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Effects of Enhanced Dephosphorization in the Constructed Wetland Using Water-

Granulated Slag as Matrix

LI Hai-bo's YANG Rui-song' > LI Xiao-dong’> SUN Tie-heng'
(1. Key Laboratory of Eco-Remediation and Resource Reuse, Ministry of Education; Shenyang University, Shenyang 100044, China; 2.
Liaoning Academy of Environmental Sciences, Shenyang 110031, China)
Abstract: The phosphorus adsorption and desorption effects of water-granulated slag (WGS) were studied. A simulated vertical flow constructed

wetland system was constituted using WGS as the main matrix. The influences of hydraulic residence time ( HRT) and pollution load on
phosphorus removal were investigated. The contributions of phosphorus removal of different horizon layers in up-flow and down-flow matrixes
were studied. The results showed that WGS was a kind of adaptive desorption material for wetland due to its high saturated phosphorus
adsorptive capacity (3333 mg=kg™' ). The content of soluble calcium of WGS is 0.084% > which provides a suitable pH (7.54) for microbes
and plants growth in wetland. The HRT is in positive correlation with phosphorus removal rate. The phosphorus removal rates decrease 5.9%-
4.7% and 2.4%-4.7% when HRT decreases from 1 d t0 0.5 d and form 2 d to 1 d> respectively. The phosphorus removal rates exceed 85%
at 1 d HRT in WGS wetland. That means the optimized HRT is 1 d> and extending HRT infinitely is not helpful to phosphorus removal. The
pollution load is in negative correlation with phosphorus removal rate under the conditions of steady influx concentration. The phosphorus
removal rates maintain 85% when the pollution load is from 12.2 g*(m**d) ™" t0 36.8 g*(m’*d)~". When the pollution load increases to
48.9 g*(m’+d) ™", the phosphorus removal rate decreases to 65% . The phosphorus removal rate exceeds 82% when the pollution load is less
than 36.8 g*(m’*d) ™. That means higher pollution load will cause the calcium and aluminum active points of phosphorus adsorption
shielded, which exist both on matrix surface and in inner pores. The range of optimized pollution load is from 24.5 g*(m’*d)™" to 36.8
g*(m’+d) ™" . The graduation mode of WGS in top layer and conventional materials in lower layer is helpful to phosphorus removal in vertical
flow wetland. The phosphorus adsorptive capacities in up-flow and down-flow unit are 0.17 mg*kg™" and 0.05 mg*kg™' respectively. The
WGS can be changed freely when the saturated adsorption occurss which will extend the wetland service life.

Key words: wetland matrix; phosphorus removal; water-granulated slag{ WGS); hydraulic residence time( HRT); pollution load
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Table 2 Physicochemical properties of matrixes used in experiments
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Fig.1 Flow chart of constructed wetland system
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Table 3 Sampling sites in wetland

P EiR
1 2 3 4 5 6

RFE R

RBE h/em 0~5 15~20 30~35 30~35 15~20 0~5

1.3 WA 4l e

FREX105°C T T A A E 5T & 10 (& 3 M1
1), BT A RN 250 mL 1 =M, 230 m A i
0.02 mol*L™" KCI % ¥R L & (WA [FIBE B (1) KH, PO,
FREFFHCLCL P ok, T IAD 200 ml, 75 8B 23 0 A4
1.0~ 2.0~ 5.0~ 10~ 20~ 50~ 100~ 200~ 400 mg*L".
= s T E R R R, 7E 140 ~ 150 remin”' .
25°C + 1°CAME TR 24 h -1 0.45 pom JEB, W) E



2304 7N 58

B o 30 &

T VR FEE , R A LA 52 PR AR A, I B T o il
i, 2 R P AL 4
1.4 VR M E

I 1.3 BT i R PR AN S (0 2K T 1 o1 3 A
AT, BT IEELELE T, N 0.02 mole L™ ¥ KCI
W 20 mL, 7F 140 ~ 150 romin~'25°C + 1°C 5~
P35 AN [ B 8] Ji 300 A B, 00 5 Ve ok i, -
WS i, BT YA, E S AR AN AR R %
1.5 ZpAril sk

FIAAS RIS JO R 5 1 s SR P AR B L Le vk 2

300 L (a)®F %)
250 | R
T
2 200
o0
]
w 150 |
&
§ 100 |
50 |¢°
D
03 1 1 1 1 1 1 L L
0 S0 100 150 200 250 300 350 400

B B B /mg kg !

BEP AR /mg- 1!

2 HIRERS

BROURAN D OCREVE ;s JE ™) A I e R X 4
29 6o T s ARG I R SR H 28 TR /KGR B (R R
7K = 1:5) i JsU - Wi pH (B e SR AT IR FE v ik
CHEJ: K = 1:2)5 LTI & SR N, W B2

2 #FR5WE

2.1 A i B8 R A I AR A
Wb AN 7KV 1 S8 T R PR Bt 2 P 2 TS
AR A T 45 3 W B i 26 75 45 Freundlich A1
Langmuir W fH 253 77 12 AHR S B WL 4 s .

/é

2000 -

1500 -

—
(=3
(=3
(=1
T

500‘/

0? L L 1 L | 1
0 50 100 150 200 250 300
BRI /mg L
00 IR B it 2%

Fig.2 Phosphate adsorption isotherm curves of different matrixes
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Table 4  Parameters of the Freundlich and Langmuir adsorption

isotherms of phosphorus
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Table 5 Characters of desorption of phosphorus in substrates

saturated with phosphorus
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KIMARIE 357 m® ekg ™' (UL 20, BHIR S5 KWK B 12
H3333 mgekg™ ' HHP T 12 A% B T KEEE oK
WA S N, pH AEFEL T Pk, ol G AR )

B R A s TR, ZK A (S 5 B s, Y
5535 7K HP Tl R AR e I 2 ol Aol T 465 Tl T A 1T
AT 2 VTVE [ 5 , DAY A 38 3t 3 5 HL A B A F) B
FHT 5.
2.2 KR HE TR BTN 0 B R
UL b 2B B P oA 26 NS, AR EE 10 em, R
HRIKBAT RGEFRY, fr e N BBt 1 m,
A K I 25 em J&, FIHTUGE 5 h 5 ARG K
(SS 24 35 ~ 40 mg*L™", COD 4 165 ~ 200 mg*L™',
BOD 4 120 ~ 130 mg*L™', TP 4 5.9 ~ 7.3 mg*L™",
NH; -NA 49 ~ 55 mgeL.- DI, 81T SHCN - V5 G4 7
#7CEL BOD ¥, R4 33.6 g*(m’+d) ™', HRT 4 1
d, RS FEVG ¢ Oh 17 ~ 27°C L1217 60 d ) s
BN T R ek AN Fee A, 70 520 HRT 5
15 g AT, MAREE H 7K TP R BE, A6 HRT 5595 §4 41
A o DRI T 5 12, PR 7K VA 56 T PR b T ok
WERUR .
2.2.1 HRT XF /KR N T3 M H A R P 1 5 i)
WE 34N HRT:2. 1 #10.5 d. E84 HRT &1 F
BIEEHEAT 40 d, BEAKOK TR L, 384T S50 15 YA g
H133.6 g*(m’ =)™, AEEIR VG ¢ Ky 24 ~ 32°C . i



8 2RI

KV N TR 55 AL R R A AT 9

2305

HK TP & s AR LB AR 18] 3.4 B

3 W, A3 K VR S T Hh ) H K TP R Y
T To/K A G %, SLUR FE 22 e B8 HRT 45 % 11 0
K. HRT 24 2 d B, A J0 7K VAR 25 5 1 e 1t 7K
TP RN T 1 mge L', BELBRE > 85% . b4
HRT 4%, A7 TG 7K V38 55 T3 1A W b S 7K TP 94 3 #48
Fhia, BT 0 B 5 HRT 46 56 08 % e AR — 30 4
HRT 4 1 d I8, 5 HRT & 2 d WAL, TP 23 BR 3 FEAIC
MEE N 2.4% ~4.7%;: > HRT 4 0.5 d K, 5 HRT
H1 dIAHLE, TP £ BRZBRACIREE N 5.9% ~9.5%
UL 4) PR = A 1 i R A < 0 b ol 2 B 2

SACEHE L W BT TTEAE FH 1 78 20 FR) 4 kI i) g i
}ﬁ&ﬁwxﬁzwﬂa,%ﬁmﬂa‘lﬁﬂtﬁ,%fﬁ OLIAEVES
i zEt26) fHR, IR HRT MK o AT 3 il 5
DRI Ay 21475 7K v (R B8 A B2 3K 31— 5 K IR 71 I 3
FEJTOR LR WR B A FH K 52 381 58 22 R 3R I 20, i I
R TG B AE 4 HRT, X0 B3 i3 1) o ik 26t A £ T P 1
KPS HRT A7 — MUK DX RS0 TR, £ 3% T Py
V57K B 2 B 2k S B8 08 4 RE AR B 7KK B, HRT
IR TG, B AR % B 2N B, HRT & 1 I3
B, R AN 2 B . AR5 45 1 T A e 1)
EH HRT A 1 d AL,

7.5 7.5 7.5
7.0 7.0 7.0
6.5 6.5+ 6.5 7.’-\-/.\-\./“_.
. 60) 6.0k 6.0|
"% —m— JEK _
L ™ HRT=2d L HRT=1d | HRT=05d
E‘) 2.0 W, ok 2.0 2.0
it —— VW, ik by —A A
B st 15t 15}
= PV VA
,aﬁa - - k-
101 1.0 | 1.0
05 | I | I I | 05 I | I | 1 I 05 | | 1 | | 1
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
BRI M2 B SR AT )/ BRI M3 B Sz AT A)/d R A B g AT Hl/d
3 HEHK TPIRES HRT BIX &R
Fig.3  Relationships of HRT and TP concentrations in influent and effluent
100 100 100
HRT=2d HRT=1d HRT=0.5d
90 90 - 90 -
. e A A p p—Da
RN - o
5 80| 80| OO0 oo | 80 SN
& A
+
o, M
= 70L 70) 70
—— VW,
30 VW, 30 30 -
20 1 L L L I I 20 L L 1 1 1 1 20 L L I I I L
S 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
R b e B BB AT I )/ HEAD R b e B B AT I [Rl/d LR 2 B P SR IZ AT I R)/d

4 TPXAFMRES HRT HIXF
Fig.4 Relationships of HRT and TP removal rates

2.2.2 V5 YL GRS KA T I KB AR B 1) 5

W 4 ANV 44 12,24 24.5. 36.8 F1 48.9
go(m’ o)~ ELEIZAT 40 d, BEACOK R B, 38472
B HRT 4 1 d, REGR VG ¢ 8 18 ~ 26°C . ik HK
TP L ErFARE 5 P,

TERE KK TR S8 4 E R, ¥ e A gy o] LUAE 3
Sl o a ) A R e S I AR '
I 5k 52 e A o) Tl £ 2 B IR X ol 5 Wi o vy 5 %

By i 8 I A S T Qe S 7E 12,2 ~ 36.8
g Cm =)~ Y [ P I, V0 b 19l 25 B o B ¥ % 67 i 42
%H%ﬁﬁ%f&%, A 7KV N ) ] 4 R AR 859% A
A, To7K VA )V Hh B 8 A T AR 759% ~ 80% 2
) 475 G ffaf 8 1 36.8 go(mPed) ' A #] 48.9
ge (o’ o) 1T, W M BR Wl A TR T B, A7 /K TR )
HO SRR T B 659 /o A7, 10 G 7K 4 VA 110 34 1 ok Tl
RN TFBERANL 55% .



2306 wooos B 30 &
100 100
90 90 |
A —A A=A AN,
80 o—o\A/A\é\_o.—o 80 \A\“A/A/ -
L O= =—=—-—-@—____EO.A A — =Q — — - b:-a:;-'o _____ 5 -':O“—/-:O-;a P
70 - 70 -
& &
M 60 5 60
& !
oS0k vw, H50 -
= 0L —O-VW, 40l
0L FRAF = 12.2 g-(m>-d)! 30| R AR = 24.5 g-(m2-d)!
20 1 1 1 1 1 1 20 1 1 1 1 1 1
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
100 100
90 - 90 |
A—A\A A A/A—A
80 Boo-- == Sm——== oo === ———— === L
~O—"" 0 O~—q
s 0 s 70 o
@ 6ol g 60 L AA\A/A \A_A
H# "'M O\O‘——-‘O\O’/O“\o.——'o
& sof & sop
40 40
5P = 36.8 g-(m?-d)!
30 BRI gD 30 TR = 48.9 g-(m>-d)™!
20 1 1 I | | | 20 1 1 1 1 1 1
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
I % B S IB AT I )/ R e B T B AT I [/
El5 TPEBRERSSRAFHXER
Fig.5 Relationships of pollution loads and TP removal rates
RO RN AR R B S N AT HUAE 020 " -
Il I
S 2 R 578 26 35 R 0 0 B 1 ——
" s 0.16}
R I T BT R B RCRT ) — R VW,

55 Y A7 A BE N0 AR 5 BOK g Scter $2 8, 7K 0 B
SR/ FE Y A= N T S U N R
3 T ALBR AR B, S BN KA, KT
SEBRIG HRT, ASEe2 WP IR £EAR 2R 2B A 22 1)
SARAE R P2 A R 23l P AR K A
HINENEEYEAR, IR R AR R, KK
IR BH 2 5 T LI (15 0, DRI, 2 — o 0 i B33 5 i
BEARIG 45 3

TERE KK U A K IG 3R, i 7K i 3 4
AT R T3 AT IR D PR T 0 M A P FH B R 34
K AT 6 W0 e AR e A2 -3, DR M oA 5 4 %6 1B 45 ol
BRI 4T BTN, V5 R AT T 24.5 ~
36.8 g*(m’=d) ' Z M A IEH .
2.2.3 T E AR E A MIBRBEE 2 7 o b

FEARAL AR B 45 PF CHRT A 1 d, 75 4 S daf A
33.6 emd™ ") N, HLEAT 20 d, FMEER 3 WE MK
B2, 43 AV b1 AT R A7 5 G 0 3 A I
e, 251 wE 6 k.

M 6 740, B IR AR TP & s K

= 008

ER AR kg
<
s
—
P
W—i
|_<
N -

|
0.04}
0 . . ! . l
1 2 3 4 5 6
Y P N A )

Ele REFRKEZEEMBNE

Fig.6  Content of TP in different substrates layer in wetland
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