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1) A=Wy B SEORE . ARBIESE Y, AR R T R OB RS C33IREE L. - A
& (SWT) FIER A=W e (GXT)o 45 FPER AL B AN 26 1 s .

2) FEIRF . ANKE ZH ALY (FeCly-6H,0, 99.99%). Wit — 4 8 (KH,PO,, 99.50%). ZA1k %k
(NH,Cl, 99.50%). 2% (KNO;, 99.99%). Jo/K & fL55 (CaCly, 96.00%). Jo7/K & P (CH,CH;0H,
99.70%) . WHLIR (H,SO,, 95%~98%). ez (HCl, 36%~38%).

3) FEALES o AKFIEAL (2100Q, & [ A A K BRI A BRZA F]) . KB B2 (SD9001, I
W B A AR AR AT BRA Al A AT WOE 40 66 BE 11 (TU-1900, b 5038 i AL #8 4 BR ST AT Al)
BLOHL (TGL-16M, Dl sw 2 FE/RFE A BRA H) . B8 A Il BRI AR (KQ-500DE, e H ik =2 i 7 i A PR 2>
A Hfdr (SXL1008, Hr EIRRA e b1 A B LA 58 7).

T1OERIBUMR

Table 1 Physicochemical properties of media

HURL 2 FR pH K53 1% CEC/(cmol-kg™) CEMI/mV RV m? g )
GXT 2.91+0.08 38.52+0.57 81.25+0.30 ~5.00£0.05 170.00+3.00
SWT 8.28+0.46 42.20+80.69 30.51+0.50 —3.00+0.03 150.00+5.00

+ 7.35+0.07 89.20+0.03 7.00+0.10 ~1.37+0.03 —

TR 8.2340.16 96.72+0.70 1.50+0.40 ~16.00+0.02 11.80+0.60

F: CECHMHE FAcHuss i, —FmaARiil,

12 XBRE

SEHG SR 1A% R 300 mm, #1250 mm () HDPE [BIA:FS A . SCI0 A 40 5 S URHZ DR 0L A 1,
FER N ERES A8 B i R A S 2 (45 mm), WERZE (255 mm), 75 )2 (100 mm), JEEHZ (700 mm) .
kA HEZKJZ (150 mm)o W 5290 A S RE I AT S (] g B2 EDRHBORE 11, RIS 30T b 8 A 1 1 9 o o 9
X N TN AR IRE g m, Sk S RE A F AR IS 2, WA Rkt e i T3, 5K
A R FIAR )

5 A RLAR N 10~20 mm WA, kA HEK)Z M RAR S 30~40 mm (04 . S HILRY
23 0 TR 8t A AR A B R U, X BRZH ORE T1 R FH 88% 1R EE 1P . 12% A9 E R E A L AR A
B, pH A 8.03+0.03; it K IFEL T2 IR T1 551 & 4% SWT, pH Ky 7.33+0.09; i K IF K T3 K
HURFT1 X5 IRE 4% GXT, pH $6.94+0.04.
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1) 2 490 A B SO L SWIT JEUR L g | e
TR, RITIER R4, R T R % AT Sais
915 Comin, S5 AL 500 °C . BT Sl e '
FeCl, ¥ Wt Xt SWT i 73 e #: 09, it 100 g SRR I IEE. : E
SWT 33 T 1 LYK EE 9 1.0 mol-L™! £k A ¥ L e
Wih L h, SARRVE. EEMveM oy, F(L 0]l L | Iz
F 75 CHF 12hJR, BIBHRMERY 3 ek Sl Al
0.70, Kt bR A W5 HCE T FeCly WP, IR R » 3
SHEDEEE 1 h, BT 5B F A EE i A4 mm.
Ve, BT 75 CHET, Beo kB gk b Bl xWEENIHS

Fig. 1 Structure and number of experimental columns

it A GXT,

2) A= W) B IR DR L B . SR BRI Ok S 5 BT AN AN [ A ) ik E 2% B8 F UK (D) 3N TR LR RN AR U
(SW) ¥ 22k U 25 10 N B R W A BEURAAE o FRER 1 g T4 A9 SWT 5 GXT 43 5 il A 40 mL DI ¢
SW B, 7E 150 r-min Wi Z T 8% 24 h J5 LA 500 r-min' 5 3 B0 20 min, B 1 £ 0.45 ym
FLAEPEACEIE, EE 10 WG HPOy -P & &, & H A DI SW AW e i) 25 .0 A S X) iE
M, M2HEELE ., SWHEH pHH 7.040.20 H& 4 8 mg' L™ NH;-N, 8 mg-L™' NO;-N F1 120 mg-L™
CaCl, ¥ e,

3) A5 W e ) Tl 1) A R T B S . SERR I v, AR R b A EURRRE B B B W K AR A B ik
Ve, SFEATEDIR . MK IR IR E 0 A2 W 0k X PO -P Y SE PR R RE 1, ASHIF 5T A FH A bR vk S
55 28 DLIRYE 10 d J5 /9 SWT Fil GXT 1E I 52 ge 4 k. PO;-P 4 ik W B 52 36 78 = U 45 140 F R AT,
Tofr A= 9 5 A 2 2H 42 523609 0.1 g B SWT(EE GXT) il A 50 mL A [ ¥ B PO -P 5 & (0. 10, 20,
30, 40. 50, 60, 70, 80 1100 mg-L™"), 7EZE R T T 150 rmin ' ¥ 7% 24 h, W I8 4 0.45 pm U8
Sk 8 S I H B POY-P VR BE L WA v R R (1) TR

v
qe :(CO_CC)E (1)

Arbre g, WP B I B i, mgrg™s G RRTIRTE MR B, mg L5 C, Ay W B P 4 5 Rk B
mg- L™ VEBRAER, L; m WK EE, go 8 Langmuir £ 552 56 K408 2547 JE 26 [ 15 481
A, #RILA Q).

KLCe

T3K.C. )
K2 G J9 Langmuir B8 R MR, mgkg's K, o4 Langmuir BEEUEFIPES R, Lmg's HIR
R, ORIV =BTy AWM, TR I 3) Frs.

1
T1+K.G )

M O<R<IB}, &5 KAEWK; M R>1E, RN EAWMK; X R=08, Jyal s kf; 4
R=1 M, LAEm .

4) AR PRSI o A IS ] W 15 v BBE A T BRI X TR K AR R P R BRASCR 4 A S
AR S EE S 00 300 Al 600 mm, A — S AR A IS AT HT SE I A TS IS AT 3 do AN (R T fm B SE 0
H K ) SR AT Qe iR B — B, TR AR AR CHg i3 e BRI R ) M, 4 BRVG 2 i 4R AR UL
SRR 85% W BE TN &, AR B ALK X T AL R 5%, TR R 8K 0.8, SLUG T 4R 4 g ik

qe = qmax

Ry
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K 6h, #KJHE 56.69 mL-min ', kR AT, BOKMEH A TECK, B ARRER, 155
Vi BE S VUL T B B L IO 7K AR It T e W e B ST B aff e U7, BARYS e SO BE LR . NH-
N8mgL"', NO;-N8mg-L"', POI-P2mg-L", COD300mgL"., &ERIEKLEHFBEHAKEE, KRG
[P 18 h R L, H—LRAMFTFTESR 11 IR, WK TPO;-P. pH. M. (AEESRER.

WA R I 30T A Wi B i 2B P SN, SRR B YR T 2. 3.0 40 5, 6. THI8d,
VS VR X 7 B R FH 300 mmy, 7K g A4 R TS Y vk B A 5 RN R S — B,

5) HORMR BT 5236 . VR IXC R BE O 300 mm 1Y SEAR AR UL LI A5 RS, U AR SE g AT RO [] 5
FE R ORI i, TBURE 5 B A RIS 1) 43518 250, 550 AT 700 mm, AESECG T 1S A, RRESIR L g
A, T 105 C HET 24 h, WSR2, AR il o XU A BEUVRRI 58 ek Ok A
RACT 5 8 R AN () v B2 % SR XS PO P I B RICR P
14 DH7E

e FH B 358 R AR T 4G TN SEDRE pH R FHA s 2 ARG I OB R 43 5 R FH 0 TR B ok A W JELRRE B 25 - 52 48k
755t (CEC)PY; R ] BET ¥ A il JFORL He 2 10 A 5 R T [ 4K ZETA Hy A2 4K M pH Ay 0 I R} €
Brs R HIFHBE P 6O A I /K AR B IR AR MR 2 5 SR T8I IR U AN T2 412 - PR BB 470 23 D16 016 J32 ok A Y S
AR B SR A 6 BE ARSI K € B 5 SR FH 43 5 0 BE A T K B ek
2 ZFBR5TE
2.1 EHIRITPOI-P R E

NI 2 HRTTF Hy, 7E DI Sk SW itk gE 4k Aty
T, SWT P05 -P Bl R i i F GXT < 5| m svon + +
XHRZIORCHE , U] GXT B4 A1 o 4 H! + + + +
B ORI B R A o 72 DLKVESRF T, GXT @1% +++
ZIHHAPO} P 1N 0.555 pmol-g s [AIRESAF £ . o o ©
T SWT Zititk PO -P &} 14.426 pmol-g ', % .
2% GXT 1930 {5, 78 SW P4, GXT s e ® "
PO -P BN 0.755 ymol-g !, 1ii SWT ot o0 ®© 98000

0o 1 2 3 4 5 6 7 8 9 10 11

PO-P Eititk sk & 7.848 lg!, 4>
H1 PO -P BT itk i H umol-g™!, £5k U

GXT FPPO;-P RITHRAM 10 £ B2 DIok SW A B poi-p B
22 EYRY PO‘S‘:P U3 B 45 IR Fig. 2 Cumulative phosphate leaching amount from

& 3 S SWT Fll GXT XIPO; -P 114 W fff 45 biochars in DI water or SW
2. Langmuir SEAMI G 25 R E Y] SWT F1 GXT
XFPO;-P Y HA BT W B, SWT Ml GXT XN A9 R, $47E 0~1 Z 0], & B & X PO, -P 114 W b
YuS kAt BREBEBSENE 2, mE2TUEH, GXT X F PO -P Y & K W M i i & T
SWT, X#H GXT %P0, -P (WKt e B 4F, X PTRES AR AY i b R AL . CEC EHEREA &
L3 1),
23 AEERSEIPO-PHIXEREN

WV B 0 mm B, N [A] SE 36 AT XTPOS-P A L BRBUR UL I 4(a). WTLLE H, 1R 3750 50 4 XF
PO, -P M KRR 2 F AW, (HARIE & T 2" g At . X Ul DI 7E AN B B s I X, GXT et R R
5 A& OB LE X POT-P () 5 BRPERE VAT W H2 T, 10 SWT it K 30K i B# Ik T POS-P 1) 25 Bk
e, 2"SCEFE LBRACRE 2, ATREE NN SWT A B POT-P (B, 3k — T vl i@ 1 b i bk ok S0 56 75
Rl TaTI
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Fig. 3 PO, -P adsorption isotherms of DI leached SWT and GXT biochars
T O 300 mm B, A ] SE 6 A X ®2 HMREMERITPOT-P B9 Langmuir

PO} -P 11 £ B %R WL &l 4(b). W LLE W% B 75 12 & 85

1952 B8 4% %ot PO?— P Y MR e g, 2Pt Table 2 Parameters for Langmuir isotherms of PO3"-P
TIPOi P L REAR, BOEU GXT ok B Uk adsorption on biochar

UL E PO PRI K . SRk xR Kibme) gumee) R R
POi_-P E/‘Jf %?ﬁ%ﬁ% , ﬁﬁf E‘Eﬂé/ﬁ ?i% SWT 0.027 15.680 0.996 0.270~0.787

ij% E %%E"JWF'EH ’ ’@ﬂﬁﬁ% HEI ?{%/QIZ E‘Jﬁ GXT 0.108 35.857 0.972  0.085~0.481
B — T, WX B R R PR SR T RE S 0 R A R R IR B Oy — Oy, WEIR X
WE A A T R S BOE R B TR A S AR R B, I SIS AE R R GXT MM R, fif
15 Wl FSEURE B A [ 1k B8, AN B VR .

WE T =5 BE R 600 mm B, 4% SEES AT X T PO -P Y A Bk 25 5 LU I R B 300 mm B FE AR R, DL
Kl 4(c)o WTLLEH, 3SCIAEXTFPO;-P I LR A . "R 225 . 1MEERHEXT PO, -P 19 25
PR AR e 3PS it (H 3 5B R AR RE 7 80% LA 15 2L M fE iz 4T 25 5 K5 PO; -P
EBRBIFRERAL, TEB T4 AT PO -P KRR TR 60% LT .

SRS, BR 2B A AN, ol 2 AR SIS AN B B X B, XTPO;-P I A BRBUR B . X T
VLB AE SR U, TE AW I X B % T PO, -P 1 LBRACR A, P34 L BR3H 98.03%, ik & 300 mm
H1 600 mm ¥ 3% 5 FEIE, S ZBR R0 N 88.70% F1 84.41%, FBRACRA FFEAK . 2752 5+ A HiAl
S AEASTR], % E 600 mm VR, HXF FPOY-P R A BRAC R e, X ERBRAEREA A
71.26%; 16 A3 B0 X A B 300 mm i 35 & B, XF T POI-P ) - 24 25 BR R 43 1l N 49.75% Al
47.35%, KT RISEZM T B9 HAb S g0 4 o 18 N 6 BR A ) 375280 4, 78 AN 158 B ¥ V2 DXORT S 982 v T
600 mm [P 55 &t X PO, -P 1) K BR MR ¥ 34y, 3 LBR 353518 97.86% Fl 95.31%; (HAEWE & &
FEH 300 mm B, KBRFRE TR 76.20%. AW B = BEF N [\ 58 56 4 X T PO -P 1 - 44 25 B R
& 4(d).

Pl 5 J2 W 15 = B2 O 300 mm S5 R AR T SC IR A5 S, A R S5 50 A AE AN [ R B EDRHRE i
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Fig. 4 PO3™-P removal effects at different submerged heights of different experimental columns
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Hoflb 2 MSTERE . RRTI S, AR S b X I I—‘
1% i
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o

PP 153 1, . ik SR VR I 34 K 35 7
Wi LA RAESRULIL, S B HOR I A TR

w

1 25 BRI AT 20 B, 0
24 AEZETFHANPO;-P B EFRF M HORRE 12

FE 6 o R 7 5 76 S I 00 i [R5 RIS b 5 K o -p 4
K PO -P VR BE o BV, & SE gt Fig.5 Contents of PO}~-P in different height of media of
R % R POi_ PRI S, HBE%E different experimental columns
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Removal effect of phosphorus in rain-runoff by the media-improved bioreten-
tion tank
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Abstract Aiming at the problem that phosphorus (P) removal effect fluctuates greatly with the addition of
carbon source at a certain height of submerged zone in a bioretention tank, the improvement method of its media
was investigated. In this study, three simulated experimental columns were constructed and filled with
conventional media, general biochar-improved media, and iron-coated biochar-improved media, respectively.
The PO; -P removal effects of the bioretention cells with different biochar-improved media at different
submerged heights and drying periods were analyzed, and the improvement effect of biochar on media was
evaluated. The results showed that the iron-coated biochar-improved media presented the best PO]~ removal
effect at the submerged height of 300 mm in the bioretention tank, and the corresponding average removal
efficiency approached 90%. However, the general biochar-improved media presented the lowest PO]” removal
effect with average removal rate below 60%. At the same time, under different drying periods, PO]" leaching
from media did not occur in all the experimental columns. In conclusion, the bioretention tank filled with the
iron-coated biochar-improved media had a good performance on phosphorus removal from rain runoff and a
strong adaptability to different drying periods when a submerged zone with certain height was preset.

Keywords runoff pollution; bioretention tank; biochar; improved media; phosphorus removal





