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Comparison of Two Types of Multi-soil-layering Treatment System Filled Different
Paddings
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Abstract: Two types of multi-soil-layering(MSL) systems, each of them was filled with different padding, including both the layers of mixture
layers(ML) and permeable layers(PL) , which designed for purifying polluted river water and for studying the difference of the pollutant removal
efficiency between them under different operation conditions. The results indicated that the four systems all had great COD removal efficiency
and the removal rate of each of them was above 50% . Zeolite-lightweight ceramic pellet system (Z-LCPS) has high removal efficiency of
NH," -N,and the concentration of the final outflow is below 1 mg/L.. When the air and water ratio is 8:1, ceramisite-red clay system(C-RCS)
has high NH;' -N removal rate which is up to 84% . However, the NH, -N removal rate of C-RCS is below 40% under the un-aerated
condition. The Z-LCPS under un-aerated condition has the best TN removal efficiency that the average removal rate of TN is above 68% and
reaches the 98% at best. Under the high pollutant loading,the TP removal efficiency of Z-LCPS(M1,M2)is better than C-RCS, and under the
stable period, the TP removal rate is above 80% . At last, the difference of the nitrogen removal mechanism between the four systems is analyzed
through the changes of nitrogen concentration along the flow direction.
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Fig.1 Profile structure of experiment MSL system

W3 1.M1.M2 iy PL 2K F ¥ A (zeolote) , ML B
F & W 45 (lightweight ceramic pellet) ; M3, M4 fJ PL
J25R JiI 1 B: ( ceramisite) , ML 2 o 3 2 2 41 4 (red
clay) . i ML 2B BRI MR 0.295 m x
0.215 mx0.075 m.
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Table 1 Compositions and ratios of the materials filled in MSL system
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PL wa [i7F
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Table 2 Operating conditions and range of experiment MSL system influent in each period

enpEg CNHE HIR #]RY KD kiR cop. NH; -N ™ ™
/d /m*+(m?-d)"'  /Leh-? /C /mg-L! /mg-L"! /mg-L~! /mg-L"!

1 1~25 1 25 4:1 16~24  14.5~25.1 0.9~4.0 2.9~52  0.3~0.4

2 26 ~ 40 1 25 4:1 16~24  13.5~37.7 5.6~10.4 8.1~12.3 0.4~0.9

3 40~ 60 1 25 4:1 16~24  23.4~88.4 0.1~2.9 1.5~6.0  0.3~04

4 61~ 80 2 50 8:1 1~14  38.7~747 5.1~18.3 8.2~19.0 0.4~17

5 81 ~ 100 2 100 8:1 11~14  27.1~58.6 6.6~15.4 9.9~15.3 0.5~1.3

DT8R3 SRS M1.M3

1.3 BRUTIHS &
R R W A # WK E AR COD. TN, TP,

NO; -N.NH, -N KU , A MR 88 3 %A 2
BHKIE pH . 75 # A (D0) F 845 . COD W & % A
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B 2 30 %

ERMRET TN W2 R Al AR ER 1 S Ak Ah ok
B, TP JURE R A SR 006 B 3, NH, -NIU S R
P BRI i , NO; - 5 3R A Ah I Bt BB, K
18 \pH {8.DO R XSS B R 2™ .
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2.1 ARERX TS5 Rt R BRBUR R 47
2.1.1 XMAEIYHEBRBE

MSL ARG A WY 2 R W@ o + 88 ZOE e
I8 R RPN B A Wy R R A A B T AR W R AR AR
R ESMAS AEIFATUEN, FRLEL TH
T COD ¥ 3y LB E I 40% Ll &, B w53
80.6% .FIBTBES RS M1 M3 B B EHBER
69.0% \ 66.4% ,4; H LT M2 M4 B 53 £ BR
#56.3%. 54.5% , XUHBSAHEMNFHEIDHE
B .[FIBF MSL & 45 COD % BR 80 5% 32 OB B9 % R
K, ERGEHKEKEZFBAND BT EHKRERS
M 4 B, MR- AE B R R M4 I R BRAR
T XFERATFERBRAMGFH#K DO
mg/L, T M4 N TR S REBER/DEARE B E,F
BRI EBRSRME, REANS 1 B DO LA 0.69
mg/LE/NFIEBRSBA-WEREWN 1.11 mg/L, &

SRRMH THRAFEENEK . LR
B S RS (dn M3) 2 Bk COD B .
2.1.2 STEMELBE

MSL &AW , A LB —AEL LEEY -
198 W, {ELAE 0 0 Y TR MR RR A AR AR AR A, — R
SN ERERERN 15%° ;5 —HOHARE,#
o AF Ak R Ak 2 B R R B T £ B L AN 2(a), G
TBRRERK, BA-BERE M1.M2 i NH,; -N i}
TKIRE X /NTF 1 mg/L, 15 B E K R K &b
(GB 3838-2002) , 7 H i /K K 52 & , AR K Wk &
Besh s sh, RIS YA T ,NH, -N P EBRE
¥TE 90% LA b (I 4) . M1.M2 [ B B BB E
FEEATHARBHERARMEES EESL 3B
B UGB #EK NHY -N FB8E R 1 mg/L, M2 K
BRFIHAWE, W B E LR -13.2%, %
GRAERBRAFMEHRANZRZAREIALR ML
ZTF ,BREAS M1 NAELE I R .

BR-£L R 4 M3 ERSUKHE&MAT, W 2
(a), H/KBEBE KB BB K, BAESE 5 FrEMRIK
e, BKEREKERET R, FHEBREN
45.6% L F+3] 84.1% , 8L ML M2 A EBRBR.
M4 FIRREBRBREZE, R /K NH, -NKEH

£3 BEITHRERSE COD XBRME
Table 3  Efficiencies of each MSL systems on COD removal during different periods

2 54 el
1 2 3 4 5
KR ER A /g (m®-d) 7! 21.73£4.9 27.69 = 10.72 48,76 £ 23.28 112.5+25.46 73 +24.28
REREB AT /g (m®+d) ! i 15.8+4.9 24.4+11.7 32.7+20.9 75.3+36.1 42.2+13.1
ZBR%E/ % 71.6+8.9 80.6 £6.9 60.8 £17.6 69.4+19.9 60.6+20.4
RAEEBR AR /g (m*+d) 7! w2 11.8+5.6 20.4+13.8 28.4+18.8 70+ 33.2 39+13.3
EBRE/ % 51.5+17.3 55.5+17.8 51.4+16.8 67.6+15.7 55.8+21.3
REEBAF /g (m*-d) ! M3 17.1x4.3 22.4+9.4 29.7+22.2 69.4+28.6 37.3+16.5
=B/ % 74.1+17.1 73.0+7.7 62.5+12.3 63.2215.2 59.5+23.0
REEBRAF /g (m’-d) ! a 13.6 £2.3 21.1+9.4 27.8+22.4 47.6+28.3 30.2+11.7
BRI % 54.91+9.4 65.6+11.1 60.3£11.2 49.219.0 42.4+15.1
4 ETMBREREEBERTE
Table 4 Efficiencies of each MSL systems on NH, -N removal during different periods
2% 2% BITHB
1 2 3 4 5

HARE R EBE /g (m®-d) ! 1.9%1.8 8.5 1.6 1.0 +0.9 26.7+8.9 22.4+£7.2
RE LR AR /g (m®-d) ! Ml 1.6+2 8.5+1.6 0.8+1.0 26.2:9.1 21.6+7.1
E=BE/ % 53+39.9 99.1x1.6 67.4+22.8 97.423.6 96.2+2.6
REEZBRAM /g (- d) 7! w2 1.5£2.1 8.4+1.6 0.5+1.1 25.7+9 21+7.4
EZBE/I% 62.7£32.3 97.2+3.6 -13.2+53.8 95.214.1 92.7:4.1
RAEEBAF /g (m®+d) ! 3 1.821.9 4.8+3.3 0.5£0.3 10.6+3.8 18.4+4.7
EBR%E/ % 87.1119.2 47.4+30.3 54.9x21.1 45.6+ 26.8 84.1+10.6
ARGk ff/g (m*+d) ! 4 1.322 4.5£3.6 -0.320.3 5.8:2.8 1.32£3.4
BRI % 41142 38.3+34.9 -32.6+40.7 27.7£25.5 3.5:11.8
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Fig.2 Concentrations of NHy -N,NO; -N, TN, TP in the wastewater and in the treated water of the four MSL systems in different periods

R5 EITHBRBREZAEZBYR
Table 5 Efficiencies of each MSL systems on TN removal during different periods

2% R 1 2 ifsﬁ?%& 4 5

K RYIERA /g (m’ - d) ™! 3.9+0.9 9.6+1.7 3.3:1.8 29.0+6.7 24.4+5.2
REEBRAH /g (m*-d) ! M1 1.8+1.1 6+0.7 0.8+0.7 25+5.5 8.7+4.2
=B/ % 42.0x16.0 67.7+3.8 23.5+8.7 86.2+8.2 34.3£10.5
RELEBRAH /g (m®-d) ! o 3.420.9 8.6+1.1 2,412 28.8+7 2414.6
EBRE/% 85.8+2.6 96.8 1.1 68.9+£24.3 98.5+3.4 98.6+2.5
REEZRAH/g (m+d) ! w 2.3x1.1 4+1.4 1£0.6 6.8+3 0.3:2.3
=B/ % 57.5+18.8 40.9+17.4 43.6+19.5 27.6+14.3 1.6+10.4
REXBRAF /g (m?-d) ! va 2.7¢1.5 6.5+2.4 1.4:£0.3 8.4+3.1 2.9+£2.1
EZRE/ % 67.8+29.1 67.8 £ 30.5 50.5+20.9 32.6£20.9 13.2£10.6
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WAH-WERE MM HERERUERTH
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RILEYUVITEBRRL M3 . M4 R-TI AL, 8
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T B R B B Ak TR B S BR L T LUA A B E
HEep LR R A sh iU | R ML 2 A 30 89 7K Bt
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# 6,M3.M4 (9 P LBRACR T ML.M2, 53X BB + 3%
BRI IR IR BB 6 5% EZE T K 4 NI B M3 M4

MEBRBRAENTE. XAEEATRAENLER
&7 ML 21 30% , B I + 58 X8 B B9 W% BRF ik K o Y
BEFRR R B -4 5 , 7K P B I8 IR B R & A8/
MAERBEET M1 M2 ERBCREL , EF 2.4 TH
T EBRRSHIED 81.6% . 66.0% F 80.3% .
88.1% . MR HE, —FEH T MIL.M2 &4 K&
WA, AR R  REHEEEHE SRR E
PG| R, R AR pH BT, B A R E 8
7 BN ABERR L A EE T KBRS, B ARAE
55 W P 85 7457 S TR Y B BR AR B T, [RD B 0 A o
FOWR R VE R AR IR B 0 £ AR BB A RSN
M pHE—R 7.0 ~7.5 K24, FEUTEE , B A B
WHEK 20% ~30%  HTRGENE KRENBA,
R aE I RBULL KB ; 5 —FHE, BT MSL
REEW = R4 B, PLJZ B IR 3 59K /K B9 b i K
F ML 2, 4K J1 S fir 8 K i, PL 2 B K & 38 Kk He
(446% ) LI KT ML 2 (65% )" . M1.M2 8 PL 2
S A ORLAR E M3 M4 [ PL JZ SR B L I AR
AN, B HRBERE K, B KEMERTS . BR
M3.M4 REFH MLET A KE L, B TAK
YN, TGKBEBN, SHEKEMARTS .
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Table 6 Efficiencies of each MSL systems on TP removal during different periods

=
2% R 1 2 L@M& 4 5

HRE R EBR R /g (m-d) ! 0.36+0.05 0.65+0.18 0.33£0.07 2.86+0.42 1.87+0.62
REEBAF/g-(w’-d) ! 0.17:0.06 0.64 +0.09 0.1720.12 2.2910.29 0.89+0.55

8 M1

EERE/% 44.9+9.8 81.6+5.1 47.6+24.0 80.3+5.7 43.5+15.9
RELEBR AR /g () ! . 0.13+0.02 0.51%0.17 0.24+0.08 2.5220.37 0.69+0.5
=B/ % 34.22£2.9 66.0 +23.7 72.5+18.3 88.1+4.8 32.7+17.8
RGEEBRAK /g (m-d) ! 3 0.24:0.06 0.36£0.19 0.17 £ 0.07 1.3+0.45 0.68+0.34
%/ % 66.0+7.6 58.6 +18.0 51.9:16.7 45.5+15.2 34.8+6.9
RAEBRAF /g () ! 4 0.25:0.06 0.38:0.18 0.21£0.08 1.44£0.21 0.64+0.13
EBREI % 68.1+5.1 61.7£13.5 61.2+12.2 50.7+6.8 38.1+16.7

2.2 AZBRBOREREZAHH

HF M1 M2 R4 M3.M4 R4 #) PLJZF ML
JEXRAARFRER, EEX 2 HREH R EBRL
TAEBRKHZERF MI.M2 R4 PLERABA, BN
WO B RIFWERRMEE S, Hi M1.M2 R&
Bl A ERE A E PR BEABRAM W
M3 M4 RGEFEB I MR BEAKRE. THE
WL M 45 TR T & RAEBREEILH LB
WT&REHA LRI .

BAARL MIL.M3 —BRHREFLBESE, R
BfFH M1 7ES | BREDATE AR LRI KFHER
[ 3(a) ], EMRSAKEMEBBSKET M1 FEH O

MERABOWER TP EZBRESINN 95.6%.
97.4% M 92.2% . 96.2% , Z S K HLHMEH ALK . H
B SHBEFEAKET, fEE DAY ERE
M- 113 %RREE] - 253% , %5 1 BER L E R B
LGB B fn . B - H ARG M3 FEIRSKH TR
REHEBRERE 45.6%, EFE S MEBESKET
HiE RS R BRFIA B 92.5% , M3 F R H O
HKB R LB RA T - 347% , 4L B K IE 1R
B FRERSKE T, M3 B LEE K E T M1,
W M3 ESAEYRE BT AT M1 HER LB
REZHEFMLEMIPRERIEOHKBTE 2 E
BFY¥BHEREIRAE THE, E 84.1% . 48 3547 47 7T
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MIRZEHKMAFHEREDINAE - 226% .
-304%, R A BATFH EBREMNA 34.3% M
1.6% , HKFHEAKE S5 BRKER 80% LA £ X
FERB TN F N BA REN A EF
FERWBEHD  rEBREMAERN EHEER SR
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Fig.3 Comparison of the NH; -N,NO; -N and TN removal
efficiencies of the middle effluent and final effluent between the

four MSL systems during the four and five periods

EREARGE M2 M4 TEELIEREZEEREY
REEBESHEARGE BA-BERE M2 HER
EBRBEBAEE 3(c) ], EEAES 1 BER, M
O EBREEE 82% , AFEH OB HZELE O
T EBRRMEMT 16% . M2 AR5 WAL F
HOMBRLE AW FYEBRESE 1 B 81.2% M
20.7% ;%5 2 BR A5 94.2% 1 34.5% AT WA 1 Bt
BB AEAE R, B EEE o A R . Mk
ERE M EAREZHRUEAERNBE(E3() ], I E
BEEF1B,FREBOARELHOHEERES
BH18.1%.17.6%. M2 M4 REHNEEBRBHR
WAL, R OB ERERE 10% ~35%
ZIa.

BT, 4 M RGEREBRYFERHALRIR

MAR  BREAELEVE BTERENS 2 Bt
HEB DOEY <1 mgL, FA WK EARE RN,
HEREAARARWEERFARKREAR IR IFK
C:N(BODs:NH; -N){X#£ 0.8 £, REHARKHE
fRUF A 4L C/N HL AR FEFE 4 ~ 577 BEHE A MSL
RGN AR B, AT SR BUHE K K B AL L 43 B
KEHE BRAKUTFHRAKBSIMEFSE
BIAK b, BRIE 2R 58 9 89 IR AL IR 3R 8%

3 &g

(1) MSL R4 A VL4 % Bk vl 5@ T + 38 & skt
X UE R S A R R AE R R R, T A YRR
ER G ESHAL .4 RS COD ERBRZHMY
HAK,HEREFTHRT COD V3 EBRETE 50%
Db, BRia 7l 80.6% . mIET RS RL M1.M3 B &
T EREN69.0% . 66.4% 5 FIETF M2.M4 1
BB ERE S56.3% ., 54.5%, XLHBSEF T
AU EE.
Q)¥A-WE RS, BB AW ER MR
WAt ERGEFTEELSEVHURHARE.
XRBRER, BA-WEREM M YRARE
REBRBES , NH, -N B AKEEH /DN F 1 mg/L, 53
E&K # 3%k [ %454 (GB 3838-2002) . Fig Hi-41 3
MSL RZAERBRKEEAGHT, BLHOFHERE
KP 84.1% , FEIEBR KM T EA ZEREE S M X8
EEWOUT . ERSBA-WERE 2 RAR
HERRAEZBRER, FHEBREERED 8% .4 &
GHREBRYFERMELARNAR BRRELH
HE, BN FEHREANZSE. B MSL
RGN LR, o] REBUE K KB A L 2 B
TKEHEHE .
GMSLZGEHBNEZRFIEELIOHAER
(physicochemical reaction) . ¥ A-M§ %5 R4t F E# T
o0 R BB B, R L ARG F BN LY R
B T 35008 B AL A TR BRI 5 B . FE R GEaB AT 9039, M3,
M4 [ P £ BRBCR T M1.M2, X B+ 5T B i 58
BHEENA X M EHEBRAM T, B 0-M5
RAEML.M2)MBEEREIER . EF 2.5 THT
W EBRER S B LD 81.6%. 66.0% F1 80.3% .
88.1%.
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