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Abstract In order to explore the operation mechanism and efficiency of bioretention system under a longer timespa, four bioretention
systems built with different prepared media soil were designed. The results showed that the four systems still had good removal rate on
total nitrogen (TN) and nitrate nitrogen (NO;-N) during a 22—month operating period. When the soil-sand ratio was 7:3, the depth
of the filler layer was 400 mm, 7.5 % nutrient soil was added, the highest removal rates of ammonia nitrogen, TN, NO;-N, chemical
oxygen demand ( COD., ) and TP (total phosphorus) appeared, reaching 88.83%, 88.89%, 93.16%, 93. 10% and 94.69%,
respectively. Different construction methods had an effect on the content of extracellular polymeric substances ( EPS) and electron
transfer activity ( ETSA). The increase of EPS could accelerate the electron transfer rate, thereby improving the denitrification
efficiency. Correlation analysis showed that the infiltration rate of the bioretention system was significantly negatively correlated with the
removal of TN and NO;-N(p < 0.05), while the protein(PN) and NO;-N were significantly positively correlated with the TN removal

rate(p<0.05). The results provided a technical reference for improving the running efficiency and more scientific construction of
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bioretention systems.
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TRIG R FH R A B3 38 8 1 Sy 26 s B AT, A
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WCRE K HURZE g2 AHEK)Z (B 1)
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UERIEEID 1 iR, % B IHRIA 5 AT
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Fig. 1 Experimental Device

F1 A EECH KRGk
Tab. 1 Media Soil Preparation and System Construction
5 TR (BT L) HORHZE R /mm R HiL kR HEKJZ R/ mm
1# 6:4 400 5% H AT 58 7.5% 200 mm 4 0
2 2:8 300 10% H KK 1578 15. 0% 300 mm FEA 0
3# 9:1 400 X 15. 0% 200 mm ] ¥P 100
4 7:3 400 X 7.5% 300 mm A 100
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®2 RGN LAESE
Tab.2 Physical and Chemical Parameters of Media Soil

H5 BT/ (g-kg™) IKARER/ (mg-kg ™) B/ (mg-kg™") FH 2 T A8/ (emol " kg ™)
1# 8.42 53.30 3.48 9.76
2 6.79 26.42 2.07 4.60
34 13.06 77.67 5.18 14.15
44 9.38 61.13 3.96 11.22

1.2 R AKRKRE

IR K R ST B | A TR P R — S
AR G 8% TF R LA AR KON T TR T
i B2 22 OB A T S 4 2R e i
bHELE T FR T, BIBR A 2 Y, O S i
75w B, 5 R T A AR 2K 5 X ] B R
frgi 22 A, — 3Lt AT T 7 YOk, Bk

AN TR] g E 7K v g, H I K ORI B a2 3 TR
FRATAE R 8 R 1 100 mm ( H ¥R &
3.01 mm) ; ¥ BRI 40 Ut o7 Y0 K TR 29% 1%
T, UGB R HE K B S, 0 L, I BT A K
B I 5 A5 AR 56 I K T 4R — TR 22 3 K AR TR
iR, T K TR bR I 2 S 2 1 A G
PRAESEAT o

®3 BTG RYIKE

Tab.3 Simulated Pollutants Concentration

LGallIERE TN/ (mg-L™") HA/ (mg-L)  IRERA(NOT-N)/(mg-L7) TP/(mg-L") COD¢,/ (mg-17™")
Bl 4.94~21.91 1.41~13.20 1.36~11.01 0.31~1.75 53. 87~332. 00
¥ifE 10. 68 4.42 4.34 0.82 193. 49

1.3 TETEEZRNNE
WA, TR RGN T B ER, RS
PUEH TEMEE BYZK SR DT, [T B 7K T s B DR
FEHHERZ 1 R R OR Y T AR 7
— 7 I RIEI Y T B K AR Wi B R B3
K, BERKWHEmR(),
10 xQ, XL
T xSx(h+1L)

(1)

Hrp.K BB R mm/min;
Q,—Hl ) H K IEFR  mL;
t, B FAERI R, ming
L— 1A TR, em;
S—— B A A /D\,cmz;
h—7K3k  em,
1.4 RESMREYI(EPS) BRIV MZE
SR ZS XA B HEATHORE SR 5 R T
A g A R $ I EPSTY L A BB AR . I A
1. 109 g/L Ay CaCl, %W [ UL Ca(OH), 17 pH {HE
7] B S ERER A S G 4 C TR 30
min, 3 200g B0 J5 {545 FE W, (8 BH B 738 i
B A1 2 mmol/L Na,PO, - 12H,0 (0.760 g/L) .

4 mmol/L NaH,PO, - H,0 (0.552 g/L) .9 mmol/L
NaCl (0.526 g/L) #1 1 mmol/L KCI (0.074 g/L)
R URAEBURAEBOIR Y) EPS, LB S 7E 4 °C TR
¥ 2 h,4 000g 2.0 E]7 EPS (1 L3EW ., PN Al PS
A3 52K FH BCA 13U Sk MR I — G R L 0 0 2
1.5 BFEEFEE(ETSA) WNE
A 1 AR JE 2 — X B S — 3 — X i e e — 5 — R
S PUmE (INT) Sy HUBE (INF) SR & ETSAM B
R 10 g, FH 4 mL 858 5 2% v ( PBS, 100
mmol/L,pH {H=7.4) Wk 2 )5 HE T PBS &
AR BRI . SRJE R 1 mg ) NADH (38 i 7Y
4 1) A1 mL INT IAE] 5 mL _ER$EEGE 1
MEESA 30 C A ARE 5 F T 458 30 min, S8 AU N
A1 mL A9 B EEZE N, 10 000 r/min T &0 5
min 5 EHE B, A S mL B3 B INF, )5
TE 490 nm Kbk F 53600 BE #4700 7€, ETSA (193t
Hn(2),
A Vi321
T15.9Vi2 m
HH . E——FETSA {;
A——490 nm P AL ARG
15. 9——INT-INF fi¥ FL %

(2)
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Vyo—FIRE ST LG AR, mL;
V,—H R R, mL;
K B FE], min;

32/ 22— E AL

m——E R (PN) BT, mg/mL,
2 BRESWR
2.1 £YEBRZBITHEESHT

YR RGN R K K COD,, IR A 2

B, BB 2(a) WA, 1#~4# 2550 TN By Lg%
4% 3 K 58.87% + 23.89% ., 37.59% + 46.51%
84.19%+7.25% F1 88.03% +9. 17% . Fith 3#F1 4#
RGN TN LBRRE = kg, 245 TN 1Y 25BR
REAR, HAHARK) TN LBrbERE. I 2(c) I,

3 AH RGNS NO;-N DRI 5 1Y 23 B % (88. 62% =
7.95% F1 94.00% = 7.71%) , 7+ W& 1# R 4
152.36% F1 157.75%, f= tf 2 # 3R 4t 45.78% Al
51.17% ., TN ByEBR EZAMRM T NOS-N 19 LB, i
YR R G NOS-N 223 2 EARHT Hy T{it
PRI BE DL S i SR RS I ST . 3#FT 4411 NOS-N
ZBRRE R T A HKZ 0 Y i R G080 Tk
SAIREE A F) T SO AR 4 T A A A SO 38
TWIKAERE B N K 45 B ] PRE T s 3 S
JEORE AR 0 00 78 3 3 i, AR T

ZAM COD, Y ZFRFEWE 2(b) A& 2(d)
e S 1#~3#RG ML, 4R RE WA A .
COD, LB REEm bRt E, 25N 91.77% +

2 LW ARGAR COD, K TP YA ERR
Fig.2 Removal Rate of Nitrogen, COD., and TP in Bioretention System
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10. 63% .93. 46%=9. 19% , H FA s HIEH 14,
24 3H RGN 26.37% .19. 13% .12. 5%, COD,, 43
I 14 24 3# RS 22. 07% 34. 27% . 14.99% ,
X5 4RSI, 4# R FEXTE A COD,, EHH T
TP 2 BRAR X FT RE 5% R 48 10 HL R R BE A
A, WAl T 44 R G35 3E R BRI,
KIS A R Tk B AR .
FRERRINA T TN ) LBR, B BT AT
COD,, 1T AR FHAE SR AL i) LRl 25 28 L
B 4, AT REFEL CODy, W= .

AP B R G TP (1 R BRFE 2 (e) FTR
1#~4# R GEN TP 1Y ZBRF850 510 91. 94%+5. 68% |
87.51%+9. 60% 94. 38% +4. 66% 95. 19%+4. 41%,
M EBRFT LU 4 FhA: Wi 8 R G TP 1 2 Bk
BRI YR B T 85% LA b, W R R G
1) 2% o 2 I3 Ao SEUR) I B AR B | Ak DL TE AN TR Ak
VERAE RSB, HEKIZ M AN A B )y &
S A W T B R SRR L COD, LB TP 1y 25
2.2 EYFBREMNEER.COD,, & TP XK
EH

(1)TN 1 NO3-N Ay

HAFRGE TN Fl NOS-N Bk ke 7 1 2B R
BT E A AR AR AR 3 B, I 3 (a) F1E 3
(c) ATHN, TN YL BR MRS NOJ-N —2, Uil ZEY)
Ui B R GEXT TN [ 22 Bk R 2525 T NOS-N 1 BR,
1M NOZ-N 19 2 B 3 2R T A8y WU LA B2 3 A
FASAEVES R R B R G5 EHY I R 5
FHELXT R W B RCR E4r, & 3 (a) WAL 7E
22 AN HIsATIHE] Y, 1# ~ 444 Wi B R 4% TN 11
E B F B 50.02% ~ 87.75% . — 26.61% ~
87. 4% 74.99% ~ 94. 55% .75. 05% ~ 98.37% , V-1
EBRFR N 4# (88.89%) >3 # (83.37%) > 1 #
(64.79% ) >2#(33.47%) . fd BRI R K L 4]
ANTE], G TN (I B RE AN ] 5 — 52 L9178 %
P INEE N T R GE MR IE &, T4 = T TN 119 25

& 3(c) ATHT,4 B R GEXT NOS-N B L BR347
Wk = 127.74% ~ 94.43% . — 197. 85% ~ 86.71% .
77.99% ~97. 04% 77. 38% ~99. 56% , “V-Y5 % [ F 4K
UCH 4#(93.16% ) >3#(88. 18% ) >2#(32. 65% ) > 1#

(-28.01%) , Hrp 3# 4#Z %5 NOT-N HF 44 2 B
R 85% , UlIA TCHEKZ I RGN NOS-N Y2
FRACR 8 2%, R G0 N 3G i HE 7K )2 BB 98 1 35 44 v
NO;-N ML FRBOCR . XATRE 2 T E 7 HKZ
FHM AR R - HE A BT DL 2 SR Ak B N 7Y
1, NI SEBLRT NOS-N A 20 =Bk . B 1701810
HEKIZ IR G NOS-N [ 2BRR 2, il A4k
PR AR SO, S BOERLZ BT 22 1Y) 24 AU 1
TAEHIFE IR NOS-N, B F B A SRR A 2 I 4k
R RRME DL AT, NOS-N 7E R Gevh & B 2R, AT -&¢
FH 7K NOS-N ¥k BE I 7 J5 1 NOS-N 1 25 B R R
Wt TAE , X T RE A T 4ead — Bei R A9 SR, B
G AR A P AR OE AR ROIRE R i B R
SRR R E s 1T, R B HEKIZ S 0 AE Wi B
FEEVA R KN LR HAR R 7E 22
AT, o RIS 0 A P B8 R Ge Xt
7K NO; -N A 8 1 R BRACR .

(2) @AM LR

REGXT A AR LB K 3(b) Ui, K 3
(b) A1, 1# ~ 44 2 5500 2 A 0 £ B R4 51k
18.51% ~ 98.28% . 49.76% ~ 98.96% . 51.38% ~
98.09% . 60.40% ~ 100.00% , “F 3 LR R K 44
(88.83%) >3 # (80.46%) >2# (74.33%) > 1 #
(70.92%) . Z AN LR F 258 i HORHR Y | 8528
B A O E ) R " AR — 2
WAVERT . 2 A2 2 1 3 4 ot £ Ha Ay 1) - 980
WG, 34 A# RS IR A R, A AL
FRRE T . WAL I BB TEA AR N AT AL S
B R R NOS-N, Wi B AR 4 1 2 Al 2 Bk
H RO ER 1Y S5 28 I B3 D) 5 5 8 5k S Ak S g
NO;-N #5758 J S 24 R M8 i He b2, 4 23K
IR, A W R AR G R B R S R Ak
o ARMTEAM T, Z A L BRBURA KESE , &
R E BRI BN, PTRESE: FH TALTE S AR T 1
AW B R G5, AR S T AR, ] T A
] NOS-N B4k, i i i R e 3P LR
WA BB 5% RGIERE AR R A A 56,

(3)COD,, My

AW R R G COD, 1 25 B A0 65 W B i
UE RPN R A P i A 2 R AR Y 1~ 4%
A B R GEXT COD, 1Y H 7K Mk B8 I B b iz
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3 ZFE .COD,, 1 TP ik ki B K KBk
Fig. 3 Influent and Effluent Concentration and Removal Rates of Nitrogen, COD, and TP
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LRI AT (A1 0 I R AR ) G 32, 14 ~ 44 R G011 25
B84 N 41.72% ~ 96. 84% . 33.31% ~ 88. 19% .
48. 8% ~ 100. 0% . 73. 56% ~ 100. 00% , V- 3] % 5 %
44(93.10%) > 3# (78.22%) > 1#(75.10%) > 2 #
(65.09%) , WEHIBTT AT COD,, B34 LR
Beah /N RUDE B4 25 0F T FTiH#ER COD,, B
%, FEERE AR IR, HEK)Z A1 B AR
5 R G B A fal s [a] AR AR PR 1 R P e
SRR, AR T coD, Mk, Wt £,
B T AR S 2 BRI A ALY i AR W R SR A
7K COD,, HeFER N H 7K COD,, HeJE 2k 1,
FME BHEKZ W 34 R 58, H COD, EBRFMT
44, TTRESE IR B3N, & B COD,, ZBR%A BT
TR, 4#FR G COD,, B EBRFRIm, FHERERN
93.10% , H#at 22 A ists, e B LBl E T 1Y
RGN COD,, VIR HFE B E W L RBUR, 247
4t COD., EBRFEAL, B LBRFEN 65.09% ,iX 7]
RESE PR M iZ R Ge iR b ks o B g FLBR AR, &R
e BRI, NIRRT COD,, MRFRE,

(4)TP By 2Bk

A= R G B ) 25 o o B Ao SR
TS5 A W VTSR | JF rh SEDRL ) o 208 I f ke
FEAEHY  BUREG 2H A B HE DR 25 ) 2R G Xt
BRI EBRRCE . RGN TP I EBRIGHAIE 3 (e)
INo Vi~ AR GAE R H) X TP 22 B A0 SR RIUR 22
AR, EBRFED N 81.96% ~99. 10% . 72. 34% ~
98.79% .86. 82% ~ 99. 42% .82. 25% ~ 100. 00% , F-
WIEBEN 44 (94.69%) >3#(94.65%) > 1 #
(92.30% ) >2#(88. 18%) , YIURFFH U1 TP £k
BOR ., 2#R G TP (73 L bR R E AR, L BRAE T &
AFasE, HAE 2021 4E 8 H 12 H 280 H e i 2Bk
BRI AR P % R e AR A0 LA R
AR, RGP B ERRI, TN T TP AW B
AR, BB A 5T A e i 7 AN 8 AR i A i B8
RERBERA TS, 52022 4 5 A R9EdEAH L,
2023 4F 5 A2 A TP KRR 21 TR &
BRI RE A R SEURE Y U A FH B 3 3 4 e [R] 1Y) 2B
K, —Sars k|, K 15T BEIR 419
BEKF B W ARK HRTEEEZH
AN Fe™ | AL il Fe™ I S8 A4 SCELAT A8 - 1 R
PEREDS ZESr T R IT R R, A W BR 1t
M B TR MR AR AR TR

AR, TTTE AT A R TR 22 R B, 3 T R R
3 AR RS TP EERFR S R I SRR A
WS kKT 150 52 B B H K2 X TP
ERRREA B EWEZR (p>0.05), EYWHE RS
XAl ) 25 5% 32 USEDRE Y S R W B A 3 PRk B 1Y
LB T 1 0 BT e B SR, R 24 sC |
VERR T Bt — R AR 72 [l B, A 5% T
R LA ) 55 e A2 A A B B R i fig o
T, A0 AT R o R Wl T WS FH RIS T 4 R 4B
W2 S0
2.3 AEEMHBRSEH EPS S

(1)EPS &z

EPS J& MU e — 8 SR AR T 0 Wb iy — 2
B TRAEY, EEW L (PS) A PNDY | 4
i A ity B8 R GE 1) EPS S an &l 4 fros, b 14~
A4#1 PS 73918 (510.99+11.79) (531.52£36.1) .
(800. 85+46.76) . (575.6+39. 12) wg/g, PN 5354
(1023.21+25.95) ,(836.71+38.27) . (1 277.18+
28.13) (1 233.53+95.3)ug/g, 4 1 PN & &
IR T PS, 0] PN & EPS iy 8 B4 4y, ik
Yo EPS S5 A M RE X R % V), EPS 153 BE
PRI AR AR, HL 23 Wb i Bl 7K 45 B B[] 1
Vol /N TR U A, 22 T R 0 LB R A R 3# 4R
AHAK)Z BN T RGE KI5 BB, 43 W 2
EPS, X AT RE 2 BT ARCR & T 1# 24095 K, 75
A1 EPS V2 AR A AR, SRR A A r]
AR i L LA R L A2 A 22 B) A A 32, 4
A AR OGS A S M R AR s B R AT
P AR RE

4 Wi ARG EPS & h
Fig. 4 EPS Content of Bioretention System
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5 YT ARZH ETSA
Fig.5 [ETSA of Bioretention System

(2) # 3 J7 X ETSA B3¢m0

ETSA MU E fg ] 248 7 2 48 P il A= 40 1 I i
W AP e, B R R &M
ETSA 253411 5 fin, 1#~4# R G0 ETSA 2%
W bR ETSA 35124 (0. 49£0. 08) | (0. 69+
0.05) .(0.83+0.03) . (0.85+0.12) pg/(g-min) .
3# A#H TR T HEOK 2 A1 BN R Ak N T
T RAFEEIAEE, I RS EPS FI ETSA ¥4
15, X R G A YIS TR EPS A3 N GE
o L A% 38 2R 0 1 6 1 R 2 A A DX B ) T 2, A
4 T RS I ASOR X AT REHLJE 3# 44 R 5%
SR BT 1R . EPS AR 2240 43 #B B A LAk
ST, EPS H T P i i A B A R A
THfi, EPS MHTEYES EPS o PS & 54 5 . PN
M E SR IEMEERT ) B e mscRe
HREAEHERE T AR B AR X R RS
TR TR & S
2.4 HHXMES

4 FhAEYIHE B RG4S S R A S AN A 6
iR, @3 ER, TN 2 A .NO;-N . COD,, PN ¥ 5
TR B AR AE U R, JLHE TN NOS-N
HTBHERERENMHL(p<0.05), 1#~4475
MR B 3R 4> BN (350.73 £ 133.54) , (776 +
62.23) . (212.56 + 99.42) . (132.95 = 15.89)
mm/min, XYL TN NO;-N §) Bk R 555
FEHG MU | 25T 1B R B | JEORL AR 3
(14 HE ) R, R AR AL AR 58 4 R B0 NOS-N Bk
RIEL, BB RBURE WY RS TS RY R R
BRI OCHER R ORI BT (9 2 15 B 4225 e 2R 2
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Fig. 6 Correlation Analysis of Parameters

PS PN ETSA Z Al f£7E R4 19 1E A G, PS |
PN /& EPS 1Y £ 843, EPS W& 47 A AL I8 J 36 7
YT, EPS B3N AT LIS R ETSA , DT &5 S A Ak
R X SR S R ST 45 AR, AT
S A 1 % U AH G, EPS W= 1 PN U
FEAFITFRUE Y 0 R BLRUE AR =Yt e,
AW P R DO R TS e i B L AFgE
T ORFEN L ACE R A % EPS 5 &
FETSA A 540,

3 g

(1)4 Fh A= Wyt B 3R G A B R) 85 R X TN
FNOS-N A BT 1 K BRRCR  HEKZ M 158 1
T A AR T T R AL, AR A R E g i
T RGEMRIE A T A LR 2T R 2
COD, fiitfm , B B &, MLl 7:
3 HURLZUREE A 400 mm RN 7. 5%°E 37 L LB A
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