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Water Treatment Residual as a Bioretention Media Amendment for Phosphorus

Removal
WANG Jian-jun, LI Tian, ZHANG Ying
(State Key Laboratory of Pollution Control and Resource Reuse, Tongji University, Shanghai 200092, China)

Abstract: The characteristics of phosphorus adsorption of both soil and water treatment residual ( WTR) were investigated through
batch tests. The removal of phosphorus in runoff by bioretention column was evaluated. Furthermore, the feasibility of taking the WTR
as a bioretention amendment was discussed. The results indicated that the phosphorus adsorptive capacity of WTR was significantly
higher than that of soil. With a high influent phosphorus concentrations( 1.0 mg+L™") , the columns with amended media showed a
better long-term removal efficiency than the columns with traditional media. The concentrations of TP in effluent from columns with
amended media were less than 0. 050 mg-L ™" after 7 months’ continuous operation. According to batch test results, it was estimated
that the phosphorus adsorptive capacity of amended media, which was mixed with 4% of WTR, was 4 times as high as the traditional
media under same conditions. Adsorption and precipitation by amorphous iron and aluminum is the main mechanism for phosphorus
removal in amended media. It is recommended that the mixture with 4% -5% of WTR by mass in media would improve the phosphorus
removal of bioretention in engineering practice.
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Table 1  Physicochemical characteristics of media component/g-kg ™!

A I TP Al Fe,, Al Fe Ca Mg
+ 0. 65 0.25 0.76 7.03 2.89 3.30 1.28
KIS R 0.48 56. 65 8.56 58.70 9.25 5.36 5.45
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BT SE g b, DL 30% 13 65% AN EE BRAYIREE.
> 5% KJE (Biabb) ROl A= Wi AL Ge okl 2e 1.3 AWl BR sh AL S g
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A 0.01 mol-L~" KCI VL& bR RIIE R W2, EAE2 U715 om A E IR L, IR 1
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Table 2 Depth and composition of bioretention columns
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Table 4  Parameters of Freundlich and Langmuir adsorption isotherms for soil and WTR

Freundlich "% [ 5 72 Langmuir 187 7
R K, n K, X, R
+E 117.87 0.37 0.983 0.12 611.34 0.970
KI5 R 3.24 x10° 0.33 0. 992 7.5x1073 4.01 x10* 0. 988
F5 HERHBHFEMEERY Syl BURLST TSS 3t 38 | UIvEss DAL BR; BB
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- Kf n [{2 I)rl_[.%
fE5EIRE(0) 75.17 0.51 0.996
PR IERH (2% ) 175. 30 0.44 0.952
o4 RLEUR(49% ) 285. 10 0.50 0.941 100 .
B LR (10% ) 622. 41 0.82 0.941 X ¥ X ¥ X
=} [m] &
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Fig. 1 Removal efficiencies of TP by different columns

in low influent concentrations
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Fig. 2 Variation of effluent turbidity, P concentration of column 6
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Fig. 3 Variation of effluent P concentrations of different columns
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Table 6  Statistics of influent and effluent condition of bioretention columns in high concentration phase
5 AL
15 25 3% 45 55
HEIK S PRIKFE 67.4 39.4 29.6 39.4 29.6
K Bt TP/mg 497.8 440.9 440.9 440.9 440.9
k7K B TDP/mg 444.2 387.3 387.3 387.3 387.3
oK TP FHE i/ mg - L~ 0.172 0. 179 0.071 0. 041 0. 033
H 7K TDP F-H7H [ /mg - 1! 0. 153 0. 146 0.035 0.019 0.017
®7 EHOERABRREHER SASASADS SR A 5 R ORI R S , 15
Table 7 Estimation of treatment capacity of media/m éljil:% E'iEEU? (?J%j:”] éﬁﬂirﬁﬁﬁf LA ﬁ&ﬁ%%iﬁﬂqxd.%
S IR B S 30 AL
s ke i o M; m - F i
PO AR R B 15 35 N
i i 2.3.2 sfir/RIER T
.10 mg-L ! 35.5 137.5 1229 21.7 ; S e e ot
010 me L WISE | ST {5 SEHOR B R BUR R Fe/ AL
0.20 mg-L™! 57.0 219.2 19.7 —

3 S A Y SEDRE % BE BOT 2 R % B 1,38 geem
EORNR BE B IR 1 m 2508 AR o8 (b 3R K AR 52
FriE b)) IV . VKA ) ROFRTE, 73 e 4%
0.10 mg-L™", 0.20 mg-L~'¥E N 7K TP i & IIfi
R

HI 8 7 R AR IR OO ST A A B 4 R A [
PEMIAAET 2 B SRR it I A A B A A8 A 2t JE K
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DAL BT 2 AR 3 i W R RE O OR TR
ALK FEE R TR B AL S5 A I B e v
BETT LA 3ORE 78 3 3 M, ELORIE 72 53 A0 R B Asf ).
TR SEH I Y B R BORPBCUUARE K b TP R B
SR AR A3 i H B S A T R RE AR A

P &EHI N 22.6 mg-kg ™' | 82.8 mg-kg ', iBfT)n
1 ~5 SEAUAHARR B IR Fe/AL-P &5 M Fe/
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SEAUAES, S B BOR D Fe/ALP & B S E
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Rt e oy R N THEEAS R ol B B0RHT Fe/ AL-P
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AR B ESZIORE(0 ~ 20 em) TR, o T 2 R
ATSAT R P O R o 5 o

*8 ERIH Fe/Al-P B4 75"

Table 8 Distribution and of Fe/Al-P contents in bioretention columns media

15 25 3% 4% 5%
HORNAR B/ em Fe/Al-P AP Fe/Al-P AP Fe/Al-P AP Fe/Al-P AP Fe/Al-P AP
/mg-kg™! /mg  /mg-kg”!  /mg  /mg-kg™!  /mg /mg-kg™!  /mg /mg-kg”! /mg
0~20 51.6 145.3 34.4 57.1 49.5 128.8  153.7 3343  169.9 413.6
20 ~40 38.7 80. 7 39.8 83.2 35.5 61.8 93.5 50. 4 79.6 —
40 ~60/(40 ~80) — — 37.6 72.6 23.7 10.6 80. 6 — 81.7 —
TP it/ mg 470. 4 413.6 445. 8 451.5 457.5
Fe/Al-P F{ 24/ mg 226.0 212.9 201. 1 384.8 413.6
HUR R Fe/AL-P (5 TP (LBl % 48.0 51.5 45.1 85.2 90. 4

14,5 SHTJZ Fe/Al-P 2 i 5 HURI AR B AR LU IGREAN , ORI X M ECR A AP

3 it

(1) B E R HERRIZ A AL, Fe S HFAKT
TV XT A B RE 7 am R T 3, 45K {5 e A+

X W 1) A 0 BfE 43 1 A 40,07 g-kg ', 0. 64
g kg

(2) AJE IR 20 T A Wi B8 1 it %o 2
TR ARG L SRR, A W B it 1) TR N FE
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VeI TRy R L PR RS E B R JE s A AT HILE,
A3kt 32 A7 1 A A LTS Rk 5 ) s KK R

) TEPE KW EE N 1.0 mg- L™ &1FF, &
KRR B3I, A% G SEURMSEHOU A L0 7K Wl 1 ke 2 3 ¥
BOR o B DR A F B T A A K s TRk
R, g0t 7 A H B IESEE 1T KB R A R R
MK MK G ) B

(4) HR A5 F A I B SIS B0 25 SR B IS N 4% 257K
5 e B A R Ui TR B B8 T 29 R AR e kY
4%, SRR EEE LK) V5T I E R Fe
AL P BRTIE VE FHAR R HE 7 v (R, DT 44 e SEDR)
XoF A R W B FE T
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