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Nitrogen Removal Efficiencies from Road Runoff by Dry Grass Swales with a

Shallow Substrate Layer

DUAN Jin-kai, LI Tian" , ZHANG Jia-wei

(College of Environmental Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract: To investigate nitrogen removal efficiencies and mechanisms from road runoff by dry grass swales with a shallow substrate
layer, we constructed six dry grass swale columns with different structures and media composition. In order to enhance the nitrogen
removal efficiencies during the whole process, fermented woodchips were added into the substrate layer, and saturated zones were
established. Semi-synthetic road runoff was used as the influent water. The influent and effluent quality were analyzed, and the change
in volumetric water content and ORP of the media were monitored. The results showed significant nitrogen removal by these columns
under unfavorable conditions. The range of the average removal rate of TN by the dry grass swales with saturated zones was 67% -78% .
The nitrogen removal process mainly occurred during the wet period of the substrate layer. The saturated zones enhanced nitrogen
removal efficiencies during the dry period, and also promoted the quick establishment of anoxic conditions in the substrate layer during
the wet period. The water-holding transition layer with organic matter was effective at providing a carbon source for denitrification in the
saturated zone, and for avoiding the leaching of pollutants caused by organic decomposition.

Key words:dry grass swale; enhanced nitrogen removal; road runoff; wet period; saturated zone
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Fig. 1 Schematic diagrams of dry grass swale columns
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Fig. 2 Photograph of dry grass swale columns
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Table 1 ~ Structure and media composition of the transition layer and the drainage layer ( expressed as the mass ratio)
e %' A= A KR TKZ TR/ mm
1 CCNs 10 80% + HPER£Z 20% WA 83% + ML 17% —
2 CNC-300 — A 100% 300
3 CW-300 BiA1 98% + KIVEAJE 2% 300
4 CB-300 — WRAT 92% + 1T/ 8% 300
5 CC-200 A 80% + MkAs2% 20% WA 83% + P 17% 200
6 CN-200 A1 80% + 4K 20% WEA1 83% + BKL 17% 200

1.2 SEEG K-S SR #AE

DL E KK Ty X B, AU B B AR T
TN/ NH, Cl AR FENH, -N& &, IRBCE A T3E
BRWAE R SLEGHEK , PR S A HE K TS5 YR e 5 1 ifg
I T A PR AR AT

TEPUMRERT 0.5 mm WA RMERN, HHE
FRE) 11T B T = R i D B - 39ME R 71,36 h. ZE
HUIWE KT 2 mm FEWN SRS, 50 T
FHIF R RNAEAS , 4 2 SR [ RN [E % R 170 h(95 th
EMEL) . P N FE I Sk I N A AS R 0
VEPESLIRBAT IR 3 d. SEIRTTLATTLA A Kk BE

B, BHE KIS Yk R . IE g3ty 2
NB(R2). BB 2 s ERAEKEE, DIBZEIA:
WA Z LG at fe. s R K, WE N 1.0
L-h™'(5.66 cm-h™") , KSR S h.

P TAE B AR 55 AR L E 10% (R RRAE) , Wi
HRMARBI0.9, W 5 L kKA T353R
T 31 mm, IR AR T X R A AR AR TR R
HIR KT 80% , Hiad k[ 24 ] ESKR. [EF, b
TR N SR 3ME R 1.70 mm-h ™' B Bk S
BOTE A, XS BR I A A A S, EK
P 5. 66 cm-h ™' A F] L&A

x2 ZWHEAKRFIETAERD

Table 2 Characteristics of influent water and operation schemes

HEKKF/ mg-L ! Bl
it ™ NO; -N NH; N coD ﬁﬂ(i{’gﬁ i %j{:ﬁyﬂﬁr‘ E R
Bt 1 4.04(0.34) 2.01(0.35) 1.00(0.65) 146(34.6) 5 67
BrEz2 3.75(0.89) 1.19(0. 14) 1.02(0.38) 140(84.6) 5 67 3
HERAKV bR 2.0 — 2.0 40 — — -
1) 465 AR 22
DASDBMmRIE it K, RS I LK JERAWTH) C/N.

M. FEBB 2, BRI K Z AT, YK ZE i R
IKVEM 5 T IR AR b, FRE Bk HE S J5, A
FEENA, MR E D-300 . D-400 il D-600 K,
3 AR A K ASGE 2ok 2 e e 3 o e )
T I B RE A K. AKEETE 4°C B9 UKAR TR AR,
24 h PN 5E K TR A s .
1.3 KBRS J5 i 5 #die b 2

KSR I FE AR AL TN NO, -N NH, -N . COD |
FAHLE (Org-N) Al TKN, R F B G bR R I 77 1%
PEATREI. Org-N Fl TKN £33 452 BTk Wl
KH NO, -N 4 KK Hi, Org-N = TN - NH,; -N -
NO; -N. TKN = Org-N + NH, -N. fdi Jij ORP Z# 1k
AR AR (CD-2A B B RS B AT R
ow]) WA FORRIR BEAR ) ORP, fii ] HOBO %
7K F AL ( HoBo TMS-SMC-M005, Onset Computer
Corporation, USA) llzE A AR &K KR4
[E]F% 241 & 60 min. fdi ] Vario EL 1T 7€ 2 43 BT Y
(Elementar Co. Ltd. , Hanau, Germany ) il & /& ¥ A

K] SPSS 20 Fil OriginPro 8. 0 4K {4 #1748 4b
MR ERW, 75 0.05 KT, Brfadgbrit ik
Bk BRI AT A& IR A, (R 5 22855, O
BT E | KIS G ) o o TR B AT S 2 o3 A B
Gi— K PR E J5 22 0B (ANOVA) H (1) Games-
Howell #5565, 7£0. 05 KT, #4605 EBRFEHE
AFFEIESIAT , SO R 175 Je ) LB %
AT W E T 4 — R AR S50 590 1 %) Mann-
Whitney U Ki3.

2 #R5HE

2.1 B AR M R BRECR
BB 1 A BARURE D | 7KK 5 M 235 SR LA 3.
Sk BRRE WA, A i BA TRt R
FHFR AR ZIEE . Davis 252 A Ry S S HE L
AR I, R R RE )2 nl ) 3 3 A 2 il
LRI BEIREE. Lucke 25 X 352 E 4 100 cm
(A s B A TS, 384T 10 4F 5 Y B iEXT TN
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Fig. 3 Concentrations of different nitrogen species and COD in influent and effluent of the columns

(1) LBRFAT T I8 48% . SR 76 M T /KA =y | Tl 3 &
KAV 5 e T g AR AT A b X, B SR R R R
it AR SCUAEZ AT SE B AR 00 2 N T T8 AR AR
SRk, FEASRIIE K L RN R B A T, A5
FUAE H 7K TN FINO, NP2 i 1 vk B 3 b 2K T ik
JK(P<0.05). BEMAKZEBAUFEXT TN 19 LB
RILFIE 67% ~78% , B3 T CCNS BIE(P <
0.05) , FRWALEIZTTSHOM X SL BRI H FR A FI 1
FAET, RILTZ A B A LT 2 SN £ K
A8 [ Bt i B0 7K U2 AT S B R A 4 O RS
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FIE (P <0.05), H CB-300 7K COD 5 ik
JEAL R 30 mg-L™', X EHFAEY KK C/N
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BARH A G R A > A WL B Tt 32 59 CC-
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