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Abstract

The purpose of this article is to determine the permeability of biological detention facility tests
that suit the climatic conditions, soil characteristics, and rainfall characteristics of northern re-
gions. Through the determination of the permeabilities of the six fillers of perlite, zeolite, ceram-
site, volcanic rock, activated carbon and vermiculite and the removal effect on pollutants, suitable
fillers were selected. In combination with the local soil in Shenyang, a combined packing experi-
ment was conducted to select the optimal combination, which provides a technical reference for
conducting biological retention facility. The results show that perlite, zeolite and volcanic rock
have outstanding comprehensive effects and can be used as composite filler components. The
composite filler test finds that when the ratio of the four fillers of soil, volcanic rock, zeolite, and
perlite is 4:1:2:3, the permeability coefficient of the combined filters and the combined fillers has
a good removal effect on the pollutants. It was selected as a combination filler for biological reten-
tion facilities.
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1. 5|8

A=y B it A FRAE ML AR A X 38, B R . HIRRIRUE RAE B AR N K B[ 1]
W B O — P LRI R SR P I, R Y, KO R G R R R
B ARG AV ASSE . REBEAAI. Koh, sy BAE R, A1 B O T 20 i 7K AE
bl . ¥ B B AE IR AN AR SR T U A SRR 2], A B RO L A = BRI Y. SORNRAE .
TR MK TS R IR 2 1508 . B R AR B S A PR, 1R IRIKIBIE R T, #hsedth R KBl
B A A 2 LIS A SR B i S AR PR BN, RGN 28 A NS I R R K E AR R, Ak
Pt B AN AL RN KR B B0 o 28t 3 2P T A B v A ) /N TR AT /N BRSO AT ST K, R
REACPERE ST R AL B R G AR B RO AR K SRR Bl B K
AN e T K S T A RAFHIRIL, RIS dis A4 4 2 A 3]

AAER 25 G AL 7 S X IR AT i PERNARRAE SRR B A AR, B0 o 7K AR I ik 5 42 1
A, AR T A K RS AE[4] [5], e 2~3 FhIRL R E SO S, vt — P I e
oyt B Yt A 1 S N R SR R 2%

2. RIEEESKRNAZ
2.1. REERE

FEFLRFORE 2 1006 S AL & R PR R B, KA R 60 cm, 41ME 6 cm, PIAE 5 em [UIEAETEATHL
BIUEAEVENIRIO R E, WA 1 BRHAR EE 30 cm, JIKEZHEEN 5 em FIBRA 2, BRA R 5~10 mm,
Pribskzg i . SRAGEIR MUK, EI7dtK, JREHK.
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Figure 1. Experimental device—filtration column

1. SEERE—IRHE

2.2. ®MFE

BT MUKW A, HLSZZR 5 m 0, A B AR 448 ks BH 7 38 26 W9 /K /K B Qe L EAT RO K, A4
FZKIRES o KK S FRAR R IN T V220 A0 R . SS Fohn K A MEFAREL L . NH;-N b5k H 40 A7 73060
BV TP $eAn R IR /7 6 V%, COD FEAn R PR 2. B4 JE(Cry Cu. Zn. Cd. Pb)fa#s
FIF ICP-MS BEATH I,

3. SWERS S
3.1. EAFERE LIRS

458 PAIERHSE R BT R LR BOR, SRa B BHIE 2~3 MR MR A6 h B
TEIE. W, ML, KA EPER . SR A BT AR BE AR R . BT AR T
X IERREAT IR e BT, SRJE PR 1 0 H R S R AR /N SRR, BORMAE R W0 1 s

3.1.1. BFERASIE REBUNE
KT E R R T KAEZ AL B IR I S g A, oA IR 56 SR 2 7 E R (A (1) T e 2 0 R L
(K)o RHH HKSIVEN 21515 R8N, AR OREE REmtE, I B 2=/, B2 KR )
BB RBUE SRV ZEEIEE (<2 < 10 env/s) [6].
h
0= KA =KAl (M
He: o——BFRM DR E); A——d /KB
H— K55k (h = H, — Hy, B R K Wi i 7k Sk 22)
L——BIE AR (b U 7K W T ) B )
I—— KRB K——31E RHL
BB R e 2
HH 2 2 IR A SR T A, S EUENS I RBOOMERR N K ILE > Bk > MR > WA > BERn >
WEAT o KA FIBE KL T 0535 RBEE R T 2 emvs VL L, KA 270, 246, IREA ML,
PRI L 5 RSP 3803805 B BOK T Wk
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Table 1. Filler properties
= 1. ERMER

e Pis A (R kil TR A
HiA% 6l (mm) 2.36~4.75 2.36~4.75 475~9.5 475-9.5 2.36~4.75 <4.75
EL R TH A (m?/g) 300~360 500~1100 2.3~8 13.6~25.5 590~1500 100~300

Table 2. The permeability coefficient of single filler
F 2. BMERKZERY

o B IKBERK B BE R SFRIBIE R
(cm/s) (em/s) (cm/s)

B 0.62 0.54 0.58

WA 0.76 0.88 0.82

{3p A 2.14 226 22
Kl 2.56 2.48 2.52
TEPER 1.12 0.90 1.01

WA 0.44 0.32 0.38

3.1.2. PFER SR EBRBR I

53 A F S PR SN R K BEA T IR, 70 7S MRS TSS. CODL NH3-N. TP Al TLfh EE 43 )&
(Crv Cuv Zn. Cd. Pb)HJZFRAR o 12050 1) P4 P A 10 47, LU0 RN ARk 7K 7 e~ 3R B2 1 i dn
: TSS(320.13 mg/L). COD (138.22 mg/L). NH;-N (9.55 mg/L). TP (1.34 mg/L). Cr (112.16 ug/L). Cu
(153.78 ug/L). Zn (488.35 pg/L). Cd (2.34 ug/L). Pb (104.07 ug/L), & 2 F1E] 3 483 & BRI GHS 4 1) °F

1) 7SRRI TSS. COD. NH3-N. TP 2380 #r

TSS M1 5BR: EEMKFEIREHOEEIEN, SIEERAE. BAERTRA B R AR g
o, JERPRAREOR, TEREBEROR, X TSS AR ZE . I 2 F1, SSFIERLY TSS 1% FrZ 5y
BN 87.20%. 73.85%- 60.9%- 56.49%-. 73.88%F1 84.92%, RALWEAITIEMN TSS HKIKEIES] T
B K15 B HE R AE = bR, LA KRS T 100 mg/L, 38 i T3R5 KI5 S HES bR e
bR SSMUEELXS TSS WP ERFEHEEMCHY: BEE > Ba > WK > WA > Wk >
kil

COD M ZBr: FEARFEEORHOEEE NI ER . B8 2 &1, ANFHEET COD E£BRFAR AL, H
HE R T R AR O, TR 58, X COD [ £ BRI 2, KR BEIA B 1 31T5 KI5 34
bR — bR, ~FI2BREIRT] T 39.15%. HARFFERXS COD LRI, P ER
RHmmEMCHEF: EMER > KilE > WA > Bk > BEE > B

NH;-N [ 5FR: FEAOM T SR . WA S A E A . Bl 2 0, Bk 2 BR NH3-N IR 5
7, PR BRRIUN 6.55%, BERA . KA TR A P38 L BR R 050N 19.51%- 23.16%- 14.54%.
21.30%. A7 A2 A SEUR R S0 R FL A P B8 - R — e s 45 07 SR I B = 4E 4 IRFLUIRSES M o4, B
AT R, KA R BRSO B, HAKIREEE R T 3BE K15 BB AE— 2 A bR,
P EBRFEIE 43.21%. NFHIEEANT NH3-N (o735 LB Z s 2T WA > 18a > 3R > K
s > BIE > Wk
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Figure 2. Pollutants removal efficiency by single filler
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Figure 3. Heavy metals removal efficiency by single filler

Bl 3. BNERNEEBEERYR

TP fO2:8k: BT R ORI VA . e 2 0, Bk Kl gEsxt TP P34 25 B 5 5l
N 11.53%F 12.89%, BUREZE. FBEREF MK, KilERAERK, ERIZSEKR, EdjEdfEd TP
SHRHEMPL K, BA S EE N0 TP RA BB K IR EH R TR, H LRz, BEes.
A BEARARN, X TP M EBRESCR LT RRLA KL, P EBRED 5N 34.53% 26.02%F1 21.32%,
HHBERA M KIKE/NT 1 mg/L. WEEREPERERAE, X TP FIZFRECR S r, HKRE LS T
WK SRR E— G B brite, SPIIRREN 51.82%, B E T HADFFERL . FSRERG
TP P LR R R BMEHE T MR > BERE > WA > BH > KliE > Bk,

2) FNFRIERENT E 4R 1 R BRUR

HEE R bR E B GEIOR A AR o P 3 R0, SRR Cr I EBRBURA R, H
BEAEN Cr M RbRR s, P EBREN17.30%, FRFK LSRR, St Cr M Ok % Z,
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P EBRFE N 3.19%F0 1.81%. SEEXT Cu BI# B FHAEHILT Cr, WETERXT Cu B BRI R,
BEHHIRZ, TYEBRRSBIN 63.75%H1 39.83%, KUIHKILBRERC. AR Zn A1 Cd 15
RORZEFARK, VR R MA RN, WP AR, XTIX A GJm A LR amm, P RRES N
54.27%K 71.67%, L BRI JE S5 K Zn A1 Cd WO s, RBRBCR 2, B LR E 051N 2.67%
1 6.60%. RN Pb MIAFRACR Z SR, WA AIEERXT Po 1R BRSURELT, P RBRES A
34.92%F1 34.44%, FFHRIXT Pb [T 15 2B Ak

I AR R E RS, A KA RS = AERME N LA R 2

3.2. ARERITFERE

BTy KL SRR AR GBI R F GRS, ELEE B AL 100%, 57 H AR 41 4
B e S MR & ORI, ELAR A IE 15 . B ILE 3,

3.2.1. AAENESERBNE

YA EURLT E RS (175 15 R 0 e 5 R K Sk . e 45 R L% 3.

EIRT, 250 EPA R o4 =2 (MG B R ER BB RAMET 3.47 x 107 emy/s,  BLHBRIRIE X SERNS
BERIERA 1 x 107~1 x 107 cm/s,  AFTATE X HENS BHE R E RN 1.40 x 10°~5.56 x 107
en/s [7] [8], ARIGA G HEBIE KRBT IE S UL L E MG, EFEHELE 1.40 x 107~1 x 107 cm/s
Z [8] o

IR LB 20%0), 121E R A K LA L R3E In i 25 n, 2 5 A 1BIE RN 7.60
x 107 cm/s, 6 SALA AEKAE 1.38 x 107 emys, Hor, 2 kiliim BN 30%, 18i% REBEE A 1 E
BRI R . 43BN 40%, 3538 REUTE 5.74 x 10°~7.22 x 107 em/s Z [, BRI K1l Fidh
FRNBIE RPN IRTE . IR BIN 60%H, 1235 RECEE N, 7E 1.27 x 107~1.63 x 107 cm/s 2.
], HLHAD =R ORI EL B 0SB RECE IR /N

Table 3. Mixed packing ratio
= 3. REERIEEH)

Fp e 5 1 1(%) KIULIE (%) WA (%) BERE (%) BE R (cm/s)
1 20 20 20 40 9.80 x 107
2 20 10 20 50 7.60 x 107
3 20 20 30 30 1.02 x 107
4 20 30 10 40 1.26 x 107
5 20 30 20 30 1.37 x 1072
6 20 30 30 20 138 %107
7 40 10 10 40 6.12x 107
8 40 10 20 30 6.41x107
9 40 10 30 20 6.20 x 107
10 40 20 10 30 574 %107
11 40 20 20 20 6.67x107°
12 40 30 10 20 722 %107
13 60 10 10 20 127 %1073
14 60 10 20 10 143 %107
15 60 20 10 10 1.63x107
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B KlE s A SRR INSGE T RIRNIBIE R, B RN SR AR R L
FRg RN, R, 7R IR HIRRET, X SRR REIE REGEIERR, HEEm KN kil
FRACBEHE. AT N 45, 5 56 SHAAEEIBIEREGE K, @ BRI o
BB RBURKAE N 30%0L E, BEREOI K, KRG RHERE BN, s Rk, 4t
HELLBIRN 60%0F, 13 5. 14 58115 SHAIR K BB R BRI AR, BT A0 &
FEIE G A — B I BN UL, SRt P RS, W, 384T 5 R A I K s e,
B RBE SN, Rk, ANEBCREL 60% S AL A TR L, 2E4775 Gl 25 B3R I e ik
I, REE 45, 55, 65, 135, 14 5H/ 15 SHEHE.

3.2.2. HAHEBFHSRMIBEBRYR I

HRPEIA S E R, 1RIER FARVTRE S, I E S EF0 10 4, S4E RS Yt LB
ROR A HT T

1) #HEXT TSS. COD [ B ACR

BHIE 4 5, ZH-E SR TSS (925 BRCRSZ At IR I L e 1R O, & LI LLGI S, TSS £k
AL TR, W 8 HAHGIERIE) TSS HZKMR BEHE A R W85 K V5 BB = Hbrite, RA 12 5
HAERIAEEDNN 10 i, HAGKRE N 53 mg/L, W& TS /K] HR = Zebrk. BEKREXS TSS
M ERRBCRMA N, BEEFUESGIN, ZERFEA TR L3y 20%0, 2 50 HKIKERAL,
2RI 40%0F, 7 F 8 SR BREACRENLS, KA WA A REHIA 10%. 10%. 40%F1 10%.
20%- 30%, FLHIEDRE A K A BT R ER /N, N 10%, RIS K A AT Ee s 2 Fdse /N, At 30%.
WITE 45 R L WK TSS RIFET M7 O #EKP RS2 5R B EARRL, @ /KiRZEsk R T
Hoy AR . ROk R LRI B R, R BRSO N NAE — BEA S LR RS,
FLtk b 4%, 2R KR O E R ERL . Sk b, AR TSS AR IF I EBR AR .

M S &, dEHRX COD HIZBMCRA &, 9 HAAHRIY COD HKIKIZ X 1 IET5 /K
J 15 B A = b, PR SRR B R B AR AE 22k COD. BHINAZE SR v %0, 7~12 SHEIH
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Figure 4. Removal efficiency of TSS by combined filler
B 4. (AEERXT TSS AR
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Figure 5. Removal efficiency of COD by combined filler
B 5. tHAERIRT COD HERRIMR

KL 1~3 S AR LB &, RIBEE LB N, COD i LRRRIETH T, RN LBk EER,
W Bt 5k . BRI 5 SRR, A IEE COD £ FBREFAE 2.44%~21.43%2 (8], EILEL 10 4, X} COD
()22 BR3AE 4.88%~21.43% 2 (8], FEAEBEAKEIG N, KIS ERHEAk B A5, 2R,

2) % NH3-N. TP [ :BRACHR

HE 6 1, ARG NHa-N 192 BRRCR B 2w T3 mgEkl, TN & SRS R BT KT B
JERL, AR KOS BE R 5 R AR B AR, TR B R AT DATE AF 4 . RIRLLN 20% 2 A SR
() NH;-N H KR BE s T R LU BA 40% I A3k 1~3 S ALE R NH;-N HUKIR B IA S T Hh K
B R B AR HEITZEK AR AE, 7~12 58 2 T HhF K IAEE T br e 112K AhritE, Hodb 7 f1 8 S 241 &0k
(17 NH;-N HZKIREERUIG, 438 NH3-N AP, BEE LI LLEIE N, AR NH-N ) 2 5rAs
Ko LIELHIAH 20%, BILHAM 5 FAEH 10 FhF, ZERZFNEHE B 89.31%~91.01%4 4 87.51%~90.05%,
BE G KR I, EBRETRE, ML EE oy 40%E, ZBR 26 E B 90.87%~92.48% % K
90.43%~92.38%, EMRMAZHEIMALWA N, 7 5. 8 SHI 10, 11 FHE, “hAaLLFIN 10%5 5]
20%, RBRFIFEHIN, A AR 2 M NH;-N 255308, AR d il A E A 8T 20%.

B 7 50, AR TP 2R & T B RE, 1~3 S 4LA ORI HZKIR BE 3 IA 21 T Hh K 3R
BRI AR AEIV A FRE, 7~12 Sk B R KR i S bR TR AR . 3 AR B, % TP 1)
ZRREEMECR, RS RGN, TP LR K. 7. 8. 9 SAAIEE TP /KKK, HHELL
BR 40%, BEIF KL BT LR, N 10%, Kiles R A E Bl AR 40%,  BI Klis Joiss
EL A /NI X6 TP f 25 Bl R TR 4T

3) AR E SR I B AUR

X} HE G 25 Bk R KSR SRR R PR AR B VE F ,  2H G SRR X R A ) 25 BR AR B B TR
FIERH(E 8~12). HEGIEDN B8 Cr IR FRACRE — M, ERFARL 50%, T3HT G HEIY 20%K8), 2
PrEeyuH 28.12%~33.61%, LIELLHI 40%IF, ZBRETEHE] 26.72%~45.61% & LIRLLEIG N, ZBRE
TR, 15,25, 35, 75, 8 5/ 10 SAHGHEBEREILE S, 20X AHHGERNE S
S, WElET 30%, HERFIEEERGE R, BEREXNX Cr BIEBRACRELF . HE R
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Figure 6. Removal efficiency of NH;-N by combined filler
B 6. AAERIXT NH-N BERBRHR
—a——2RAbR —o— HKIKE  —x— p=sath/KIKEE
—o— p=10alll/KIKJE —*— p=5aRrF —e— p=10aZfHFE
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Figure 7. Removal efficiency of TP by combined filler
& 7. HEERX TP BERRIR

Cu M LBRRCR LSS, LFRFEIHE 80%, 15, 25, 35, 75/ 10 SHEREE R, BEREX Cu
FI R BRBCREZ I LR . AA IR Zny Cd. Pb =R )@ M LR FRm, 7 90%LA L, 8 S Al IRbx
Zn MIEBRBCR AT, 3 5. 8 A1 10 S4LE /KT Cd BIREEIRIK, 1~3 SA&E 7~12 SHA GRS Pd
LR . EIUDN 5 I E SR TR T EIUW 10 421, RIREE HEKRUE R, He)E

EBRET %,
W AR E IR, BE R RS N 40% 3. 10% K1 20%0 A . 30%2 Bk .
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Figure 8. Removal efficiency of Cr by combined filler

8. tHEERIRT Cr ERRR
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Figure 9. Removal efficiency of Cu by combined filler

& 9. tHEERIT Cu BIEBRR
—oJKIIE s p=Sati/KIKEE —op=10ati /K%

—p=5aRE —e— p=10aEfRE

600 < 100
550 | '<*\*/‘/t§:::::i: 195
L )
500 |- % 17
185
450 | Teo
400 d7s
Eo 80 - - 70 .
" 6ol - 65 ‘:3
§ “T W 1 g
;g 20 - 1ss
0 50

£k

Figure 10. Removal efficiency of Zn by combined filler

& 10.

HEERIXT Zn BIERBRIR
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Figure 11. Removal efficiency of Cd by combined filler
E 11. HEERIXT Cd BIERR
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Figure 12. Removal efficiency of heavy metal by combined
filler
12. tHAIERIRT Pb B ERRER

4. &5t

1) ANHEENSE RBAOMET: KiliE > Bk > R > 0 > BEE > B4, WERRER
MRV ERICR B, 2EREXT TSS MERRACR R fE, AlikH] 87.20%: WA 2 A M £ R BCRE R
43.21%; TGRS COD (39.15%)~ TP (51.82%) M1 E 4 )& It 2 BR RCRAR B HoAth LR BRI LT« fe&
RIS S WA S BRS =RERL, VR AR B R 2 R

2) IR 40% A BURE S & B AR A Wi B v i A B, H SR B = L, 5 G T
WRARFMMNFELK, R K Z RIS ZE 0 8, R, kmaﬂwﬁaﬁ ELBIAS R 30%, A0 Ll
20%LL FONEE, HEERA AT 30%% BRI EBRACR I . &0 E EEBHE: 40% 13, 10%
KA 20% 47 30%2 Bk A .

DOI: 10.12677/aep.2018.84034 291 IS RI R


https://doi.org/10.12677/aep.2018.84034

L 5%

SE

(1]

ZEROE. AW B B A AL KX BT 7T 5 SR [D]: [ # A7 18 50]. MR HIRE, 2014,

(21 ZESCRL, XSG, BT R, RFEMIT A (LID) AW B SR FCHERE[)]. TR IXWETT, 2014, 31(3): 431-439.

3] WS @i, AT R EARIR B —— R I R KRG E[Z]. Jbat: E 2 @i, 2014,

(4] ZEHEMR, XUFk, B, 55 PLRH RN AR RHEBURAIED]. TR, 2014, 33(5): 1327-1336.

[51 Jonik. AR AR RGELEE BN 0 BTt 7 [D]: (W27 18 30). Jbat: Jbst@ H TR B, 2011,

[6] FERUKFRIBERFCRE. EAIRIG TR SL237-1999-014 [S]. db3T: H EKFI/K d ki AL:, 1999.

[7] Facility for Advancing Biofiltration (FAWB) (2009) Biofiltration Filter Media Guidelines (Version 3.01).

[8] Coustumer, S.L., Fletcher, T.D., Deletic, A., et al. (2009) Hydraulic Performance of Biofilter Systems for Stormwater
Management Influences of Design and Operation. Journal of Hydrology, 376, 16-23.
https://doi.org/10.1016/j.jhydrol.2009.07.012

Hans X

AP R KB 0T 3

1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

THFRAEESE: [ISSN], FAHIT) ISSN: 2164-5485, BIAT £ if]

2. FTHEIME T http://cnki.net/

FEM B BROCERE " BEN, SINSCERRE, BIA]

hmiE S http:/www.hanspub.org/Submission.aspx

HATIMEFE: aep@hanspub.org

DOI: 10.12677/aep.2018.84034 292 IS RI R


https://doi.org/10.12677/aep.2018.84034
https://doi.org/10.1016/j.jhydrol.2009.07.012
http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:aep@hanspub.org

	Selection and Combination Experiments of Fillers for Biological Retention Facilities in North Areas
	Abstract
	Keywords
	适合北方地区生物滞留设施填料筛选与组合试验研究
	摘  要
	关键词
	1. 引言
	2. 试验装置与检测方法
	2.1. 试验装置
	2.2. 检测方法

	3. 实验结果与分析
	3.1. 单种填料筛选试验
	3.1.1. 单种填料的渗透系数测定
	3.1.2. 单种填料对污染物的去除效果分析

	3.2. 组合填料筛选试验
	3.2.1. 组合填料的渗透系数测定
	3.2.2. 组合填料对污染物的去除效果分析


	4. 结论
	参考文献

