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Abstract; Removal effect -of urban.nonpoint source pollutants by the infiltration system packed with
fly ash was evaluated./ The adsorption experiment showed that fly ash worked well in adsorbing
ammonium and phosphorus. The infiltration system was operated by loading simulated rainfall runoff
in lab —seale with 33 rainfall events in 70 days. It presented removal efficiencies of 88.1% for
dissolved total carbon, 41.0% for total nitrogen, 95.5% for ammonium, and 81.0% for phosphorus
during pollutants loading with 33 rainfall runoff events. The results indicated that the infiltration
system packed with fly ash could be used for urban nonpoint source pollutants control. The removal of
organic matters, ammonium and phosphorus mainly occurred in 0—10 cm of infiltration layer while
nitrogen removal occurred in 0—40 cm layer. Therefore, the layer depth could be changed from
130 em to 100 e¢m. Adsorption kinetics indicated that the equilibrium for ammonium and phosphorus
sorption reached in 3 h and 6 h, respectively. However, the role of microorganisms should be further

identified in the future study with optimized operational conditions.
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1 L5 J7: ( Materials and methods)

1.1 R T i AR

F 5 T PR 8 I I ) 2 B TR R T L 2 B IR T ZE I A X 5 A RAE R, B R AUCRER
20 cm FESIRAH ] BRES B SRIT BBk 2 4 100 H 0 5 ARA7AE F B8 48 FL WK pHL (B F 3%
B HAR IR T AT ) o X SR ATT S o B e 20 2 B G TRR A A B T v, X R i P R
BT BARBOH " XK BE S L)L 1.0 mol - L' NH,C1,0.11 mol - ™' NaHCO,-Na, S, 0,
(BD i51) .1.0 mol-L™" NaOH 0.5 mol- L™ HCI 11 mol-L™" NaOH 2 HAHXT 0 (B MRAFTE ASHKIK N . 55
455 W (NH,CL-P) AR R BURAS B BD-P) (& )8 (K &) AW 456 B8 (NaOH,5-P) 54558
% (HCI-P) 3% A8 (NaOHg,-P) .
1.2 By BRI B RE AR

R IR | 2 S0 TR O e R 1 S T R B R A B AR B T B e A M e R P R A A ik — i R 1Y
ST M T AR Linear Freundlich F1 Langmuir 2512 i W5 B 3 7 27 3o P 5 2R FH o — 9% v — 2 W o ot
SRR L 1)

R RS T RE RN R 3 )y 2707 A

Table 1 Equations for adsorption isotherm and kinetics

LSRR BT TR Linear Freundlich Langmuir
Isothermal adsorption equation Q. =KC, +b lgQ, =1gK; + 1/nlgC, c/0Q,=10Q,K, +C./0Q,
B . THE— 2R e 5y T U G B3 A

"W B e Pseudo-first order adsorption equation Pseudo-secondary order adsorption equation

Adsorption kinetics equation

lg(Q. - Q) =180, - k1/2.303 1/ Q, = 1/(ky 0.2) +1/ 0,
Q. , FHrW i (mg g™ 8 pg-g™') 5 C, , PATHE (mg- L") s K, WM RS0, Y FAIE ; K, , Freundlich WM R A (L-mg™ 8 L-pg™" ) 5
U/n, R %80, , B IR AR (mg- g7 '8 pg-g™') LK, , Langmuir W% B # %4

1.2.1 W PSR S 50

(1) % 0 R0 A5 ek g o 52 6

PRI IKRE §h 1.00 ¢ 5 T4y, BT 50 mL I 2804, 433 I A TR e BE (8 NHL, C1 3% )
25 mL, WEJEREE (LA N ) % 4.0.0.0.2,.0.4.0.8,1.0.2.0.4.0,8.0,10.0.20.0.,40.0.,60.0.80.0,
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100.0 mg-L™" . 7£ 25 °C 200 r-min~"#3# F 3R 4 h 5, BUH 045 7E 5000 remin”' 264 F &0 5 min, B
I WE0.45 wmBEREAUE R FIZKAG IR 43 66 BE 1 0 2 B IO h 2 U % it , 00 ek 2 R0 2 A v TR
R R R B 1 R . D R S R AR TR A5 F T A 3 ASFAT

(2) el ) 5 O A 52

FREUHHE AR 1.00 ¢ 250, BT 50 mL R M8 0E 400 A RN BE /Y KH, PO,
25 mL, W JEREE (LA P 1) % 4:0.0.0.1.0.2.0.4.0.8.1.2.1.6 2.4 .3.2.4.0.8.0.16.0 mg-L™", {£ 25 C
TR (200 remin™') 4 h j5 , BUH B0 FE 5000 remin™' 54 T B0 10 min, B FE RS 0.45 wm JEE
i R BH R Lo Gk e rb ] s Ve TE B IR Eh TR B2 P 00 T vk B2 AR A R B2 22 22 TSRl I B i D L
SEISAEAR RIS T AR A AT
1.2.2 Wk sh 270

(1) 2R YW B 2l 2 5 By

FREUKY BEIFE S 1.00 ¢ 2543, BT 50 mL RO EOE A 3.0 mg- L™ NHyCLIA W 25 mL, 7¢
25 °C Nk , BEBR— & B a) [a] Bg (5,10 .20 .40 .60 .90 . 120 180,240 min) , BUH BSOS AE 5000 r-min ™' 5%
PR EC 10 min, FIEHA 0.45 pm JEREATE , 5B ] [A] PR 1 B 3 P47 S AR B S o o BT A

(2) WA B 2l 2 S 5

FREU BRI S 1.00 g AT, BT 50 ml R OM B LA T, A L.Omg L™ BEFRER AW 25.0 mL, 7F
25 C TR, Bl —E BRI E]RE (1.2.4 .6 .8,12,16 .24 h) U ELOFEE 5000 remin™' Z544 F B0 10 min,
W 0.45 pum JEFESIE AN A)BEIRCE 3 AT T B R e R AT ) S R o S
1.3 ByBEIRB IR RS0 % NS

TS U R FH A5 A A MLBE B A T, BRI BN 30 em, B R 150 em. 7224 B 24
W5 em JBEATRD MR RRFCZE, S BRI B T, [RHE THEK (B 1) R$E)ZE Y 130 cm 2
PR IRE IR, 5 b )2 P i A0 i A e (B Lk k7K B3R 2 R BE R vl ), #EAE - B EA 20 em 28 [IVE A
IKEERE VB U = 70258 B N R AR 30 em B TN EAR 1 em MZEFLE, T /KRR A FK I . A
TERUE R UG, BURE R BE AR U BN 10,40 705100 130 em (7K 1),

0
WIS 250 mm
50 mm4 |
W IEAR °
I
300 mm
150 mmI
150 mm
O
300 mm 500 mm
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t 1
le——>|

@=300 mm(§£L)

B1 BiERERE

Fig.1 Lab-scale infiltration system for operational experiments
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AR AN AT PR SR, HIG ek B 22 S 0K O T R AT B O PERE , BT T2 (8 N T e KA
AR TS AL OAT , 75 Yol BE ARG [l PN S SRS 4T 5 e 7 ik 52 IR SR B (32 2)

R 2 N TBHYAR SIRTS Gk BE L 5 vk

Table 2 Pollutants consistent of artificial rainwater runoff for nonpoint sources

b p . e p .
LU ZEEN Concentration/ A ZEEN Concentration/
Reagent Formula o Reagent Formula o
(mg-L7") (mg-L7")
% B Glucose CeH,, 06 46.9 B fREE Magnesium sulfate MgSO, 10.0
iR 4% Ammonium sulfate (NH,),80, 14.1 WiFR W2k Ferrous sulfate FeSO, 10.0
R — 24 Mono potassium phosphate KH, PO, 4.4 T2 4M Sodium nitrate NaNO, 12.1
LA Calcium chloride CaCl, 10.0

RN T 73K, S KRR BT AT SRAE 115G A1, A YR AEL RN /K A8 38 0 A Bsf [B) 29982 b, 157K 68K
20 L, 5B EHE A 2 d, HEKBrE A maE 0 R4 1B 08 B LK A5 B8 -HEZK S —A ST, HEZS 7K 5 S R it
AT — R B W AR AR g, I DAL ER. 76255 B IE G2 70, 1 e %t iRt 4l K oEFT 5 M 3R 5 4]
BB ATAEVE(10 d) , 3897 T 33 ANHK S E (270 d).

BN T K B0 A ) H DS KBS, DB B A T K R JURE | U W BE T A BT, 4 % JBORE IR 88 1 4%
SEARAT KB AR 123 SORS BRI S BDUES T pH DO /K IR £ AR J5 F 0.45 pum B8RRI g
IKFESEAT K0T, 3 BT A A FE S IR 46 20 WS R h 2 2 AL EBRIR AR LB B S AT HILER ( DOC) .
O3 715 S REAR AR HEEA T, b TN R B o L R B V1 A 5 Do B VR 7, TP R B R B o0 6 B
HIAE ,NOS-N FHEEAM 6 B e NH, -N 7K 4% 2 - U i £R 06 FE VL (A) g, NOS-N I N-(1-Z8
1) -2 SRR (A) RE , DOC H TOC 43T ( B AL A FY, TOC-V oy ) FEATINAE , I 22 B SEHE 1 TR
- AL BE L EBRH AP 59 DIC 4, 5 FH-680. °C 8 TR B i Ak S Ak -3k 3 BLET M ( NDIR)
TGO 5y RRE IR X B R ol S5 R O R RN B 8 7 24 S 5 85040 FH Origing.5 #4743 477

2 53R 51718 (Results and Discussion)

2.1 YR A R A B

R R ARARE I DA el Sk IR A, S BRI ri T HE s ) 2 2 AR I 5, 28 ply AN R )
FIBE B IR  AMRIE IS RAT K~ B 4 W g 2E 1. B JE IR 1) 32 B AR KA 2 Si0, L AL O, \Fe, 0, FeO
Ca0 TiO, % HR M AR A I, FE R K, — 200 1600—3500 cm®™ g8 DBy MK 7 A B4k e TR AR
B, 10 D) RE 1S S0E AL PR A i A W R ARSI 06 R BT R A R R BB S S0, o F 4K, 18
A — S SR T (AN A (A1 Si,0,,) ) (Bl 2) 2052, S50 TR BEK S 80 (pH {B7E 8.10 Z247) |
OB AR 1.7—2.2 g+ cm ™ Z AP 3h RIARTE 0.01—0.1 mm Z 0], bR ATEEH 0.3—0.6 m™> g™ WF5%
iR Psenner ILEEBURBEMRAFIE A AN 3 Frw , bl S ICEHE (Ext-TP) R EE Al 232.4 mg kg™,
NH, CI-P & (5 BB L5 R 7.5% , BD-P 5 i (5 BB Y 4.8% ,NaOH ,5-P (5 BB 1Y HL 518 5.5% , HCI-P (i
SRR, N 39.6% BRI ST (NaOH-P) 5 B H Bl oK, 42.7%.
2.2 BRI S R 1 R R BE A 5

(1) A BNt 2 R W B

o R et G601 W I o 2, 20 A A 32 P B T 8 (P 3 ), (L AT U XA R AR e S o
BN A R E R 40—70 mg- LI, G0 G0N BB 0T Al B A b SRR 5 R T 3 i A R I R R
Xof SR B 25 S TC vk 40 BB A OR AN B P A 3T ) 0 R KR O b e R — R T
2.0 mg- L™ A EETEL BB B HE R IR HAT 5 R 1 R B BB 7E 1T 40 min P, B IR = AU
W B R R R, B PR 1.0 pg e g7 N E] 5.0 g g 247 (] 3¢) |, T FE 40 min J W s R AR P o — 2%
W B 20 32 05 B AR R BTE 0.90—0.98 , Fe K FFHR I 7.7 g, 1T vE G0 Bk 3h 1 24y BRI
FEITE 0.99 LU F e KM 90E 8 9.0 ng-g ' (£ 4).
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Fig.2 XRD spectra of fly ash

£ 3 R Psenner LRI THLBELTE S BIEIE (mg-ke')

Table 3 Concentrations of different fractions of phosphorus in fly“ash using the Psenner method

FE il Sample NH,CI-P BD-P NaOH,5-P HCI-P NaOHgs-P Ext-TP
Sl 16.8 12.0 12.0 90.9 102.9 234.6
S2 18.8 10.6 13.5 95.7 93.3 231.8
S3 16.8 10.6 125 89.4 101.5 230.8
I Average 17.5 11.1 12.7 92.0 99.2 232.4

H  Ext-TP, W] 2 IURHE , 4 WAFTE A58 2 F1. Note : Ext-TP! extractable total phosphorus by adding all fractions of phosphorus.

1000 - 80
@  NHN ®  po,p
e S1 e Si
800 o2 ® 601 o S2 v
~ v S3 ~ v S3 ®
ey 000 e 40 L N
& . &
S 400f S
3 J 20 v °
L ® %
200 0 loe® ® §
Ope e @ ®
1 1 1 | =20 | 1 |
0 20 40 60 80 0 5 10 15
CJ(mg-L™) C(mg-L™)
51 (@) PO,-P
Ak
e w3t
& &
3 S 2t
1 -
0 1 1 1 1 1 1 0 1 1 1 1 1 ]
0 50 100 150 200 250 300 0 5 10 15 20 25 30
t/min t/h

B3 MBI 28 SR IE R IR 1Y) 25 T M R R i R 5l g 2
(a, ZA IR b, BEFIRI N o, R B 127 d BEWKE 30 0727 )
Fig.3 Adsorption isotherms and kinetics for ammonium and phosphorus by fly ash
(a and b indicates adsorption isotherms for ammonium and phosphorus, respectively ;

¢ and d indicates adsorption kinetics for ammonium and phosphorus, respectively.)
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R4 BRI R AR R 2 E s )R O R O R AR
Table 4 Pseudo-first-order kinetics and pseudo-secondary-order kinetics equation and correlation coefficient

for ammonium and phosphorus adsorption, respectively

HE— G Bl 71 27 7 HE G I Bl 7
VIR Pseudo-first order adsorption Pseudo-secondary order ad sorption
Initial concentration/ kinetics equation kinetics equation
(mg-L7") Q./ k/ o Q./ ky/ R
(ng-g") min”' (ng-g) (g-mg '-min”")
S1 3.0 7.2 0.044 0.9022 8.9 4.39 0.9923
A NH,-N S2 3.0 7.3 0.044 0.9846 8.3 6.35 0.9986
S3 3.0 7.7 0.043 0.9472 9.0 5.21 0.9987
S1 1.0 4.3 0.0058 0.8865 4.7 1.85 0.9921
WiREE PO,-P 2 1.0 4.3 0.0072 0.9676 4.9 1.79 0.9977
S3 1.0 4.2 0.0065 0.9369 4.5 252 0.9945

(2)) M T X Tl iy W 44

WA B B0 BT A AR BT B i R e B, LR R 7 Pl ) 8 91 LA 45T . g O ot 15 HC P g o
FEA RN R 3 A8 0 2 B 5 A X S8 e R A 5 SR AT LG, R BRAEARIR B 254 T, Freundlich FI
Langmuir 558 77 FE X B TCIE UG, Linear 25818 77 B2 A3 A 45 AR 2 T8 5% /K (P<0.005) . 24 1
fugmg T B Ve BE AR B, Ry O B X W 1 Ak B AR RTORE T R, R0 R K R PO,-P R B E R R T
0.3 mg-L7" 2" 24 PO,-P WA T 0.2 mg- L7 I 23 S5 A A W, A3 HE 0 Xt e JEL A — 19 MR o sk SR ke o
J12E W (K] 3d) FEZEBE I 6 h NIk B R4, e KRN o 4.2 g7
2.3 BUEEAIRRCR

(1) B L 22 BRAICR

TEBFFRIIG 70 d P, #E7K DOC e 7E18—=32 e - L™ 22 ], Hi7k DOC WIZEHS7E 2.0—10.0 mg-1"
FIFEE, DOC K BRAFETE 65.0%—98.0% Z [0, V34 L Br 3 88.1%, PR FEHLEPTE 0—10 em R)Z
(El 4a) N TF/KBREZL 10 em RIZBUEIZIG DOC 158 T8 KR #2255 (E 5a) ,40—130 em 2
6] 7K DOC He BE AR LA K.

BUER G A LG ) 0 KB AE 2SR U T R ok 8 A B RN AR e A, B R EGR T
A HIAEAEIRAS YA WAL SRS AF RS S UE AR 5 25 2 MRS A L LB fe 22N
I SR BRI A A e 2 B IR R G S BRAB A T K AR I — e B 2 U sE AR B, AR5 E AN B U AR
GEiE AT b — AL AL B | BT AR KA 5 A 2505 e o 32 5 3 A T RS A K H A TS e A e R s TR
SFEWI K A LW s s AR AR e, T LURTEE 22 i SRR fik DA T S 800 22 175 e ) 25 B AR
WA LR FH R 2 Sy 88 A 1) ARG A B T B, B A WL EE 10 em DL N A5 DA B AN 23t (1] 4a)

(2) F AL FRRCR

KRB U R G A B B R R BRBE T, 2 R BRACRAERETE 95.5% , H KMk BE 4 R B
E (Kl 4b) FKFEL T 0—10 em RIZBIEZ 5 4 KA /3 2 AA5 DL L BR AR LI e v, 7K1
NN, =N #JZ 4 0.64 mg-L™",10 em Ab#F AL NN, =N P29 R 0.03 mg-L™',10 em DAFHMRBEA i [ 7,
FIRE S H T FEWRVA 10 3 A A T A W U7 8 i ( [R1 S ) 2% 32 A 700 300 A R 6 2 25 B e i, mT RE Pl T
SR ) B A3 0 SR R 2L LA 38 v 1) W PR B, (R B 2 32 A T B (AT RE K, NO, =N H K R B2 A it A AN
B W0 B TR BTSN, P BB S B TS ARV FH BT 35, 1 s A7 5 B B X PR AR R LB A T — e K
JREL T SRR RIVE R, 3 R BRACR LR 10% (] 5d) .10 em ARFESLHEE R TR K R, 2858 10 em
BUEZ ARt TR AEAE ) NO,-N ¥R BEEAINZE 7.5 mg- L™, 40 cm 40 AT BE 1 T SRS A0 1 L 8 R [
F 4.0 mg- L2240 MR R 2 KO B AR AR A o e 1Y L (BT S5d) . nT WL R A AR H R B A R
10—40 cm Y23 6] 75 .
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—o— WA Inflow o il i Outflow —— EBE3 Removal efficiency
(b)
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Fig.4 Changes of inflow and outflow concentration, and removal efficiency for dissolved total organic carbon (DOC) (a),

ammonium (b), phosphorus (c¢) and nitrate (d)/during the operational period in the infiltration column

AN IEATHANE] , HEK AR B B 5 ( 7.3—9.0 mg- L") B8 F I E0IRE, Mi7ER R Ts YL A )
A AN 2B T 23 AR MRS S % B TR e 5, KR EVER Y 1.4—3.3 mg- L' HA & /E
A — SRS AL BV BE , AR K DRI B 7 1 2B A 5 B NS R A, 2 T F R Ak SR . BTS2 56 1k
IKH A WA R ER 4, 1T SE S04 T 2 JE UG NO,—N ¥R JE 200t 10 em B U825 W A W& 34, a1l A
0.2—0.8 mg-L™", ILAN, NO; =N WK 250t 10 em BIEJZ S0, B /s i AL s i 248 B R A g f7h
S, Al RE T IR AL B TR WA A e A RS AL, Bozs T R 10 em ZLHUFE B NO,-N ¥
FERAR. EAM ,NO, —N YR BE Bl EURHAR R S TG F R #a TR , il REAE IR )2 K 1 i TRk U 2 25
F PRI A TR FFE Y R 9BUE 2R Ge rh U 2 R B TR ko = R A T R R T A T R
SALAE 55 10 3 BUBA PR R, SR L TN (-3 RBRECE R 41.0% , FE L HEFE 0—40 em B35
FE .

(3) WAL R

FESAT IR, BRI K R OR S, ol T e 1) 55 W R S i i BT L PO, -P MR BE S IR Ry 0.1—
0.2 mg- L~ 7E MG AN ARG 7 Y, PO, -P ¥R EEST 314 0.1 mg- L7 S LBRF A 81.0% (&l 4c).
B IR A AT LA Y 2B B P AE 0—10 cm )2, 10 em AbREE OIS H) PO,-P ¥R ¥ &
i, 7F 40—130 cm PIHREEA FT 1T, AT RE 32 Btk 2 i 30 43 A WAL BoF T s .

X T2 U8 R GU R AW, FL BRI 2 M WO B B BT IR I A2 T00E B R A%
HEP#WE oA 1 W B R SR A K ML AR S R B A A A IR, ER T LA AR R 1 R

B, JUT LA B 11 22 BR AR AR A TR] B LR RE IR v 5 7 Ak 0 VS S50 0 -5 W R 5 17 e , /K rp
@%B‘% BEAN A5 5T 2 BB BRI PT 2 BFP O 2 1 SRy XA M 5 25 5 S TE AR A e AL L 81 1T 35 80% LA
PV AR TR Y B — R A R B, P AR REAE 0.1—0.2 mg - L7 2 JH).
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Fig.5 Concentration changes of dissolved total organic carbon (DOC) (a), ammonium (b),

phosphorus (c¢) and nitrate (d) along vertical-depth of the infiltration column

2.4 XPRYEIRBIE R gL

A 3T TR 55 Y ) — S A T TR S A T v BRI T VR T e 4R R B Y TN AT TP ) 2
Bk R ik F)] 30.0%—45.0%H1 40.09%—55.0% > | AR BF5E F TN A1 TP AYF1 R 41.0% F
81.0% , [ DOC F1 NH, =N FlRYF- 24 K ERBCE K 73 51 K 88.1% F1 95.5% , AT LA K Sy 2 2L IE0RHI 2
T8 22 G0 3 I T RS Y s ) () AR SR

AT 2 AR L BT e 2 PR AR I DR IR 1Y) 1R B — AR I E 0.8—1.5 m 1YY [l B 9Y 45 SR R
B ALY B AR 22 R R AR TERE (0—10 em BYBEIK)Z ) |, TR A 280 A 25 B3 U ok A AE T 2
10—40 cm PR 25k i AR R AR IR JZ2 X605 e 25 B A B R R, R s i A 47 10 JliAs , B ik
A Y W I 2 1 e B R 25 R BRI B AR T 2 8 N AR A SR Ak SO 1) & A, 2B R AR AR IR
HRER PSR S BN RE I A, 75 U TCTE R A A RS A AR 08 A 15 B I R] 2R SRS B AR B IR IK
=D R 1 m.

HR AU B 3l 77 2 S S A 45 5 B IO 2 R W M FE 3 b P R A TR ISP 17 XoF 8 1) W B T 726 h
P T, T LAASE R B R] 2 d 4R B R BRI S 1Y LAk, 2 B R FE K - HE K S8 a2 1507 =K, HE
IR A R e A A SRR T AR R U I K R ML ) SRR 7 L B S 1 [ s 1 il AR sk
MG A A LR B EERE , WA R T RS R A AT, — M T R K AR TS G )
RN 1A B RSB B RRCR , HE DTSSR KE 15 B B e 152 o 2, [ B A 0 v ) 2 R AR 37K
FI At , 7K 45 B ) 246 S A 17 25 St B 0% 5 BT = RN Bt 14 R R B

SRRSO T K AR I 5 e 1 B 3 5 22 RSO I B AR A ) . 2 0 R S A
F2BRAEAT K AR SE R B FH AIHE A ST 00 8 Ak SR 255 [0 Bl 7 206 B8 0 v T A7 AE — 8 1 RO Ak, Jir AR
JOXF RGP R AN 2 3 BP0 RT3 JRE R T2 U R 49 = T AT IS i T 0Tl O A R [ 8T, 8 SR B R A WO S
— 7 WY (R BRE R SR | W BN S RN S AR S W VR AR DAL | 3 AT L SEE K 3K 3] W o6 £ R g Bsf
[i], [ Bof it o a7 7 B ) (R RS F0 A 0 2 5 0 1 1 P ) A ARG 5t I 50U 070 r 25 101 % B2 114 i



34 Dy TV I IIE U8 2 GEAE BT A RS QRO T A 567

TE ML K AR 0 T RS 1) 5 0 — 2B I AR AT
3 %518 ( Conclusion)

() BRI R s R R A 45 A I W B B, LR S R et 2R 114 W B ot S5 e e, ot L AR A B 3
FEAR TR B , X Wl R A W BRI (R 7522 6 b, DRI L3 S AR B O I 7 205 et P st ) ) 5 o k2 20 Rl 1)

(2) BUE R GEXT R K AR LTS YA BT 1 SR8 , A 30T 1 s e 4 il () S BR R T R &
AT R AR X A, 7 U TR0 ol A 9 O 1 R85 8 A5 A DA FE A PR TR, i 25 32 47 s 18] A9 SiE K 35 e B9 2
BRACR K ARSI — 2015 LIFE .

) TEBIERG T, ALY A A B LPR R E L AETEBIELRE 0—10 em, TN [ FBR FEAE 0—
40 emZ [B). FHLZS A B N AMOBFFTES B, nRE I8 2 8 B IS 00N, o] BRI TR 1 A0 i o5 55 Y £ o
(I BEHLYEARE P08 2R G0 ER FH 0K -HEZS 1 ) Bk iz 1 Ak

£ % 3L ( References)

[ 1] WO AT A R F A2 I T 5 S AR BB W R SE [ D] M - AR B T R &, 2014,
JING D D. Research on purification characteristic and diversity of microbes in a constructed wetland treating towns rainfall runoff[ D ].
Guangzhou; South China University of Technology, 2014 (in Chinese).

(2] i, ESC, T4, 5. BB TR X Tl X RTAR iR A 5T [ )] BREERL 24, 2012, 33(3) :817-824.
HE L J, MA B W, WAN J Q, et al. Treatment studies of industrial rainoff.with a new type of constructed wetland[ J]. Environmental
Science, 2012, 33(3) : 817-824(in Chinese).

[ 3] Akoc. FIERT TS 3 2 2R RTS8 D] 2B RBURS | 2004,
WU F Y. Research on multilayer control model of urban non-point source pollution[ D]. Wuhan; Wuhan University, 2004 (in Chinese).

[ 4] US Environmental Protection Agency ( USEPA). Stormwater best management practice design guide: Volume 1, General Considerations
[M]. Washington DC: US Environmental Protection AgencyUSA. 2004.

[5] Az, XNEF,HE S SR FEREEX 15K - ARG RZma [ )]l va gl B2 2008, 36(3) :61-65.
SHIY, LIU C P, GAN L, et al. Effects of oxidation-deoxidation environment to wastewater land treatment systems[ J]. Journal of Shanxi
Agricultural Sciences, 2008, 36(3) : 61-65(in Chinese).

[ 6] & AL i R g NIk mid) AR TS R HIERTSE[ D] et Wi R, 2007.
WU B. Applied study of urban initial-rainfall runoff pollution reduction by constructed rapid infiltration system [ D ]. Nanjing: Hohai
University, 2007 (in Chinese )«

[ 7] AR S, mbre, S U TN BA R 275 Y PERR A 1T [ 1] SRR, 2005, 26(1) :51-55.
YUAN D H, JING L J, GAO S X, et al. Analysis on the removal efficiency of phosphorus in some substrates used in constructed wetland
system[ J | Environmental Science, 2005, 26(1) : 51-55(in Chinese).

[ 8] L RVL KA. 5K IERHAL I R G EARBFTEIERE [ ] M AR, 2003, 14(4) :623-626.
CUI L H, ZHU X Z, I.UO S M. Advances in the research of infiltration wetland wastewater treatment systems[ J]. Chinese Journal of
Applied Ecology, 2003, 14(4); 623-626(in Chinese).

[9] &8, R, (T, A5 WIS P S Ak B0 3 4 B K A PERE L ) ] BRI AL, 2013,32(5) « 819-826.
SHU Y, WU C B, HU X F, et al. Treatment Cu-containing wastewater by using activated carbon made from coal ash[ J]. Environmental
Chemistry, 2013,32(5) : 819-826 (in Chinese).

[10] Bl iS65R, 20N, 45 K U8 YA B A AR [ AL/ R A PR B BEE [ )] R84, 2015, 34 (8) : 1553-1560.
CHEN C, XIE W Q, LI X M. Solidification/stabilization treatment of Pb and Zn in tailing waste using cement, fly ash and quick lime[]J].
Environmental Chemistry, 2015, 34(8) : 1553-1560( in Chinese ) .

(1] FhI76 AEIL R IR P BT R e AL m i RRATIE [ D] MR - Z RO TR, 2014,
SUN P F. The processes of phosphorus transform and transport the sediments of Huaibei Nanhu Wetland Park [ D ]. Huainan; Anhui
University of Science & Technology, 2014 (in Chinese).

[12]  EWE PR YRR B ERBEAIBTSE [ D] R A M R0 K%, 2011,
WANG F. Study on phosphorus removal by four mineral material which were modified [ D ]. Nanjing: Nanjing University, 2011 (in
Chinese) .

[13]  EA, DER XSG, 55 S RAC TR & BRIEOK AT [ )] M5 S S BA , 2012, 34(1) :52-55.
PENG X. H, MA X J, LIU X M, et al. Study on treatment of low concentrated phosphorus containing wastewater by modified fly ash[ J].



568 57N 5% 1k

pS

37 %

Environmental Pollution & Control, 2012, 34( 1) :52-55(in Chinese) .

[14] ZEE s f/hE. N THGEBIERGEMH SN AL ]. P EA KK, 2004, 20(10) : 30-32.
LIZ Y, HE T B, YANG X M. Development of constructed rapid infiltration system and its application. [ J]. China Water & Wastewater,
2004, 20(10) : 30-32(in Chinese).

[15]  RENAE, I3, BRAE i A TR B R ST LA ) . 457K HE7K, 2001, 27(8) : 32-34.
XU L H, ZHOU Q. On design of artificial wetland system for storm water disposal[ J]. Water & Wastewater Engineering, 2001, 27(8) ;
32-34(in Chinese).

[16] HRR NG H/NE, 5. 181707 A AT H0E RGOKBUALECR A SEM [ 1] A58 A 3 540K, 2006, 18(5) : 31-34.
SHAO J, SUN K, YANG X M, et al. The influence of operation pattern on the removal effect of constructed rapid infiltrations system[ J ].
The Administration and Technique of Environmental Monitoring, 2006, 18(5) : 31-34(in Chinese).

[17] XUEE RATHIKAR AR ZS T b B R GE i SEI 5T [ Db st 35 4R %%, 2008.
LIU J. Research on ecological land system to treat urban rainwater runoff[ D]. Beijing: Tsinghua University, 2008 (in Chinese).

(18] L. By IR T v o 3 B0 A 4K K i WINRT V5 ek AR ) i AR BCR [ D] 58 - 5 MR 2% ) 2006.
WANG H. Effect on fly ash on the grow of lawn grass and pyrification of Nanming River[ D]. Guizhou: Guizhou University, 2006 (in
Chinese) .

[19]  REL BMEIRAE K AL BE b 1 RIS Y [ D] RS - Z R TR, 2006.
ZHANG W. The experiment research of fly ash application on treating wastewater [ D |. Huainan; Anhui) University of Science &
Technology, 2006 (in Chinese).

[20] TAYLOR G D, GEOFF T D, WONG T H, et al. Nitrogen composition in urban runoff—impli¢ations for stormwater management[ J]. Water
Research, 2005, 39(10) : 1982-1989.

[21] AREIY, ERE, K, 5. AN [ 3 A B R AR s Y[ J] 2B 2244, 2005, 25(12) :3226-3230.
REN Y F, WANG X K, HAN B, et al. Chemical analysis on stormwater-runoff pollution of different underlying urban surfaces[ J]. Acta
Ecologica Sinica, 2005, 25(12) ; 3226-3230(in Chinese).

[22] YIQT, KIM Y, TATEDA M. Evaluation of nitrogen reduction in water-hyacinth ponds integrated with waste stabilization ponds[ J].
Desalination, 2009, 249(2) : 528-534.

[23] ZHEN W, JIAN D, LIN L, et al. Screening of phosphate-remoying substrates for use in constructed wetlands treating swine wastewater[ J | .
Ecological Engineering, 2013, 54, 57-65.

[24] AR SEIE  IRAAE, A5, JLAA TR ML g sk IBLERL T ] EFRE AL 2004, 24(5) :614-617.
YUAN D H, JING L J, ZHANG M Q, et al. Mechanism of phosphorus purification in some kinds of substrates constructed wetland systems
[J]. China Environmental Science, 2004, 24('5) : 614-617(in Chinese).

[25] NIUS P, PARK K S, CHENG J, et al. An investigation into the relationship between water quality volume ( design storage volume) and
stormwater wetland performance[ J]. Water Science and Technology, 2016, 73(6) ; 1483-1491.





