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Sustainable inhibition of ammonium release from sediments
by capping of bio-zeolite

XU Jinlan, ZHANG Jing, LIU Aiping, LI Kai

(School of Environmental and Municipal Engineering, Xi'an Univ. of Arch. &Tech., Xi'an 710055, China)

Abstract: The effect of zeolite type, coverage density and ammonium concentration of overlying water on sustainable inhibition of
ammonium release from sediments and improvement of water quality by capping bio-zeolites were studied. The results showed that
the sediment ammonium release can be sustainably inhibited depending on zeolite types directly. The surface of zeolite F1 whose
aperture was at around 8 nm was conducive to adsorption of microorganism which can degrade ammonium efficiently, so bio-zeolite
F1 has strong ability of regeneration in situ. Through continuous cutting sediment ammonium (sediment ammonium reduction
amount of each round was 23~30 mg) and overlying water ammonium (reduction amount was up to 18 mg) ,bio-zeolite F1 can
suppress the sediment ammonium release sustainably so that the concentration of ammonium in the overlying water was 0.4 mg/L
~0.8 mg/L in capping bio-zeolite F1 system, to meet surface water quality standard of class III. In addition, the sustainable inhibition
of ammonium release by bio-zeolite F1 was affected by coverage density and ammonium concentration of overlying water. The
release of ammonium was inhibited sustainably so the concentration of ammonium in the overlying water met the surface water
quality standard of class IIT when the coverage density of bio-zeolite F1 was greater than 1.46 kg/m? and ammonium concentration of
overlying water was lower than 4.28 mg/L.
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1 RS

1.1 SEIHH

S At R AHAL B WGX10~ WGX18 Sy 2164 B
J& (Bacillus sp) , RAHALE HF3. HF7 A AZAT
BB (Acinematobactor sp) " . Sy FH i DU

AR FL GEFMA) 5 F2 (BUKBEAE) 5 F3
(RAWA) 5 F4 (Bka) , KRR 1~2 mm
Z . YA A AL A ARSI TR 1,
1 ATRIUM A ALO; MR RFAEER:, WA Fl
1 F2 ) ALO; & B A 13.0%~14.0% -
15.0%~16.0%, =F#A F3 Fl F4 (11.8% 12.1%) ,
WA F1 A0 F2 o Fe,O5 WY& g =3 A F3 M
F4, WM aLAEZRHE (A FIL F2. F3 M
F4 4r %)% 826 nm. 35.13 nm. 97.86 nm i
111.74nm) . 4 Ffrdk Sk i il s i #2552 S0k
STk A gy e ) 46 T R D . S T RS DR 1
s, JRIERAEIE R 3.14%, SEE
BH 124 mg/kg (WF2) .

x1 OMBEARNEFEREILE

Tab.1 Chemical constituents and aperture of four zeolite

WA AR | %
P] Sio, ALO; Fe,0;  CaO MgO K20 NaO  H,0  #7l/mm
F1 67.0~68.0 13.0~140 1.0~1.8 1.7~22 09~1.9 1.5~4.0 0.5~1.5 1.8 8.26
F2 65.0~66.0 15.0~16.0 1.7 4.2 1.2 34 4.2 2.0 35.13
F3 70.8 11.8 0.6 32 1.1 2.2 0.6 1.2 97.86
F4 68.4 12.1 0.8 4.7 0.1 0.9 1.3 4.5 111.74
=2 KRMR
Tab.2 Characteristics of sediments
JR VRN JE VR
SRR % THRY% A% HE/mgke!) pH
B 60.50 3636 314 1.24 6.62

1.2 LW

& — BTG (2530d) RN
REEBRBER, A THEa RARENH &
FRETRRICR, IS S HOHT Ve A — 40 ) 7 26 5
B, AR RAL® (5 58) HEEA Bk R
TR BRI ISR E R S RO . AR 7%
R BRTBAARBN S8L (WR17.5em. 5 24
cm) W EORAHET, SBEIBEER 4 om MR
(%) 300 g), ek LS ES—ZHEEMNA, &
MmN 5L _EEK, KA 0.06 g/mL,pH A 6.79,
DO %) 3 mg/L, HARZLRE T HRIEE
BRI R: . 30 d JFHEHHTIE, W E—RiRm
A BUE Y Ve 5 BRI & PR AE T R e
FHITHH R ESELE, LRAEWERT
(22~26 C) 1T, H—RIVEAEHZHAHEH
I, e R AR

KT WSS A KA, BT R FEKEARK
JEERTHE IR A1 2307 240 S B S ORI B,
Y898 () whaRBMEgm: £ Lk
g’ AR, SRIESERWA (FI. F2) #4755

R SR Ve AR T (B A4 s
WEBA WA F3 F0 F4 REAREM B A, BkE%:
SR WA F3 R F4). Q) B R :
Y EBKAIR R GRS 3.91 mg/L I, B
Wi FL, 4» BIAE B 2635 B 0.21 kg/m®s 0.63 kg/m?\
1.05 kg/m*. 1.46 kg/m*s 1.89 kg/m® &4 FikfT 5
BMFRREREABEHNELER . 3) LEKEERK
BERIRE . Bk uha F1, 2 37E 4R R4
SEWE (428 mg/L f1 14.55 mg/L) 4k FilbfT 5
S R Ve A RO LT, eI Bk A
R MR- WAHEWKRE, RS rh iR ve
REM LEAKERNEE, ff5 BB ekhiE
JECh A B, AT A b R B U
1.3 W38 B oA J5 12

GG R SR FH 40 PR 6 BEV:, A AR 2 >R
SEHM 66 BB, WEAH I R N -(1-285%)- 2 —
B (R IS4 66 DR5000, 3%
FEWEA A H]), DO JilERH HQ30d #4L ([
WA AHE) , pH WERM pHS-3c pH 3t (_EifHs
ERAERARAR) - 4 AR RS RE
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R, 5 HBRWA RS BRI ERR A S R R B 581

RERERBAEAAME T EBME
(JSM-6510LV, HZA) #H47HEE (BEEmi
2min, HLFE 20 mA, BOREECHK 50 000) . 5 &R
o 48 o e B R B A AT A SRR . fRATRG, A
ToK CERIFRGAEIE A, HozERE LE
W, SRR BRARAT AL AT . BT
A 2 mol/L i CaCl, Y3k, 7£ 25 C F#i¥% 24 h 5
L, WE BERPREESE, XS A E8RHK
VA B R . AT AR A XS K+
NH4+ iR FE W FI g ) 38, ¥ K+ B a b
NH4+, SEEAEENTIS, 451 MA 2 mol/L fj KCI
VW, 7825 CRHR% 24 h 5L, WE BvEwH
MRRSE, ZBo AR ARG A B 2= AT
B YRR SR AT R R A Y AR R
B AAMEREERERANEAERE RN
AR (RAEAER) .
1. 4 ¥R I8

XF Ve H A B K h AR DL S

Y EEK SRR E R T BB IR & &K
ER, KR EEREERAAR (1) W M4
LEOK P BEWRERT LK AR ER, R
TP EAREERA AKX (2) WE:

R,=V(C,-C) 0

Rn = V(Cr? _CO) (2)
EBDKERHIEERA AKX () -

W,=V(C-C) 3)
FEOREREBIRARA AR (4) 5

En :(Co _Cn)/CO 4)

R

HE LT HERE
()543 F1(X 50 000)

R

HeE AT HIEE
(c)b A7 F3(X 50 000)

1 PFHAEERRRTE SEM EIXTLLE
Fig. 1 The SEM photos of four zeolite before and after hanging membrane

ot R RS n R IR T H A XTI VR b R R
M (mg), W, A% n SRE PTG X b
RER MR (mg) , V kR 3k EEK ik
L), C,H5 n BIRIHT R 5 — F I
4 EEK B E R EmYL), C, A5 n ik
17 50 550 J — R I 23 19 X0 R 40 78 U i 4 Gk
(mg/L), C,h BERFIAERKE (mgl) E, K
BRI (%) . HREE A A R R
ARG
my, =m—m, %)

e my B T R R 0 A T A
(mg/g), m Hg BAL T B A 5 i R
(mg/g) (HERETEA X G050 22 B0 M B RR DA B 38 v
PR R 5 my Sy B R S 7 ) PR AT B
AL > Fl(mg/g) (A NERBERR)
2 RS9
2.1 ARSI R S AR R B
211 PUR A A B LA

A SRR T B A 2K TR S B R R &
R, SRR DR R AT, Wb
Fl. F2. F3. F4 H:JEMTRTIHELREK (B 1) ,

Yha F1 A0 F2 REHRE. BA KBS MILIE, F
¥4 3R 8.26 nm F135.13 nm(WLF 1), HE)G,
AR R WSS R B BR A, i F3. F4 RAEER
Y6, IS HR 97.86 nm F1 111.74 nm, ¥
JEH e B AT A ARAL . PR 5 S S i B B A
Fl1v F2 #EATH 0 R JE S R i 5

o
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2.1.2 BEHMEP A FR S R B R RS

B2 2 THEBEME FL. F2 $REifR A
RBBIEDL. BHEWA FLS, 7 3 40
Sy 4T K R IR 0.5mg/L DA
T, BFHFRK T FREKFARE (0.15mg/L <
NH,-N <0.5 mg/L) ; J52 %chhd, REKER
WREM A TR, AEIRIER 0.7 ~0.8 mg/L, L H
K I KKK FARUE (0.5mg/L < NH,-N
<1.0mg/L) (& 2a). M 2 (a) BT L
A F2 BURBEA FLIF, SRk AR ERKE
Rk 4.0 ~7.6 mg/L, WEAETAMPA B2 X HR A
(10.5mg/L) , Ik V HoK ksl (NH, -N
<2.0 mg/L) . AW, RAESEEBEYE F1 R
LB R VR R AR, LKA BI M FK T
R K B . AR IR 100g W/ A1 100g
TRAIRAEEE (R 1L, KREE 4 cm)

Al DR EEIEWAE 0.7 mg/L A, ARRF5ESH
MR as R —2.
2.1.3 IR HE A A S AT

T R 7 A R 0 ) R Ve R B
JRH, PR EEKRRERE W IR, 45 RIE
2(b)fiR. ME 200)] LB B SR A F1 A&
Rikirh, RV R ARSI, SEHIRER
K, H23 ~30 mg/L. K EEOKEE W
(16 ~18 mg/L) , BT FEAKH 79%~90% )45
R, RWHBEMA F1 AT DAFRESA S RJER L
BRPMER, XtRESERMA F1 5ERT
K SRR R KK T 20K 3 R
. WA F2 X RIS B B 1
M 23mg NRERSE 5 5019 10 mg, AEERREEHI
I B SR, PR B K i A Rk i
KV BRI bR .

——H (RERMA) —s—EHEREBAFl o AR AR 901 (1) - "
3 3 3 N KR A
5 e Hae e Hee n 80 B
g f@ Ak . EEE woe | mEs 37
S0 107 L €
g 50
= 8t i)
= ) oy 40
& r o 30
® 4 & 20
LE ® 10
I 20 ek O
B 0 ‘ ‘ ‘ L ‘ ‘ ‘ ‘ Al &P’WW@’@ ﬁ"@’{\ﬁgﬁ’@
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B2 BEEEHAF M2 HFEEERENSIINGER

Fig.2 Reduction amount of sediment ammonia and reduction amount of overlying water ammonia

2.1.4 H:BE A AL AR S AT

KT HRGET 6 2K T e I 5 R U
SRR ELRWNERE, T 5 RS a5
2 RN AT BT AR, T
PIFE 2RISR . I 3 AR R R F1
MG 2R AR SRR 621 mg.g!, Hepfki
AR 2R AR A 4.68 me.g, Wb RALEE
H: 38R 75.45%, IKB) T EGF R RALTRAERCR, Frbh
Fl AR SR AR F2 2RmMERERN
239mgg’, EMEKREN 072 mg.g”, FAIEER
K 3021%, FALFEARRNRA F1 3, nAgSHm
WA F2 FTH B AR R A S AR R
WAEIFh A R . SRR, FLRAE Snm 2245
A2 R E e, T B
WAL EE AR, SXREERR WA F1 (4142 8.26nm)
Bl e RS V8 SR SRR R R

7
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Fig.3 Regeneration in situ of bio-zeolite F1 and F2 4§31
2.2 BEBEENFEIFIRRERBRMAF T

B 4 sk A F1 AR MR T
FEORBE R R . B 2()nT A, 4
HHEET 1.46 kg/m” I (1.46 kg/m’\ 1.89 kg/m’) ,
HEHA F1 A RRTE 5 RikEuh Bk EBDK &K
FEFERIAERARAKF (0.4 ~0.8 mg/L) , 5 FikGurh
H YA R R U8R R AR R
23~30mg (& 4b) , FHATPAKIIE L& K 16 mg
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R, S5 HB A RSN B R DR R R R B 583

~18mg M &S ( LB AR HIEER 79%~93%), 7§
BHIRIK T KKK RARHE (2B X REH
10.0mg/L) , FHIE BB ET 1.46 kg/m® Bk
WA Fl RERSRR S 0 SRR . i f 2 25
BEARRT (1.05 kg/m®) , FEOKERWKE EFHN
5.1~79mg/L, ZEHHFK V IOKFIidk, #His
BEEFAEH (021 kg/m’s 0.63 kg/m?) , B5%5H

NHRAR AL EZR; WMV EHBE R FIERKT
1.46kg/m” I 445 1R I o 42 S0 ARG O LR g
e, I HsE 1 %88 3.5 mg. 6.5 mg fi1 17 .0 mg
TRERSE S $/) 0 mgy 0.3 mg 1 5.6 mg, FREHRFSE
BB RVE A . SR RAERA Fl EREEE
T 1.46 kg/m” i, A BRI HF S AN R A AR
i, A3 B KK R IE 2 Hh KK T 2K b

——BH GREIE) ——BREEA kg2 —o— BHRERA0 ke —0— EHERNL05kgm2 %0 Y
—a I 9kgm) —— BEHILAskg) 2 (b) D;Eé%\ﬁ@vﬁg
R R ol =10 - Ve 2 I

0 o —. -
B ey
— 0 6 189

LAE/NRARMAK I/ (mg/L)

I 1E/(d)
(a) FEAERMKE/mg L™

0 10 20 300) 10 20 300) 10 20 300) 10 20 300) 10 20 30

21 0.63 1.05 1.
WA S B (kgm)
(b)FE5 Ml Uk S B/mg

El 4 HE#HA F1 BEEETEMNFEEERBHERER

Fig.4 Experiment results of repairing the sediment with different coverage density of bio-zeolite F1

2.3 FRUKE M IFEHISI R R R REMAIT
HE S %, #14 FEK &R KRR
(4.28mg/L), EaEERA F1 )5, 53k b
IKH S SR B IR A HEHFAE 0.7 ~1.0 mg/L, i R Hb 3R
K L oK PR AR, SRS EEK ) iR & K
BERR R 14.55 mg/L i, 7 2 3 hh EEKEE
WEERGE =R 2.6 ~3.9 mg/L, @Rk V HoK
Fiknie; 2E 3 i FEUKEARKED BIE
11 ~15.5mg/L, 5 EXRAEE (19.0mg/L)
WaCERMN. NFH EBEKEARKER
4.28mg/L WA BAR, 5 BIREPSRIRIEEEH]
WK 22.3~31.0 mg WA 5(b), IH:HXF FAEAH
M 2 & OH B R 16.3~18.0 mg, MUK E K

20} (a) 5

Rt EAIES me
167 Lkt
12} K[ H54.28mg/L

i 4
ﬁﬁif%ﬁfjﬁiijw *ﬂii
8K 0 R
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ZEA MRS INIE 5(b), FW Kb iR
JBE {5 b 7 2 2 M R R b R T R A
KRR, PSRRI AL, Hit, b
BRI AR T 4.28 me/L I, 75k
F Fl S SoA B0 BRI SRR, X sess R
PLIE R R B ST (1~5
mg/L) Ve kg R A B S, T S
F F1A] DLRR SR Ve SR W2 T 20K R
R, (EAE R U A SRR ™ T 1 B 2 A 3
10.2 /LU Vo TR i 3 35 185 33 D0 25 ) o A
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Fig.5 Experiment results of repairing the sediment with different ammonium concentration of overlying water
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RAIATIRAL A, JEALEAERE ) Rk 75.45%, WK
Ve b oK & A K A 0 R IE 23~30 mg Al
16~18 mg, A4 B KSR KERSIEHIAE 04
~0.8 mg/L, JEF|HIFIK 1T ZK JAn k.

() BHREEET 146 ke/m’ i, PG E
% JE ) R U A b K Hp A0 A ) IR 30
mg. 18 mg Zify, e KRR 1T FoK Fbnifk .
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HEBGESZEZTREHNBERAEE (Fib
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