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Removal of Dissolved Nitrogen and Phosphorus in Urban Stormwater by
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Abstract: Urban runoff is an increasingly important source of excess nitrogen (N) and phosphorus
(P) to local receiving waters. Bioretention has become one of the most frequently used facility to control
urban stormwater pollution. Its design variables including filter medias, plant species and saturated zone
have large impacts on nitrogen and phosphorus removal. This study investigates the role of filter media,
vegetation and saturated zone (SZ) in achieving dissolved nitrogen and phosphorus removal in bioreten-
tion systems. A large bioretention cell (4.5 m long by 1.8 m wide, with a depth to hold 75 cm filter
media, plus a 25 cm freeboard) was constructed and created a submerged zone in the lower half of the
bioretention cell. The bioretention cell was filled with the mixture of 80% river sand and 20% purple soil

(400 mm) , coarse washed sand (200 mm) , pea gravel (50 mm) and gravel (100 mm). The native
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species P. alopecuroides was selected and planted because of its high biomass and strong roots. The re-
sults demonstrated that the bioretention system could effectively remove PO~ — P and NH,” = N from ur-
ban runoff. When the influent concentrations of PO, —P and NH,” =N were (0.33 +0.04) mg/L and
(3.00 +0.37) mg/L, the effluent concentrations of PO, —P and NH,” — N were (0.03 +0.01) mg/L
and (1.15 +0.19) mg/L, with removal rates of 91.5% and 61.3% , respectively. Adsorption and ion
exchange are the major removal mechanisms for PO~ — P and NH,” = N in the bioretention filter media.
The use of a saturated zone could not influence PO~ — P and NH,” — N removal efficiencies. The saturat-
ed zone could significantly enhance the NO; — N removal. The NO; — N concentration only decreased
from (3.89 £0.19) mg/L to (3.76 £0.52) mg/L with the removal efficiency of 3.4% when the satu-
rated zone was not used. However, the NO; — N concentration decreased from (3.69 +0.16) mg/L to
(0.75 £0.04) mg/L with the removal rate of 79. 8% when the saturated zone was used. The general
trend in these data also confirmed that longer retention time allowed for greater nitrate removal. These re-
sults suggested that the combination of vegetation and saturated zone without additional carbon source

could facilitate anoxic microbial denitrification to achieve significant nitrate removal of bioretention sys-

tems through increasing retention time.
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Key words::

H Wi R RGN AR T k0 R i, Bk
]z N YT M SR AR R K K . R
i B RS AR S 25T TR B, 1 f A2 g
LT AR A E R FERIL K . A SR K SC
TEFR BRI, W8 5 R R b s e,
VAR Wi B R G AE E A B T e, IR T
R N . AR A Y B R G R A E
[ S5

AW B A BERENS A R L BRIk T bR AR I T Y
4R R A A LTS G, HEXT NP B
FASYTE B, 70 B 0 T 5 2 2 B e o
BRI RGeS e A
A BRI T Ml 2R A O TR A SR ) 5 R 2 B AN
R T A B S W R 22 ik
Z AT E A AE T s & Fe (AL B Ca 4 KL
SEALBRTEY . FEA W B R NO; - N it
% MR, 332 HOU AU 2 B AR AR Rl AR ) 32 22
JEP L HRZR Rk A5 AR K SRR G R B T L
X NO; = N BEBRER" . 5o A Wi B &
G E R, IR — 2 i BRE , 1 145 B8
B8], B s it S IR A A5, AT AR 2 S A A A F 1Y)
SR AT R X NO; - N i £ BRIk,
XA B8 R B AL BT B A N % iR AL 22 B
NO; —N.

LA LA A A Y B R G A AN

bioretention systems ;

nitrogen; phosphorus; saturated zone
7 HC -5 BRI kNP
LBk A=W B AR e 2R A SGH i AT i i
SINEALE R R Fe/ AL+ USRI B
(1 B 25 B3 5 300 2o o AR AR A s 15 A R R PR 51
R 8 7 XV e R WS R 5 T
AW B AR G0 R AR BB A A (NS s L, e i
SRR B 1 SR AR AR O TR A BRI A R TR
MR % NOS - N B S A A /R
1 MRAg
1.1 £YHEBRRENE

AW R GET 2014 4R 10 7 T E P E
Wl N, RSN, RS 4.5 mx1.8 mx1.0
m, WLE 1,

=
<
&
o
o
o
Q
v
S
Q
4.0 m 0.5m
1 EMHBRRELNSHENR
Fig. 1 Diagram of bioretention cell
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Fig.2  Comparison of influent and effluent concentrations of

bioretention with or without a saturated zone
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