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Analysis on the Removal Efficiency of Phosphorus in Some Substrates Used in

Constructed Wetland Systems
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Abstract :Constructed wetlands are widely used to purify wastewater in some developing countries . As filter substrates in such wet-
land, these substrates play important role on re moval of pollutants from wastewater. Selecting suitable substrates is one of the effective
ways to improve the performance of constructed wetland on treating waste water. In this study the phosphorus adsorption capacities of
sand , zeolite , vermiculite , two clay soils , two industrial by products named steel slag and fly ash are examined for their potential use
as substrate in constructed wetland. Both Freundlich and Langmuir adsorption isotherms are very fit for describing the adsorption
characteristics of these substrates . Two industrial by products including steel slag and fly ash have higher phosphorus adsorption ca-
pacity , which had 50490 and 17934 mg* kg™ ' respectively . Followed vermiculite , two clay soils named yellow cinnamon and xiashu
loess with phosphorus adsorption capacity of 3473 ,1893.7 and 1582 mg* kg~ ! respectively . The zeolite and sand had the least phos-
phorus adsorption capacity with 813.7 and 302 mg*kg ' respectively . The experiments on purifying phosphorus from synthesize do-
mestic se wage using these substrates also de monstrate this conclusion. The ability of removal phosphorus of these substrates have
closely relationship with their makeup and che mical properties such as pH, total calcium and reactive calcium , reactive Fe , Al includ-
ing poorly coastal and amorphous Fe, Al oxide . The steel slag and fly ash with higher reactive Ca, such as calcium oxide , have better
adsorption capacity of phosphorus than other substrates , and the substrates which contained more reactive Fe also have a better ability
of adsorption phosphorus than others. To assess the environmental risk for using these substrates above , the phosphorus de-sorption
characteristics of these substrates are also studied. The process of phosphorus desorption quickly reached equilibrium in no more than
4 hours in the experiments , the ratio of desorption and adsorption of phosphorus in substrates above is lower except sand. To take
suitable measures to manage substrates above , the risk of pollution of phosphorus form these substrates will be controlled .
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- - )
1 ( )
Fe VAl s
1.1
( ) ;pH
( =1:1); N,
5 H ( ) ; NaF
( =1:5),
100
’ 1 2.
’ X > 1 ( )Y %
P P Table 1 ~ The contents of major mineral ele ments
N s N in substrates used in experiments/ %
, Sio, 92.37  74.82  68.39 70.70  40.85 50.67 9.4l
AL O 3.14  10.76  13.19  12.90 13.31 29.51  0.92
1.9 G0 0.16 1.22 0.94  0.87 2.59  6.55 42.35
’ Fe, O; 0. 64 1.22 5.36  5.03 13.71  3.87 28.26
lg 3« ) KO 2.07 4.41 2.25  2.27 318 0.70  0.091
50mL 0.02mol* L™ " KCI Ny O 026 1.84  1.18 1.22  0.40 0.51 0.15
P s ) KH, PO, MgO 0.12 0.15 1.50  1.08 14.56 0.6  7.21
25mL ,180 ~ 1901/ min, MnO 0.011 0.086 0.10  0.11 0.11  0.014 2.28
25°C+1°C  48h P,Q  <0.001 <0.001  0.087 0.071 0.016 0.11 2.74
b b 2
1.3 2.1
1g 3 ( )
) , 0.02mol*L-! K« Freundlich ~ Lang muir
25mL ,180 ~190r/ min ,25C
+1C , Freundlich , S G= k"
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Table 2 Physics-che mical characteristics of substrates used in experi ments
pH(1:1) 7.11 7.82 6.77 7.12 7.42 11.87 13.54
/mPeg! 1.89 199.70 34.27 31.57 61.35 3.08 9.60
/emolekg ™! 0.50 3.35 2.17 3.27 9.85 68 131
(Fe,05)/ % 0.40 0.42 2.25 1.64 1.94 1.42 14.06
(Fe,05)/ % 0.14 0.21 0.64 0.37 1.36 0.60 11.02
(A, 0y)/ % 0.088 0.18 0.59 0.47 1.25 0.60 0. 41
(AL O/ % 0.033 0.11 0.27 0.19 0.78 0.49 0.12
(Ca0)/ % 0.016 0.027 0. 040 0.032 0.087 0.62 3.70
. 1 1 LA
Lang muir , T +
b b
A 1 . .
E -, G Freundlich Lang muir
c
0 b b
,C , G
3.
3
Table 3 The Freundlich and Lang muir adsorption isotherms of phosphorus in substrates in experiments
Freundlich Lang muir
k n r(n=10) A G/ mg* kg™ r(n=10)
20.8 2.01 0.985" " 43.8 302.1 0.994" "
44.2 1.80 0.984" " 43.6 813.7 0.996" "
103.6 1.86 0.990" " 50. 6 1893.5 0.953" "
92.64 1.88 0.985" " 45.6 1582 0.973" "
406.9 1.61 0.987" " 8. 40 3473 0.905" "
1.07 % 10* 13.19 0.901 " " 10.7 17934 0.998" "
3.75 % 10* 21.32 0.851"" 1.42 50490 0.998" "
Freundlich Lang muir
s 2.2
, Freundilch
[3~9.,19~22]
. S .
Lang muir . .
b b b
M N k) )
> > pH >
) N b
s s . . .
Lang muir 5
,  Langmuir
> > > >
> . , , 0.897" .0.893" .
. . , 0.971° 7 0.791 0.976" " 0.995" "  0.970" "(=n
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, . . . : 98 % ,
5 9 30mge L™,
; 5 , 90 %
, , 50 mgeL° "
Y =310.4+2394.3 X, b'¢ : 80 %
(%)Y (mgekg ), )
r 0.976, F t 60.57 30mge L™ ( ), .
7.78 , F t ( Foos = ;
0.004; tg o5 =0.004) . , ,
, . . . 5
,pH ,
4 I %
pH ’ ’ Table 4 The performance of phosphorus re moval from
synthesize waste water in some substrates/ %
/ mgeL"!
5 95.8 >99.0 >99.0 >99.0 >99.0 >99.0 >99.0
2.3 10 68.6 >99.0 >99.0 >99.0 >99.0 >99.0 >99.0
30 28.3 76. 4 97.7 90.8 >99 >99.0 >99.0
( 4) ’ N 50 17.1 52.2 78. 4 73.1 98.6 >99.0 >99.0
0~50 mgL' ,
, 99 % 2.4
, 0~30 mg-L"' .
. 0~10 ,
mge L i 99 % , 2h  4h ,
5 )

Table 5 The ratio of desorption and maximum adsorption of phosphorus in substrates saturated with phosphorus

/ mgekg” ! 302 813.7 1893.5 1582 3473 17934 50490
/mg'kg'1 28.5 23.6 89.0 83.5 75.0 24.4 175.8
! % 9.43 2.90 4.84 5.28 2.16 0.14 0.35
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