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Efficiency and Mechanism of Purifying High Iron-Manganese from Ground
Water in the Cold Villages and Towns Based on The Coupling of Rice Husk and

Iron-Manganese Oxidizing Bacteria

SUN Nan', CHEN Yan-li', ZHANG Ying’*, LU Yan, SONG Qiu-xia’, LI Chun-yan®, JIANG Zhao’

(1. College of Water Conservancy & Civil Engineering, Northeast Agricultural University, Harbin 150030, China; 2. College of
Resources and Environment, Northeast Agricultural University, Harbin 150030, China)

Abstract: Aiming at the special geo-climatic conditions and typical problems constraining the development of villages and towns,
making villages and towns have the following characteristics: green and low-carbon, energy saving and environmental friendly, the
coupling process of adsorption by carbonized rice husk particles and biological oxidation using Bacillus megaterium bacteria was
developed for purifying high iron-manganese from groundwater in the cold villages and towns. The quick start-up method of biological
filter at low temperature was studied. Based on the contact oxidation and biological method, iron removal efficiency and reaction rate in
different filtration layers under different filtration conditions were comparatively analyzed, and iron removal mechanism of biological
filter was determined. Filter materials and the solid samples in backwash water at different stages were characterized and the manganese
removal mechanism of biological filter was analyzed through SEM, FTIR, XPS, Raman spectra and EPR. The results showed that the
active biological membrane reached mature and stable only after 15 d with the operation mode of bacteria liquid cycle and low filtration
rate in the filter column. The effluent concentration met the requirements of drinking water quality ( GB 5749-2006) in the stable
operation process. Fe, Mn and bacteria were lower than 0.3 mg-L™" 0.1 mg-L™", 100 CFU-mL™", respectively. Iron removal
mechanism relied mainly on the physical and chemical effects, supplemented by biological function. During the biofilm culturing stage
and initial stable operation stage of filter column, manganese removal relied mainly on the biological effect. The physical chemistry was
preferred at later stable operation stage. The study provides technical support for the applications of treating collectively Fe’* and Mn**
in groundwater.

Key words: low temperature; high iron and manganese in underground water; rice husk; iron-manganese oxidizing bacteria;

mechanism; Bacillus megaterium
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T 5 A T UK, 5 (R K R B i AR vfE (GB
3838-2002) ) H 28K bR tfEHEAT VAT, Fe? " | Mn®*
W SR AR ™, B R ARME Rk 67 | 24.5 1%,
TR SR BE 22 T R R 5N BRE Ak B Mg 32 B
P FE R A R TR K AR R B R A

A R R K BR R AR I BRSO s R
T B I B T — & st BV
(PR Ff A e . D™ FER S ML R /K b TR IR 85
R 25 1 T A A W R O G D8 2 I R AR
P A PR ASCRANAE S AL, PR IR AR TR R
SEER | ERARIRIAEE N A A R bR S R K Ak
AT I M (] G v B A e R @) AT R A
KEBJRBR TR ML | 70, aifk 5%, )
% e SRR P 1) 2 =X 8 CH R KRR, 8 o AR
VISR R AL 8 Tt R 5 P sh AR A T B HAR 3
i, QYR RS W S UE R FHE R . AR A
FALVEF B e i) AR VE B4 A AEH
M BTRR RIS A Tt — L R

AHIR GG LAG AL R 5 B0k Ry i I, O 5 A8 4 ik
BRAAATE RS ™ JE R L R K TR JTR
T B I ORE B 2E i AR A S B AT A 3RS 1
BRART , DRI TR 7K 22 4 5 98 % B AR PR )5 30
773 T A W 8 2 D9 R E A R BRBL ; AT
W R P FEAN B AR M IR K A B AR T % 3t
HSE , A F AR .

1 #B57EE

L1 i 5 K

IR UL 1 A A R, PSR
B RS K. EAE T 1T EA2 80 mm, A
FETFRIKR AT 300 ~ 1500 mm &gk 80 ~
100 mm SRS SEEAPIR A RFERE, uEA T . M8
L5351 Ay e Ak R 52 JBURE (CRH , 20 ~ 120 H, A
D) 5 AR R TR (5 ~ 10 B, I [ R 56T i
ARSI P A BRA ) usA 1T T 2 BR g AE
I K BB AR S AE AT, 150 7K TR 5 i 2 AL
FEHIAE 17°C (MR B % 32 2225 PR AR AU Ak 1 10
7).

REGH K N # B 24 h DL Ay A Sk K6y
FeSO, 5 MnSO, IRAW, #5H Fe’ | Mn®* i
FE 9 M 3.95 ~ 18.54 mg-L™', 0.57 ~ 2.28
mg-L~" pH{EH 6.8 ~7.2; UEM: 1 RABKERESR,
BHI[0,] 4 ~5 mg-L7".

WHE T bikil EEED fkid
E1 REEETRE

Fig. 1 Schematic diagram of test equipment

1.2 PUAmAh S e

RIE VLA W 7R EE T L1 A S b 7K 3 ) ok
Vet BRI B W T — S 5 516S rDNAT /7
3T W0 X R A R s IR AR T R TR
KEZFFEFF B ( Bacillus megaterium , GenBank %% 5% 5
9 KP241857) . I IEMRAERE IR 56 i T 78 25 4 ]
2 FioR.

B2 EXFHFENEELS
Fig. 2 Colony morphology of Bacillus megaterium

¥ Bacillus megaterium THARIZFN THEICIR (%A
SmL PYCM 2 RIGFRIE) 1 17°CHEIRTE AL 12 h, 7%
125 remin T BUE LS BB 2 mL T 200 mL
PYCM 2t R ¥555 3, URIRE 25 1R 15 97 24h EXFEL
HERR B3R 0 (4 500 remin ™', 10 min) Y4
PR, O A B K Ve 3 Wk, BT HEPES Z& b
W (pH 7.0) , il £ PRE R, B A BRI VA B (P B s e
Bk ), S BRI T 9 4.0 x 10°CFU-mL ™" B4
. Hr PYCM B R B FREE RS R . B R
0.5 g, ®#M 0.3 g, BEEHRTE 0.2 g, MnSO, - H,0
0.2 g, K,HPO, 0.1 g, MgSO, -7H,0 0.2 g, NaNO,
0.2 g, CaCl,0.1 g, (NH,),CO, 0.1 g, F7iEaskék
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0.8 g, EAZ1000 mL,pH {H 6.8 ~7.2.
1.3 4ybran B 5005 ik

MRPESCHR (5], BEH K Fe** . Mn®* | HIKIE K
WE 2350 2R FHARIE S koo OB | = LR 7 4 Ak
SICRETE | AL, Fe | Mn® " e R R A ofE il
LB A y =0.1828x - 0.0075 (R =
0.9996) . y=0.0383x +0.0044 (R*=0.9991).
1.3.1 REFSREBTTH T

SEE RS, I A A BR ARV E K
W 4.0 x 10° CFU - mL ™" BR%% S0 B R T A kA
AR AL R A e AE T rh 3230 1 d, 35 g 3 2
m-h™" EHREIT4 d, 767, 13, 19 d 53 5K o8 2
FE3 4. Sm-hT RIPPEEREAN S E 46, 8
Le(sem®) ~" ROBPESEHA 2 d(3 min) , fETCHEFR AL
BT T, R T K B B8 37 R Y
LR 3% & SR T RE DA RE AR /K BRI, T DA
I P E sl 5525 d, 315 U AE T gk
R 6 d, 5532 d A2 meh T EEEEARHEE Bh, B K
UERE BT v BBy SRR E v uE AR I uE G 5
m-h™' S PPETREE 8 L (sem”) ' RS 2 d
(3 min) , FELUEAE T 2 7K A0 o fa vk B 5 A B vk
JE. RUE BT B ), 2508 )2 3 Ak e 4 |
RMBEM G RPN | SRR | B[R] 43 R 24
h,10 L-(s-m®) ~' | 5 min.
1.3.2  Fe’* EBRHLEI M

FRUEAE T R sh ol fe, 8 T4 fb etk ik 5 2B W)
B Fe A B R R A5 1 R uEAE | A d &8 )2
(A EMTF 20,40, 60,80, 100, 120, 140 c¢m) it}
IKIEER | Fe? ™ MR T I Iy iR 25 5% R A pIL il
WE &k uR BEL B R R 4 A ok 10
L-(s'm®) ™' 2 min, 2 d, #EK SR E D90 2.
5.10 mg-Lf1 ,{fﬁﬁ%?]”j’ﬂ 3m-h™'  5m-h™! TR
[, U T eI K SRR B N84T 7 d.
1.3.3  Mn’" EBRMLHI ST

K SEM FAEUEAE BV S 215 30 em VREEAL
UEARL R TH 5 R PR AR I TR ) B R R R A
0L, R FTIR X anf A6 Fd 72 5 B gk iE AT
G303 — 2D E TR SR T B A 0 R 2 AR BURORL 45

Ry e SR XPS Xt iz b B TR REREAT 4B, I A
{}?*Jr%%ﬁﬁ%{ﬁ%}m % A Raman 63 43 #r A [

AT A S F R BE A P 30em TR EE AL (R e R, BH B
MnO, FUIFRAL ARG, A EH RIS 35 (15d) J5 Xt
AN[R)E AT TR ) Rk 22 1 -5 B i rh i AR ke 0 2
T EPR 43#77) A% Mn?* EBRALH.

2 ZR5iTie

2.1 RFES5REMBMZITIH

PEAE T BOIR R A S, 06 2 2 A 25 34
PRI, )RR A O 34 T PR 42 b b 3R 1w HL AR R
B, B P T 6 A B SR AT IR | P SRR QAR R
ik, BERE T LL2 m-h ™" A 98 S shis £, B2 R
TN T A A A ] Bt R R 2 1T
2B W T ) R, A SR G B ) Ak B 3R S A
BIATIR 2 AT, RO 9 Ak B B g R iR
Wy B Bsf ) 348 4 A8 1k 5 3R T vk B 0 7 0 R
SR R (AT B2 1 K K g 6 A 3k B
(UEHEFEHIAES m-h ") B, — 2 o i3k A
FRTE AT UL, FLJE 2 BR R A AE 0 145, LB ] oA 52 9l
e 3% TAE5E Ik
2.1.1  ERFRMIBEAEL, /K Fe® | Mn® " EBRECR:

UERE T BRARBCRWNE 3 (a) Fis, /i 4 d HK
Fe? " YA MR BE K . LB RALH KA bR, 32
TR DR R A DAk 2R T B A PA B EL A T BRI 1
B BB SASE P’ REATR ; 555 ~8 d,Fe’ &
BRoR R L Th BIAESE 7 d SEH 2 meh ™' & 3
m-h~" 7K Fe®* P i BE A2 W)y, 3X T el T
Fe’* AW EAL R4, DO T2 (4 ~5 mg-L~") i
K SE A A B Y AR T BRAESUR IR 3
(b) 7R, HT 6 d JEFE T XF Mn®* () LBRRZH T8,
H 7% ¥4 %2 91% , A 17K Mo®* W& T 0.1
mg-L_l s S5 7d .13 d PRI, Mn® 25 [ R A4 R
F.,7 ~14 d Hi7K Mn®* ¥ B2 3 2 IR BERER, 56 15 d
Ja K Mo® " SR T 0.1 mg- L™, LpR R TE
90% LA b, AR F MPLAIME 8 d, X5 Fu
200 H Phatai 21 B ZEIE—80, X R T Fe’ 1N
PR SRS 4, ol B B A BB R AL T R 4y
RERL, T Mn®* (1) L BR T i BB = i M Hak ) —
EBEE AT UARIL. L5 17K Fe? | Mn®* ZBRAL
HUEAE T 847 15 d sERE M T A, uE A 1T Bk
Fe’* | Mn® " RUR MK 4 frw, K Fe’ | Mo " ¥R JE
BIEfkF 0.1 mg-L~".

PERE T MRS shisfT 15 d Jo , AWt g s &
S5m-h”', B 6 d FRAKIEHE G 3, K Fe** |
Mn®* e BN A7 08 TR |4 T O R e R
CATRRHK TUAERRE) (GB 5749-2006) , H £ R
BIFE 90% VU I, RINZIA AR IE A NS T

T MBSl DI 34 B ol 1) B AR 25 R B8, RGEDU AT
PohdiRE S,
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Fig. 3 Fe’* and Mn?* removal efficiency in the effluent from filter column I

2.1.2  BEFRIINERE T H /K40 BE 00 R AE

UEAE T PR A AL R ANEL 5 R,

H LS v BEFERTTNEAE T I UEIEAS U8
LR TE A B A 0 2%, SO g AR T E K A B R IR
482 CFU-mL™"; BHEUERE T 3 M4 T A, F A UE
A 009 40 B e 0 T AR, AEL K T 2% APk % 1 T

TEKANE =R, 1M 2 m h " E 3 m-h™'
fﬁ,i'&ﬂiéﬂﬂlﬂii‘ﬁﬂ 93 CFU-mL~"' (338 ~ 441
CFU-mL_]) VeI E 4 m-h~ }: BEK AN

fn64 CFU-mL ™" (232 ~296 CFU-mL ") ; aﬁ@iﬁi
5 m-h™UE, SEKAH A R AN 21 CFU-mL™", B
PEAE T PUEREHT bt Ty, O T . KRR
E‘EH&HWH} HIAAET 100 CFU-mL ™", Y3k H
TRARAE 3 AT B8 FH T 2R 5 1 e R I B B A R

SR BEER S Ah K TR TR —
AR, 2R BT 1) AR T 1 A ORI U %
R LA AT AR
2.1.3 FRUERBUEEL |
T 25 BR A L
BEATSSE B BE, 8K, Bl . 4 TR R RE 248 B E 4K
FrvE, AR F 0.3 mg-L™', 0.1 mg-L™" 5 100
CFU-mL™".
2.2 EYIEE NP LR
BET b AR 5 AR YE X A3 B A [R] g
BPUEAE T TR K BBk | Fe® ™ ik B B 52 i 3 %
WEEAEYIIE Z R 45 R IR 6 | 7.
2.2.1  FEOKEVERUR BT J BRACR i 43 My
EEXFuEAE T AR R S8 | A [R]EZK S Ak B ik

—H
fiE

MK Fe?* . Mn?* 540
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