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Abstract [ Objective] As an important part of the biofilter tank, the study of its adsorption characteristics is of great significance to
selection of adsorption filler of hiological filter tank. [ Methods | This study selects 5 typical fillers (walnut shell, volcanic rock,
zeolite, omphacite and ceramsite) with typical representatives in biofilter tank for nitrogen and phosphorus adsorption experiments,
including isothermal adsorption tests and kinetic adsorption tests. Based on the result of isothermal adsorption fitting and kinetic
adsorption fitting, the adsorption characteristics of fillers are investigated to explore Adsorption effect and characteristics of filler.
[ Results| The test result showed that the adsorption of zeolite to nitrogen and phosphorus in 5 types of fillers were 0. 335 7 mg/g and
0. 004 5 mg/g respectively, and the adsorption of ceramic particles to nitrogen and phosphorus were 0. 107 4 mg/g and 0. 019 7 mg/g
respectively. Overall, in 5 typical organisms zeolite and ceramic particles in filter tank filler showed a better adsorption effect on
nitrogen and phosphorus. The quasi-secondary kinetic model can more accurately describe the adsorption process of ceramic particles
on ammonia nitrogen and total phosphorus (TP) in water. The adsorption data of ceramic particles and zeolite were well consistent with
the Freundlich model, indicating that the adsorption was mainly chemical adsorption. [ Conclusion |  This paper explores the
adsorption performance of walnut shell, volcanic rock, zeolite, green pyrolite and ceramic particles. The experiment shows that zeolite
and ceramic particles have high adsorption performance. According to the adsorption model, the adsorption result of zeolite and ceramic

particles are more in line with the Freundlich isothermal model, and the adsorption power The scientific characteristics are more in line
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with the quasi-secondary dynamic model. Combined with scanning electron microscope (SEM) and brunner emmet teller ( BET)

characterization structure, zeolite and ceramic particles are finally screened out as high-quality nitrogen and phosphorus adsorption

fillers.

Keywords packing ammonia nitrogen total phosphorus (TP)

RN AR A o o A S A PN
W, KA B S S BOKIR E &7k, i —4
fEE A A IBE I NI, Bl K s Y,
U, o0 T R B TR I A IR 7K e 4 Wil ek atE A 745
BIRHL, AR K IR TG e B R K BB 2 4D
FEINEE A,

05 YK JEHE AR R AR FH K TR K AS BE T A2 ( M 3%
JKERES AR ) (GB 3838—2002) H I 2 7K 44 #E
TEBRUE R K T EL R | (H 2 5 e ik A B S A7 fE 8
IR, B35 e 7K By 32 2 o 5 40 45 0 T M 3 42
T IS K AR B R K ARk AR S R A
IEEEK T ARG B AL A B Y g I T
B SRS AR T U SR BRI A T5 Y, (B T
Sl DA RS i sl 2 Ak 1 A 3 ) B SO R AN A, HLAR B
B RrRe s AR ks g, B, F-HR— R REfE
R A0S Y, SRR 52 B R AL R A Ak B R
BCA T Y RTAAFFTIAS

A= P A Ry — P LA A A B R B
SEFRRORGF B AT AR AR R H R PR AR A 8
Wz ) T E RS, AR Y A SR AR
BRETWHAEY LA LR R HMAYXTE P
TR IR ARAE FE B K A 3 0 I A A Sk T R AR
BT, W SE K SR Bk, e 2Bt b f
AV S BRI FR L T — N2 A SRR E0R

adsorption characteristics  characterization of structure

SR AR TR AR K %) 2 T R B A A (R T
A U3 5 A3 A A LA Ry SEORHR R B 3R B A T
—ANFHEARS SRR SR I e R, MBI
BLFR B IURIY S I, S0 1 S W B AR
AT R 5 T B2 i 5 e g, R T S0k ) B S T
DL EARESR, BT AR T LAk A T AR
ML BRAS ST Y, PR A RS e K TR K A B 45k
R F A IR K AR sT bR A i AR AR
ORI e R R AR B ST A A, R,
YR 38 Y SEURHS A A it ff FH A S5 8

AR 530 3 IR T G 11 S R I B 58 3
P PR, 5T A5 T I R UL N Bl g 2 R R AL
IR AOBE L R R, 45 A B B b
(SEM) Fll He ¢ AR Z0 T ( BET) FAiE 20 A 7 1k 1 U
W PR R DL A SEDRE, by i DR AT Y K T G i AR
FERE B3 ) e BHEDRHE AL B AR
1 MB5F*®
1.1 REFR SRS

IR e B Fir A= P08 i F R, A G K
SREURHRI T HURE, A Bi& ke ks BhAr gk
WA Bk, 1 iR g iRt T AR an Ak
WhIR AR R el 150 K O AR B (M e
JKERES T B AR E) (GB 3838—2002) M 2 /K I & 1Y
S E AROK,

1 TR
Fig. 1 Packings for Test

WA AR 5 . AN AT UL 4 ot O Bt
(UV-5500PC) \HLFKF (FA2104) < i fE IR
P 4% (SHZ-82) (HEAH (DHG-9070A) | 4l /K
HL(PLUS-E2-10TJ) ., &% ( TP) 2k H 4H IR & 4

I I 5, SRR 9 ECAR R 4 e ol B kL
1.2 REHE
1201 JEUREXT RO 14 25 ek Wiz o

FRECEE 100 °CF T4 2 h AY3E0RES 10 g InAE]

— 107 —



XU E I SE TR , 55,

5 Tl ST A 1t SEOR SR BT R B CRRAE

Vol. 44, No. 3,2025

100 mL FhER 4300 1.2.5.10,15.20 mg/L(#%
N i) B9 NH,Cl 57 , %% 10 g A E] 100 mL kg
JE43 534 0.4.0.6.0.8.1.0,1.5.2.0 mg/L (% P
11) 19 KH,PO, ¥ (R4S 3 TR o 4%
T BE AR TE 25 °C 557 125 v/min BOSCAE T, 1 4R
DieelRi% 12 hy 20,45 wm 38k it 38 5 I 5@ S
B DA B SFUR A ST A W0 B
1.2.2  SORDO AR 3l 7 7 R FfT

fE 100 C T T4 2 h J5, Bl 10 g SHEHIMA
250 mL HEIEIE . BN 4330 A 100 mL, 10
mg/L ) NH,Cl % %f1 100 mL, 1 mg/L 9 KH,PO,
W (A 3 A FATHEAR) . TEREE N 25 C |
RGP H A 125 v/min BT, TR G A0 #E
1£ 30,60 ,120,240 360,540 960 min J&, B [ 7
IR 0. 45 wm 38, W E 1R BE DA SCSEDRL Y SF
T B
1.3 BIESHHIE
1.3.1 S5 A Y

Langmuir EE BRI Freundlich 25 1RSI 5 72
A= (1) f=t(2) .,

C, 1 C,
Sa (1)
q. QK 0
1
q(‘ = KF Cc ! ( 2)

Horpr, g —— AW i, me/g;
C.—— W 55 Pl o R, mg/ L
Q—— W2 5 5710 114 2R 43 7 J2 100 R R f

mg/g;
Ky Ky A5 e
1/n zﬂﬁj\%&o

1.3.2 B J72A 0
WE—20 Bl )y 2 BRI ME — 98 3l Sy 2 RN =X
(3) 1k (4),

1

2.303" (3)

log(q, — ¢q,) =logg, -

t 1 t
= (4)
q[ kzqu q&:
Hodr, g, —— B2 R, me/g;
k] \kz [ﬁmj‘ﬁ%ﬁﬁ,min_l o
1.3.3  HBURMERE AT
HHE M (SEM) : KR H Quanta250FEG 7E

— 108 —

I R (20 kV) FHEFR B SEM EHZ .,

FeR AR 22 ( BET) « R NOVA L 8%, 75 )
AR (273 K) T H N, W FfFsmi5 0} L R A
2 ZR5WHE
2.1 SRR R B EIR R FE

R A [7) G 5 R T Ak T A5 SRR Ul 1)
FBR% e 2 FE 3, v, B A kT P
KK ALEE TG A T A BB B K ED,
o WA SRS AR R BRE A T R — 2
#, FAEMTREIERE N 5 mg/L B kA s i
L2y i AN E = N R [T R W o R Y
FEP K TPEREATR B S Bk, 275 A A A5 i A o
PR PR KL A Rk Rk A
AI53 HIGE TP [ B K E /N, v, Bk AE 5 B
TP J5 T A7 75 45 B S 19 £ 34, T A% Bk 526 8 4y %
TP M BREE S48 2% o Y W V- iy ot et v B o 1
mg/L B, 2 BUREXT TP 1 £ PR R AR, T B

AL

B0% ~
w-
SEg T
0% - ——
_‘_L-‘-.‘—‘—u-\_.-_
* !
G- % —s—pEETE -e- koligy
at s ol TSR o
-’“E S0 LN = I:Irs-r'l'-
+ 0% . T
‘._ bt '\-H_""\___
v M IR SR ol
T -
300 s =
e ! " L " ! " L
0 5 10 15 20

WAk i BE img- L")

2 AR A5 OB U LB
Fig.2 Ammonia Nitrogen Removal Rates of Each Packing

under Different Concentrations

(1) BUREX 2 A0 5 T e B

A Langmuir 1 Freundlich 2 Ff 4% Y A% 1 451 SR}
X A Al R BT R A  AHSCHL S S8R 1 s

T R FRHEL G S 80T LI R, 5 A
BHE Langmuir J5 F2 B9 AH LA 2 8UH ( R*) /NF
Freundlich ﬁfi, Freundlich 77 & 8 R* {8 43 % K
0.998 9.0.989 5.0.997 5.0.993 5.0.978 8, iX Ui HH
FUAAE 5 FHIECRER 1] Y W R 32 22 A 2 M, X 2
—FP AR I R AR

FIFH Langmuir 25 Y A5 A1 15 21 S0 X 220 1 31



Hr

KoOHOR
WATER PURIFICATION TECHNOLOGY

Vol. 44 No. 3,2025
March 25th, 2025

—=—fplE - ilie?
. ':".l-‘;-{l[ —v iRl
sovar e Y MU
Voo
st R Y
H0%f
5 .
g B
2g 40060 A_l_“-- -
- .
R e e
200k el
i, S -
1I. 1 1 1 Il 1
0.4 08 1.2 16 20

LERTIR: cieal el Pl

VO RN W B 45 A, 43 0 A A% Bk 5 (g, = 0.367 1
mg/g) >l A1 (g, =0.335 7 mg/g) >kl (q, =
0.199 7 mg/g) >HHi (¢, =0.107 4 mg/g) >LEHE £
(¢,=0.105 7 mg/g) , Ui BHAZ Bk 72 W B 20 10 1

1E 5 FiEkbh s it . K fHJ2 Freundlich H| W IE R}
X R B W R RE T B 28, R 1 AT KO RN
J¥H 3841 (K=0. 026 6) >EBE5E (K=0.025 3) >4
i (K=0.016 9)> K117 (K=0.009 0) >LHE A (K=
0.007 8), HHULATAR, 55 5 FpIFORE s A X 2
R PERE SR AL, R® RN HELEHE R, R® BdE
UL 1 RIS RS, Langmuir F1 Freundlich 55

B3 R[FVEE T AR TP B KB
TEAEHL A R® 4353 A 0.929 0,0.895 2.0.990
Fig.3 Removal Rates of TP by Each Packing i 52 2L Y 541 9 0.929 0, ? +0.990°9,
i . 0.974 6,.0.818 9 #1 0.998 9.0.989 5.0.997 5,
under Different Concentrations
F 1 ERTEAFIREFHLEG S5
Tab. 1 Fitting Parameters of Packing for Ammonia Nitrogen Isothermal Adsorption
Langmuir 772 Freundlich J5 &
Ik
b I R K n R?
bkt 0.077 8 0.367 1 0.929 0 0.025 3 1.4775 0.998 9
Kl 0.048 2 0.199 7 0.895 2 0.009 0 1.141 8 0.989 5
WA 0.091 8 0.3357 0.990 9 0.026 6 1.160 5 0.997 5
59 i val 0.079 7 0.105 7 0.974 6 0.007 8 1.288 8 0.993 5
Fphr 0.173 8 0.107 4 0.8189 0.016 9 1.712 6 0.978 8

T b SRR N A5 g, AR S5 R B B, my/ g5 K 2 WESEDRERS 75 Y MW B RE 1 (9 280 n 2 EDREX TS YL W B SR BE S R 2

DRI A B8

0.993 5,0.078 8, i i £k P AH ¢ & % AT .
Freundlich 45 A5 B 56 A5 34 5 R0k 2 A 1Y
W B BV

(2) BUREXT TP 1% 465 15 5 B
H Langmuir 1 Freundlich 2 Fft &5 {5 A5 4L R}
X TP A9 A5 B REE AR GG 2803 2 FiR

R 2 BURLX TP A UG 2S5

Tab.2 Fitting Parameters of Packings for TP Isothermal Adsorption

Langmuir yiRis Freundlich 77
Wik
b In R? K n R

ke 0.474 0 0.004 2 0.3890 8 0.001 3 1.446 1 0.989 3
JliE 1.528 6 0.007 0 0.893 0 0.003 9 2.198 8 0.9453

WA 1.589 1 0.004 5 0.8829 0.002 6 2.568 7 0.908 1
E59 v a) 0.602 3 0.003 4 0.821 2 0.001 2 1.589 3 0.953 0

Bt 2.2858 0.019 7 0. 800 6 0.014 6 1.808 0 0.962 7

H1 e 2 AT, 2 ol 5 I AT AU 35 WA 4l Al 3k 5
T IE R X TP W B AT S, Hoh 5 B I R
Freundlich 77 #2 19 R* {H ¥ 1% K F Langmuir 77 72,
XULH] TP 76 5 B IE0RE R A 0B 2 2243 5 2 1
Tl B AR

FIFH Langmuir 55 455 780 2 8005 ) BRE 10 A%
BFo30 8 KL (g, = 0.019 7 mg/g) > K1li% (g, =
0.007 0 mg/g) > £1 (g, =0.004 5 mg/g) >HHkTE
(q,,=0.004 2 mg/g) >L& A (g, =0.003 4 mg/g),
S R SEDREXT TP A SRR RE ST, FHR 2 AT, K 1Y

— 109 —



XU E I SE TR , 55,

5 Tl ST A 1t SEOR SR BT R B CRRAE

Vol. 44, No. 3,2025

KNG R Bk (K =0.014 6) > K14 (K=
0.003 9) > f1(K=0.002 6) >#ZHk75(K=0.001 3)
SEREA (K=0.001 2), 13 2 A, Langmuir I
Freundlich 25 R4 #9 R* 4341 47 0. 890 8.0. 893
0.0.882 9.0.821 2.0.800 6 1 0.989 3.0.945 3
0.098 1.0.953 0.0.962 7, 7 I, Freundlich #& % 5 i
Bk 5 FpIEREXT TP (A e
2.2 IEMIXTR BRI IR B Bh 1 FAFE

HH L 4 RS AT, ORI B 20 Mt 5 o peAs
15 5 FhIEORL G 20 A1 25 B 3 A i 1 A B A, R TP
) 22 B SR AU R B KL > KL > A > AR 7' > G i
A1, WK 4 v, 2 AR 5 Rk b A W B ok # n]
LAy R 2 A B, 78 W B i e 1 B B (0 ~ 60 min )
Ry A EICE W B ) T R PR S, 8RR ot e S R
T3, W o A %) I 5 3R A G R
HEAT W R e S 0 TRk 2 R R R BT s T
B B 2 AR, O Ik B B AER S
FH TS AT, A0 S0 R RRT ittt e b P U R RR E AR A
P, BEE R HEAT , 76 b s S W B 35 3 -,
AN BRI AR P, BT TP 52 P A v 1) I o
BEJT . X TRk, TR 0y e AR k.
BIGAEEA IO e R AR A T B ORI I A
%E?ﬁ[w—m] 5

(1) BURD 2 A9 301 7 5 ffE

AW AL A A SN 3 FR .,

—e—EilbE - e kUl

apeg - cecHhbh - S
- = [l
Y
A;-"" ‘-'—'_'_'_._._—i
f"‘.ﬁh'{"r /
: r_,,.l—'—'_'_
"_5‘ e h‘t:_:___*_u_,__,.,_,_-f.#: ........... -
10 '-v—--_.._.'_.—-—v— - P e ==y -

2¥a

[ 1 1 ] ] 1 1 1 J
[} 100 2000 300 400 500 600 TOd B0D

A fitl/min
4 FIURLOTE R Bl )2 0 R
Fig.4 Kinetic Adsorption of Ammonia Nitrogen by
Each Packing

100% - —w—{5HEE -0 kilifs

SR FORES BE -
- P
B0% |-
P e
it A% (i"'
*® !
1y i
40 H
! T
EEJ‘!-'n-! __*j"_'r._ e iy "
i AT e
- - — e b
0 ! ot | . L . i i
M 100 200 3000 400 300 600 700 KM
f:f il fmin

5 HURLXT TP 1 5) J1 20
Fig.5 Kinetic Adsorption of TP by Each Packing

R 3 BT ER D 1A S SR

Tab.3  Fitting Parameters of Packing for Ammonia Nitrogen Kinetic Adsorption

HE— Bl

= DA R

HUEL
q. ky R? qe k, R?
Hitkse 0.034 1 0.005 0 0.8450 0.0715 0.013 0 0.995 3
Kl 0.014 2 0.004 9 0.8399 0.043 6 0.031 4 0.998 8
WA 0.023 7 0. 006 6 0.8213 0.071 6 0.037 7 0.999 6
29 a) 0.003 2 0.003 6 0.910 7 0.035 7 0.077 6 0.999 5
Bk 0.016 8 0.007 5 0.859 1 0.043 2 0.0335 0.999 6

S q. k, k, MR BT 3, &3 0,2
Tl 5y 2 7 A8 X A% Ak 5e W B 2 L R R /NI
HUE L (R*=0.995 3) >#i—Z (R*=0.8450) ;
XKLL R B U R RN A ifE — 4 (R =
0.998 8) >i#E— 4 (R*=0.839 9) ; XF i 47 W Fff 44
AR RN N 9 (R*=0.999 6) > —
P(R*=0.821 3) ; X4 A W2 & 1) R® K/t

— 110 —

B MUE—(R*=0.999 5)>E—2% (R*=0.910 7) ;
Xof B R B L R RN S o — 4 (R =
0.999 6) >#E—Z (R*=0.859 1), "JLLAHH 2 f3
TR G A W B B A . R 3 AT
1,5 ORI N Bl ) SRR TR A A
RS )2 R R 1, USRI ¢ 5
TR T 5 45 SR B AR — B, U I Ak 2 1 BRI X X



weook HoR
WATER PURIFICATION TECHNOLOGY

Vol. 44 ,No. 3,2025
March 25th, 2025

5 b SFORK I8 R 22 20 1) 2 1] fE T B, B R LA 2

(2) BT TP 1 3h 25 I Bt

W R A TP W FfF 45 AL G A C S BN 3R 4 s .
F 4 BRI TP 3l ) 2= R D& 241
Tab.4 Fitting Parameters of Packing for TP Kinetic Adsorption
HE— BN Iy 2 A WE 3 Sy 2 AR
Hik)
qe. ky R? qe ky R*

Kibbe 0. 000 6 0.004 1 0.804 0 0.001 2 0.081 9 0.993 6
PqiiE= 0.002 6 0.004 7 0.951 2 0.001 2 0.0819 0.984 1
o3y vl 0.088 7 0.043 7 0.810 7 0.002 3 0.007 8 0.997 7
E53 a 0.001 0 0.006 5 0.967 4 0.001 3 0.002 7 0.982 2
P 0.000 9 0.005 1 0.8112 0.008 5 0.1273 0.999 1

HH 3 4RI, 2 Fhah )27 0 BTk e BfF TP
B R* KNI R HE 9% (R* = 0.993 6) > ifE— 2%
(R*=0.804 0) ; XF K LLIF W TP 19 R* KNI Hy
HEZYL(R*=0.984 1) >UE—Z(R*=0.951 2) ; % ih
AW TP Y R K/INIUF A E G (R*=0.997 7) >
HE—(R*=0.810 7) ; X &4 REAT LR TP B9 R* K/
MR A — 2% (R*=0. 982 2) >#E—4 (R*=0.967 4) ;
Xof BRI TP 1 R* /NI M — 2% (R*=0.999 1)
SHE—Z(R*=0.8112), AILLE ), #E—G8h J1%
R T — 2% 2 7 AR R X EDRL W [ TP 1 30 2%
FRIEARREAR LS (0 EA TR A | IR 8 T M 8 37K (R >
0.85),
2.3 BAFEREHRIES T
2.3.1 SEM

FH SEM H#0HE St 1 i AR 25 A E S5 SR n 5] 6

Fi . HE 6(a) Al B A R 2T 2 2R,
ZURY T oA 22 LA, Sk W B A AR I A R i
BRFSETE , PR O R A B R RE T X S A
W B 2 I 2 R W) o ORI 322 R A Y
SERE BT RE AR R R DO A, B DU AR R 1 A rp
SO B R 4 A T LAY A0 AL, T J— A g
TR AA) , Tl £ FP ik B T 0 W T =2 [ ) 342 4 S 1
AR T (R SEELEY, B R B0 A A A
A LI A A LI R/, B IR
AT LAPAIE T 22 0 R B2 0, 300 3 ket S o 3
Jo HE 6(b) m L, HLBE T BERL R I HLRS , JE IR K
INATR) FL AR M, 3 6L B R B R AIE TR AR
B DX IR, BRHASE o5, 38580 T Bl B A 2 Ak 25 | )
FFFL B 45 P T BRI R 4 L 2 T R, 52 0 1 B TP
SR A4S P b EL A 3841 TP IR B R

B 6 ko MBIk SEM [
Fig. 6 SEM Images of Zeolite and Ceramsite

2.3.2 BET
FdiE BET I 45 545 th, Wb A 1 L 3R T AL R

31.24 m®/g, FRL I LR TH BN 36.78 m/g, K

F4y L T AR R S T A T B e LA A iR IR

AR IRATRE, 25 A0 FI B RLEAT B L R T AR
A LB AT 22 (I FREE PR 67 6, (A5 U IS e W e
i 5 BURL R 1 HEAT R B X AT LR A
TR 14 % B0, s FRE 04 i s 1 R B A ) 5 s 25

— 111 —



XU E I SE TR , 55,

5 Tl ST A 1t SEOR SR BT R B CRRAE

Vol. 44, No. 3,2025

SRR i 3

XA R P A 43 S 26 A T L 3R T AR A AT, An &L 7
FNPE 8 FIs M4 I Fd BT Al 282 43288 , W Bt 452 T 2
AR LR IV AT A O B, R el 2, 7
S R T 28 5 0 % R — B, B IS IR R
] v 8 A5 2 1) A R T T A S s 3 22 i LR
fLo FLAR A it 27 I S B 2RI L .

B 7 SOk N, S IR BRI it 2%
Fig.7 Isothermal Adsorption-Desorption Curves of Packing N,

T HBE AV HREL
B8 HURLIRsM
Fig. 8 Pore Size Distribution of Packings
3 Fig

(1) AHIFGE A 547 figt D i s 7K 05 G 1 Bk
I W BRI IRAT 5 R IEURE X EUAU 25 B R AR IR
AT SAEAkR A > Bk > KOILA > SR A 5 HURLX TP
()25 B AR TR A B RE > LR > kA7 > BBk o > 2%
WA,

(2) W 2By 1 2FAB R A LS o ey b il 3 B
XK VL EURT TP AW B2t B Ak 2 W R 4520
WE—G 8l g2 7 FRAE — o R 3 1wl 35 3% Wi Ao iz A
TP (Yt B, R AT BE B — & R P B Bl . P

— 112 —

T A7 W BB 5 Freundlich B0 8007 1945
HHE,

(3) S5H)FAES0HT SEM HI BET 4543, ¥l A F B
A K e T AR AN AL B T8 X N 15 Y $R A e
22 WG BRFTG AN A, DRI L Sl R o s EL At [ o JECRL
A AR R BR AR, O B O T I A SRR B 1
SR

S Sk

[ 1] ZRF, XER. REGS KT R 3R B AL B A
WEFTHER[T]. BUET, 2021,41(10) ; 42-46.

LIY P, LIU Y X, et al. Research progress on pollution situation
and treatment technology of micro-polluted water sources in China
[J]. Modern Chemical Industry, 2021, 41(10) . 42-46.

(2] W=, M58, X0, 4. S3a a5 bk mlcE K i A
roEHER 1], ML T RS, 2023(15) ; 8-10.

YAO C C, HE Y, LIU H, et al. Research progress on nitrogen
and phosphorus recovery from sewage by struvite crystallization
[J]. Modern Chemical Research, 2023(15) : 8-10.

[3] XUJ, XUM, ZHAO Y, et al. Spatial-temporal distribution and
evolutionary characteristics of water environment sudden pollution
incidents in China from 2006 to 2018[ J]. Science of the Total
Environment, 2021, 801: 149677. DOI. 10. 1016/j. scitotenv.
2021. 149677.

[ 4] ZHAO H, MA Y, FANG J, et al. Particle size distribution and
total suspended solid concentrations in urban surface runoff[ JJ.
Science of the Total Environment, 2022, 815. 152533. DOI;
10. 1016/]. scitotenv. 2021. 152533.

[ 5] ZHANG Y, LUS, FANGY, et al. Technology for upgrading the
tailwater of municipal sewage treatment plants; The efficacy and
mechanism of microbial coupling for nitrogen and carbon removal
[J]. Water, 2021, 13(20): 2850. DOI. 10. 3390/w1320
2850.

[ 6] SINGH N K, SANGHVI G, YADAV M, et al. Fate of pesticides
in agricultural runoff treatment systems: Occurrence, impacts and
technological progress[ J]. Environmental Research 2023, 237,
117100. DOI: 10. 1016/]. envres. 2023. 117100.

[ 7] YANG F, ZHANG H, ZHANG X, et al. Performance analysis
and evaluation of the 146 rural decentralized wastewater treatment
facilities surrounding the Erhai Lake [ J]. Journal of Cleaner
Production, 2021, 315: 128159. DOI. 10. 1016/]. jclepro.
2021. 128519.

[ 8] FEm&, Hinr, EREM, . ALY TeTs KEE L
MRTTEHERE (1], BREIRMY, 2021, 34(3) : 73-78.

YAN G J, YANG Z G, ZHUANG G Q, et al. Research progress
of biofilter in advanced sewage treatment [ J]. Environmental

Science and Technology, 2021, 34(3) . 73-78.
(TF#% 134 W)



XA, B0, 58 1, 45

EREE S

TS IR R TR AR 2 A S

BT SRR

§Y|

Vol. 44, No. 3,2025

[34]

[35]

[36]

GENKIN G, WAITE T D, FANE A G, et al.

vibration and coagulant addition on the filtration performance of

The effect of

Journal of Membrane

10. 1016/].

submerged hollow fibre membranes [ J ].
2006, 281 (1/2): 726 — 734. DOI.
memsci. 2006. 04. 048.

ZEHRER, AT SC, B, LT RSM stk HIE T 4B AT
ZHRMRALLT]. ZokHEK, 2019, 55(11) ; 18-23.

LID W, HUANG Y W, GUAN H. Optimization of operating

Science,

parameters of flow split SMF in water treatment plant based on

RSM method[ J]. Water & Wastewater Engineering, 2019, 55

(11). 18-23.
XL A DA g i K T YR R TUA BN S oA
WEFFELD]. M TOINREE, 2022.

[37]

DENG L. Research on membrane contamination characteristics of
high algal water treated by ultrafiltration and optimized regulation
of pretreatment and backwashing[ D].
University, 2022.

FE, ML, 7T,
AR IEIEA T S T SBR[ T].
A, 2021, 41(5): 146-154.
BAIH, LIN Y K, LI N N,

Guangzhou; Guangzhou
T 173 7 B35 7K TR BE AL B R
JBER} 2 5 5
et al. Study on the design and
optimization of operating parameters of pressure-type ultrafiltration
membrane modules for advanced municipal wastewater treatment
[J]. Membrane Science and Technology, 2021, 41(5); 146-
154.

(EEF 112 1)

(9]

[10]

[11]

[12]

[13]

[14]

[15]

LIU Y, WANG H C, SUN Y L, et al. Application of the sulfur-
siderite composite filler; A case study of augmented performance
and synergistic mechanism for low C/N wastewater treatment in
constructed wetland [ J]. Chemical Engineering Journal, 2023,
475 146376. DOI: 10.1016/]. cej. 2023. 146376.

GUO D, WANG M, ZHANG J, et al. Simultaneous removal of
macromolecular microbial metabolites and nitrogen in a receiving
river of wastewater treatment plants lacking ecological base flow
via the combination of anaerobic and aerobic biofilters [ J ].
Journal of Cleaner Production, 2023, 427. 139242. DOI. 10.
1016/j. jelepro. 2023. 139242.

LIU T, ZHANG X, DING G, et al. Improvement of waste sludge
dewaterability by a novel co-conditioning approach with
polyaluminum chloride-sludge based carbon-polyacrylamide[ J].
Separation and Purification Technology, 2024, 330. 125449.
DOI:; 10. 1016/]. seppur. 2023. 125449.

CHENXI W, GANG L, YUNQIANG L, et al. Selective catalytic
reduction of NOX with CH, over In/SSZ — 13 zeolites: The
enhancement of high-temperature catalytic activity by Ce
(1]
Engineering, 2024,
2023.111830.
R, = RNEORET A 4 AR AR I VS K R
TEMBISZm [ D], VE% . PRl RO, 2019.

XIE X R. Effects of three typical fillers on nitrogen and

Environmental ~ Chemical

10. 1016/j. jece.

Journal  of

12(1). 111830. DOI.

modification

5373

phosphorus removal of domestic sewage treated by biological drop
filter [ D ].
Technology, 2019.

YU G, ZHUOLIN Y, JINLING W,

* removal by modified sweet potato

Xi'an: Xi'an University of Architecture and

et al. Interpretation of the
adsorption process of toxic Cd?
residue[ J]. RSC Advances, 2024, 14(1) . 433-444.

SRA A TR, SRIE, SF. OBREXT A K A A
SR AR 1], BRBIRbE, 2024, 45(4) ¢ 2195-2202.
LIAN J J,XIE S T, WU P,

et al. Effect of microplastics on

— 134 —

[17]

[18]

[19]

[20]

ammonia nitrogen adsorption by zeolite in water and its
mechanism[ J]. Environmental Sciences, 2024, 45(4): 2195-

2202.

W OHAE, RN, AR, A NIRRT G X U I AR
MBTIEL )], FREEREBESE, 2022, 35(5) : 1277-1287.

XIAO Q L, XIONG L P, PENG H,
adsorption capacity of different matrix combinations [ J ].

Environmental Science Research, 2022, 35(5): 1277-1287.

et al. Study on N and P

FARE, BIEEE, BRERIE, 55, 4K BRI ebe bR 4t | 4%
PR A PERERT ST [ ], WSR2 ( A AR | 2020,

42(1) . 69-75.

WANG J Q, ZHAO Y Y, CHEN Y H, et al. Study on the
desorption and regeneration performance of Pb and CD by non-
fired ceramicite from residual mud of water plant[ J]. Journal of
Xiangtan University ( Natural Science Edition), 2020, 42(1):
69-175.

ERNDF, W, BREbe, S Rk 4 L P R Y i A K
Houh cu® P EHLRI BT S [D]. WAL, 2023, 40(8):
12-15.

WANG L F, HUANG J P, CHEN HY,
diatomite based porous ceramics and its adsorption mechanism of
Cu®"[J]. Henan Chemical Industry, 2023, 40(8) : 12-15.
JWHLE , AR, ‘?%EAIKH A5, BURLA B R & AL B CW-
MFC #i & RGBT HERERIE M [J]. P EFEER 2, 2023,
43(11) . 5833-5844.

FANHY, WANG HW, PANLY, et al. Effect of filler on the
ammoxidation CW-MFC
2023, 43

et al. Preparation of

operating performance of electrode
coupling system [ J]. China Environmental Science,
(11) . 5833-5844.

SO, VLR, 2RI, AR Rl T A ) S R R A
BREEVERE[)]. LIRSS, 2023, 32(2) : 429-440.
SHI W Z, JIANG H F, LI K,

removal performance of a novel biochar filler [ ] ].

Shanghai Ocean University, 2023, 32(2) ; 429-440.

et al. Nitrogen and phosphorus

Journal of



