE B AR A L RS U8 R 3 X Pb Ay W B B A1V Pb
VR BEE T B T, AR A i K R AR IR AR 1 bR AR Y
AMIE Ph 1) B 18 2 3 — FRAA L Pb i 0 B 5 A2 £k
MR FE AR /0N o B AER 26 0 R R B/ . RS R W] AR B
Ji et i T o ke Y AR 56 A8 Al L I B A5 IR 2R A3 S U
Bpes” “L7 “H” “CPmihgt™ . mKE 1 MmE 2 Ll
R T Ph 1y W SR 2 8 UL AL,
J& T4y 2 W R R U AN A A A — o A
Xt Ph W BRF 0 W BRE 57 05 R TR A HEXT Pb S i
W BiE v BE 43 591 Dy 62. 91,92, 25 mg/ L, - i 0 Fff & 53
Bk 8 747.6,815 5.0 mg/kg.
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A 1o AN ] 9 0% S 45 S A TR R AT i . AR S8 SR A Temkin J5 & :q. = A+ BInC. (3)

Langmuir J5 £, Freundlich 5 # fll Temkin J5 #&, %} Pb
TEJE VA 3 b AW AT A A T B LA DL SR i ik
Pb 7SR A1 g8 rp W SEHLEE . U R T .
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~ 9000
£ 7500
2 6000
5 4500 o FHE
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£ 3000 —— Freundlich
& 1500 —o— Temkin
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P E/ (mg < L)
1 Pb 7EJE R B IR B &R &
N 1 1 1
L . S
Langmuir J7 . QH,+(K1, Q.- (D
Freundlich 5 ## :1gq. =1gK,+1gC,"" (2)

Korfrag, M Q, 430 Sk B 5T i i e A+ X Pb 1)
W B 2t 1 e K R BT 2 (mg/kg) s C. Sk W B 47 B 3%
Wrf Pb i B R B (mg /L) s Ko g 3RAE W B 3% 1hT 5
JE 0 H B (L/mg) s 1gK  F1 1/n 4300 8 38X Pb i
I I 25 TR B 5 2 s A LB 43 50l T BRI 2
PLASHWE 2 iR,

9000
~ 7500
2
. 6000
g
S o T
g 3000 —o— Langmuir
= —2— Freundlich
1500 —o— Temkin
00 10 20 30 40 50 60 70 80 90 100

P E/ (mg - LY
2 PhELTEAHNEMEEL

K2 KiEMTEXPLEZERMBAESH
5 Langmuir J7 Freundlich 77 & Temkin J5 2
K K./(mg+L™" Q,./(mg-kg ") R? K, n R? A B r
JER 0.432 8515. 407 0.916 2844. 493 3.532 0. 861 2648.77 1510.815 0.925
+ 1% 0.232 7977. 486 0.959 2421. 645 3.613 0.971 2645.094 1131.849 0.956

& 2 Al LLE 1. Pb 78K U8 0y W B 5 7%
Langmuir il Temkin BRELE 5 AKX RE R HKRT
0.91, 4% B Pb 7£ ik ¢ th 1Y W Fff 5 #2 H] Langmuir F1
Temkin AL AR B AT A SR L. Pb 78 4 3 b i 1
[t 72 A Langmuir, Freundlich #I Temkin & %I #] &
Ja s HAM KRB R HKTF 0. 95, UL 3 MRS Pb 7
d- g WAL G ROR W . i Langmuir 584 AT
AL RS e A1 A E XS Ph (% $5 KW B 52430 8 515. 407,
7.977. 486 mg/kg, 1 W] I8 A1 L e xT Ph BAT i 1)
W RE T . BFSE R K, B A K/INAT LS B2 U B s
LB A AR EE K AR 0] Sy Y e B O
W B F A B R AR A L AR IS TR R - X Ph R I
Bk AR b, K (B34 A TE AR S 156 B W B S A IR T BB
e F & AT HR VXS Pb Mt aE 1 sk, + 3%
XF Pb (W i FH Freundlich BRI G f5 AHOC R 5L R Gk
2] 0,971,140 Pb £ 1 3 v 3% W Bff o #2 B Freundlich
BRI AR AT SEPRG O . 3 150 B - 18 vh W ot a5 07 26
RUES RS2 2% AT e 5 A Z R B R L B — A S AR A
FOAR L R BEE 1 ph BB AN SR AR B . (B AT LA S I Y
SR EE Y R/ s o (LB g R RS 50 BE R . — B e Y
BUEIE AR 2~ 10 Z [8] I 25 5 W B < 0. 5 3k DL
B R HEXT P AW o fE R 3. 613, K F 1,388 +
Xt Ph W it AR AR LR iy . YRR P iy g B ik
2 H Temkin BEAYHG 5 A0 AH G R ECH 5, BEWA K e X
Pb i) Wz i e 1A 2 W B o A2 W B o 32 5 iz

2.2 Pb KRN L1 R a0 B 3

JICUE A X Ph i W B et Bl B ] 9 7 161 B0
e 3 & 4 k. IE 3 A 4 bl DUE L A
W B 3o 2 0T A0SR 2 A B B o BBk 18 R 4 358 S £y
BrBe. JEUeXS Pb A MR 7E 0~120 min N J& T PR
JNE B B, Ph i) W B & o g B R R 99. 1626, 7
120~1 440 min )& 718 3 V-7 B B . 1 Pb 76 4%
Hh PR N B BE R #E 0~ 60 min P, Pb (1 0 B &
A (5 0 B Y 96. 83%,60~1 440 min J& T-18 3
AT B H R Ph 7R IS I A HE Y I F
Fs ) A 24 h, o 7 AR KRR G A SRR R SR T A
SN B FF U e B RS U0 A - 398 2 T Y I B R A AR £
A LAXE Pb A AR G i W B B & B2 07 B ) A4 8 s O
e T S8 v R 6 A A o I ) ROR R 22 R Ay S
R I < 4 N = R e KU B NS 0
FB Pb 7 i 6 A1 4 S0 B i nT BB I W42 A AL mT LA
it L 3% 1T W B 4 P B IS 0k P S ol HL AR RS U RN
- A UVE SR T OTE ) 7 A A R e A

P (14 W B b o /N e J 15 &t 1A
AR 50 ok H Elovich J5 #& A Y 26 w05 72, H

Xt Pb 78 JiE U8 A+ 3 i (1 B 2 2 AT B G
Elovich 5 :S=a+blnz (4)
WALy 2. S/Spn=a+bt"” (5)
S S B S 3 1) 2 - 1687 10 B 55 D ¢ B 200 ) 0 B
(mg/kg) sa A5 fe KW B AH OG 1) W B 55 0 R i



258 KO aE R

%30 &

WA 38 3 28 00, 2 S T 3R I [ S IR e bR A )
. ME RS EmE 3 iR,

3990
E 3980
0
§ 3970
H o SEPAE
= 1960 —&— Elovich
= —— WYL BHTE

3950 0 2:10 4;30 7I20 9I60 12I00 14I40
H 18]/ min
3 PhERRBFHBEMBAEFELE
M 3 AT LLE . Elovich J5 B % Pb 7£ Jic U6 #1 +
e g B 2l g 2E A ROR B D Elovich J7 R4 iR
Pb (W Bt F . v] LB 8 32 15 Pb 78 $50RL 9 19 3 BLBL
L H R 4351 0,971 1 0. 965, T4l 4 26 48l 07 Fexf

TR LA RO A X R AL 25 . R 43 52 0,825
0.723, B W Elovich J7 & 4ifi i J% ¢ 1 1 € Xt Pb
SRR R A . ok L B a .
W o 55 EF [0 408 o 7 A0 T 2 38 V0 A 8 ok A A A
HH JH AT UL JSURE P 4 80T AS 2 42 ) 0 B o R A e — 2B
TR W 3ok A 5 A7 JHL e g B R A R 4 o
3920
~ 3900
%93880

SEWIE
—a— Elovich

—— WKV HRIE

nﬁ o

0 240 480 720 960 1200 1440
K 8]/ min
B4 PhETERHBRMIINZFTEMUE

x3 REFMLITE P RMHNZRENEXSH

GG Elovich J5 2 IR X Ok

ESpit} a b R? a b s R?
K e 3956. 308 2.981 0.971 77.415 0.011 51.177 0.825
+ 15 3826. 687 9.376 0. 965 96.471 0. 041 39. 859 0.723

2.3 PbERREMTFERAOWMMAANE
Pb 7£ 15,25,35 C MR #4207 BRI G 45

W 4, NF 4 a3 UG J7 B R OC R B R
T 0. 9. UL B VR A L HEXT Ph () 0 B A J1 2435 m] LU
Freundlich J5#2 . Langmuir J7 F£ #1 Temkin J5 & #1740
4. Freundlich rRE 280 K, (HER /R T W 6E 11
SRS SN T W B A I A R RN, R 4
ALK, R 15 O) <K, (R 8.25 C) <K, K.
35 C),K,(+ 4,15 CO)<K,(+H,25 C)<K,(+

.35 C) . ELIR Y& A1 EXT Ph ity Wi B ek 249 i U 2 )
Th i85 2 W 44 A, W B 43 51k 7 981, 316, 8 515. 407,
8 600. 419 mg/kg I 7 835. 203,7 977. 486,8 174. 756
mg/ kg . Ui W BE & L I PR A L S XS Pb f) i [ fiE
AR, ] LA S IR R S 7 Ay IR R B 7 A G R B R
ISR AT REJE T Pb* T B AT AR A B K & 1 2 e
JEG U6 1 SO R AR s 2 2R A e i B AR R T
ARIP T R — ARG AL X 5 Song HEH A
FEHIR T NI* AR IR B 25 2R 2 — B

%4 AFEEETPrhEERMBESH

Langmuir J5 & Freundlich 75 % Temkin J7 ¢
1;‘ =} M| ’#/
i fm 5 Q./ K./ A B r
2 C r 1/n -
(mg* kg ') (mge+ L™
15 7981. 316 0.377 0.934 2551.997 0.278 0. 885 2257.748 1395.366 0.948
JER 25 8515. 407 0.432 0.916 2844. 493 0. 283 0. 861 2648. 77 1510. 815 0.925
35 8600. 419 0.461 0.929 2943. 987 0. 281 0. 861 2766.603 1532.486 0.936
15 7835. 203 0.132 0.936 1625.762 0. 349 0.953 862.797 1473.331 0.969
+ 1% 25 7977. 486 0.232 0. 959 2421. 645 0.277 0.971 2645. 094 1131.849 0.956
35 8174, 756 0.232 0. 950 2485. 643 0. 281 0.979 3011.61 1058.543 0.914
RIEAE IR E T Freundlich FR P K, T8 H RS PhERRBHMITEANAAZSY
JEUE A EXT P (9 # J) 2 280, AGCH HBEAE) . AH Bedh IR/ AG/ AH/ AS/
) R ASCHIZE) . JRIE R EMEAE R MELIE TR %9 € (Jemol D (Jemol ) (0 omol ' -K )
AG HI/NT 0, Uk B I B 2o R 02 B & 0, T L 15 —18.819
F5.0G BN DLW IR R F MG B R b, AH R R 25 1055 5.503 0.084
WE A7 AT LAz e IR o 52 07 2 2 B B 0 s 2 i BB R N 5 35 21494
225 A[ LA H Pb 78 JEE U8 A1 A 3 b ity 0 B s 1 241 kg R 15 —17.851
IR . AG FI AH R e A L 58%F Pb /922 v g +5 25 —19.019 15. 818 0.117
35 —20. 188

FIUA K Ph 38 PR M AT RE AT e
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2.4 pH 3t Pb IR Bt 4% 4 59 82 0
AR R IR R A 4 Xt Ph Wi it bl pH A8
R aniE 5 g 6., MIE S FIE 6 Hal UL, pH 2
3,5,7,9, 11 B, AS[R] ) 1 vie B2 1 i U8 A L 3% Ph iy i
b8 Ak 2 A ARL, W B B pHL (B9 T v 52 B S G K
JEa TPk, B X2 P () 5 Wk BN ONF
100 mg/T)Pb A 552 pH A2 K., pH=5 45
R TE pH<TS I, pH R g Bt B9 5 5 o {5 >4 pH>
5 B HAG i BN B T A . Pb 7R U b i W
B 2 0 s e DAV 28] v g WA o 3t 3 A 8 120. 7,
6 754. 24,5 468. 48,3 857. 98,1 976. 34,988. 28 mg/kg;
Pb 78 + e AW B35 R 7 945. 8,6 917. 38,5 691. 36,
3930. 98,1 975. 14, 980. 52 mg/kg, iXJ&HE K pH i@ it
5 G B IS VA LB RAE ) [ A SSOR 0 1
TR K it S I 45 %08 T 4 T 5 ) W B 7 A 5 e, 4 pH
=3I AP A KR H L H WTE7ES Pb =4 T
e B AR Ph i i B AR A 2%, B pH 1Y
T OH B2 BT H R E W% 7T H 5
Pb iy 5a 40 BE . 18] B pH AL i B, 23 208 4 )8 B 1
TE T W TP B A R P 4 S - K A 7 W K A AR
Ref AV o VR T 9T 7 1) B i VAT K A B TR R T 1) i
B Pb R AT BE 7 - [ R 2 1 ok RS R R R
AT A A= 3R T L TE A ) 350 Wi BiF 48 K

—o— 500mg/L. —o— 400mg/L —— 300mg/L
—A— 200 mg/L. —— 100mg/L. —%— 50mg/L

9000

8000 ° —o 0
"ap 7000 o o o
"' 6000 [

& 5000
= 4000 [ . & & A
[
™ 3000 f
= 2000
1000
0 1 1 1 J
3 5 7 9 11
pH
5 AERAK pH XK F Pb IR 2 B % Mg

—o— 500mg/L —o— 400mg/L —— 300mg/L
—9A030200 mg/L. —— 100mg/L. —»— 50mg/L

8000 |- o o o
o 7000 o— —o —a
6000

& 5000 /

500 F s o n "
&

3000 F

& 2000
1000

0

3 5 7 9 11
pH

E 6 REAEpHRLHEH PhIRHEHEM
2.5 BHREE3 Pb RMITAHMNI A
2B A HLT HT S R U8 R £ e Pb W B A AR
s 7 fE 8 s . MIE 7 AE 8 AT LA Y KRR

LR G TR A0 3 Xt Ph il 0 BiF B 2 /0 L 5 B
HLJSE A A7 76 BT DA Jin Hoxk Ph g i B 3= 22 R R 2
EERIN S PN e s =R EuN kO (A ERI
BT, S A ORI R MR R LS BRI E 4
JBICER K 4 A BB A RO, TR BURR E 1 A&
Wy o B4 0 FL W B e T 5 IS U6 R = 49 ML Hh ) b 1 S
VAT, Qi 30 5 32 R 4 T LRl IS 908 R - g SR T A K A
(14 B0 R A o DT X P ) i e I B 3 5 1

FEIR S Y Pb 9 in A & i K K BRAE ML S
JE e X Pb g B 1243 51 8 626,8747. 6 mg/ kg, Wt
HONEET 13900, R HERY LI 4 5 8 067, 6,8155
mg/kg. W FHET 1.07% ., JE U8 A1+ 5 dh A #L
X Pb (SRR 4> 50 1. 41 % F1 1. 08 % . 3% 5 13
R A B A BT & 5 — B0 76 A DL 25 BRI i e Xt
Pb (1% W% Bk 4507 & R T 450

9000

~ 7500
‘o

2 6000

—— EHHE
—— REFHR

0 1 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80

PR/ (mg « L)
B7 XBHEEEER Pb KK ERL
9000

~ 7500
‘op

2 6000

=)
8 4500
~

L)

= —— REFEHHR
1500 f

A
0 1 1 1 1 1 J

0 20 40 60 80 100 120
SEAF IR E/ (mg e L)
B8 XFEHEEIFELEXPHRMERLZ

2.6 N.P &=t Pb R 4514 HI 20
ANRIR BE 1 NP & X Pb W Bt ) 52 ), 0 =]
9—12 firn . HE 9 FE 10 v] WL, BEE N ¥ B Y 3%
K. Pb AW B O D . 2 N Rk 1.5,
10 mg/L B, VB XT Pb WLt H AR B N A4 1) B
8T 0.10%,1. 01 % Fil 1. 02% ; +HEXT Pb (1) W ff &
SRR T 1.23% ., 1. 75% F1 2. 07 %, & 11 Fn &
12 A] UL, PRy S s 2 30 0 IS 8 AN = BE XT Pb i i
B X TR U6 P A& 4351 0.5,3,5 mg/L
WL R Je X Ph % W BfF & AR TR I POk 4 B REAR T
0.54% ,1. 46 % F1 1. 58 %0 ; Xt T 4 3 >k i H: Pb g
B 3 IR T 0. 39%,0.53% F1 1. 10% . 1& W I
WG R R AT BE . O A NPk K a8 A+
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B A 5 75 RS U8 U R L S B OR L H R EE T
1R o PR O e R S A 3k R v A RS U v R 4
TR B P G I B

10000
- oo
e 8000
4 ome
s 6000 -~
= ° AN
W 4000 o 9 1mg/L
= A 5mg/L
= ZOOOF © 10 mg/L
0 1 1 1 J
0 20 60 80

40
P IR B/ (mg ¢ L'l)

9 AENEZEX PbERKEFRMITAHNZ N
10000

L oon
8000 L om o
;Eo 6000 | oo
= =]
~ oo %N
i 4000 [ o 1mg/L
= A 5mg/L
&= 2000 (@ ¢ 10mg/L
%
0 1 1 J
0 40 80 120
SEERE/ (mg + L)

B 10 FENEZE3 PbELERRHITANIM
10000 -

8000 on &
:5'40 QA
2 6000 o .
= FP
B 4000 fan 8 0.5mg/L
& A 3mg/L
& 2000 b o 5mg/L
b
0 1 1 1 1 1 1 J

0 10 20 30 40 50 60 70 80
SEH IR/ (mg » L)

11 AE P EEX Pb 7RI i A IR 1T 25 8952 10
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