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Abstract: In order to study the method of sediment resource utilization in the malodorous river, and to evaluate the nutrient remov-
al efficiency using modified sediment and its removal mechanism, the sediment samples (S) from a seriously malodorous river in
Beijing were collected in this study. The sediment was modified by oxidation and metal ion-loaded (MS). The nutrient removal effi-
ciency for S and MS was evaluated. The removal mechanism of nutrient was studied through kinetics, equilibrium, and thermody-
namic experiments. The results indicated that when the environmental temperature was 35°C , and solid to liquid ratio was 1: 50
(g:ml), the nitrogen (initial concentration, 20 mg/L) and phosphorus (initial concentration, 10 mg/L ) removal efficiency by
using MS was up to 90% and 98% , respectively. The pseudo-second-order model could better describe the sorption kinetics ( R*>
0.93), and the kinetic and isotherm study illustrated that data from the isotherm experiments were well described by Langmuir iso-
therm model. The sorption capacity reached 0.891 mg/g for nitrogen and 0.474 mg/g for phosphorus, respectively. The thermody-
namic result suggested that enthalpy (AH®) and entropy (AS®) were positive, and Gibbs energy ( AG®) was negative during the

« Abmtir B ARBRE AL AT H (8174080 ) Fi v [ 1+ J5 B4 2 4 101 H (2017M610968 ) Bk A % . 201812~ 16 Wi fi;
2019-02-27 Yt k. XA (1995 ~) , 3 A5 4 s E-mail : m17602924013@ 163.com.
w MAEVEF ; E-mail ; yixinghd6@ 163.com.



1230 J. Lake Sci. (#1a#2),2019,31(5)

adsorption experiments. The values of AG® decreased with the increase of temperature. The results showed that MS had the higher
nutrient sorption capacity, and the exterior activated site had the main function of phosphorus and nitrogen sorption. The sorption
process was a spontaneous or endothermic reaction, and high temperature was in favour of sorption. In addition, the results also in-
dicated that desorption occurred more easily than sorption at the same temperature.
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Tab.1 Physical and chemical properties of river and sediment (mean + standard error)

) TP/ ( mg/kg) TN/ (mg/kg) OM/% TR/ % pH
i 2t7]
1845.3+£167.5 3892.1+273.12 10.67+1.23 75.22+12.32 8.37+0.71
TP/ (mg/L) TN/ (mg/L) NH;-N/(mg/L) DO/ (mg/L) pH
K
0.89+0.08 9.31£1.05 6.48+0.55 0.40+0.12 8.18+0.66
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Tab.2 Physical and chemical properties of sediment materials before and after modification

E ey A % Py B T

FHEH
HEmBY (m?/g)  fLAR/ (em’/g) Si0, Na,0 AL 0,4 MgO Ca0  OM/% pH
S 2.83 8.89x107° 62.5 0.43 17.9 1.56 0.87 7.84 7.35
MS 30.07+1.82 6.89x107 59.8 2.29 21.40 1.52 0.17 5.89 7.39
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T 480 min 15 B W BT 3784 H0 G 0 B 45 T 2 2 i T A5 TR A TS B SR e v BB A 2 8 2K
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1.4 #iEAbE

A AN [ ) st AR 2 AL W A 5 (1) A5
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K, Q BRI E AN, mg/g; Co TR PRI BRI Z AR BE , mg/L; C, 28 VBR IR S ¢ B 20 (V9 VRO AF %
M RMEL , mg/ LV RBIEARBL, Ly WEAHRE S BT, g
BESEA L BRARNITRE AR
(G, -C)
% = X 100% (2)

P % BRI R L BRAR, % 5 Co AR R W UG BE M 2 R, me/Ls C, o 23 FUBFIE S ¢ IR 220 (9 JORH i
LR, mg/ L.
ABI R R E W B P 28 0 e v 8 g 2 A D R i — 2, s 2 D RS RO AT W 5T, 1 — 4



1232 J. Lake Sci. (#1a#2),2019,31(5)

EIPIEYE YR
Q, =0Q.(1-e™" (3)
o, Q. il A A R0k ST A7 B ) P-4 R B L, mg/g5 Q0 ¢ (h) B2 B R S AU B £, me/ g5 K — 23
J1 M, min~
W ST h
T 1 t
0. K- “

O, Q. A AN Mk Y A I 1T R B 4, me/g5 QR ¢ (Ch) IRk 22 ) B AN A IR M B, me/ 53 K, 9 — )
T2 %4, &/ (mg - min) .
W 45 0 238 R FH 22 L) Langmuir 1 Freundlich W fAR BUSR E 47425, P& 2204 34n (5) F(6)
FirR :
Q. K-C,
Q. = T+K-0. (5)
Q. =K -C (6)
o, QBN Z EAEWAH I T AW, meg/ g3 C o T A R B, mg/ s Q,, 4 Langmuir 3R 55 AW FhY
i, mg/ g5 K R W B0 X6 082 B J5T 1) 28 N T, L/ mg s K AW BT R 880, L/ g Ay i 0, 308 5 P A 2 73R R BRF 590 W it
JE R T 22 AR 1
ISR A7) (8) ((9) iR :

G -C. v
K, = -
P C., m (7
AG’ =-R - TIn(K,) (8)
AH®  AS°
In(K,) == —— + —
n(K,) R-T R (9

T, AG bRt At 1 REZE , k)/mol; AS” Sy by K2 I K 745, kJ/ (mol « K) 5 AH” Ay i i 52 I 4% 78, )/
mol ; K, g [ 73 Bt 2 K, ml/ g R 9 BRAR R # 40, 8.314 1/ (mol - K) 5 T S 2 X B, K5 m Sy W B9 i, .

2 #FREiTiE

2.1 MR SR8 EBR Y RAEMS

WE 1 s, FEFFERE T, 28— 3R A st A TR AR (MS) X B AN 2l U R BRAIUR Y
FIREVTRYIAE(S) , X BB 235 3] 90% LU I, 8 15°C T, 'S 1 MS 15 bt ) %l il i 42 L i &
BSR4 H 34.3% 94.7% 1 14% 86% s 7F 25°C T, 43517 27.0% .92.4% H1 16% .89% . Wi IR T, Wi
FhAL LR R A 22 BRI AT 1R, A R AR B R £ A 25 BR R A 25°C B A5 /0N B 1 I s 4R B 1 T = 35°C
B, B R o B R S ) R R R A I B T, 43 BB I = 40% 98% T 20% \90% .

FIEE R BN, GBS BT AR Z TR I AR, X B A A 0 R BRI KRR R ik, &
HNO, 4 AL 5 , DURR YA RE LU 2 T AR AT R i, 2 T M 00 800 22, Xl A 22 8 ) I B e D R R4 .
W, G 2k Na™, —J7 TR TE SR IR 2 10 T 48— )2 00 PR ot , 38 Ak L R AR, 55— J It 3 fin 1
PR Na, O By Fram (8 2) , KR LS 1 X B A 2 0 W B i 0. S e 246 2R [m) A 2 WY, UG8 X8 A e g
R PEREA 5 BB . 2MFREE IR A 15°C 88 B 35°C By A, B ARl 3 i A 2 i R 2 s R 2 9 |
T, X B B T AE — 8 R B Y T e R R, S g g s b G A, 3 T H, PO, Rl
N A A 3k 2 T A IE 438 ML 2 103 38008 I SR A P i ™05 95 — O T, R 88 /o T s (A8 T 2 10
H, PO, il NH; 345 A 1 1A EMHRHAOR: 26 11 100 8 B> a7 25°C i, BB H, PO Y 5Bk R A T
B, 3T RESE HE TAEM RH et B o, SR HNOS #E 47 U fb B0, ST AT RE R FTE 7, 26 LI
o AR B 5 H, PO, 56 40 PR AL, (A5 R BRI T . R, 7638 2R R P, 4 s R
I SR A R ke Tl A 2 R R



) B AR R E ARSI E S LR 1233

100 |- ]_ § V) 15C T
EE 25C T ::w‘
" — 35°C \
- — /‘ —
3 60 | % —
& —
K — —
40t % — —
A = =
w0t 4 ] T =
— — 7;}?% -
= = = —
0 or MSP SN MS-N

P JRE X e P e AN R B3 A 52
(S-P A MS-P 535310 S Hl MS X B MRER A9 K BR , S-N Al MS-N 5335|ly S 1 MS X 20U 2Bk, R IA))
Fig.1 Effect of temperature on ammonia nitrogen and phosphorus removal efficiency of modified materials
(S-P and MS-P for the efficiency of phosphorus using S and MS, respectively; S-N and MS-N for the

efficiency of ammonia nitrogen using S and MS, respectively, the same below)
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Fig.2 Adsorption kinetics curves of phosphorus and ammonia nitrogen for two materials at different temperatures

SERRW] AEAIRIELE T, MS X 2 Ui 1 W B 28 T S, ELMIRORERELE 35°C i 3o 22 S0 R Fr) I8
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A B EE O~ 10 min PYTRGHIEAT, 10 min DUS I 52 B— AN S0 19 e B R 4. 248 40 min B, 2050 R0 9
P R A ek SR B i A X 2 R AR I BT 4 B B R T v A 1 B H, PO R NHDRG B TE T4 3 1w, 7%
AR XS 2 SRR P IR B B DR T TS oA ) WA 3 3 ) T o PR g 0 R e (2 A ok 41, 2 AR ) S8 He A
PR S I G G S X MR 3 ) 2t AT IS BT S 3 R, A
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{EAT 3K 0.891 mg/g; il P A7 I I HE 1T 5, B ARG R B & (B R 0.474 mg/ ) AT B AR , (Hl
i RAR B I FOAARH I 75 (A S0 A OB+ B B 5350 0.02 Fil 0.41 mg/g) % Btk I (TR
Yokt P AL BRI A ERE. HAh, 3 3 TG SRR 1 IR R R K A2 AL, WP Rk IR B L
F10 3R SR KG OMEL D MS>S , HLER S BE By , K (EDBOAR , 3 32 R phy T B8 A 7 7, Na 15 0K 26 11 % 1 3
P25 AE I TSR, 5 5 5 15 AU RE VAL R AR SR, M T 5 B e T AR PR T, AT — 28 R i AR A 1 TR o o
B
% 3 iz e — 2 E ) Sy 2707 R PR A R TELIE T X B A0 2 S W B 3 ) A 25
Tab.3 Fitting adsorption kinetics parameters of phosphorus and ammonia nitrogen at different temperatures
for the two materials using pseudo-first-order and pseudo-second-order kinetic equations

HE—2 3 14 2R a 14
M BPEHES
Q./(mg/g) K, /min”! R Q./(mg/g) K,/ (g/(mg-min)) R
15C S-p 0.161+0.007 0.246+0.055 0.8550 0.162+0.005 2.663+0.588 0.9360
MS-P 0.462+0.003 2.637+0.316 0.9940 0.466+0.002 22.595+3.663 0.9980
S-N 0.140+0.003 0.891+0.110 0.9627 0.141+0.001 12.044+1.212 0.9911
MS-N 0.846+0.006 1.924+0.164 0.9928 0.860+0.002 6.722+0.351 0.9994
25C S-p 0.124+0.004 0.719+0.134 0.9100 0.130+0.002 8.783+1.327 0.9750
MS-P 0.459+0.001 3.358+0.254 0.9990 0.461+0.001 53.010+7.471 0.9990
S-N 0.147+0.004 0.910+0.169 0.9197 0.152+0.003 9.925+1.790 0.9696
MS-N 0.883+0.004 2.140+0.138 0.9968 0.892+0.002 8.545+0.453 0.9996
35C S-p 0.160+0.005 0.685+0.132 0.9050 0.168+0.003 6.264+1.004 0.9710
MS-P 0.474+0.001 3.392+0.254 0.9990 0.477+0.001 53.080+7.474 0.9990
S-N 0.187+0.002 1.209+0.128 0.9781 0.191+0.001 13.338+1.346 0.9938
MS-N 0.891+0.004 2.362+0.149 0.9976 0.899+0.002 10.751+0.809 0.9995

2.3 BRI BRI R Lk S T

22t Langmuir 1 Freundlich 2537772 (58(5) F1(6) ) AT FH S 4R 5 b Ak xob 4 SRR Fy 0 LB AR FF 50
AR R T B RO TR 2 P 0L, 1E— A5 e R o S R RV 1 i B AL 1, 10045 4%
P 3 FR , E SO 4. G5 [ — IR BE S, B 25 1 VAL Pl 760 2 i S vk 8 1 14 m , 7 o o
ek T 2 0P R e 43 B 3. AR 4 v LA O R 5%, Langmuir 65760 T LS G i 35 R 0%
SRR (MS AP BERLA B R >0.98) . 25 5 o, 25 T B8 09 T8, 6 o A o 2 280 Al ) 5 K i
(Q,) FIZEFRIIT % 8 K ERWTH K, 16 35°C Ik 5 e @8, 4351 H 4.986 L/mg . 1.113 mg/g il 1.565 mg/g.
0.54 L/mg. A, S 2 T3 0, b sk xoh 2 2Ll S 4 0 B o 25 V0V v 2l ) - e 2 150 71 3 T
T, 336 5 R TS A O s (30 e A G, S 0 2, 9 T 95 R R 55 o7 45 o e , S
BRI /N 2. AR Langmuir B85 AE A5 H A 195 R b Ak (00 W B 5 ST R L (L Freundlich B0 n (6
DR T LS MR EHE BB T RS DN , 52 T W B s B BRI I . RIS, Freundlich #870 rhg K,
(R , MS EATRER i K AH, 260 MS HA s e B30 2 0, SR R AL 45 2 R e , DT 4
X AR R B

MO 4 A S e P B BRI A 5 A B R HEA T T Hee. S5 SR AR RS P i MIS o
T A 2 7 3 DL AT R B A e £ 105 B (4t 7 0.26 mg/ g FRLAD 0.51 mg/g 47 BEAb 0.02 mg/g
FIREAAT 0.49 mg/g ™™™ | SGECHERRIAR L , Qg S R A (R B 43 510 0.62 F10.58 mg/g) , i3y —
SERAPREI L A, WA U 22 R ST E AR B, A B R B T 5 Ak, 78 TR I TR,
AR BT 5 4 kgt AT Fp g B ST 8 IR e R B A T 4 S R B
£ 7% ORI X B R AV RS SRR 7, ARk T A i 1 ) TN TR B3 A A M 40
B, E— S PR 1Al T S LA LA AR P A TR ASE , DRIk, R e Bl A R 250 1t Bl —
) I3 T 5%
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Fig.3 Adsorption isotherms of phosphorus and ammonia nitrogen for two materials at different temperatures

2 4 VR RL GRS Langmuir F1 Freundlich W BFF45 i 2% H %k

Tab.4 Adsorption isotherms parameters of phosphorus by Langmuir and Freundlich

Langmuir Freundlich
W BPRUEES
K/ (1/mg) Qn/ (mg/g) R K/(L/g) n R
15C S-P 0.012+0.009 1.295+0.664 0.9646 0.0189+0.007 0.845+0.113 0.9590
MS-P 0.522+0.076 1.469+0.064 0.9900 0.461+0.055 0.363+0.043 0.9570
S-N 0.024+0.022 0.366+0.188 0.8764 0.011+0.008 0.768+0.215 0.8375
MS-N 0.065+0.012 5.651+0.698 0.9974 0.379+0.013 0.781+0.017 0.9990
25C S-P 0.014+0.01 1.316+0.612 0.9620 0.023+0.009 0.816+0.109 0.9580
MS-P 0.568+0.114 1.503+0.087 0.9830 0.497+0.047 0.353+0.035 0.9720
S-N 0.035+0.019 0.389+0.109 0.9314 0.018+0.009 0.692+0.152 0.8838
MS-N 0.110+0.012 4.603+0.308 0.9984 0.473+0.021 0.734+0.024 0.9976
35%C S-P 0.014+0.010 1.498+0.765 0.9580 0.027+0.010 0.813+0.109 0.9570
MS-P 0.540+0.126 1.565+0.105 0.9780 0.513+0.041 0.357+0.030 0.9810
S-N 0.025+0.016 0.561+0.210 0.9272 0.018+0.010 0.736+0.151 0.9005
MS-N 0.113+0.013 4.986+0.368 0.9984 0.517+0.018 0.748+0.020 0.9985
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Fig.4 Thermodynamic curves of phosphorus adsorption by two materials at different initial concentrations
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Tab.5 Thermodynamic parameters of phosphorus adsorption by two materials at different initial concentrations

S-P MS-P
Co/ 0 -0
(mg/L) AH/ AS"/ AG"/(kJ/mol) AH'/ ASY/ AG’/(kJ/mol)
(kJ/mol) (kJ/(mol-K)) 15 25%C 35 (kJ/mol) (kJ/(mol-K)) 159 25%C 35°C
2 7.82 0.05 -5.93 -6.44 -6.88 25.19 0.16 -19.69 -21.56 -22.80
5 22.78 0.10 -7.18 -8.33 -9.26 18.46 0.12 -15.59 -17.03 -17.95
10 9.98 0.06 -7.81 -7.22 -9.07 31.84 0.16 -16.29 -15.88 -19.69
20 7.57 0.05 -6.07 -6.58 -7.02 1.91 0.05 -13.47 -14.03 -14.54
50 9.81 0.05 -5.63 -6.17 -6.70 6.15 0.06 -9.84 -10.39 -10.95
S-N MS-N
Cy/ o o
(mg/L) AH/ ASY/ AG"/(kJ/mol) AH®/ ASY/ AG’/(kJ/mol)
(kJ/mol) (kJ/(mol-K)) 159 25C 350c  (kJ/mol) (kJ/(mol-K)) 159 25°C 35°C
2 86.88 0.30 -0.14 -1.18 -6.23 9.27 0.09 -16.49 -1749 -18.27
5 26.01 0.11 -4.42 -5.84 -6.52 9.96 0.08 -14.49 -15.32 -16.18
10 8.80 0.05 -4.14 -5.95 -5.01 14.81 0.10 -14.02 -15.14 -16.02
20 15.47 0.07 -5.03 -5.65 -6.45 14.71 0.10 -13.69 -14.88 -15.65

50 17.43 0.07 -3.33 -4.05 -4.77 11.17 0.08 -13.08 -13.90 -14.76
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