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Study on Phosphorus Removal Capability of Constructed Wetlands Filled with

Broken Bricks
WANG Zhen'?, LIU Chao-xiang', LI Peng-yu'”, DONG Jian'*, LIU Lin', ZHU Ge-fu'

(1. Institute of Urban Environment, Chinese Academy of Sciences, Xiamen 361021, China; 2. Graduate University of Chinese
Academy of Sciences, Beijing 100049, China; 3. School of Environmental and municipal Engineering, Xi’an University of Architecture
and Technology, Xi’an 710055, China)

Abstract: Physico-chemical properties of broken bricks ( BB) were determined, as well as its phosphorus adsorption ability. The
results showed that BB was appropriate for enrichment of microorganisms and growth of plants as filter medium in CWs, in addition, BB
had high phosphorus adsorption ability. A vertical subsurface flow constructed wetland ( VSSF) filled with BB was constructed in order
to investigate the phosphorus removal effect of domestic sewage, and the phosphorus removal mechanism of VSSF was also explored.
The results showed that the phosphorus removal rate of VSSF was more than 90% , which remained stable when the hydraulic loading
rate was 5 cm+d ™" and the running time was 1 a; adsorption and precipitation within BB played the greatest role in phosphorus
removal ; distribution characteristics of total phosphorus in the filter media were attributed to the vertical flow state of wastewater in the
system, besides, the contents and chemical forms of elements which could precipitate with phosphorus should be principal factors for
the phosphorus removal processes of BB. Therefore, BB might be an ideal filter medium used in CWs.

Key words : broken bricks (BB) ; constructed wetlands; phosphorus; removal capability
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1.1 K5k

LA i B g 128 96 A4 ), o FL R 8 3 075 (d =2
mm ) FHET 5 H.
1.2 Rk
12,1 SECREGHE 2R Y 45 IR I Bl e

SR FRE 2. 00 ¢ BT 150 mL #EIE )R
o BACHE 0. 02 mol - L1 KCI 9% W B0 1 0 1l 25 I
WeREE (LA P, FlRI) M 6, 10, 15, 24, 40, 60, 80
mg-L ™' ) KH,PO, ¥& ¥ 50 mL, A 3 i =& H
$ot LA BI7 L S0 035 sl v i e 45 SR (0 5 ), SR e B
JEHR B T H R B8 PR b 72 % 3 150 remin ™' JEE
25°C &M TR 48 h. MRy e R IE B0 IFE i
Wk . R E 2 AT 3 AL
1.2.2  BUREOTEER 19 3 25 0 e

TR R FH W B AEAEAY (d =20 mm, h =400
mm) ,ﬂ%%ﬁ%ﬁ%%ﬂﬁ%ﬁ( d ~2 mm)?ﬁxlﬁjﬁ%tt{ﬁs
G (JE il Y o 5 53 805 ol 0% | 20% . 40% |
60% ., 80% F1100% ) , 343 I PR RA L 100 g
FgRtAErh. #EK R KH,PO, ¥ W[ PO~ -P ¥y
(10 £3) mg-L™"'] K3 5fi (HLR) # 5 em-d ™', i
TTHFIE R 1 a. 00056 B 1S 3 1T
1.2.3 /MRt

TR E B oK A B R TR A (d =20
cm,h =100 cm) ,SEUBHZE EEH 80 em, IEFRIEFE 10
em JEM R A R BEK DX (B 1), 1 3 b Fpoe 2 =
( Phragmites australis) . T i A Y % FH 0 5h 2R 3K s
HEACR IR T EREERIE 5 B ] X P9 A= 3% 75 K, 7K T 67 ff
H5 em-d ™" iBFTHFE] M 2011-01-03 ~2012-01-03.
HEIKH COD e oM 208. 13 ~242.28 mg-L~" | TN ¥
JER 25.41 ~42.53 mg-L™" NH, -N ¥ £ 4y 22. 70
~35.46 mg-L~", TP ¥} 7. 71 ~ 10. 67 mg-L~",

K pH (2L TG}y 7. 74 ~8.83. RBiE4T 1 a
Jei , XHEURHZ AN R R BE HEAT 43 BT LA 25 42 9 #0 7 l
RAETRHL P A 25 8] o3 A A A (RO B SRDRHRE it 4
S350 A0 ~20 em) . B(20 ~40 cm) |, C(40 ~60
cm) , D(60 ~80 cm).

1 HEKRAR; 2. $RE2E; 3. EE N TR b A A
E1 EEERALEBMRFKWES
Fig. 1 Schematic diagram of vertical subsurface

flow constructed wetland ( VSSF)
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B 498 1 i
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JEBEEES  BURRES 2T IR 100 HIS, 5050)
YERHFREEO. 100 0F110. 500 0 g FH T HURH 48 AL HLIE
DUE I 77153 R R R/ e SRR T - SR B b 40
T CRE AN T g Be- AR A O L

L35 SO ERLBL &5 67 ik

OB BB S OB R TR T 2 )
INELESS B (1), W PRI B4
.
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Table 1 Chemical extraction scheme for filter medium

BEE R T 2t

Loosely-P 1 mol-L~! NH,CI 50 mL 32425, 953% 0.5 h

Al-P 0.5 mol-L~" NH,F 50 mL B4, I 1 h

Fe-P 0.1 mol-L~' NaOH 50 mL BHEH IR 2 h, #E 16 h, TR 2 h
0-P C¢H;50,Na, + 2H,0-Na, S, 0,-NaOH 50 mL E4EF], 8% 0.5 h

Ca-P 0.5 mol-L~" H,S0, 50 mL 245, PR 1 h

2 HREWE

2.1 BRI YRR R

Ptk P B QN % 2 iR, MR AT
T B FLBR S | L 3R T AR AL B AR R B v, 7
ST R R AT TR M R S
AR SR AR B AN LB A A Y 43531 0.7 ~ 1. 83
grem P H130.0% ~54.4% | i ARBETE R4 bk
MR AL R A FiRs5i—BL 5 HAb

Vi M SEDRLAE | s HRUELA A 1 B 3 T AR R £
LR TR ZR 58 v aT L)k A= W I %) B 3 AR
Pt A% 2 (] IR B E RO, A BT
BB RE . S34b, IR 2 W R i He gk Al
Ke”, BA Z LA, Rl & DLALAE 0 2 wm Y BLSL
Rz, Roger[mﬁﬁ%%{@q,iﬁi\ﬂqﬁﬁi%%fﬂiﬁiﬁm
BRI 1 ~3 wm GECAL, PR, R e e i) R T
TS AR T AE YRR A= X 2 i RGER 5 KAk
PRRCRA B AE .

EDX/keV

2 ERREREMEMERAEIEZENFHS
Fig. 2 SEM image and EDX spectrum of BB

R2 ERHMIERYE
Table 2 Physical properties of broken bricks

i H Bl
LB/ % 65.0
H¥E/g-cm ™3 2.37
HeBUEE/g-cm 3 0.83

R A/ /m? g ! 1.78
AR em® g ! 9.15x10?
AL LS/ nm 8.53

2.2 BRIk

BEEE 2 K2 ~4 NI, BNk B A R
(9 Al Fl—E B (Y Fe, 17 HHAEPEER S48 (EC) IR
Bim ;s PR B B AR & 5 0. 595 mg-g ™!,

HATHLBE S - 0. 593 mg-g ™' HLLL Al-P Fl Fe-P
. YR REHOVE R i OB R V5 K e Rl 2 AT
T 5 R He R A (R B K R AL R Fe AR B
T RHAREY . ALY N Y M AL A, 5K
5K AT B R Tl R AR S R T R R K A AL
M Fe' 54 IR B 7 & AL Sl 25 4 B SEORHI S A
. R S B I A 2 a3 B AR 2 O 2 R R )
HBERWIRE i BB R, 3£ 4 JRn] A, ik
P g EE SR T MES SRR, H EC
<4000 wS+em ™" HHHE M AR Wy FIAR ) AN 457
AfEENS AN, BURHY pH (B A 2 b i R
FVAE W A TR, PR3 3 T, R TG BR
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Bt 2% 33 %

pH {E4 7. 99 , FEALT & S B A ) I M A 4 A A
PR R AR

®3 ERERNLERHNE
Table 3 Chemical properties of broken bricks

2.3 BURRYBRBERE S 0BT
2.3.1  BUREOBE R AR IR TR

FEIR AT OB R T 2R R B4, TR
Langmuir, Freundlich 1 D-R 75 2 2 3¢ fiF 3% T i

55 Bl 2 A S BT B =2 TR RO AR
KR S0 (EC) /pS - em ™! 1040 XF T Langmuir J5 ## , HZ MRy .
pH 7.9 c¢./q, = 1/K, + arc,/K; (1)
Total P/mg~g’l 0. 595 . o . .
Xt F Freundlich 77, Higk P k00 .
Organic P/mg-g ™! 0. 002
Inorganic P/mg-g -1 0.593(100% ) lg qe = lg KF * lg Ce/n <2>
Loosely-P/mg+g ! 0.006(1.0% ) XFF D-R e, HAMRIA AN .
Al-P/mg-g~! 0.413(69.6% ) Ing, =Ingq, - B (3)
Fo-P/mg-g ! 0.125(21.2% ) Hrr,
O-P/mg-g_] 0019(32%) & = RT 111(1 + I/C ) (4)
Ca-P/mg-g " 0.030(5.0% ) o
E =1/(2B) (5)
x4 ERRPPETETESE
Table 4 Major elemental chemical composition of broken bricks

iH Al Fe Ca As Pb Mg Ti Zn Ccl- 803~ Si0}” Total C Total N Total S
c/mg-g”! 42.67 9.34 0.82 0.034 0.005 0.237 0.27 0.099 0.03 16.10 8.30 11.20 116.41 25.97 66.34

Ao, e, S TR W R P A R B Ok
(mg-L™"), q, A W BT ~F- 687 iR SE0RE XS 85 9 0 B
(mg-g™"),K, 5 K, /a, 53N Langmuir 72+ 5
R Y S 225 - A DX 18R R5CRI ERS ) B35 f A R
(mg-g™"),K, 5 n 435K Freundlich J5 2 ¥ 1Y H
,e 5 B4 51h D-R I H1Y Polanyi #4468 (kJ) 5
W R O BAR R H R 8.314 T+ (mol-K) 7' ], T
RAKHEEE (K) ,E T30 i 6e.

JEfLEHAY Langmuir . Freundlich A1 D-R &5 &
BF it LR AP0 G 5 2R L3R 5. DS TR W P il 2 4005 i AR
KRZBORF , Langmuir Fl D-R J5 2 538 A R 15 B i)
AR BT AR A OC R BAh 0. 952 A110. 987, 3K
B 7 A K. A R I B i AT LAY

A B WRIFURL S 85 3R (9 W R RE 7, J2 N TR OB B
P % B HE S 1 Langmuir J7 R AT H, R A&
Xt 2 00 B 10 AN B A 0. 594 mg-g ' FLER
T 7 A F A TG R AR M PR . DR
SEE I B D7 R v Y P 2 B R B 2 ) R R A S A
ST, 1 5 )R, PR fite Bt B3t 2R 114 - 240 o
7. 16 kJ-mol ~'. “P-XUR B BE Y /N5 R B Y
FJEBUAT O, - 4 B RE R, e A Al I R ) AT R
R, — AR, A2 W BT % 7 24 1 B REE 8 ~ 16
kJ-mol ~' Z RIS p I T LA UK« R B e e B 2K 1
R o 3k R v AT A 2 MR B D BRI R fie R ol 2R 1
W RMAEFH B 1 3% 3 A7 75 R Ju 7R AR b I A7 AR I
AL BRE A4 AN AL 2 AR .

x5 RERNERRMAEEEBEXSH

Table 5 Adsorption isotherms of broken bricks and relevant parameters

p 1 H
Hop Langmuir 77 2

Freundlich J5 2 D-R #E

K, K, = a, ' /mg-g™! R

n R? E/kJ+mol ! R?

JEREH 2.44 %1072 0. 594 0.952

0. 046

1.828 0. 856 7.16 0. 987

2.3.2 R ShERRBERE

FFE RN SEORE A s 25 I R S RS R T AN
HEBA DA 10 UL ) BR B R T, WA 25032 FH I B 25
BEAY TN BN A5 B e AR 45 G 0 7 T R P W b SEDRE
(IBRBERE FT. 25 B X 2R 1) 22 BR AR ANk B8 =
WE 3 s, PHa] A g B R Y bR e D BE TR &
JEOREHh B HU T B 3 B0 T e T . YR B

A 100 g IF W B AT () BRBERICR B s, 1817 234 d
JE KRR EMG, W AT B 1wk 36. 90
mg; MPERE SR 0 o B, W BT A0 I B R
25,0817 17 d VR AR ZF B MG, W AT 4K B i
RN 2. 70 mg. HHBL AT, 76 S AW B b % i
Hews R fHE M 0. 369 mg-g ', /N T H IS I A
W R S Ah, OB B it i T A 0 B0 i) 5
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BRI FF) 257 25 FF ) 1 B 28 78 P Bk S SRR TG G R
Y= 0.4548 X - 5.7090 (R’ = 0.9982"" ),
Y =289.5337X-5.9319 (R*=0.9980""), WLl 4

HIEL 5.
20
= BB 100g o BB8)g - BB60g
_ 15 -~BB40g —«—BB20g -» BBOg
1 .-
. By L,
&0 10 ¥ e N
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B3 BRMENBRBEREBEEHE
Fig. 3 Phosphorus removal effect and retained

phosphorus of each column
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Fig. 4 Relationship between content of BB and

saturation time of each column

2.4 RRHLRGEN AT TG K PR R 9 R BRACR 2 %

Rt
2.4.1 B R G XTG K P L BRROR

Kl 6 s il REGEFERRE BT 1 a NI BRBE
AR H AT I M R S8 AR 1s AT I [A) SR I 4R
FBRBEBE ), BREEROCRE > 90% , oK Bk AL T
0.20 mg-L ™' ABRBASCRERE. REIEITE R,
B T TR 1 2R G e A5 SR Wl 1Y) LR
2.4.2 BERIERH RGP ERER

AWM TR T 1 a WIRHL R G X 15 K ik
F 1Y F B DA HAE ) ) i R W s, T T
b R £ AR iR e n vimk. fHER 6 Al g, i

100
80 +
=
B/ 60 |-
*
&
-3
2 40r ¥=289.533 7X - 5.9319
R*=0.9980
20 +
0F e I I I
0 0.1 0.2 0.3 0.4
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5 ERERRESBSRWHEREBERSE
Fig. 5 Relationship between content of BB and retained
phosphorus of each column
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