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Sorption and desorption of Lead in loess improved by composted sludge

ZHOU Jian JIN Cheng LI Xiaolin YAO Xun NAN Zhongren™"

( College of Earth and Environmental Sciences, Lanzhou University, Lanzhou, 730000, China)

Abstract; In this article, we adopted the laboratory batch experiments to test the sorption and
desorption of lead in soils improved by 0% ,1% ,2% ,4% ,6% ,8% ,10% ,15% ,20% ,30% composted
sludge. The results revealed that: (1) The adsorption of lead in the tested soil increased with Pbh**
concentration ; and the adsorption increased dramatically with initial concentrations <25 mg+L™".(2)
Within the experimental concentration range Pb** adsorption was fitted well by Henry, Freundlich,
and Langmuir equations, but it was best fitted by Freundlich.(3) Desorption of lead by NH, AC
increased with increasing sorption. A linear equation well described the relationship between
desorption and sorption. The desorption rate of lead increased with the proportion of composted
sludge when the initial concentration of Pb** was <25 mg + L™', however when the initial
concentration was > 25 mg - L', the desorption rate of lead decreased with the proportion of
composted sludge ,and it was in the range of 0.11%—1.35%.(4) As the composted sludge in the
tested soil increased, it not only increased organic matter and total phosphorous content, but also
strengthened the adsorption affinity of Pb*" and reduced the risk of secondary contamination of Ph**
to underground water.
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Table 1 Basic physical and chemical properties of tested soil

IS VR RL L % pH EC/,I ﬁMFE/ WL % 2/ % Pb%{
(pS-em™) (g-kg™) (mg-kg™)
0 8.37 1769 3.90 4.87 4.67 10.94
1 8.35 1818 457 4.84 4.87 11.27
2 8.33 1822 7.62 4.92 5.07 13.74
4 8.27 1854 13.34 4.92 5.42 13.84
6 8.24 1882 14.97 495 5.77 14.00
8 8.22 1894 20.30 4.89 7.25 14.08
10 8.19 1931 24.06 481 8.36 15.23
15 8.15 1996 31.25 4.83 8.23 17.49
20 8.12 2067 41.75 473 8.37 20.81
30 8.01 2250 65.64 4.64 9.42 25.41

1.2 VR i S 5

Wz B6F - I S B6 AE RE L3R 2. BT T 4 i v S I 44 4 FH B JE A 72 B9 Thermo Fisher iCE3000 J5 ¥
WSO ASCI 5 . S5 36 v i P ) g 8 R 5 et R 25 T FH 22 T T 209% 1 i 1R 322 . 3ot ¢, o dle. AT S5 5
BIfas 1S5 A 20% FATRESEA T A ] IR ZE S HIAE 5% LA
1.3 HdEsrir

AT BRI A TRE (n=3) IPEIIE, TR H Microsoft Excel 2010 F1 SPSS19.0 XF £/t T434r.
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Table 2 Process of adsorption-desorption experiment

SEH A A s
1 PRI 1.0000 g +(0.149 mm) E-T 50 mL ¥R B0
AT 0.01 mg-L™" ) NaNO; ¥ 5% B T3 B YA A Ji it Ph(NO5 ) , % 25 mL( Ph> B AU v 32 43 1

W B 30 2 J90.5.10.25.50,100.,200 mg-L™!)
3 FEO] IRA A 25 °C 200 r-min” EIRIRGARE LR 2 h FHUH & 24 b
4 4000 r-min”' B0 10 min 339§ ER
1 IF) A7 TR B T 4 i A B TIA 0.01 mol - L' 1 NH,AC %W 25 mL

fff L 2 2 5 AR 25 °C 200 r-min™' (ERIR A IR 2 h FECH  #HE 24 h

3 BUH EAE 4000 remin™' 4F FE L 10 min G U8 ER
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Fig.1 Adsorotion isotherms of Pb* in different sludge proportion soil
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Table 3 Parameters of Henry, Freundlich and Langmuir isotherms for the sorption of Ph**
Henry(Q=KyC,) Freundlich( Q=K,C,"™") Langmuir( Q=G,C,./(A+C,))

1SR L/ %
Ky R? Ky n R? G, A R?
0% 97076 0.7579 " 7.90x107 0.2605 0.9126 " -196.07 -0.078 0.8032 "
1% 62137 0.8191* 1.60x10° 0.3880 0.9378 ** -384.62 -0.077 0.8211 "
2% 46570 0.8978 ** 5.80x10° 0.4306 0.9644 " -384.62 -0.115 0.8807 **
4% 15204 0.9762"" 35399.73 0.6651 0.8852"* -588.24 -0.176 0.7697 *
6% 10655 0.9533 " 20739.58 0.7296 0.9185"" -714.29 -0.214 0.8555""
8% 4700.3 0.9773 " 6161.69 0.9833 0.9235"* -1250.0 -0.375 0.8463 "
10% 3131.8 0.9796 ** 3454.62 1.1579 0.9634 " -12500.0 -2.500 0.8515""
15% 970.76 0.8575"" 1437.80 1.5770 0.9316"" 10000.0 3.000 0.9388 **
20% 815.97 0.8413"" 1213.67 1.5883 0.9355** 3333.0 1.000 0.9454 "
30% 502.29 0.8708 ** 637.97 1.6202 0.9021 ** 909.09 0.360 0.8675""

T 1)Q FWEHEE mg-ke ™' s C M PR EE  me- L5 Go AR BHE  me-ke ™" K,y (Kp A FHAL * P<0.05, % P<0.01.

- HERR AR ST TR B X P B MR R IR A TR A AR TRVRR B B R A e — 2 T i e
A BRI BEE ) 52 e, A SPSS19.0 X5 485 1Y W B 5 2 ( Freundlich ) " A28 (K Al n) F - SEFR AL
JRSHGHATAR SN T, th 26 4 FTRAE Y oebE % 09 pH A Freundlich J7 R i 9S8 (n) WM 53 U
K, R (EC) 5 L HEXt Ph> (Mg Bt 5 5 3 IE A OG, R HEr SRR e T e R A A
7 - HEER 23 (38 A B 188 i = 96 5 4 A0 e Bl v B P A AL e S e
Ph™ (148 25 0 T S W Bk 25 L AR 6. 26 W1 98 v A9 A WL | Al ko - SR Bf I 1o EL A I B X
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Xt Ph>* A SR F A S i e — A B AR bR B 45 1, 1 R SRR AR bR A B A 45
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Table 4 Pearson correlation coefficients between Ph>* sorption parameters and physicochemical properties of tested soil

LikIve 214 Ky n

pH 0.353 -0.952*"
EC -0.226 0.892**
dicEN 0.133 -0.721"
HHL -0.269 0.851**
R0 -0.415 0.967 **

e o#x0.01 ZKFE EBEFE, «0.05 K REMHE

2.2 ARG IRAEC H ek 5 X P A I R AE

VFZ2: B IR NH,AC fft W TR 4 () 0 A0 -+ 38 P A0 i T 4 i A ek 22 TR0 AT AR g (R AR S TRk
AR SR NH,AC AF A A W 5006 AS [R]85 e e He s 8 4 AR W BR A P> R4 TG, 181 2 S AS [R]85 R i
bRl 8 76 NH,AC FERTT , Ph™ i et S5 W B =2 AT B S 2. p BT 2l 2, o o = X6 P fiff I 2
Wi 5 W A P9 385 A T 384 AR AR R [R5 B e 25 PR P> i et /NI WG A IR ) R/ I R - 0% > 1%
>2%>4%>6%>8%>10%>15%>20% >30% .3 W 275 Ve IC b 1438 1 fige W2 422 328 W sl N 3X 7T RS PR T
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Fig.2 Relationship between desorption and adsorption of Pb** in different sludge proportion soil
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Table 5 Simulation equations of relationship between desorption of Pb** by NH,AC and adsorption of Ph**

BTG y=ax+b BI5 Y8 y=ax+b

fe b/ % a b R? HE L% a b R?
0 0.0135 -3.7439 0.9831** 8 0.0101 -5.0453 0.9224 "
1 0.0128 -3.5593 0.9877** 10 0.0076 -3.9583 0.8753 "
2 0.0123 -3.6546 0.9904 ** 15 0.0037 -1.2627 0.9258 **
4 0.0109 -5.0215 0.9576** 20 0.0018 0.4274 0.9953 **
6 0.0109 -5.0781 0.9557** 30 0.0104 1.9543 0.9727*"

e 1) y R PO IR, mg kg™ o 7 PH? L P&, mg-kg™' 5 #+ P<0.01.
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Fig.3 Desorption rate of Pb*" in tested soils under different initial concentration
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