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A Study on Bioregeneration Process of Ammonium—Saturated
Clinoptilolite in Subsurface Wetland Systems
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Abstract The laboratory scale wetlands with planted Phragmites australis and Acorus calamus and zeolite
column were constructed by ammonium-saturated clinoptilolite and sandiness soils as substrate. Bioregeneration
process of ammonium-saturated zeolite in the planted wetlands and zeolite column was studied through aeration,
natural oxygen diffusion, oxygen transfer by plant roots and substrate inoculated with nitrifying bacteria of sludge.
Kinetic models for the biogengeration process of zeolite were evaluated. It has been found that the biogengeration
process was subject to power rate law in the wetlands and to both of power rate and linear laws in the column
during the test period. After one month bioregenerating, the ion exchange capacities of zeolite in the wetlands
and column restored to 60.3% ~ 62.6% and 11.8% of the original respectively whilst to 94.6% ~ 94.8% and 38.4%
respectively after three months. The results have denoted that the zeolite in wetland had better bioregeneration
effect than in column with ion exchange capacity recovery rate of 50% ~ 63% net value added. According to the
results, mechanism of the bioregeneration process of ammonium-saturated zeolite in planted wetlands was pur-
sued and feasibility of the zeolite bioregeneration in wetlands was demonstrated.
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KTEHAOMWEYHLE, H5H MurphyW&F
1978 F42 ., AT R AL M b A 4R, SR
MH. BB 15d EARHE Y T RMHELE
[ 28d A9 %K« Tsunol™ 245 3k 4 V8 o i Y9 W P A AL )
B 3R B A R A A R SEE A AR A
1 59 B A Rl B BEATAY H B9 . Green!®) 25481 T A ¥ 83
T T AR B T K, W R M R A A
BAEET | AR, EE s a R, fEEX
e T 2E B B W R 00 R o A {0 20 B % b« A2 ]
F1998.2000 FXHZ T EH—EHE N KB/ TR
2E A A B 3B, McVeigh #l Weatherley™
A B Dimoval'"V SER5E T 5 7K 2 1K BH & F 39 85 40 R Bt
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HAl. X F#daEAN TR EMEE R
F.ARERET ALBHNMNIRE, TR TS
KOEPREA.BES. TGN TS AR
R B AR E AR UL B8 K ) R G (8] BR
KOKRIEFTE . HAR AVARIEF ARG E R W #E
FHE MR TN ATEAN TR RS
GER A BELBABERE, BRTHATE
N LM e A ) B AR 0 m] AT 4

2 EHHEFNA X
2.1 g E

F 4% 30cm. & 40cm I [EH(PVC #EDE L 1
B2 BATBMAL, FRIEAHEH KR, A RE
HBOMPE L REANFERELA 1115, BIK
B, 1 SHEAE. 2 SHEEWE, VIGHEKEERN
30 Bk/ m.3 BREZNEN 8.0cm WILHEY B A
., HEsda, REEARKE.3 MREPEHEY
=R R A PR K SRS &2 A (B4R 2mm).
2.2 LR
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PMRE PO O FCHEGHEE NHC BB

{5 ’@*ﬂ, WEHAM NH-NMAHFEE R
13.74mg/g. 7501 3 RGP H L TR FHAEE
i57K[COD¢,.BODs NH;-N 43+ 5[/(241.3 £ 53.4),
(148 + 32).(27.6 + 9.7)mg/L], i 3 M AL Ty H F
FRERES 1.2 SREXRARK- ETET.
HEKETEA 2d. & T-RHEY 6h K& % T i F F 7K

TRz S AHEABRNBHTTE A, MR HRER
PR, HE TS K E A RIS R E AR A, HEAT
PSR, (6 AR i P A B S MR BE A NHG B NOs 07
RGP i . TRBE R MA NaHCO; RFER
pH.B1TE, 8 3 AN EBS B 3 A RGERBEK SN
A 200mL f54ki5 8 (VSS=1.2 g/L, A% R4 MPN =
1.4 x 107 4~/ mL, f§BEAHE = 2.5 x 108 4~/ mL), %t 3
B AT, B8 DO X 3.26 ~5.34mg/L. H
THEE EHYWEBRHEDERKNTE EEHHER
GEH R W T5 K, Tt A SR Ak BT 7R BB U B AR R
TFk#kE. S BITESS 30.62.87.120 KB, [EmH
E 3 MNRET AR NHI-N B4,
222 ¥A FEAEYERDNE

ABIZES 30.62.87.120 KEIRM 3 MESFKH
Béltﬂ EREA, RS EEL LY, B

HHEFMAYE WEE A LHEdEN

%

222 MATRTESEREHPHBEHEFRHER
e

SRITE 3T B 1 5.2 SHEERE 10,
20cm 4bHR A+ HEFE R, ﬁﬁ@m@ﬁ@lxa‘ﬁeﬁmﬁﬁwﬁiﬂﬁm
BiRXBAR. BRELR 3 AT AT
KR Tt ok, R ICP ¥%ilE.

3 ERG5H
3.0 WAEYEEIREY

P IR A0 A B T IR P B R R i G B
A SR N REENFEREXRLE 1),
SRH C=12.414e 002 6 (K=0.029 6, R=0.990 4)FI
C=13.322¢00%08 (K=0.030 8, R=0.996 1), i f
BB

C=13.559¢70004 11 (K=0.004 1, R=0.991 5),

LPEEEA

C=-0.044 5:+13.438 (R=0.983 3)( L& 2),
X, C—iff 4 NH; -N JER 5 $(mg/g);

t—FARE(d);
K——1 RSN S E
R— M X A¥.

MBI 75 B2 T AL, ﬁ%i@f&ﬁgiﬁm&#@ﬁ
SHBMABEAEYEERREEHENZE R
(P>0.05). ZE A T4 RIS 30 K, FERMB AP
NH;-N RE4- 5 13.74mg/g %2 5.14mg/g, BT
WL £ 5.46me/g, RILABR D HIRE T 62.6% Fl
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60.3% FEREFTRYIT 2 D H BTN, P 5B s

12 T NH;-N BB HCHEE 0.71mg/g, BTH BT E
5 | R3=0.992 2 0.74mg/g, T AR BIKE T 94.8% H1 94.6%. 7%
g %120 KIEF, PR 4t NHi-N a7 80
zoof i 0.45mg/g. EHIEHIATN 0.38me/g. TEREATHAE A,
= =]2. e B9 br .
gl R=0.980 9 ORI A NH;-N B2 08 13.74mg/g [ =2
) T 8.47Tmg/g. BB AEERI I T FL T, M 47t NHG-N
0 30 60 90 120 AR E 0.45me/g WRE, FE 28 MH KR
t (@) PRI, BB E XA KFEEN 10 ~H.
T AE O Hi. AL, 2 RO 5 S 22 Bk A0SR Ak K T AR B
B EEESPARENEEIREL (6], 53 i 2 B £ RS 401 ] b 4 & 720 15 B AN BA
15y TT L 3 A S R R o ) A 40 A
L] O 0.0 5041343 REHBMES, TELHTHEMNE 7tk f.
E S MG T SEATT L S BT A2 RS - A i 4
Er g H T 7E SR A T TR b 7 R A TR R B
= C:l . "9 noed - A N\
: of R=0583 1 BRI 9 L SR RS E L T T TSR AT
£l 3.2 B AR TR O
1 . NN 00 G2 0 66 T L R b P A S R H R A
0 0 66 %0 120 o o AR B 0 A7 P P 8 7, 5 i P R S R
@ IR AT A 0 B TR SRR 8
2 EEEMPARLYELSTREN B FE 1.
1 FSMEMBLENRETHEELEMEMEESY (mg/g)
TE i o IRSR 2N Ve 3G hikE JLE i o b4 ISPk A
Na 41050 - - B 0.0000 0.0813 0.090 6
K 0.3447 0.0446 0.064 6 Ru 0.000 0 0.000 3 0.000 0
Ca 18.8800 0.093 3 0.106 5 As 0.000 0 0.001 4 0.001 6
Mg 0.0867 0.0069 0.010 8 Zr 0.000 0 0.000 3 0.000 4
Ba 0.0053 0.0008 0.001 4 Co 0.000 5 0.000 3 0.000 4
Sr 1.787 0 0.0280 0.038 1 Cu 0.000 6 0.001 2 0.001 4
Si 0.042 4 0.0839 0.082 2 Hg 0.000 5 0.001 8 0.000 2
S 0.0855 (0.0839 0.082 2 Li 0.007 0 0.000 8 0.000 4
Al 0.004 7 1.2658 1.603 7 Ni 0.001 7 0.000 6 0.000 4
Fe 0.0120 0.0122 0.0170 Pb 0.001 7 0.000 8 0.000 9
P 0.0001 0.0246 0.024 6 Mn 0.007 3 0.002 8 0.003 3
Zn 0.0014 0.0133 Au 0.000 9 0.121 0 0.1158

0.0131

FEBE PR RERE TR RS B AR
TR MER 1 HIE, FHOBEGTEER Na K.
Ca.Sr.Mg.S.Si %,ANa.Ca BZ, EH#EL
FEEARRMEHE T, SRBaP2PEH 4.1050.
18.880 Omg, M AL AR 85.2%, # KT H
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1] 3% A PN S E N S L KA A R L T
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e R AT, FE AR SE 10, ¥ o NHY 54 R R 8

B TR R BRI, 18 1 A RIS

BoOMETE 3 AAR. CRTEBEMER.

TEALE P, 7 B 1F S 52 4608 T S A B AL
1 4 0 52T b A T P 5 2 G B A, R R S 54
HL BV S LIRS O, KB B S T
P %A B R L A A B e R AR B

BEE R, — P LA R R T RSN AR R Y
NH; #7304, B T EFRXHRER, B—HER
AP AR B ML R A D NHY . % 2 B, AHER 4
B ELHBRARNRESN | MEER, TR
MR A K2 ERMRE SR SR2RERG
TR NERELBMEZTHNEN 1 MRS,
HEGHE R EA * . Randall 1 Buth!" A%, DO &
T 2mg/L gV ABE R L E TR E, X 3 SR SR
FEHLETE 3mg/L VA L. I R S0 R A [ 8t KB 7
X, EBEETH, E[SHFEABHKESRFETEE &
WK B, A N E  E R KA, HE TR
YR ARWREEN, ERAZABABESERFZ REBH T
4. BERE, RIRESRAEMMBEG, FETW
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LSBT (AN ) THERAEE (1Ne)
s @ —
HIOR 262K ELYES #H120K BWI0K H62 K HITK HBI120K
b A 1.0 x 10* 2.5x%10° 33x10° 1.3 x10° 1.4 x 103 1.9 x 10° 3.1 x10° 3.8 %105
RS S Rl 1.8 x 10* 3.2 % 10° 1.7 x 10° 2.7 x 10 2.5 %107 3.2 %108 1.7 x 107 2.6 x 10°

TEFAEATRETEA, # A B AL R R E NH #is A
B - HER0RL 09 R 9 B AR AL B % 4k, B T EE AL
1 A2 st R0 R 46 2 R U8, e AR W o TR A ) e )
WL T TH L AR AT NH 1 2% 1137 28 FAE ) W e
FLRA B ARG S S ERERN NH KBS FA
AT E 67d B, R K Y NHI-N BREWRE &S
113.1mg/L.NO- -N BB &R E A 3.43mg/g, NO; - N
TREWE R 18.53mg/g.

BE & A (L R EAT, NHY RBTHb 840 A NO,
FINO;, MITTES £ R N MR —E /Y NH WRE
= HAEL R AREHT ERE SRR AW
K& NO; #{ R AH AL 1E B AR RO TE 4, M S
MEEMBE RN ERH.

EER AR M A PR EARR,
HHEHUENER. BAEPBA LRMEYEEZT
B a LMEMEE, BESRRMA, HH
TEFET EEEA . EBHE R T e AR
WP EAEEMEZTHZHME TEHE (L% 3), B
T AR AR F I, SRR
YA AR TR NH X hE i i ik

RI3 BHAGTIREAE FRREE (= 10°mol/g)

A 15 2=
it

10cmit 20cm#t  F3 10cmit 20cmit  Fiy
3 11.64 11.99 11.82 11.15 11.36 11.26
7 11.37 11.69 11.53 11.30 11.08 11.19
11 11.23 11.74 11.49 11.92 11.67 11.80
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SHBRFEHER, HERBAN C=12.414e 0084
(K=0.029 6, R=0.990 4), BB HuA A C=13.322¢0080%
(K=0.0308, R=0.9961); Xt ¥ A R4, BEHE T =
3k C=13.559¢ 000411 (K=0.004 1, R=0.991 5), L& P44l
FrAE R C=-0.044 5:+13.438(R=0.983 3) &R B,
WA TEN A P A AR R P BRI AR ROR .
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