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Abstract

broad of bioretention system were discussed from three aspects, including plant selection, packing optimization, and efficient microbial screen-

(State Key Laboratory Base of Eco-Hydraulic Engineering in Arid Region, Xi’ an University of Technology,
The purification effect and mechanism of bioretention facilities on pollutant were sum up. The main achievements at home and a-
ing. The classification comparision and regional classification of plants were carried out according to the principles and functions of plant selec-

tion. Composition and shortcomings of the existing fillers were discussed, and the optimization measures of filler were proposed. The screening
situation of efficient degrading bacteria of heavy metals and toxic organic compounds were summarized in order to promote the research of mi-

crobial technology in the bioretention system.
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Table 1 Removal efficiency of bioretention facilities on pollutant in
runoff
e S/ PR RS .
F = 1 H ltem Pollutant removal rate /% ?{ﬁ‘?‘?j(ﬁk
© [N Domestic ~ [E#} Abroad clerence
1 BETFYI(TSS) > 90.00 60.00 ~96.00 [13-15]
2 BA(TN) -50.41 ~60.00 —133.00 ~99.00 [15,25-27]
3 M (TP) ~86.30 ~86.04 —240.00 ~85.00 [15,26 —28]
4 %%E(C“\Z“‘ 52.90 ~99.90 43.00~98.00 [14 -17,27]
5 NH, -N 64.00 ~95.20 73.00 ~94.00 [13,20 -22,27]
6 NO; -N -9.00 ~42.80 -347.40 ~78.90 [15,23 -24,27]
7 A — > 96.00 [14,18]
8 s L T — 69.00 ~97.00 [13,19]
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Fig.1 Migration and transformation of nitrogen within bioretention system
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Fig.2 Migration and transformation of phosphorus within bioretention system



45 £ 18

R SES A G Iy - AT - MADTTR IR 65

2 £V BIREaEYiERE

2.1 HEWIEREHREN AW R G — R R K
WCAR NG R ST, BEAT G LAR B - (L Se e AR A8, XA
(] AR R PRI HR A — 5 AR VL AE ) 5 2 =5 B AR AR KT
VA RE T 55 A AR 5 1B BRI 7 SCRA —E ST R 5
TR A= W R A KR A A 5 A 225 (LR ISR,
ES N2

2.2 EEAMHEEREREY RV A

AR FXT M AR S AT R b BaE e HE . R
Wi R T AR ARG B KO L B AN TR 43R 2 A
X, X FU B R A2 Z 45 MK S, Bl ik ) e 0, ]
FLAT He i (W HT 5 AN BT K bR BE 5 8 11X 3 Bt S 4
KRR KK TS K RE S0, B — R PR 1
i o A N1 | P N i 2 B 4 B BT ME A B 7 R A 4R N O o
Y2,

K2 EHEVHERENED

Table 2 Suitable plants in bioretention facilities

oL 7l 7 it FiHADCS: L
Plant name Families Genera Characteristic area J Applicable area
=M Saururus chinensis  —HEE ZHRE PR rEEGR fX WAL AR RS A YT R A AR £ 4 IX
4L % T ¥ Alternanthera HiF} HiJE PR GeopIX R RO RS, I TR SR
paronychioides
1755 Tagetes erecta L. JRIER} RERE ARERREN15~25 C ginhix  FRESHIE RS
— 21 Salvia splendens JEJLF} RERE EHETpHS.5~6.0 LA b JF7HIE Y, FRIE S B B h ) iz # b
Ker-Gawler K, i FE 2=
FRHRTRI Thunbergia alata B} RF} WA= JE AR 20 ~ 30 C etk ZEpIX R REAR, B E A A R
TJE3E Lythrum salicaria  TJEERF  TIEEE  PURMESOR, W5 WM LB SobX ST AR BT IR B A b 35 Fm R
[PAR Y DI
TR Vetiveria zizanioides FAFE  FHER FREA PR, SR G BOE BV AEW
L. TR, R B 22 B T
% Arundo donax RAF AR AR, PR R Zeohix PRI RPN A L X T A
F52 Phragmites ausiralis — RAFL  FEJE X COD HREMAEM,ERE P ZobX HERSHISA A, R I IR 55 TR TR
i H AR sk R
W Coix lacryma-jobi L. AAR}  HEJE  JrEMEESR ZeohX AR S ARG
ZZ U Saginaria sagiuifolia PEYEF} Ey % BOD, (g 2: ks g™ ZEupIX Y BRI AR TR A A A
L.
{1 Zimia laiflie FARE PR 6 MnZo SRECEA AN SRRK RIS RIZECF R K
(Griseb. ) Stapf PR, Xt BOD; 25 b %45 5
it 5
Ak Hedychium coronarium ZF} SN S RITTE ™ RTIE R 2SI A5 i o LTI I S 7 [ N L I e
A Y5 B Cyperus papyrus JHERE VhELE WEL, SWlkca B R X BRI KBS TR BH , A2 K AE A 2 A
¢ Gracilis’
FLGE Hydrocotyle vulgaris JERF  KWIEE 5k a B ANTitsE ZEpIX BRI AL SERTT A b JE P X
FN# Canna indica L. FENEFL FEAERE X COD MY & BRI ZeohIx A TR R IR E KR A A, AR KT
ﬁ[’%] ’*E/%’i&:(ﬁ (@*})Z 800 m E‘JﬂﬁlZ,Ifﬁ‘T%
i Typha orientalis iRl AR *&%?EEL)\‘,XHI COD MIZESAM L X FRE GFERLE. HAS JFEIR R T 4 i
Rt
ELAxTE Cyperus alternifolius J55F) WELE ENES ZZuhX B R AR Sk b, IR E R b A%
I s
1 B Acorus tatarinowii  KE§EFL  EHE N ORI AT, AL B R AR LS 8 LR TR
JERE | H ARG
JT0HE Juncus effusus L. JTDRRE JTORIE iR ME00 , Hokoscr g™ SEohIX YLIR AREE U B S A
% 15 Alisma  plantago- PEI5F} RG] iS4 5 U SS9 AU NS UASEN o . R i AN TN
aquatica Linn. BV GHrE . SRR X
W Iris pseudacorus L. BREF} SRR B PERoR X RO, R E S MR AR . BRI
FER IR VA R I AR hR AR B R
STEEH Carex nemostach- JHFL  BHERE  HiIE, B 2L A I N 15N+ I 2 AR i 7 )
s S Hh
JHRTE Eichhornia crassipes FIAZERE  RUHRIER  BRAEXCRLS FRkd R Wl WY Y R i 5 = B AN R I e 9 &
[eEexa)
%33 Nymphoides peltatum — JEREF} 113)E B i € WX FEFRIE VU W R ORI T, R AR
KAl %
FEFEEEL Nuphar pumilum SRl HERE  FHmE WL IX I AN NN/ N
JKJFT Oenanthe javanica DR KFRE S AR R BRERCRE WX FRERKITR S B AR | B R R 46
FUTE D A2
S Nomphoca wrona BEAERY W (EMOKSROR RS AL 1
i1
KEE Pistia stratiotes K ER KB LHHRE IR BR AR WX TERW R R SRR S A
JKZE Aponogeion lakhonensis JKZEF  KZEE  BREXCRAS WX WL AR P AR R )P i) SR X
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Table 3 Composition and proportion of traditional fillers

) . K —

5 SRV RELI g s

No. Composition and proportion of fillers lyi)e J Reference

1 65% i) ,25% ~30% HEFi 1 ,5% ~ — [42]
10% & 77+
65% ~70% fHY,30% ~35% W+ il [43]
1/3 #6,1/3 e ,1/3 FHHLR [N [44]
50%1),30% £ )2 1,20% A HLE B [45]
(RJB I HEE)

5 85% ~88% Tl ,8% ~ 12% %k 1 F — [46]
Wb ,3% ~5% AL

6 W+ FIE ATV 10% ~20%  RFRLH [47]
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3.2 EMEMRIANE  EVIEREXEER L TP )
RBRBCRATERE , o T 15 A= My B 1t o i R SRR R 9 3
ARWFTE, 25 L REC TR 5 I IR B
ARk KL, DLIR B BG4t SRR TS R RCR o APk [ A
ERBURML A I RO W 4
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Table 4 Optimization measures and effects of filling composition inbioretention

s AR S

No. Optimized filling combination

(URiE Ve S EE P U
Optimization effect Reference

1 X LEBRRL + 4 W7C KA ASE + HER A S

JEAE = R K AL BT B TS U AT TR E AR5

XA AR AT R ZBRACR % TN (9L BRAR-1E 82% LI I [48]

2 X H A BEA A BN K REAS B RD B+ ISR AR S 0 AR BRI P NOS — N [ R BRERI 535 1% 99% F1 98% [49]

3 80% [IbIE+ 10% L ERA 10% B4 XI5 Y A B ek AR [50]
4 TUZBUR ; FEAR B K EEURE |- 78 35 — 2 5K P i 30 L@ﬁ%&; 58% , HRBRBURFGE 47 1 T 2 F0RM , BREEICR T [51]
ZH 4
5 TELLBI R 98% Fb 2% Zh - (LR TR 5% KyHEIR TP 5BRR 85% ,AR/DH i AIFURE P gt [52]
6 5% 25 K TR 8 5R 15 I8 3% TR A A 2 T1% BbHE £ TP iBRFE88.5% , Hifi/NF 25 pg/L [53]
22% (Rb (i L)

7 2% HYHAZZ TP bR 81% R K ik e s [54]
9% S /K IR BESR TS I8 T1% B 00 20% i &+ (Bl PO} - P B/ 94% L) 1-;PO;” —P iy 1.5 mg/L [21]
L) 512% 5T sk (AREL)

9 TR L + BB PED + APEREL + PRI NH - NUTNTP 2[5 3R 405155 80% 90% .50% L) I, Hi/K ik [55]

WK oK BTHERh R

10 WA A =37 TN 243 85.28% ;TP %55 94.59% | S BAa e [56]

11 95% ~96% FERIA 5t (30% 13 . 65% L HH 5% A 210 d ELHE1TI5 , Lkt TP ¥ EE/NT 0. 05 mg/ L, AL 5 DR [57]
JB) 4% SRR BES TS (TR H) FFHRE IR 4 i

12 1:5 By S50 (L) ¥t COD TN TP LERECRIET VT s Fhviy 4 25kt (58]

13 90% [TTYD 5% IR IR 5 % (AT BILIBE TP £BEZH 92.06% ~97.10% , BAEW AL, W B Rt & [59]

Ergas % (R0 R B, 20 BIVR INGARL + 55 RARM A
JB + HER A 2 Fh 2 AF T, 2 i B8 it Xt Al A2 3 TN
BRSO, Randall 2570 D& R B A B R R BEA M
FRDHE + Ry SR, A TR IR R B a0 X b, 25 SR 7
IR HON 1. 7% R4 14. 0% & 8 + )5, NO;
~ N [0 ik 98% L) I, Bratieres 257! I AP HE 4
ViR SEORE, T IS B MO A IR A, %o 1 e A e b
AL RCR , R B TR A s A ml X 22 BR 4 TR 7B B i)
BOR, Wei 262 5 Ho iy 98% Bb 2% B+ HOR R, VRN 5%
WYBEIK , TP 22 [ 0] 3k 85% , HAR /A Wik M BURE HP i 1
O Neill %6t 5% 25 K IR EERR TS I8 3% st AW Kz 71% b

et 22% wb (L& W) WA, KB TP ) 2 BE R ] i
88.5% , M EE/NTF 25 /Lo Lucas 25 BRGR R I, A
S B T S BRI AL 2 PO, ™ 5 SRR ) %) W BT B8 T S
B AR e OB A o ORI R £ + o T A
W + BPERRL + HPo g £ NH, - NUTNL TP 22 FR 25 55k
80% 90% 50% LA I, 7K 15 51 1 72 7K 27K BT HE AR o
JERRAE S A 30 7 B A A2 AR TR A DR, A B
TN 255 % Hy 85.28% , TP F= % K 94. 59% , HAL A 2.
F AT L 95% ~96% Hefifi A5 (30% +3E | 65% H At
P 5% AKJB ) A% S AGREERTS e (B ) MIEBHESHETT
210 d Ji5 , £ H HK TP ¥ EE/NF 0,05 mg/ L, A0 0k
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AEJTHATR AN BRI B 4 Z2 B RCRAR S ,90% JT b |
5% Ky M S 5% A MU TR A 3EURE, X TP R BRR & ik
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JB TR HEAR SRS , TOH LR TR BRI TR AR - A1
JRA ™, Zhu 2 18 12 FEDR S KB, Ca BB
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P2 = URL Y T R BE 7, SR R S i — LB I B e 5
PR TR A P A A BT, WO RE IR s A AN 22 28 A IR
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A=Wyt B AR e D LS AR A K 75 e KUK , 2227 A
S MERR T S 0 0 o0 8 T A R 3% LS 9T AR
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HEAEH . S, E ORIk T —SeEr XIERE A LA
TRV YN AR B o % T EE B I e AL AN AT HLTS e W
b AR R LA S

x5 EEREANENSLEYERNSNE

Table 5 Efficient bacteria of organic pollutants degrading and heavy metal conversion

bEp 7/~ g R A AT E =B U
Pollutant type Contaminants Degrading bacteria Reference
F 48 Heavy metal JCHLRAAG LR Bl AR B T 4 B AT A R e A U R K - 62 [70 -71]
H AR UL TR fl. B T 25200 A R LT [70]
As™* Fe’ Mn®* RN BT 7 [72]
C® I35 AT B HOL T [72]
Cu.Cd KIGHTEE ( Escherichia coli) ASEATH ( Bacillus subtili) \JFE ( Sac- [73]
charom yces sp. )
Cu’* Ni** Pb** Zn** .Cd** LR % (Rhizopus nigricans) [74]
Hg TR T 1 FE 3 o ik [75]
HRAHY 4 SRR Z 3K PAHs F1E B ( White-rot fungi) [76]
Organic poison R4 1 ( Bjerkandera adusta) [77]
EZ0S S Arthrobacter sp. B1B [78]
Rhodococcus sp. M5 [79]
=R Comamonas testosteronil2 [80]
i Desulfitobacterium frappieri PCP — 1 [81]
oy Pseudomonas putida CP1 [82]
PO RIS Methanogenic consortia [83]
Rhodococcus sp. RR1,Rhodococcus sp. RR2 [84]
Ay Pseudomonas testosteroni CPW301 [85]
LI R OIE AR EY Nitrosomonas europaea [86]
145 Wk Burkholderia pickettii [87]
R ) Chlorpyrifos Enterobacter sp. B — 14 [88]
B Atrazine Chelatobacter heintziiCitl [89]

TEGT e R R T A A 7 T, AN R T 2
A RCEOR, It 587 B 5 YL B AR EOAR ARl B0 |
LN EH BRSO A BALIEAR R D R (B 25 20
L TR 45 ELAT e ik F R AR OR B RE T 5 A 2R (B TR L B 8
AR K RA R A RE M TCHLAR AN HLRF AL F R
R BRI R B, IR I K - 62 BE AR T
BUARFIA PR, As’ (Fe'* Mn®" 45 REHE IR0 ML 1 T B L1k
HLIGPEREAR, 3 & A R 7 B8 AT T R AT

ATV 2 O TR I Rk 4 7 20 T 8 25, 9130 o 7
HOL BHRRT BN Cif* (REHERG) IS0 O (BT ™ o
A ) F A ¥ ( Escherichia coli) AEFFE ( Bacillus
subtili) \JEEFEE (Saccharom sp. ) M E 4B E T Cu,Cd #4771
RIS IRY R B R PERE S T AR S R G, 3
Bith Cu CA I T 5 me/kg I, BUE B EA BLAF B SRR,
SRR (Rhizopus nigricans ) T s s B 25 76 42 I8 2
Fon Cu®t NPT LUPH T Zn” T CdP 2P Amoroso 251 A
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FER IR, FRAT BRI - J9E 1 T AR T R B I3 A T B K
£ T He, 4 3L 1 PAHSs (0 & 30 22 LA T
R, EEH A JE W ( White-rot fungi ) | 48 % 1 ( Bjerkandera
adusta) 5, REWFFERM, IS T AEWS ™ A ML S0 FI L N il
WA Z S S o A RS, R R 2 0y
ket T e BA 2 IR KA PR (Arthrobacter
sp. B1B Fll Rhodococcus sp. M5) | #5430, 22 & B R &
R TR A B B P G M A
( Comamonas testosteronil2) [¥]5 Ak 2 5 S5 IR BEF 5L R 5
7 =GN I B I A AR SR B ek L Tar-
takovsky Z&™"V i 5¢ % B | Desulfitobacterium frappieri PCP-1 i
FRAI AT — 2 P VR AT, Farrell 25 BF 55 T #0in —
SR 525 Vo SR SR AT 1) SR A R G RIUAN TR A T 1) %) R R 558
ZHN (2,4 - W) [A) B 7 fr s ), A A P XS
WA 15 M B G REAE P, Da 451 il Deeb 45 F 5% %
B, ( Methanogenic consortia , Rhodococcus sp. RR1, Rhodococcus
sp. RR2) X2 B OR | 22K L W R TR G W0 A BT 1 R A
. Rousseaux %[89151:%%%% Atrazine Chelatobacter heintziiC-
it X BRI B R BRACR
5 RE

AT, [ A W i BR 2R 40 (R ARSI R A e 5 R
HOBH PEAR L S A= Py i Se B8 A BIFSE , EROR AR Wy B BOR
AIBIFSE © A B R 8, (EATS A — S8 0] B A R 0 — 25 Y
S

(1) R THEW e T7 T, R TR Y b B R A A S Y
ANTR], B A Wi B b B IS G I 25 BRI 22 7
2, RUMORE NS X A AR Wy FEA T 0 VT 5, ARATH S 52 k7
FLRE TR A = R

(2) FEHURHILALT7 T, AR Y i B 28 48 N EURFAY 2H A0 R e
WAEH EE, R AR RN R . N4 A& Yt
BRAG L, BIFFE A= Wit B8 3R G03d B 0 SEDR 267, O HLAZE SRR o
IMAARTRIEC LA R, BREER 8 Hh 1Bl R, 36 7T LA &
RE 0 A W e A K ORI 2R T8 9 M ) A5 R ek R A
XL RZHOARTEE) B B OGP —

(3) KT 75 T, e 2 A e R A v R )
WA AR AT AT AR, BT 25 Tl 00 AR A R0 A3 8 1 KB ik 1 1
BT, LA BRI AR 7 400 10 22 A R AR s in oK ) B e
R KA R L P T A i R GE MK AL S B A
HE— DI IR U A T I E 90 S5 B AR A 455 1 &
JEHESE
5% LK
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