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Abstract

With the acceleration of urban construction, conventional pollutants such as suspended solids (SS),
chemical oxygen demand (COD), nitrogen (N), phosphorus (P), and other emerging pollutants car-
ried by rainstorm runoff. To enhance the purification efficiency of bioretention systems in storm-
water pollution control, it is essential to investigate the pollutant removal performance of different
filler combinations. This study takes Luogang Park in Hefei City, the capital of Anhui province as the
research object, and compares the pollutant reduction effects of four common filler combinations,
namely river sand, river sand + green zeolite, river sand + sludge, and river sand + biochar, through
a simulated runoff experimental system. The results showed that the average removal rates of SS,
COD, TN, and TP by the combination of river sand and green zeolite were 84.3%, 55.5%, 55.2%,
78.9%, respectively, with the best comprehensive purification performance. The superior perfor-
mance was mainly attributed to the regular microporous structure and high specific surface area of
green zeolite, which effectively intercepted suspended particles through physical sieving and sur-
face adsorption, while promoting nitrogen removal via cation-exchange reactions. The results of
this study show that the combined filler biofilter, especially river sand + green zeolite, has signifi-
cant advantages in strengthening the reduction of storm runoff pollutants, providing a new tech-
nical path for water environment management in urban renewal areas. In the future, the feasibility
and sustainability of its engineering application should be further verified in combination with veg-
etation configuration and long-term operation monitoring.
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AR, BT SRS i AT i B AN HERE , HRAE AL . BRFIARTS AR N B X S AR )
PREEI A H 28 SR W [1] [2] o BRARRACEATKESE A whRl R iRy s, IR TR RS Rt N 52 9h
K, ST AR A IE R T, ORI, WA L EIF(SS) . AT A E(COD). &
FU(TN) R BE(TP) 3544 Sti5 e 2 IR Uesl, FEUKAEEM., &8 R AL RGURM[3] [4]. B
Ut er i R TRRAE T B R DR R AR P A S, SO T KRS A B SCHE

VRGeS B B 23, ARt R O BRA AR . G R 5 G HIRCR SR T
JZ B F[5] [6]0 HAFALHLEL T 2 . EY S BRI B RAE AT, b SRl I8 . W A A
UOVE S I RRAE TS R 2 R b AL AR I [7]. KRBT TTRYT, I DR SRS A 3 A R mtidoRt, 2
HA B 8 72 SR RS, AW S8 A5 BUAR AR RN = 5 AL B 45 K 2E R B A BT e AN 38 731k
SR TR M, & BRAR A K )i Y AR R 25 B T R A& 54 [8]-[10]. 2RI,  ANRISFUR A4 L5
SR 2 R WR, S PR LR AU AR 8 MEAFAE B35 2, AT £ 22 R sOR) ) SE I 2h RE HL
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BT RS HI TR [10] o EXFX—A R, ITH RS HIRIR @S 5| AT Re e RS A 8ER, Fo
PR LR TIARK . FLBREE M RIA DL R T S & S U BRI, RERE I SR x A HLI5 YRR 23 S5 Al (i
B, [EIE B — R IR I TR 5, B 2 R IR P R IV CEA R 11] . K1, BAHRTT
ZAET TR RPN, SRR FER R R R I RSB G RAEAL GEI5 W) 58 05 G )
HAZ W SR T T XI5, Wend i & 4 A RS I 2 5 A b R SR, i SR S HE .

BEX R A, ASCUAA ARG S A NI S %, X SR R I SOE TR, B S 3R T S
DXHFAE . A FCHT T A T B AR5 YR e, B L TG 1 = BRI X . Bl G A T VOSBRI &
(FTRD JTRY + SRk WTRD + oK) V5 WIRD + AEK), E I E IR LL A KT SS. CODL TN
K TP (M RBREEST, FRESATLBAE . 258 LK E SRR PN SRS R . AR B h: (1) R4
FUEAS [FJ TR G %of 2 R AR IAE 1 5 Y G A 8OR, H7m FLAE TS B ey Th 1) 22 e 5L (2) il
B FERFIE A AT DA DR K IS AT AR e 1, T BB X AR e B A 1 T TR R PR B AR A
2. 7554
2.1. RRXEASERIFE

WX IR T A IR 3% b A, TG ZE IR S 0%, 8RR 15.7°C, FHF/KE 1000 mm 4
Fio B AT B RS SN GG T K, MRS T RO X3, MR DUE KR . R AE R N T, R
P IH B S50 . S R AL 5 NS shRemT, 1% X IR AR IR S B iR P B TEY). CODL &
RS 5 G, B SRR 3 R X AR R, & B T T AR ) BE AR B AR TS G ek 1
IV e
2.2. REHENSXAZ

A [RIEORH ) 2205 08, EBUATRD . G . 45K TS TR AR R DU H WA R TR kAR
1~5mm, Mg, &V NIERIPERE, G Bt 1~5mm; /K V5 Kife 1~5mm, SERERA
AR KR 1~5 mm. HEURHIIAL P R L 1.

Table 1. Physicochemical properties of different materials

= 1 TR R R

Tk LhR A (m?-g™Y) FH &5 722 & (cmol -kg ™) Z 15 FLAT (PHpzc)
baR 1.6 2.1 6.1
s e 33.2 130.9 6.3
KT 15 51.3 13.6 7.2
AR 610.7 37.8 8.7

2.3. RERESEIT

KA WA E A Y AR, B4% 10 cm, 5 40 em. BEE LU NRIG4L: (1) SO: VAT,
(2)S1: W[y + A (AL 1:1); (3)S2: W[HP + ZA/K) V5UR(MARLL 1:1); (4) S3: WRY + AER( L
T2, EENER, FENEWR, AR 1:1). S48 E =447, HEKCR R HI B 5 AR
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7K#¥(COD: 40.0 mg-L%, TN: 10.5 mg-L ™%, TP: 2.00 mg-L %, SS: 500 mg-L %),

EIRIIBATHT, S MIERME B CUINNTE K FEFTIF 7 oK I, Rk /Ko B 28 tH KUt 2 5 0k i o
SR U0 5E (IETR% 10 min) 384350/ T-£5%, @ K AR FeoE , R 3 BH/K B 8 8 5 e k. bS5
1EdEK, B E 24 h, LA RSN BAUKER A0, DRIEERE AR AT 78 751
AR, AERRE IR MR EVIEF A EURIGRT, 75K D E KR, 5% 2 min [ eI
45 mL BB AARKRE, [FIRHCSE A 28— UOINFE 2 K WIELET % I TE], 24 K 58 A {5 1E ek 37 R 35447
FEdh . 55X TS KK bRiE A S0-1. S1-1. S2-1. S3-1 (PUSHURIXS EikEk), FHE T 4 CIR7F.
IbJE, DUZRIERINT L0 fEhg 2 RESE —IR, LT 3%, FEMikixbridl S0-2, S1-2, S2-2, S3-2 X
S0-3. S1-3. S2-3. S3-3. R W 5, T S0. S1. S2 4LIFERME:h#I & HL L) 50 mL 3ERE, S3 4 B AE T
W AN AP J v EURE AR D90 SERHRE it DA — 20 0 dr . i B an 14 1 R

Figure 1. Biological filter experimental device with four different filler combinations (S0, S1, S2, S3)

& 1. MFHAEIEREE(S0. S1. S2. S)RVEE MR EE

2.4. BERNES DM A*

KT FERR COD. . Bl S SS #2 M (H R /KA KM M E AR FTEY H(HIT 91-2002) 347 7€
2.5. HIRAIE

JEIL Excel X2t 478 H# 5007, FIA Origin BT IR, FRilid SPSS #pFiEAT 77 22 4
Br, DAHIBARIACERA 2 AR ZE R R R,
3. RS
3.1. RIABRRISRIFIE

A B 5 O E SRR 45 TR, B AR IR AL Gei5 YWk 1S il ki =, COD /T 39~81 mg/L, Al
AN 34~5.4 mg-L Y, 4 0.3~05 mg-Lt, BIEVIKAN 278~389 mg-L Y, it (MR IKI N &
FrAE) (GB 3838-2002)2VERRAE (% 2). HHr, BIF¥A COD HEbREEER, Tor Ham g it 2% ol 24
N R BER BRI N IR E S IR XU

Thttps://www.mee.gov.cn/ywgz/fgbz/bz/bzwh/jcffbz/200301/t20030101_66890.htm
2hitps://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/shjbh/shjzIbz/200206/t20020601_66497.shtml
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Table 2. Analysis results of on-site sampling of rainstorm runoff from the abandoned airport runway in Luogang Park
% 2. B AEEYIAHERMERIIARET ISR

SR A COD (mg-L™) % (mg-LY) S B(mg-LY) SS (mg-L™Y)
B i o [ L7 0 3 v 0 HE 39 34 0.3 278
% 5 2 Tl L7 B0 T A I 72 4.9 0.3 347
B i o [ WL 37 0 3 ZR M HE 81 5.4 0.5 389

3.2. FEHARIX RS RMEERIR

IR S5 RAERW], DUALORERT K pH BRI AN B 25 (14 2) . BRI ARt K pH 08 7.19~7.29, £
AeFRJE ALK pH OREFAE 7.06~7.79 Z 8], 595Btt, AR B A PEvaE BEh . EAERRE,
S1 5 S2 ffJHH7K pH BEAK(Y 7.1), 1M S3 i (2 7.6~7.8), B AE W s R s 1 R [TV H T e 3 B0k &
B[ 11] [12]. XEMAEH ST R T, PR ioeb A & B3 SRR e, K A4S RS pH 2
SE PRI 0 XU o DU SIFORE 0T SS #3RBLHE — & R HIRAE /1, (572 R BOR (1] 3) - SO I 22 B Z W] ik 73.7%,
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Figure 2. The changes in pH after treatment in different treatment groups (SO, S1, S2, S3). The same letters indicate that the
differences among different treatment groups in each round of the experiment are not significant (P > 0.05)
[E 2. TEALFRLE(SO. S1. S2. S3)ALHE/F pH ML . HEINFERABRIRNEFRILEAZ BHZERTEEP >0.05)
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Figure 3. The removal effects of SS by different treatment groups (SO, S1, S2, S3). Different letters indicate significant dif-
ferences among different treatment groups in each round of the experiment (P < 0.05)

3. TEIALFRLA(SO. S1. S2. S3)x SS WIEMIR . AEIMNFHRTIEFRREFRLIEHZ BHZER EZ(P <0.05)
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{RTESE =GR EG T R PE 2 38.9%, R BB —Jn[ b 5y [H FLFRIE 26 S Sk e Ud 08 s S1 A 7E = kikEe h SS
LBRFE AN 85.2%. 84.1%-. 83.5%, “FIIFRE 84.3%, RIA NEE; S2 HLEBRE/HIAN 76.8%.
78.6%. 75.2% [8], ~V-¥J2H 76.9%; S3 ZH7F 14050 L 2 I A 22 FR 2 (K SS R T1EK), Bl 58T
FRELE 36.1%, HEM 54 WA RS R AL AR O . (R, ik A1 BE S R AL 22 LS5 IR R Avr
M ARERRRE BRI B RE T, AR AR ) T AR ER 2L R AR, 7 AT S AL K R

7£ COD M 51, SO ZHMN 43.7% FF&F] 30.2%, % FRE#E%,; S1ARIRE, =Xk ERERS)
B9 57.1%. 54.5%. 55.0%, “F#5°4 55.5%, X 0] e LR A7 I 71 A AT S5 Bl FL BT W PRS2 B HLAD A G
[13] [14]; S2 ZHprfeikas h It /K COD Jtmi(LBRZE ), BlEEETIKE 4 30.6%, BB /K] V5EH
BEHAAAE AT A ML [15] [16]: S3 AL FRF IS AT I AIE 52T, M 32.4%H4 0% 51.7%, V1K
43.9%, FAEVIRTEIEAT R Ja o A WL B (& 4) [17].

AR TN [ L BRAe 257 835 (K 5). SO 4L 27.5% FF& 3 12.6%, XBrZFEEN; S1 4F
B ERBRRLN 55.1%, KIMmM; S2 AR E, = THN 21.8%; S3 ANFETE 45.0%~50.1%.
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Figure 4. The removal effects of COD by different treatment groups (S0, S1, S2, S3). Different letters indicate significant
differences among different treatment groups in each round of the experiment (P < 0.05)
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Figure 5. The removal effects of TN by different treatment groups (SO, S1, S2, S3). Different letters indicate significant
differences among different treatment groups in each round of the experiment (P < 0.05)

& 5. REIAIBLA(SO. S1. S2. S3)3F TN BIEBRMR . FTRINFERFELNEARNIEEZ BHNEFEZEEP <0.05)
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FHUL AT AL, SR A B B RO B S 4 T TN BRI, 1075 Y8 I 2B 35 1 FLBAA IR .
UERT L, SRR R 2B 70 e FE AR L P 2 AS M e 5 S AR E M [18] [19].

TP LU, SO R I 2, HK TP EARYERFAE 1.0~1.4mg-L Y S1 4 LBRFFEIE4T R %, M 67.2%
B 28 27.7%, R WISk A0 BRI 25 A PR, H 5 BEIS AT AT S2 AR IR AL, =%8-F 5 £ BR 2 78.9%,
H KR FE AR T % 42 0.33 mg-L %, AT g R EARH5 U  FelAl ALY 5 BERRAR A g [20];  S3 4H Bk
RUEFFE 61.3%~70.1%, (FAEBHTFRAESA(E 6). Hit, X458 KM, J5IRTERE T G IH,
AFERE R R RO, HEGHBIRM.
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Figure 6. The removal effects of TP by different treatment groups (S0, S1, S2, S3). Different letters indicate significant dif-
ferences among different treatment groups in each round of the experiment (P < 0.05)

& 6. REIAIBLA(SO. S1. S2. S3)3f TP LR R . TRENFEHRFERNEARNIEEZ BHNEFEZEP <0.05)

3.3. RHE RS

PRI TG XHERL R E L FLBUE A KIS T I E 45 R BOR, AFIERHEPUR MR LA EREER
(7). SO fE =iz T HE i 1.38g-cm™ FFHZ 1.40g-cm™3, FLERE 1 29.9% FBEZE 29.3%, FILH—
EFERE VB DTAR S FLBR R 4, (R B AR AR XS 9248, oK IRl FRoE, Ui S MBON SR, bt
Re s, S1 A ERFFFE(1.17-1.18 g-ecm™®), FLBAEH 38.1% FF4 % 34.8%, —H& 50 Hi /K i A& M T
B, REAZRI BRI G B fLIRGEMTRE, e AERKEiE, It R R . S2 MR T
FAth b #2075 S AR B W] 2.(1.00—1.14 g-ecm™3), LR 1 38.5%F4% % 33.8%. [FIN, il 7(c)frs, fE
952 M 3 YGREG T, S2 f KN 2 KT S0 A S1. X AR EIEE, MR Tk TSR R
FRRLAE KRR N R AT R, AR ZE T HORL 2 BB FLRR, JE Rk T I R E s ZE . FLIRAR
TR 26 S 80 JUKTUBIE /D KRB S E WK, KRN K I8 B (/K ) I R B B 2K . i
Foi 7 2 (1) ) HE 3 FE AN BRAR T RGMK SR i, BT B8 S BCH 6 SO B SR, PR T 2K
WIN P S, S3 BRI AFEE, MR EH 0.16 g-om® ETF% 0.28 g-cm™3, FLEEE I 35.3%[%
& 24.4%, [FIWSLESE 0 RE6 T H KIS R) B SRR R . 3K ] BE SR AT S IR I HE RN 2R JE R I A HE B HE UK
IR, ARG HAr AR, RIS IE R, KR AT, HIX I R AR RE R RS, U AL
SEMIARRE . PUETERERE.

G, X —45 R, R 22RO . RV R A i 3L [m e o T Rb B it 28R e
P, SR A FLBR M RUN BAS 55 R 5, DRI ST BETE IR RREE R 23 bR e 1) [ i 4 55 R AP K D v RE . V58 AR
SERAL T BER LB, (HAEEURIRI AT IE A ML S RO B, IREI KN . AR — 2 E Y
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Figure 7. Results of packing clogging characteristics in different treatment groups (SO, S1, S2, S3)
B 7. NEALFRLE(SO. S1. S2. SI)ERHEEAFMLER

4. BRERE

AHTFRY, ANFERAL GRS R EIR S K AR T EAFAE R 255 W + b Al
FEBFEY . AN RS T7 R DL B ) 25 BR R AR IR K D) 22 Ra e vk R IR S R RE e L s
Y + oK) S A ERRBE ERA RO, EAERERC A FLR R 28 R, PR 7 s s
W+ EWRAG RS SR N ERR, (HYINA0E ¥ A FLER S AR e So M T RGRIK 1438 . B
KRG, BRI Z LA B 7SS RS E VEIE R W8 1 R RIYIIVI LR 5 P e 1
AT FUEE R T B WEOR K R I A 2 e o A2 IR TSR IRUK B 84T A T DA Sk = S B
S EYIRER SR, AT IR EAR AR A T R E e I KIS AT RCR . RRIIE T AE KM
HSLIIBER AR T, S e M E S W E s AL, 3t P IR IR & SFORHE A E et P K
WA RE S AT R, DAHESh AR I SE R X RO A B A TR

E&ME
DY R 1 R 4 ) SR (2024ZD037).
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