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FAEE . AT RAT NP &y Lih, 23X A 4515 RAndh B 34E G R FOAA AT B R AR & R A xT &
KA BRI RARIFEEEL RN ERBIREARZRAANHES RO E AR, #
Dhi G AR R 15% 4515 RFm 85% Hh BAF A AL, 3T T EREX R Fofy B % K & A4F T AF 40
MR P &Fr T Ly KRR, BREAW, ELELXREMH T, Z5arbK TSS §i 4769 TALA RIF
BFLk AL A, B kK TSS 4 100 ~400 mg/L B, 4 7K TSS 3R B 44442 20 mg/L vA F, %7K COD
% 150 ~250 mg/L.TP 3 2.5 ~7 mg/L NH; -N # 3 ~4 mg/L NO; -N % 6 ~10 mg/L B}, Z %x}
COD.TP NH,; -N.NO; - N #§-F 3£tk 55 % 76% 98% 97% 36% . LA &% X Bk KK E
ARARRE 69 54T, 2428 TSS.COD TP NH, - N F7F7 £ e X FR L EX KT EA KRG T
423t NO; - N 64 F 3 2 &0 L5t% 79% , Bl ot, 2 %3+ As Pb.Zn Cu Hg Cd.Cr 5 & 43
LA RIFEGFTRZAR, AmbeFRGRE T B R84 T 42 %6035 ik
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Media Amendment and Structure Modification to Enhance Pollutants Removal

in Bioretention System

QIU Fu-guo, DAI Yi-fan, LU Chao, FU Kun-ming
(Key Laboratory of Urban Stormwater System and Water Environment < Ministry of Education > ,
Beijing University of Civil Engineering and Architecture, Beijing 100044 , China)

Abstract; Traditional bioretention system is effective in removing TSS, COD, and heavy metals
while the removal efficiency of N and P is highly variable. Targeting at enhancing the removal of N and
P, media was amended with aluminum-based water treatment residuals (AWTRs) and zeolite to adsorb N
and P, and submerged area was designed at the bottom of the system to create a stable anaerobic zone for
the removal of nitrates. A mixture of 15% AWTRs and 85% zeolite was used as the media in the
bioretention system. The pollutants removal efficiencies were compared between bioretention systems with
and without submerged area. The level of TSS in the effluent was maintained under 20 mg/L with the in-
fluent TSS in range of 100 =400 mg/1.. The levels of COD, TP, NH,” = N and NO; — N in influent were
150 —=250 mg/L., 2.5 =7 mg/L, 3 =4 mg/L and 6 — 10 mg/L respectively, and the average removal
rates by the bioretention system without submerged area were 76% , 98% , 97% and 36% , respectively.
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Experiments indicated that creating a submerged area did not decrease the removal of TSS, COD, TP and

NH, — N. However, the NO; - N removal rate was increased to 79%. In addition, the amended

bioretention system presented enhanced performances in heavy metals removal.

Key words:; bioretention system; media amendment; AWTR; zeolite; nitrogen; phos-
phorus
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{4k B 1 B A i L 3 T RN % 36 i AL B, %o
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1.1 #E#
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REE 2 ~4 mm, fLIRR =48% , % F K 2.6 t/
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W T BT, ERREE R 1k, BRRT S
SR B 1 ~2 mm, TSR Fe Al F R4
(Fe,0,:9.12% ,Al,0,:19.34% ) , MBI B TILHE
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Fig. 1 Schematic diagram of bioretention system
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PATE 5 R R Ao AL R AL R A G A AR T

533% #7H

SRR RGN IE F AR A
FIE + 5101, 3-4% 18 80% #b 7 Fl1 20% HE + e 4l
A A A LTS8 2. 5% ~6. 0% |, B fiF
RN VEBE ) & 573528 60 ~ 100 F1 10 mg/kg;
AN, RIER S R R, TR 5] 100 meg/kg, [
I, FE S AR - BB AR IE AR i B ATE
PRRARL 5 | i 5 T S ) B ASAR ) R, Hh R
Rk RN e B, BB A% N AR i % 25 KR, L
M5 ER B, 76 S dh i 7% pH {Hik 7.9 ~8.8 1y
W R ReR e AR K . W AR E T RCR I URHA
JE(80 em) . Bt S )2 kA HEK)Z  HH M 7E
TR L ERLZ , CRIE P B0 25 F R 1 [ 1
WA S5 RA (B BRER AL /K 25 6], 1] F R B W 7K S B HE
o HORHZ S5k 2 M BURDRAR 22 AR K FEIB 1T
TERE R B/INEDRHBURL 25 12 A ISR A (R B v, 34 0
FALEKEHIERNME . g L3R R R, AR Gk
IS ESFURHZ FBR A HEZK 2 2 8] 38 i — a2 SR B A R R
2 BPRRIZ AR Z I REEE R 20 em,
1.3 ANIMKEH ZIZITIES

275 18 FEWI AR T 00 & 005 e Wy de b e 4%
Tk 24550 G B UTRR 4 A & A kK N T BC I K o
KI5 I Y38 bR 40 F : COD 24 100 ~ 250 mg/L
(CREABR_HRREM) , TP 2.5 ~7 mg/LOCR A
WEIR — S BF) ,NH, =N 2 1 ~5 mg/L (K H 51k
) ,NO; =N 4 ~10 mg/LOR HAERRH) , TN 2
7 ~16 mg/L (O A &AL i IRER ) , TSS Jy 100 ~
400 mg/L (k A& UL +), Cu.Zn Cd, Pb Cr,
He As #1755 0.02 ~1.2 mg/L (43 5% B CuCl, -
2H,0 . ZnCl,, CdCl, - 2.5H,0. PbNO, . K,Cr,0, .
Hgl, \As, 0, 1:/]#‘*%@) o

RIG AR SRS T AP B B NER 2
SRR A S PR REM R B BE . b
W Bt R AFFEHE K 30 L,k 7 ohyse okl o [ 5 55
L4y, KR B kK o AE BL B B A A0 SR
FRURA o R ARG I e B KK TR, MK R I
I BB BEAE A, BB BT IR) R 2 J o BB Bk
i, RGHENE T BATH B g0 A B v ok )k
PR 3 B A Kk K 40 L, ¥ B8 R Y I K (5 88
BfE) R 47 ming @AY KBTS HL K
Pt fH A2 R 340 mL/min, JE/K B A 4EHF7E 2 h, 3%
HR i 0 T A TR B R A8 R ) o A s B 5 vt D AR
— KRR 5% ~ 10% , AR YR B0 18 B A= )

TR K TR 5% R R ECR 0.9 [,
AT 7K A Y F S I o8 31,5 mm, Hi
JEA Y F— R BN . 350 B B, 38 % THE AN TR
o KT RTS8 B A s B it I ¥ 1%
DX A W I X AN [ 38 A TR
1.4 KERREMSHT

RIR KRR 40 L BIRHEK2 h, 55 dh—
RN R B AR N T @ 5 iR
A3, R A I Y 23 A RSB S 5 ORI A
K, SR Hy K COD  NH,” — N.NO; - N,
TN TSS TP, ;1M J7 2 4 BEC /K RN 7K W ) 3 7
22 (B 4 ) WBRUEAT o 54 s SR FH L Bl & 55
BRI (ICP - MS) 7
2 RS54
2.1 TSS WyEB

HEL T BURL IO BB AT S5 T i B RGNS TSS
M FIRROR . G5 R, SS ALY R %G,
o 7 52 FANE 2 MR G IR E DL P2 28k
EBro —MORUL, TSS 7 14832 )2 200 mm A BRI W] 1%
AR ERD . RO R X TSS 22 B R A 5%
M AR/ BEAb, e AR B it rpr, SR K TSS ik
J¥ 4 100 ~400 mg/L, {H R %5 7K TSS ¥k AT
SETE 20 mg/L LLF % TSS 173 B4R #%AE 93% ~
95% Z I, 7K TSS 4 T35 [ AL 2L Wiy B8 R 4t
Hi7K TSS <25 mg/L (g HER H AR, % 2 W A Wyl
B R GEXTE K TSS A faf 199 A48 £k A AR 47 1 Bt o o g
1, R R G X RR K R TSS 22 e R 1T AT e
2.2 COD %K

TCHE BB AT 25 T AWt B R Gkt COD 1 25
MR A& 2 Fik. COD [ 2255 = ER S Fpi 1
FISEIH Ay a8 B R BREAE P Ak ARt o iV P A
YIRS = A7 Tl b A SEDRH R R AR E 2 ~ 4
mm Z i), HoK J118 % ZEOK K I35 Bt g, oA
HLA A A R K SEORHE i s [, JE 3R COD i BT
R AN AE P B A R AR I B PR . Il 4R TS
Ye st B 5 iy A7 SRR EE B/ ALBR B, AR K
(7K 5= B R T) , ) A BLA) A SRR 2R )23 1 R Bf
MAEM AR . R SeiEK COD 24 150 ~250 mg/L,
7Kk COD 7 18 ~79.4 mg/L, E3J: 4% K 76%
Y JHR A 7K COD ¥R Bk 3] T Ol is K AL 3T i5
e bR ) (GB 18918—2002) Hr i — 2% B #r
. BTG COD A FHAR AR — F R & 1 Bie il
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& T R MERE A A ALY, HC8 e A b T
AR /DA COD RBRARER, AR50 5 W AT
BORHE BOAKR IS COD [ RERBCRERRE , 7K COD <
50 mg/Lo iX50 s % B, IR A LA ) A6 1 e i 11
SRR T R AR BRI, K COD o B2 Bl 3 1k 7K
COD ¥ J& fR 58 T it 3 o
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Fig.2  COD removal by bioretention system
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0.02 ~0.47 mg/L, R GEAEHEA 100 ] o] AR A 2 M 2
R RAFRY TP EBRFCR, % TP 11 25 BR A< ik
98% , 1 7K 7K o i J € 3 2 7K PR 35 5 4 b E ) (GB
3838—2002) F I Z& K bRl o T -5 A< 1ol ] 39 ) 4%
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Fig.3 TP removal by bioretention system

2.4 BEBEEMER

EFEHIA K P — & 4A Cu Pb.Zn Cd 455
&R, EEJEIE AT S COD K, 25
PSSR AR R, PRIESESRN L
Fr5 TSS iy LBRISAL, FEid i o i TR Ja , 7K
HORE S B R BB UL B . KIS HE R
(1) 25 6% 2 3 o ORI B AR AR ) WAL AE ok 5 B
S SRR B S 3 2V AT, 4 0 MR AT ) 8 4 A e
3.3% " WFFE W, B T5 e X As \Hg Cd Cr 1 Pb
SHEE /A R LR . YK Cu Zn,
Cd.Pb. As. Cr, Hg 43 %4 0. 063.0. 603,0. 059
0.081 .1.207.0. 326 .0. 02 mg/L B}, #H 17 (1) 4 7K ik
JE 43547 0. 001 ,0. 012, <0. 001, <0.001.0. 002,
0.080.0. 001 mg/L, 5 F= B K 43 % 4 96. 1% .
96.7% 93. 4% .98. 8% .99. 8% .75. 5% .95. 0% ,
Bk Cr &b, il A3 58 15 YR SEDRE R Gext HoAth 5 46 1 5B
FRITE 90% LA L, H R FE 4 I T (e K IR B ot
ARE) (GB 3838—2002) b T ZE/KARMEFRIA
2.5 ®mHYER

RAEEY B RGP R AL R 2% i
RN TR K AR 24 v, BORAFE & DL HLE N
ELH A TN (9 63% ~82% ' i A LA TE A W
B R G i A 2o i D TCHLR, TEA YR AL
o, K TN HA4E NH, - N F1NO; - N B4y,
PR A 25 B 2 AR ERE NH, — N Ay 2 0% 01 i
HAEFILA L NO; =N i S A6 /E
2.5.1  JoMElIX AT NH, - N 125

TCHB XA T WA R RGN NH - N 1y
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PATE 5 R B A S MR IRAL R K A i G R ks

AR5 HTH

EBRACRILIE 4, BEBr B s K NH -N Ry 3 ~
4 mg/L, Hi7k NH; =N %7 0.06 ~0.54 mg/L,F-3y5
BRFEN 97% , 7K K 5 2 C M FRoK FREE T fAm o)
(GB 3838—2002) i) Il J /K brif . 230K R )2 5K
RIS , Wb A DR ST NH, - N ARG 09 0% i fig
palR Pl e TS G il o 'k N
A, T I DX A iy B U it A 4 DR 43 B ) L Oy
FEAACIRE 4 T BB R K. AR &
T AR TR A AR TR AL TR A K B RRE ek
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Fig.4 NH, — N removal by bioretention system
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2.5.2  ToMsIRIX AT NO; - N iy LB

BRI IR R X NH, - N 112
EBRAI T HXT NO;, - N 973 L BR B BAR,
X 36% . HEAi B RGN NO; - N By LR %
S MR A P BSOS AR T, i SR A AR T /7 2 5
B TR BRI B SR . g R AR
il st /2 (COD 2y 150 ~200 mg/L) , {H & A~ IHOR}HZ
B, HLAE TG 3 IX B 8 /K B [a) 4, 9% T 15 ]
K, TCIEORUE ™48 PSR RS . A, ORI I Al AL
S AT B30I T — g e ], T 3 6 2 ) K
45 R I Rl (47 min) | PR OB AR T & AR
AU . REE R IE1TE A NO; - N By 2B
RO HARE , 7T R P A i g is 1 7 i A= 4
e A AR, RO A E R 85 2 801 .
2.5.3  ToMsIRIX ST R TN By 236k

B g gt K TN g 7 ~ 16 mg/L, RE¢HK
TN 34 2. 65 ~ 8. 05 mg/L, X% K 12. 01% ~
72.26% . WhA1iG e ek R R R SRR AT TN 9 25
BRI ATRE , B 5 I 25 BR A T8 B AR 1 A
LR K v B 2 Ao T b 2 K B B O A )
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Fig.5 Nitrate and TN removal by bioretention system with
submerged area

WA T RGEXT NOy - N {92 LB R
FE] 79% , 0 TN [9-F-2 2% PR AR 4R 5 5 80% , ok
TN #JEH 0.51 ~5.22 mg/L, {6 T (o5 /K b 3
IS5 QI HEORE) (GB 18918—2002) HAY—2 A
P HEBR AR 2 W 00, TN i) R Bl S
NO; — N 22 BR A& 26 22 IE ARG, 3 1 B 7E A= Wy i
FAAER BRI TN BRI R 22T NO; - N &%
it JER S 1 W 5 DX Ay SRH A AR S Lk SR B B
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A%, PRAIE T 15 G -5 SEURER A W 4 435 ik

- 161 -



£RE HTH

FOE % K H K

www. watergasheat. com

NEESTE] . W EIT 5B BGEITAI L, B4R COD (1
S35 Je BB 22 N R A AE RN B LA 2 17 R
W BIB T 45T COD [F)F- 3448 %) 2 B ok 139
mg/ L, EMEBRGE T4 8 120 mg/L, 6B iz
17550 Fril#ER) COD 4aX 7o 2, F2AE N I fifg
R IEAE o A= Wi B8 Uit N R R iR RS R AL R
WAV AR Wk NH -N#F ARG )G, H
BHERE X NH, - N A7 R A W SR B3 VR, 695 T
B, BJZIBURY B AR R AR AR08, A AL TR A 1k
PTEA 35 P NH, - N 46k NO; - N; itk
Hi) NO; - N DL R AR AR FH A i NO; — N K
T T B RRIRERZ , 4b T K B3R B T R
BURHX 0] & AR RS e W RO A VE L B s S R A
HASIMNRG KA LR
3 4k

K B A VR T U A o S8 ORI A= 1 i B8 R
Zix} TSS .COD P NH, - N M 48 HA RiF Xk
BRAEST Rk AR GE A= Wi B8 RGEXT P iy L BRAUR
B HAKAE B . 2o i R AL B, E/K TP
H2.5~7 mg/L i, ik TP %5 0. 02 ~0.47 mg/L,
X TP (T35 2 B R 5 38 98% o i 15 B X
KSR N 6 ~ 10 mg/L iy B E] D 2 h 15, Xf
HAS RN T LB B H] 79% ; 3K TN 7 ~ 16
mg/L i, 17K TN 4 0.51 ~5.22 mg/L. REH T
WEBIXXN) NH, — N [ 23 BR 52 W AN K 38 ek 1) FH s
ARG IeXT ARG AT L ek R, SR HU B X
17 X RGELER AT AL, BE 8 X Y K A28 9t 15 e
Y AT A R ], SN N R P A R 2Bk o
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