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Substrate phosphorus removal for contaminated
water treatment in constructed wetlands by integrating static
adsorption experiments with seepage sand tank tests

WANG Di, WANG Mingyu
( College of Resources and Environment, Unversity of Chinese Academy of Sciences, Beijing 100049, China)

Abstract In order to solve the problem of decreasing for the removal rate of phosphorus and
consider the optimal design and maintenance of the substrate structure in constructed wetlands, it is
necessary to understand the phosphorus adsorption characteristics for different substrates and obtain

the evolution trend and law regarding the actual dephosphorization effect for specific phosphorus-
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containing wastewater. In this study, three substrates including zeolite, medical stone, and

magnetite, were selected, which are commonly used in constructed wetlands with good phosphorus

removal performance, to study their adsorption kinetics and isothermal adsorption characteristics of

phosphorus and to investigate the effects of different substrates and particle sizes on phosphorus

adsorption. Further, zeolite with the best phosphorus adsorption performance among the three

substrates was selected to carry out the seepage sand tank test for phosphorus removal, so as to

simulate and obtain the phosphorus removal and purification effects of the subsurface flow wetland.

By integrating the static experiment with seepage sand tank test for the phosphorus removal, the

mechanisms of dephosphorization and the evolution trend and law of actual dephosphorization effects

of the zeolite substrates with different particle sizes were identified. The results show that the

adsorption process of phosphorus on the three substirates consists of the fast adsorption, slow

adsorption, and gradual equilibrium. Furthermore, the Langmuir equation can accurately describes

the isothermal process of phosphorus adsorption on the substrates. The adsorption phosphorus

removal efficiency and the overall phosphorus removal efficiency of the zeolite substrate with different

particle sizes are significantly different. Additionally, the phosphorus removal efficiency of the

zeolite substrates fluctuates with the particle size, and the overall phosphorus removal efficiency

initially increases and then decreases considerably. The analysis of the achieved data sets indicates

that, in addition to the significant mechanism of phosphorus adsorption removal, the microbial effect

is also considerable on the phosphorus removal. Based on this type of integrated investigations, the

phosphorus removal mechanisms with their relative importance and the overall phosphorus removal

efficiency can be identified.
Keywords

efficiency

Wi 2 DAt 2 AR R 2 KAR B8 R AL
DU, GBS G RO EOK T IR A B
Liebig fie/NE HF, Wi B0 KR 65 IR 10 5 8
RIBRIEEFESHEZ - fEK ik E
BB AR — P A RO AL GEoK Ak B J7
N TR ARG th T KoK By BSOS
IR REAEAR L 2 T4 A B 2 3 1] R S 10 s 7 ) P
AMFEN Iz N N TN R R
FLY) A ) = O IR A A R R KR B T
Qetios N T I s AT R 5, K
Hh, TR W R P BN D R B i A T AL
5 R AR DCRF 5 5 TR S R B, A
M 3 o 55 e 3 AT A 2% BR RCR AN W7 T B Y )
R, ANTa] 3 o W B BE 0 AN [R] A R 47 5 A AS
[, 02 Bl 2R 0 A Xk A TR 9 G R ik ) oK A B
BAERE 1t 4% S, DR G AN [i] 225 AN [] 7K i 114 266 Joi
FRBESCRARME (U 4l BHLS BF 50 iR BT A
TR HE 25 20 FE R A5 A A AR BT 5 N T
MR AE I A R AN E M, 124 ik AT
T ) M T 3% Tl o 5 AR e AR [ T o

substrate; phosphorus; adsorption; physical model simulation; phosphorus removal

F1 P 25 O B S 0 R e A S RGBT E S
WO AE B Ah 52 B TR RO A A D AF5E 5 4k
K RS A W R R R R
SRS A W BT B ML A 5 O R A R e K
ROEH TR, B2 E R A Sus1T,
X7 T AIF 58 40 A0 A G, T R B X kD ik
PRI T % 25 Wl /KA 1 2 7K I W8 ) B A 0 S 3
ABEFE

HA AR Sigp R N T S Sl A7 Y 25
R AT T R I] 8 B Bk B 2 A AL A B e 4
AL, T X AN [ i Jog 2 2 X B A 35 i 75 7K Y
M BRP R B S PR R R RCR BT A B S S A, J
TIEE AT AP A SO BN TR
HonT e FH A BRWE TR RERL LAY 1~2 2~4 4 ~8 mm
X3 FRRLAR AW A1 2 R R ERA LR, 1 Sead
T A S A 5 X W 1 W B )y g 2 ek R AN A R
R RPARFAIE , H- 2% AN [ 35 Jo MR A X 0% B 1 114 52
M, 2 I 0 H = F g B 1P FE e e ) Wl £ 0 A T
EW RO FS WAL, AR LR B U 4
AL B R B SR



480 R R AR

938 %

1 #R5RF=*
1.1 ZWER

S T A | 2R A R R Bk R T
A RN 1~2 2~4 F14~8 mm 3£ 3
i, 3 ol 6 0 2 B 4 an R A (MO 1. 4% |
Fe,0, 1. 8% , ALO, 14% ) ; & A7 (MgO 0. 65% .
Fe,0, 1.6% . Al,O, 17.74% ) ; H % %" ( Fe,0,
4.5% . AL,0,0.32%) .
1.2 SKEAE
12,1 FEFUGH B0 W Bt 3 7 22 A S0

IR 2~ 4 mm B A7 VA R %%
1g T 50 mL .08 inA 40 mL J & B2
50 mg/L ) KH,PO, If WK, 7 e B B0
TNA 3 5B R E Y 3, AR5 B TR
25 °C FEH R 175 v/min BYIEIRIR 5 4 g 2%
Vio WIBRO0.5.1,1.5.2.4.6,8,10, 12, 14,
16, 18,20, 22, 24 h J57£ 5000 r/min %8 T 5
O 5 min, >R FHEHRR B2 43 6O BRI E 3 VR rh
(MR BE BT AT SBR[ AT 2 A P47 525, DAY
BRI ZE . W E AT (R ) .

Co - Cc
- m

Hrr. €, WG T R (mg/L) 5C, A LIH K
s R M (mg/L) ym RN (kg) 3V
KRR (L) .
12,2 JE OB 114 5 T IO e A S 6

A3 AREL 3 Rk 3 FpE T (3 9 AR S
% 1g T 50 mL B0 T LERERAE L i imA
R AL 1,5.10,20,40,100. 150,200,
250,300, 350 F1 400 mg/L (LA P i, F[H) Y
KH,PO, ¥ 40 mL, M HIFERADE.OE A3
ST 57 R UE W03 B, SRS B T E R R P L
175 t/min J&JF 25 CE% 24 h, H&JG7E 5000 v/
min FE R B0, R PR R B 43 06 06 B v
TR PR R (D) TR
1203 REARG 8 o R B0 e 52 i 110 0 25 S

A3 AR 3 Rk 3 FPE R (3 9 AR S
% 1g T 50 mL B0 T FEREAAE L a3 A
R E N 3 mg/L(LL P 3T, FIF) B KH,PO, %
W 40 mL, S BIAEREA B A 3 S5 B
WEREY TS, KI5 B TR 25 C sl
175 v/min AR YR #5 HIE LR 24 h, &5
TE 5000 r/min 5538 T B0, R HEHBR L 66 B

xV, (1)

I EIEW e rvR (D) TR
1.2.4  BEFTBRBERCR (R0 46 Py BRAR AL 12 i AR 4L
EW 3

1) B AL A A

TR FH A6 B TR 6T 356 I gl A 7/ N AR
RIRHFSE , WHE R FHA ML T T8 R 405
A 96 .56 .40 cm , HH  BHIIASH Fa N 8 em RYZEAY
JKAE  EEE R 67 57 em, VLI 1, JK A BEAR
Y53 A5 HAR N 0.5 em BYAEKAL, IFEE 2 2
30 HAGUER, BH Lk H ] o i B BT e A KA, &
K2 KT T 3 3 A 9 A T S 2R K A3 25 R S
M IFTER A — A 16 NEFED , ZERAETH A
T EARKIASE 10 em JEARIAR R 4~8 2~4 1~
2.0.5~1 mm BYRIRIBAT,

3K

670

570

#100 100 100 +100 ~

~

E1 REAUETEE

Fig. 1 Schematic of the experimental sand box
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Fig.2 Adsorption kinetics of different substrates
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Table 1 Fitting parameters of the kinetic models for adsorption process

. CIVIES WU KR Elovich J7 %
H R InC, =a—ht InQ=a+ klnt Q=a+klnt
a k R? a k R? a k R2
A 3.80 0. 03 0.8256 5.57 0.43 0.913 4 178. 80 255.13 0.978 8
A 3.84 0.02 0.8220 5.16 0.49 0.904 8 98.52 208. 56 0.9617
473 3.85 0.01 0.7220 4.79 0. 46 0.854 4 68. 11 131. 69 0.9394
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Table 2 Fitting parameters of the isothermal adsorption models for the phosphorus adsorption process
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mm k R> X n R> 0° A R
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