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The onsite experiment study of enhanced bio-contact oxidation process for
pretreatment of Luanhe River water
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Abstract: Under the operation of Multifunctional Device for Water Lifting and Aeration (MDWLA) , onsite experiment was made by use of the enhanced
bio-contact oxidation process for pretreatment of Luanhe River water to remove CODMn, ammonia-nitrogen, chlorophyll-a, true coler, TOC, UV,,, , iren
and manganese. It was mainly studied the effects of different depths of biological medium submerged under the water surface and different hydraulic
residential times on the removal of above indexes. The experimental results showed that the combined technique of water-lifting aeration and bio-contact
oxidation process was feasible, and the removal rate of COD,,, , ammonia-nitrogen, chlorophyll-a, real color, TOC, UV, , iron and manganese by the
technique were 10. 1% .64.1% .42.4% .48.6% ,12.5% .9.5% ,48.9% and 41. 9% respectively. Biological medium could be suspended or fixed
under the water surface 0 ~3 m, and the hydraulic residential time should be controlled more than 2 ~ 3 h.

Key word: water-lifting aerator; source water; bio-contact oxidation; Luanhe River water
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1 #8575 ik (Materials and methods)

L1 REREMRMAH

REMAER— T HEH L KEERNKE, D
B AR 2 BRI RT (K x &
X ) K :80 cm x20 ecm x50 cm, B ¥R~} 4 80 em
x20 cm x45 cm, B HEF K 0.072 m*, ik R PVC
kLR

Bl REEwRMEARRALE

Fig. 1 The system chart of the onsite experiment of bio-

contact oxidation

A YRl YDT SR ST R BUR, i 0 4
ML RE R, £ 4B EEDOE LS8R m A
@ HE R E R 50 em, HE N 200 mm; #0044 |
2 SRR ok B R R A R R B P A R %%E&?ﬁz
0.3 ~0.5 mm, L RE K 50 ~300 m*m ~° , FL R
H98% EMFENI~15kgm  HBEREEEN
55 ~110 kg-m >,
1.2 RE4&4

LETEKE PG KBSIFERENY 400 mm,
BRE63m, 2 5. E K VFER TN 200 m
x200 m, 7 K%EHRH 6~9 m, HHAFR N30 x10° m’,
KAOFEERER 24 b WEHKBESBLRKEY
H3x10° md™", G EAKBEFM 10% . %L HBHF
REERSEAEYVEMEMEERTE KEARHE
FEALE KB 5] 4 R AL R R 8% K £
B Bf (] (HRT) &4 T MK RSB BCR. iR 53 8] 1
TR IR K R BT K.
1.3 RBEF#&E

KK IO A Y R E A AL B R B ol 47, K
REREYEHNRAETE B RKE RS TSN
YR R S E g S 0 A Y DR B HEE A SRk g

BREKTE O ~3m KIRIX , A KBSAG THE. &
HAE0~0.5m2.5~3.0 m KIFX A ER B T %
E—iE, Sigmk 1", KHMME N B HE0~ 1.5
m 5 1.5 ~3.0 m KIFX BRI R 2 HABHTE
Bk 0.5~1.0 m2.0 ~2.5 m KR 3" BB HTE
BEKHG 1.0 ~1.5 m 1.5 ~2.0 m AKHX, WA H K AL 2
RORET WA PR B SRR AR P B A R . R
S5 RS TR AT A, UM S R TER R
HRT 3% 3 ~6 d, X A0 ERAL( AR KEF) 37
VEFLJRAL B 24 AR K 0. 38 A # 1 WA it K IR 2
M 7As HRT, 8 A8 HRT Xt 7K 4b Bk RSB, 3%
e Ein HRT 4354 2.02.43.0.4.0 h. H FiAK &
BRI, F el iAW H P A HRT A T2 R
Fi% 45k, IR I HIM] ,COD,,, EE HFE a BRM 1
W,ELERE UV, TOC & Fe i Mn 22 ~4 d @l
1.4 HEMRF &

Ve SR L BE . HI 9141 7 78 2 S0 I 52 {3 ; pH
{6:pHS-25 B pH #1;COD,,, . MM B R . K HBR-
REBRELEEE TR E a:0.45 pm B RRA 4 BT
38 ,90% 7, B % B 9% B 3 TOC . H Z& TOCS000A
A YUK DT E AL ; UV, KL 0,45 pm Y8 B8
iU, R #E SN SRR B I, M B K 254 nm AE
RAEE, LEIMBEEN 1 em; BEOF HKES
0.45 wm WIS, R SR MG 5, 7E 420
nm FRKTHE, (LEDMEERN 1 om; & Fe: 4FIEH
WA 8 Mn: BB SR NEE EY
B AYEMIEHS T H k(T 8,2002).

2 R854 (Results and analysis)

2.1 A 4HE
H 2004 £4  FH A, EKER 20 ~23C
M&ET EPENE 15d BRERE SRR S
WA OB A B SR K i A TR R A TR A P R
Hok4b #RCE, £ 10d 5 35 M B 4 o 3R X
COD,, B FIKE 7% ~10% , BE EREIX 50%
PLE AR EEE R 1), &b 28 R G038 A IE 8 18 47 W3R
MXet M S B4R 10 A 1.
2.2 KB BN R A A AR
REHIMRKFEKERLRE L RN EEB YR
VIRBEXRMENY HPBERELENEL ,ET ~
9 Am#iE, KiEEERAUELE™E, BETH
Fik 4000 x 10°AL . BEES ~6 ARHEZE


http://www.cqvip.com

/,(u 7K 1 52— EE 4R 7K A [ KT | k2 | SRBUEE | %Rtk
&  www.Chinacitywater.org (TRA7:9 EBEREM | 2REE | AT | FEREX

AR EEBENE T ~9 AGMEEEUER. &

mg'L™' . B KBKIEESEAN, NET~8

RNENOATRARPEBEURENE. HEEEX  AGTUNSE BEHER0.37 mg- L7 HEARE
AEE R SWE. £5 ~8 AGME, KFEKF  H7E0.04 mg-L'UTF.
CODy 4 L #ZE 5 mg- L7 DL b, B & 8
21 KR EKINKR
Table 1  The quality of source water during the experiment

KR BRY CODyy,/ 2 HER o

/T P /(mgrL7") HEL/NTU (mg:L™") (mg-L™") (pg'l™") REBR/R

16 ~30 7.2~8.6 5.1~-9.4 3-~14 3.88~8.00 0.04 ~0.37 5.1~61.8 5~15
2.3 ARMEBRER FREEEKTL.5~3.0 m KEMEYEN, ER
2.3.1 COD,,:xK%%X COD, EZRHRANEK?2. 5% 10.3% 1 9. 9% , F HIR /DX W, by F

MEDARN, % 2 ~4h 5 H A ®E HRT, COD,, ¥
EPE#9.8% ~10.4% , 5 HRT %f COD,, K=K
B/ MHE HRT &4 T, BREEEKE O ~
1. 5m /KR X 4 ¥ 35K X COD,,, B 2 3= B K 0% 5

BAKBSBNBEESREHEN, B4 T DOCOD,, K
BIETEP WA, — TR T AP ME LR L
R EHE, 5 — 7K KH 5 T KB &Y #%
AL my R .

%2 CODy, KRUM
Table 2 The removal effect of COD,,,
W3R 21 EBHR

EURR BRE/ # Ak COD,,,/ H7k CODy,,/ Ty

BHAR XiE/T HR1/h " i £ %
(mg-L™") (mg-L°") (mg-L™") EBRE
23 ~29 5.36 ~9.38 4.0 5.27~7.58 4.90 ~6.78 5.2% ~24.5% 10.7%
BE/KTE O ~ 16 ~30 5.60 ~9.40 3.0 4,41 ~8.00 4,10 ~7,23 5.0% ~17.6% 10.5%
1.5m K REX 19 ~24 7.30 ~8.96 2.4 4.72 ~17.35 4,24 ~6.79 5.6% ~13.2% 10.0%
23 ~30 6.40 - 8.04 2.0 3.96 ~7.29 3.45~6.77 6.2% ~12.9% 9.8%
23 ~29 5.36 ~9.38 4.0 5.27-~1.58 4.94 ~6.67 5.0% ~25.0% 10.0%
BEAEL.5 - 6 ~30 5.60 ~9.40 3.0 4.41 ~8.00 3.98 ~7.15 5.0% ~13.8% 10.0%
3mKREK 19 ~24 7.30 ~8.96 2.4 4.72 ~17.35 4.33 ~6.46 5.3% ~12.1% 9.8%
23 ~30 6.40 ~8.04 2.0 3.96 ~7.29 3.61 ~6.25 5.0% ~14.3% 9.7%

2.3.2 RAFHRAER HRITW,YHRTH2h
3 hat, AEBEBRED AN 62.5% F 65.7%,
ULHI HRT 3§ & 2 2 B 9 % ma o 8 /). 486l HRT 5%
BT, BHEAEEKE1.5~3.0m KEHO~1.5m
KEREEB S AR L EBRES R

68.8% f159.4% M HEMREARBRBIETEE,
WHRRAAEMERERE —CEER, XFTELH
FHRABHEBLEYE L AFUMACAERREE
AL MERALENE. BEENRE, KENE
A RIRK.

%3 SEMERUR

Table 3 The removal effect of ammonia- nitrogen
k= 3 EBRHUR
EYRE
. BRE/ KBRS Wk Em|/ iy
BREME KiR/T . HRT/h . K E
(mg-L™") (mg-L™") (mg-L7") £hRE
BE/KTE O ~ 25 ~30 5.10 ~8.04 2.0 0.036 ~0.371 0.019 ~0.205 33.3% ~19.4% 54.0%
1.5m KBERX 27 ~30 5.80 ~8.40 3.0 0.055 ~0.247 0.007 ~0.151 38.9% ~89.5% 64.7%
BKE 1.5 ~ 25 ~30 5.10 ~8.04 2.0 0.036 ~0.371 0.009 ~0.171 48.7% ~88.3% 71.0%
3Im KBREKE 27 ~30 5.80 ~8.40 3.0 0.055 ~0.247 0.015 ~0.114 43.6% ~91.8% 66.6%
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2.3.3 HEFKaERER ERWBBHNAE

YIS RAE TR A I R A BRI

EAFELEYBENRRKME MEDHEATH E  BE MHEE« ERBRIE 4

BRI A REERMYLMAE S, AR R W R4 3

F4 MERa ERWE
Table 4 The removal effect of chlorophyll-a
Wi A& EHRHR
Lok bl

WRE AR RE o/ HAKMRE o/ ¥y

L $i304 /T ~ HRT/h . o EBRF
(mg-L™") (pg'L™") (pg-L7) E
23 ~29 5.84 ~9.36 4,0 18.6 ~61.8 5.9~17.7 22.6% ~87.2% 50.1%
BEK O ~ 16 ~30 5.92~9.42 3.0 20.8 ~53.0 9.6 ~27.4 21.0% ~73.3% 44.4%
1.5m KBEEX 19 ~ 24 7.40 ~8.90 2.4 18,2 ~36.3 14,0 ~26.4 20.9% ~43.8% 31.7%
23 ~30 6,50 ~8.25 2.0 5.6 ~63.3 3.1~25.7 21.4% ~81.4% 46.2%
23 ~29 5.84 ~9.36 4.0 18.6 ~61.8 7.6 ~21.6 23.0% ~73.3% 48.0%
BEAKME L5~ 6 ~30 5.92 ~9.42 3.0 20.8 ~53.0 9.8 ~28.7 23.9% ~68.7% 43.6%
3m KHEK 19 - 24 7.40~8.90 2.4 18.2 ~36.3 12,3 ~27.3 21.5% ~35.0% 30. 1%
’ 23 ~30 6.50 ~8.25 2.0 5.6 ~63.3 3.2~27.3 21.4% ~72.1% 45.3%

MR4AW, 72 ~4 h HZE HRT X MR %K a
EZBRUREMAR(CFHERF42.4% ). EHFAR
PRERHEE a ERBENEEFHELFRE HRT N
REM BRI KERERANR, £ P&
BT AR ERBRA—#, —RERT K
FEBRERR EFEHLK, ZRBERK(BKHE,
1997). MKIRMEWKE , BHEEEKEO~1.5m
KM 1.5 ~3 m KK LW BRI E a ¥
HEBRBDFIN 3. 1% M41.8% , WL WA EH,

ERHMN, ATT U, HKBSAKERREY
e ROR B3, B R T /K 3R 4 4 S 4L [ fg
-5 3 B RE R

2.3.4 TOC fo UV, th 2B R TOC BLIGKE
BRTKEFENYRERNSG AR, L CODE
REERTEIYHER UV, MERNEKEPT
AHPENBREXFWAEIY, Bl E R T~
Y= i W 4 THMs BRI A S . TOC UV, 3
3 € e N

25 TOCH UV, ZRYR
Table 5~ The removal effect of TOC and UV,,,

W R TOC % B R
S RETR N
(BEKmAR) KR/ (mgeL 1) HRT/h #k sk HERE Wiy R
0~1.5m 19 ~27 6.96~9.40 2.4-3.0 4,190 ~6.190 3.900 ~5. 400 5.8% ~23.3% 10.7%
1.5~3.0m 19 ~27 6.96~9.40 2.4-3.0  4.190 ~6.190 3.670 ~5.270 7.6% ~21.8% 14.2%
0~1.5m 16 ~29 7.0~9.4 2.4-~3.0  0.054~0.069 0.051 ~0.061 5.4% ~11.2% 8.70%
1.5-3.0m 16 ~29 7.0~9.4 2.4~3.0  0.054~0.069 0.048 ~0.062 7.4% ~14.3% 10.3%

MRS AT, BEEERKE 1.5 ~3.0 m KHEK
PR TOC UV, £ R F B0 8 T B HEH K
B0 ~1.5 m/KBFIKAEYIR. KFEEE/HFELHE
—HHBRBRF R HEKEE, KEKE R
FRE.

2.3.5 AXEEMZRER MWREBENEEY

REBHE (ER ERRS), % E T8l
AR= K HLE THMs Ri &Y. HXGEREREE
REIHAREENBAIY RS YRERER £
RE R BAHAE PR 30 0 ) A 0 28 O 1 PR 00 0 48 PR O
TH. KECEERMRILEKS.
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Table 6 The removal effect of true color
i, =i
EHR R R WA KA mmﬁs:e;m;% F”
(BEKE KB it/ C HRT/h B

(mg-L7") ;4 E ¥ N
0~1.5m 18 ~24 7.30~9.40 2.4 5~15 2-~9 21.5% ~79.4% 44, 7%
. 16 ~24 6.96~9.40 3.0 6~15 3-8 32.2% ~72.3% 54.4%
Lso30 18 ~24 7.30-~9.40 2.4 5-15 29 21.5% ~179.4% 44.8%
=i 16 ~ 24 6.96-9.40 3.0 6~15 2~8 24.0% - 84.3% 50.6%

mE6 AN HRT M AL B F N ERBEE N
BAEBE, HRTEBK, AL AFENEZRURBT. &
HZEBEKEO ~1.5 m KHEM1.5~3.0 m KFEKAE
YIE R S T KRR A FH 49. 6% 0
47.7% RIEM S TR N, EEHA K.

HR7.2~8.6,FHMHES. 1, MEME; EHEAN 4~
10mg:L™" S K 7.65mg- L™, it FIFE RS
18k F Fe . Mn TE R LA Fe'* Mn* BRFE,
RRE R AL A W 8% i B AL 25 B Fe Mn WP = E 4R
RAYRBUIEM HRETIE LR, B Fe B Mn X5

2.3.6 REMEEHNEBREZR BTHEWAKpH HRERT.
X7 BFefBAMnZBRHR
Table 7 The removal effect of total iron and total manganese
Wi %A B Fe ZRRJME
EBRH BRe ]
BHMAE KiE/C HRT/h Bk Hk EBRE
(mg-L™") =B
0~1.5m 17 ~24 7.3~9.08 2.4-~3 0.36 ~0.63 0.13~0.33 18.4% ~69.2% 51.7%
1.5~3.0m 17 ~24 7.3~9.08 2.4~3 0.36 ~0.63 0.19-0.41 13.2% ~63.5% 46.1%
p— M;ﬁg/ B Mn LBRHER -
7R/ HRT/h ok ok P
ﬂﬁﬁiﬁ (mg'L_l) f%&
0~1.5m 16 ~24 7.3~9.15 2.4~3 0.55~1.15 0.16 ~0.67 21.3% ~70.9% 44.5%
1.5~3.0m 16 ~ 24 7.3~9.15 2.4-~3 0.55~1.15 0.29-~0.75 249% ~55.1% 39.3%

HFET AR RHEEEKTO~ 1. 5m KEA 4
YIIEREXT 8L Fe 5 Mn 25 B RIS HOK
B 1.5 ~3m KHE YRR
2.4 AMEAHLIOERENE

He B BB (JE B, Lipid-P) & B AR JH H B 3%

®8 BEEEK@EO-3.0

Table 8

WE, VERREYRELTETFZRMKEY LR
MBS R B (T 8% ,2002) , FHiE B RITZ
BRI T WAEYER EREREE YR 0k 8
Fim.

m kR E £ WNE LRBEREm R

The phospholipids biomass of Biological medium be suspend under the water surface 0 ~3 m

R B K T e T 2580 HE R HEFERE EHHEYR HREE HPER HEAYER HHEER
KE/m ® /nmol K #/cm /8 /(nmoleg™') /(grem?) /em? /{(nmol-cm™*) /(mg-L~")
0.1 0.122 22.38 52.8 0.124 180.5 0,143 156.5
0.4 0.116 21.12 44.2 0.104 203.1 0.120 176
0.6 0.116 21.12 57 0.134 157.6 0.154 137.1
0.9 0.102 18.17 63.8 0.150 121.1 0.87 0.172 105.6 2.34
1.1 0.091 15.85 65.1 0.153 103.6 0.172 90.1
1.4 0. 080 13.53 61.7 0. 145 93.3 0.167 80.0
1.6 0.075 12.48 66.6 0.157 79.5 0.180 69.3
1.9 0. 051 7.42 60.6 0.142 52.3 0.163 45.5
2.1 0.052 7.63 71.6 0.168 45.4 0.193 39.5
2.4 0.048 6.78 58 0.136 49.9 0.156 43.5
2.6 0.036 4.26 49,2 0.116 36.7 0.133 32.0
2.9 0.021 1.09 41.1 0.097 11.2 0.111 9.8
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MRSAN, EYENENEYBEEEYH
o8 BB K T K R B0 38 K TR/ , T L 22 5 48 X b
BREE. BEROT 5 ERAKFI K TR EBRY
WM RAET E, A RE, %R RE K&
BOR BB HE A AT B, AT A ) SEUR ) 2K a]
T LA E MU U, 5B A, At 3 28 WK IR 4 AR A I i
HRWAT DRI R (T3XRSF,2006) .

3 #it(Conclusion)

DgkBSmEMEDEMEAAEERN
FARBEAKTERTITH.

2) KB A A B AR K IE B RCR
/NHRT R KF2~3 h A B0R AT DLR HE 7EBE K
O ~3 mKERXK.

DNEBRE R 16 ~30C . BFMERNS.1~9.4
mg:L™' HRT X 2 ~4h & F ,BE/KE 0 ~3 m K&
MAEY R COD,, HA HER a . KELHBE,
TOC. UV, R B EZBREFFH 10. 1%,
64.1% ,42.4% ,48. 6% .12. 5% . 9. 5% . 48. 9% .
41.9%.

4)ZABRHEA RGBT A RAKE S H IR
WEYEMEKRMES T —4 KN AKX
EYEMEAXRGRART S, B, T—4H
ROE SR A KT KT T2 &4
TREFERXBTE.
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