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Adsorption/desorption dynamic characteristic of sediments on nitrogen and phosphorus in
the north Grand Canal of Beijing
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Abstract: Typical sections of north Grand Canal in Beijing ( Tugou, Yulin Village and Hehe Station) were selected, and the upper
0-60 cm sediments were collected to operate batch equilibrium static experiment on adsorption and desorption of nitrogen or phos-
phorus. Adsorption/desorption dynamic characteristic analysis was developed combing the experiment result and several dynamics
models. Based on that, we aimed to provide a suitable dynamics model to describe the adsorption/desorption dynamic characteristic
of sediments on nitrogen and phosphorus in the north Grand Canal, as well as figure out the influence aspects of the model parame-
ters. The research showed that; 1) Three typical stages, which were quick reaction stage, slow reaction stage and equilibrium
stage, were obviously showed in adsorption and desorption curves of nitrogen or phosphorus on sediments in the north Grand Canal ;
60% of the total adsorption and desorption amount occurred in the first stage (0—0.5 h) , and the adsorption rate is higher than the
desorption rate. 2) equilibrium adsorption/desorption quantity of every typical sections in the north Grand Canal were difference,
the order of equilibrium adsorption quantity is: Sy village) >S (Tugou) > (Hehe Station) » the order of equilibrium adsorption quantity
for ammonia nitrogen is: S 1ygu) >S (Vulin Village) > (Hehe Station) » 108 phosphate : S yepe saiion) >S (Tugon) >S (vulin Village) 3 and chemical
adsorption was the main interaction; with the depth increasing, the adsorption rate and desorption rate were decreased, and the up-
per 0—20 cm has a higher adsorption ability. 3) Lagergren second-order kinetic model performed the best fitting result with the ex-
periment data, and the regression equations are k, = S, 7% +0.163;¢, = 0.022 S, + 18.077 K; + 41.947. Through the simula-
tion solution, we obtained that there would be 6% —42% of phosphate and 52% —80% of nitrogen detaching from the sediments by

desorption process at 400 mg/L nitrogen and phosphate concentrations, which will probably cause recontamination to the overlying
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water and pollution risk to ground water through river water percolation.
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# 1 £ MAWTE 0~60 cm JEFETURWI A AL M
Tab.1 Physical property of 0—60 cm depth’s sediments in typical sections

PRI B %

" IS w(CEC)/ w(Ca)/ w(P)/ w(SO¥)/
W T VP /em  (emol/kg) <0.002  0.002~0.02 0.02~0.2 0.2~2 (mg/ke) (mg/ke) (me/g)
mm mm mm mm
+4 0~20 8.40 3.13 19.18 46.47 31.21 106.46 9.16 0.57

20~40 5.84 1.99 12.46 61.39 24.17 105.34 1.69 1.96
40~60 7.83 2.54 14.05 56.57 26.84 48.88 4.07 0.68
MitkE  0~20 8.99 4.71 45.03 43.40 6.86 238.27 44.57 3.06
20~40 6.63 7.86 33.94 40.34 17.87 226.89 42.64 0.64
40~60 5.92 5.17 25.60 54.07 15.15 73.61 2.07 0.47
M&ui 0~20 6.03 1.16 6.37 50.91 41.56 65.35 8.43 1.22
20~40 8.45 0.36 3.98 49.18 46.49 119.18 0.46 1.29
40~60 5.34 0.43 3.89 46.32 49.36 350.59 8.79 2.19
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Fig.1 Adsorption kinetics of ammonia nitrogen (a) and phosphorus (b) at
various depth’s sediments of typical sections
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Tab.2 Adsorption velocity of 0—60 c¢cm depth’s sediments for ammonia nitrogen and

phosphorus during different times in selected sections

KA (] Bt/ h
g LR 0~0.5 0.5~1 1~3 3~6 6~15 15~24
BRJE/cm

"R BRI AR wmih AR wEREh &R ek &R s "A s

+ 0~20  269.95 462.40 89.05 164.45 26.54 109.73 12.02 28.48 0.64 18.25 0.16 9.64

20~40  262.35 496.00 30.15 67.20 190 3136 8.06 26.89 446 13.10 0.18 3.96

40~60  212.75 318.50 17.25 51.65 10.20 32.78 828 17.57 3.8 1571 2.13 2.99

AR 0~20  599.20 1150.55 27.10 85.00 16.45 53.33 9.88 69.64 0.28 5.70  0.19 2.62
20~40  344.40 64990 11.45 116.65 1545 3593 525 1238 250 11.78 0.63 5.22

40~60  298.25 494.45 9.25 115.50 9.66  34.00 29.48 87.06 1.77 1570 0.99 5.02

Gk 0~20  344.45 302.55 13.10 36.25 8.00 9.68 878 12.68 1.89 1336 0.43 2.87
20~40  287.80 268.80 4.74 35.65 5.56 3340 0.73 15.16 0.31 1.65 0.55 0.69

40~60  240.66 291.55 26.46 19.18 3.45 1541 1.96 7.45 0.13 4.07 031 0.08

2.2 AR SR BRI 1 F RS

U B 31 7 i W 55 W RSl AR AR, 47 PR S B B (0~ 0.5 h) — 18 s o i e — 1 A By B
(6~10 h ZJ5)3 AR NEBTBE (1 2) . 45 W TET 179 A WAL kBt 28 32 348 Jin T2 ¥ /1N, 0 ~ 20 em R 2 TR 1) i WK
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LA Rk 39.22~181.75 mg/ (kg-h) 5 Xof 20 A58 (14 A R 32K 238 49 /N1 W Ak 6, L e O - 8, 0 O AT
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Fig.2 Desorption kinetics of ammonia nitrogen (a) and phosphorus (b) at

various depth’s sediments of typical sections
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Weber-Morris 3" 8 A% 751 5 X 5 1R £k A9 % W2 380 & B50R 2 B R« Lagergren — 4% of) 7 22 45 7l > Elovich #5771 >
ExpAssoc 7 >Lagergren — 2§ 5l) J) # 45 #U>Weber-Morris 35U %Y. Lagergren — 2} 2l J7 A AR U 4418 2 UL FR
WD B R AL e (R*>0.99) L 3l id Lagergren 442 112444 , 4554 400 me/L 0 B T, &
RO g iy 106.38 ~208.33 me/ kg, B R 5V fif WK 2 2 40.32 ~ 133.33 mg/ kg, BT i 45 5] 1) 4487 i
WA 55 1R] 2 BT 7 1T A ik O 2 SR O I 5 X B AU A GE S EC 0.0081~0.0342 mg/ (kg-h) , X @ERR
Th AR R Rl 0.012~0.041 mg/ (kg-h).

22 3 45 SURINTIET 0~ 60 e VRE LU BRI AT BE O % e/ (kg h) )
Tab.3 Desorption velocity of 0-60 c¢m depth’s sediments for ammonia nitrogen and
phosphorus during different times in selected sections
KAL) B/ h

TR
0~0.5 0.5~1 1~3 3~6 6~15 15~24
YR/ cm

Wi

+i 0~20  217.20 39.22 19.59 22,19 26.11 8.40 2.81 1.13 0.58 0.22 0.33 0.10
20~40  210.65 129.00 16.84 1.02 476 4.06 1.29 2.79 0.65 0.17 0.16 0.09
40~60 168.45 136.24 42.10 9.28 1.19 2.86 0.31 0.56 0.02 0.21 0.49 0.14
iR VAR 0~20  261.16 59.64 67.80 6.70 2.09 3.85 0.20 1.16 0.10  0.32 0.97 0.04
20~40  219.39 72.04 8.51 4.52 5.17  0.36 0.23 0.41 0.52 0.15 0.05 0.23
40~60 189.15 49.96 47.88 5.67 10.04 2.04 2.59 0.37 0.07 0.38 0.04 0.01
Al 0~20  245.10 181.75 16.25 5.16 2,62 748 1.05 3.08 0.25 0.06 0.31 0.07
20~40 152.33 148.85 18.46 21.08 3.85 4.19 3.29 1.18 0.58 0.30 0.01 0.21
40~60 190.88 144.33 1.41  21.95 0.53  1.17 0.43 0.50 0.34 0.40 0.29 0.02

iR I L S A Y I PR SPA B  LE, PR SRAE T A 15 G MBS 76 400 mg/L 20 BAVRE T, 3 BT I
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DU 28 B AR I LA 529 ~80% 5 X WA R £h AR I8 L 6% ~42% , iX RIILIA 52% ~80% KA 5 6% ~
42% HI TR ER BT R L ADK AR — 0I5 g 04 n] BEAL BRBET K A B HEA T RB 0 0, RoMA M T K 3R 8E,
Xl KA S SRR
2.3 SR NHEER Eh 75 TR 4 o IR B/ 5 OB B 2 i B 2R 93 AT

SF G A TR T B R R/ i W P RE 22 52 BN LR BV A2, iR T8 R ( d ) Ui
KR w ) BA AL, OB X TR d | o BRI T2 8 (w (Clay) ) A HLB BT B2 %L
(w(SOM) ) w(CEC) \w(Ca) \w(P) A BTt/ HL (w(NH) ) B w(SO3) 3k 9 A5 K 3R 5 Rl
B)——Lagergren 2 gl JI BRI S HCHATAIICIIHT , S0 M7 25 DR300 0 e sl 0 0% R/ ff I Ak BE RS2 4 Rk
W], 2 R S Lagergren 08 ISR RIF A (£ 4).

F 4 DR BAL A B M B )~ B RS 3l T 2 OB S R AR S0 A

Tab.4 Correlation analysis between sediment physicochemical properties and

thermodynamic parameters and dynamic model parameters

S5 d ®  w(SOM) w(Clay) w(C,) w(CEC) w(S0F) w(NH}) w(P) n K, S
ky 0.06 -023 -0.18 0.12  0.13 0.05 0.04 -0.05 -0.07 0.14 -0.12 -0.34*
q.  -0.22 0.28* 0.18 -0.09 -0.04  0.15 0.02 0.10 0.16 -0.09 0.34* 0.73*
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13V 2 R RS A R by = 5,07 +0.163 (R7=0334) ; ¢, = 0.022 S, + 18.077K, +
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Tab.5 Thermodynamic model’s simulation parameter to adsorption/desorption

behavior of 0-60 cm depth’s sediments for phosphorus in selected sections

Wt
fuy i S8 +i iR NAR Gk
0~20 ecm 20~40 cm 40~60 cm 0~20 em 20~40 ¢cm 40~60 ecm 0~20 em 20~40 ¢cm 40~60 cm

1% n 1.21 1.20 1.02 0.78 1.59 1.69 0.54 0.91 0.84

S s 15315 12722 13554 27827 12553 17573 10597 17459 14022

K; 8.61 4.05 1.36 1.11 14.25 20.45 7.71 0.48 0.27
i) n 0.61 0.85 0.89 1.61 0.90 0.88 1.64 0.85 0.89

S nax 8356.59  1623.07 1696.90  3487.07 2236.50  1738.54 868.85 2942.50  2608.46

K; 0.003 0.11 0.11 1.50 0.17 0.13 1.70 0.12 0.15

3 it
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Appendix 1 Simulation result of ammonia nitrogen adsorption at each depth sediments of typical sections
W THT
EIPAES SN +i bk HE HIE i
0~20 ecm 20~40 ¢cm 40~60 cm 0~20 em 20~40 ¢cm 40~60 cm 0~20 em 20~40 ¢m 40~60 cm
ExpAssoc A, 161.85 108.15 92.35 61.73 176.95 122.00 148.22 33.29 27.82
ay 2.54 14.99 0.05 3.14 0.06 0.03 0.04 0.95 2.02
A, 114.31 127.78 133.39 300.65 61.88 161.24 88.42 126.04 120.70
b, 0.01 0.05 9.78 0.17 6.16 5.82 3.60 0.05 0.07
R? 0.95 0.95 0.96 0.96 0.92 0.90 0.98 0.98 0.99
Lagergren k, 0.17 0.16 19.63 0.12 0.24 0.19 0.14 0.12 0.21
o SIPIES q. 119.18 99.82 744.22 87.82 82.13 139.83 83.31 18.66 30.22
R? 0.79 0.93 0.79 0.53 0.91 0.65 0.87 0.36 0.64
Lagergren k, 0.0088 0.0082 0.0050 0.0259 0.0160 0.0052 0.0150 0.1718 0.0566
ZH®EN¥ q. 27778 211.00 21750 35770 23870  278.03  237.60  159.00  150.00
R? 0.99 0.99 0.99 1.00 1.00 0.99 1.00 1.00 1.00
Weber-Morris ks 119.38 98.79 69.45 206.16 142.82 104.28 131.43 117.68 101.16
P @, 40.39 25.61 31.89 42.21 24.63 40.68 27.22 12.76 14.07
R? 0.79 0.66 0.89 0.43 0.45 0.82 0.67 0.33 0.36
Elovich a, 182.95 139.17 119.38 278.52 182.08 168.03 174.53 138.25 123.78
b, 30.56 19.93 22.20 43.56 22.49 28.60 22.63 13.44 14.35
R? 0.93 0.81 0.88 0.82 0.76 0.82 0.95 0.75 0.75
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Appendix 2 Simulation result of phosphorus adsorption at each depth sediments of typical sections
W THT
EIPAE SN +i4 il AR &k
0~20 ecm 20~40 ¢cm 40~60 cm 0~20 em 20~40 ¢cm 40~60 cm 0~20 em 20~40 ¢m 40~60 cm
ExpAssoc A, 672.23 371.05 357.66 464.72 267.78 180.97 121.35 87.15 145.26
a; 4.11 6.58 7.53 5.95 0.01 0.01 0.02 2.30x107 4.47
A, 156.68 212.66 129.21 477.80 348.42 516.99 281.93 190.40 127.26
b, 0.02 0.01 0.01 0.0002 3.86 4.93 10.30 2.50 0.0002
R? 0.98 0.99 0.99 0.87 0.95 0.94 0.97 0.99 0.98
Lagergren k, 0.12 0.15 0.18 0.26 0.17 0.14 0.15 0.44 0.14
- SIS q, 689.60 382.38 370.34 453.31 338.22 483.17 265.16 195.75 134.49
R? 0.98 0.99 0.99 0.96 0.96 0.92 0.97 0.99 0.92
Lagergren k, 0.0008 0.0018 0.0016 0.0020 0.0026 0.0012 0.0021 0.0068 0.0065
R II¥ qe 909.09 588.24 476.19 909.09 625.00 714.29 370.37 277.78 277.78
R? 0.99 0.99 0.98 0.99 0.99 0.98 0.97 0.99 0.99
Weber-Morris ks 136.03 182.53 98.58 454.90 251.33 161.96 92.25 99.85 124.04
P a, 167.42 88.16 82.28 107.84 90.36 123.45 60.16 45.39 34.90
R? 0.95 0.98 0.99 0.87 0.92 0.91 0.98 0.84 0.94
Elovich a, 397.98 320.20 226.94 623.32 393.08 354.71 186.08 171.07 178.60
b, 114.42 58.20 53.29 71.39 64.65 81.33 38.79 32.69 23.54
R? 0.90 0.87 0.84 0.78 0.96 0.80 0.83 0.89 0.87
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Appendix 3 Simulation result of ammonia nitrogen desorption at each depth sediments of typical sections

W
IR S +i4 LTk NAR Gk
0~20 ecm 20~40 cm 40~60 cm 0~20 cm 20~40 cm 40~60 cm 0~20 cm 20~40 cm 40~60 c¢cm
ExpAssoc A, 91.81 105.72 67.63 98.78 33.59 76.77 73.82 76.85 24.73
as 0.01 0.06 10x107 0.62 1.36 3x107* 0.15 1.3x107*  42.87
A, 108.96 37.41 45.50 76.67 96.52 66.59 57.20 48.37 90.33
b, 2.82 6.42 0.96 2x107%  6x107* 2.05 2x1073 6.55  1.6x107*
R? 0.98 0.97 0.80 0.84 0.93 0.99 0.77 0.97 0.60
Lagergren ky 0.08 0.10 0.06 0.05 0.07 0.10 0.06 0.07 0.04
—YH ¥ q. 72.21 39.26 29.58 58.75 20.33 30.28 23.39 38.41 15.60
R? 0.89 0.93 0.52 0.48 0.86 0.77 0.52 0.85 0.65
Lagergren ky 0.0082  0.0159  0.0156  0.0081  0.0342  0.0251  0.0196  0.0139  0.0227
ZHHNE g, 208.33 14493  123.46  200.00  135.14 14493 14296  126.58  106.38
R? 0.999 0.999 0.997 0.997 1.000 1.000 0.999 0.999 0.999
Weber-Morris ks 112,56  100.81 84.72 122.80  107.50 94.52 112.35 78.53 88.28
Eil 4 a, 17.24 7.81 6.72 13.04 4.96 9.81 5.20 8.12 2.61
R? 0.74 0.78 0.65 0.63 0.67 0.65 0.52 0.87 0.76
Elovich a, 136.14  111.46 93.69 139.79  113.98  107.31  119.07 90.39 92.23
b, 20.17 9.16 8.14 16.34 6.19 12.27 6.60 8.54 2.56
R? 0.93 0.99 0.88 0.90 0.95 0.94 0.76 0.88 0.67
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Appendix 4 Simulation result of phosphorus desorption at each depth sediments of typical sections
Wi
BJIERA S +i AR IRy
0~20 ecm 20~40 cm 40~60 cm 0~20 em 20~40 cm 40~60 ecm 0~20 em 20~40 em 40~60 cm
ExpAssoc A, 13.27 43.21 66.70 28.11 36.96 19.50 79.09 49.08 30.74
a, 0.10 4.91 0.05 3.29 0.09 2.14  9.5x107° 192 1.92
A, 45.50 52.44 19.51 24.74 13.93 18.17 53.31 57.83 64.54
b, 2,53 1.2x107° 397  1.6x107° 2450 1.7x107°  4.07  1.4x1073 8.4x107*
R? 0.98 0.89 0.93 0.93 0.88 0.79 0.94 0.84 0.85
Lagergren k, 0.08 0.08 0.09 0.09 0.05 0.09 0.10 0.09 0.10
—RHNIIE g 28.64 33.20 19.40 20.55 14.09 13.74 35.55 42.57 16.58
R? 0.85 0.88 0.78 0.92 0.61 0.87 0.87 0.96 0.64
Lagergren ky 0.017 0.016 0.035 0.028 0.030 0.041 0.018 0.012 0.040
“H/E N q. 61.73 98.04 88.50 54.95 49.02 40.32 133.33  117.65 98.04
R? 0.999 0.999 0.999 0.999 0.996 0.999 0.999 0.998 0.999
Weber-Morris k5 21.24 55.76 64.85 28.95 31.51 22.51 85.45 69.11 72.49
ETN:i 4 a, 7.48 7.33 4.15 4.65 2.88 3.19 8.73 8.23 4.77
R? 0.69 0.81 0.70 0.78 0.72 0.70 0.78 0.77 0.66
Elovich a, 31.16 65.98 70.88 35.32 35.41 26.77 97.54 80.35 78.76
b, 9.15 8.28 4.96 5.41 3.42 3.86 10.02 9.65 5.91
R? 0.95 0.95 0.93 0.97 0.93 0.94 0.94 0.97 0.93




