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Techﬁology, Beil]"ing. 100124, China; 2. State Key Lab'(;ra?“tor'y of Urban Watq'Rﬁ,ﬁburce ‘and":Environment, Harbim Institute of
Technology, Harbin 150090, China) ' B o
Abstract ;' In a grounidwater plant, removal of'iron, manganese, and'ammonia nitrogen was performed via a purification process using a
filter"{:oluzﬁn al a low temperature (5-6°C ). Iron, man:ganese_e_a-n'd ammonia [ Fe( 1) 0-19.26 mg-L™","Mn( II) 0.52-2.05 mg-L™",
and NH, -IN0. 37-2.59 mg-L™" ] were analyzed to exf)l(njq ‘Ehe- ammonia nitrogen removal efficiency under different iron and manganese
concentrafions. The Tesults showed that when the concentration of manganese in the inlet water was maintained at approximately 0. 6
mg-L™" ‘and the concentration of ferrous iron in the inlet water was increased, with the increase of iron oxides in the filter layer, the
ratio of ammonia nitrogen removed by adsorption of iron oxides increased, while the ratio of ammonia nitrogen removed by nitrification
will decreased and adsorption preceded nitrification. When the concentration of ferrous iron in the water was maintained at
approximately 8 mg+L.""and 11 mg-L™", and the concentration of manganese in the water was increased, the proportion of ammonia
nitrogen removed by adsorption did not increase with the increase of manganese oxide, and the removal route of ammonia nitrogen
hardly changed. This is because less manganese oxides were formed 20 cm before the filter layer, which had little effect on the
ammonia nitrogen adsorbed in this range. The production area of manganese oxides was concentrated below 20 c¢m of the filter layer,
and most ammonia nitrogen was removed by adsorption and nitrification before this area, and the manganese oxides in this area did not
adsorb ammonia nitrogen.

Key words :low temperature ; ferrous; manganese; ammonia nitrogen; adsorption; nitrification
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Fig. 1 Diagram of the reactor
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i BRI E
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1) A A HE N 1. 500 mg-L~!

TEZE 100 d AFHUS e 54T 2 min B9 A9 i ik
VKRS W 250 mL, A5 20 AL & FAH B B O
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M A A AW 530 1,17, 0 #10. 15
mg-L~ LONER 2 W AR RS R e K IR A
2 minfi PR EZIEREHN 0.91 mg-L~", HLBERIS
{HAK 0. 26 mg- L', & EIA WS R ke KIS 1 d
J S B il R R EE AN 0. 46 mg- L7 HE BRI (B AR

F2 RAERBMEL
Table 2 Adsorption test of backwash mud

mH B /mg L
=% UV RIWIN AHISME R4 2 min RBA1d
RA 0.52 1.17 0.91 0. 46
%5100 d WA 0 0 0 0
Bl 0. 44 0.15 0.15 0.15
A 0. 61 1.20 0. 89 0.42
#5110 d WA 0 0 0 0
fil & 0.48 0.16 0.16 0.16




2730 7R = 41 %
0.71 mg-L~", MiiRA G AR AR EETRS 22 0.3
HOSAE , A R B R A A AR Ak Rl AT it 004 Bk

\ e e N . b vy
N P B SRR B 1) AN 2 A A P s i, 17T 2 S . A 100 WAk
W P SR X R W R, 82,83 2. 1095

e e s . &
H1 S5 B B 1 2R 28 40 2 B8 R e AR A O o o} A =
1 1. E _ =
2.2 AR E R R A L RERE go 100 &
MK e B 5 A 2 R B AR AR O AN 1]
4, FSOHEA A AR A T e B AR v A
EREERR. 0 20 40 60 80 100 120 140 160 180 200
12 0.8

20

K o~ | 0 Ek

- bk _ —— 100 d &

—A— A0 Ak A *it** 20 < T 1 0.6
15t T E ® -
o # = g
é ek o Bk 1.5 E é fos &
;i °l nza *l g 4 ™ 1.0 = i é
= ; - I ——o—o—o—o
2 | i “T § i 102
) =ty e 1

a,gr,*#sm !w* pgagts | 2
* ﬂ “ ﬁ . - . . . . 1 0
o I ) (1] 200 40 60 80 100 120 140 160 180 200
090 60 80 100 120 140 160 180 ° _. 2 g fem
AT ls = 100 fﬁ%%ﬁﬁ’]:ﬁﬁgﬂ _
4 ,j&7]<’i5§%ﬁ:‘2€}# ?ﬁ?h%iﬁﬁgﬂi f’ Fig. 5 Varlatlon,s in dlfferent substances in the filfer .:7,.::'..“

Fig. 4 Changes in iron and manganese concemratlons

““and nitrogen losses r i

7. 21 %IE]JE%W&F ik A i 1 4
M@Mﬂﬂ#kﬁ?@fﬁﬁ06mL”*
ﬂm@kﬂ@é%ﬁf/g%ﬂﬁﬂ%ﬂ%ﬁé,i@iﬁm
KR <6 mg- L~ VA R EBIR, T X A
AR =8 mg- L~ A R E L, APk K I
BRHCEE /354 14 F119 mg- L' BH R E LM Y. H
R AZ P IER, LIS 100 d aa‘j@méﬂﬁ‘iﬁ” “=
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FHAE N 0.97 mg L. A BB I 75 BBl P AU R
JeEAE R SCOK A HTER 100 d BT RS K DO.
FE 5(b) &3 3 AT, 22 20 em 38 )2 IR A TH
FEMI DO 43504 1. 58 mg-L ™' #10. 008 7 mg-L~", It
0 BBl P T FEAG DO k1. 588 7 mg- L' ME/K &R
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AAS R R AR A A TR TV Y
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Az IS AT, 20 ~ 200 em (K B9 AR A
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%3 %100 d B DO 547
Table 3 DO calculations at 100" day
W%/ mg-1.7!

WiH L <Riva7 (5 S G R R e

E , =, . ! PR PRl

#K 20 em As Al i £D0  D0" DO A

2+

Fe 11.05 0 11. 05 0. 143 1.58 1. 5887
Mn2* 0.65 0. 62 0.03 0.29 0.008 7
NO; 0.17 0.8 0.63 4.57 2.879
DO 10.41 5.94 4.47

1) At x BALRIERE DO
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mg-L~"  HIEZHT 20 em A 1.60 mg-L™' & A # %
B, t bRl RS A 0. 63 me- L' EAS 5
b, 5RT 20 em £ 0. 97 mg- L™ R A 45 ELR AL
DO, 5% N AR B JAHSE. BT 20 em 2
REBEEE, EHTILUEE 100 d B A FIHEFT 47
RBLIEHF AT 20 em 24 2 AL 25 B, 204
WAL T WA A, IS AT h A AR BR, H
ANH, -N(Z & L&) /ANO; -N (fE A A8 b &) B
AR A 1 I ST 5 b 7K 2833 20 em U8 2 A
ANH, -N/ANO; -NH 2. 54 it = T2 R S Lk
FRIBAA, H BT 7 R 9 2 A T Be A i Ak &
B AREE RIS % Do —E M A A e A IR
B ( CANON) 43 R WA~ b A . OTE A= 9 B4 ) e 4
P b, NH,-N #4480 2 AL R (AOB) %A1k A
NO, -N;@NH, -NFILL_F i Fe 7= A BNO, -NZ& 3 Bl
VEFHHE A S AR P I oA 1) SR S0 BR B v | PR AE IR AR
LA (AnAOB) 1E T, kA i i A5 8 25 Bk, 20 =X
F)fZﬁ“g’m. L
0.850, + NH;-N ——0. 44N, + [
0.11 NO§-N + 0. 14H" + 1.43H,0, * /"
L R AT A 4 2 CANON ﬁ%}g'ﬁu
ANH; -N/ANGT NS .8, 4 < ANH N/
ANO; -N < §HL 25 B s, W0 1 1 s o0 1 A 45
GANONIE 21 3 A Sy i K 2220 omt UGJE I

ANH -N/ANOy -N o 2754, 10t (LAl CANONA#

S HEETE N, KT % 3 19 DO 437 7T 01 A 20
em P2 0. 63 mg- L~ HOR 4 i L= RO,
I Bl N S FF7E CANON, B 20 em #5258 0. 97
mg- L™ M E A T REZ WL IR 25 B, e 1 AT, B AT
FEER 20 d 2 W B AR R I 220 I Ak o 2 0 17 WL f
H1 2 2 AT, B b e U Hh Bk A SR AL W AU A
Hb I B SCR AR 100 d BSHS AR B aT i, EK o
WARAEJEFERT 20 em Z5BR, SCH AL £ ZAE P
S, [ s B Rt e S T P A 2 82 11 S R R ik
AR A EL AT AR TR DX ] pR e 2R BT 20 em #8125 A9
SRR 2R F A W B 2 B, Bl A ST R o
(14 B2 U B O sF Bt S e K 5 4k SR Ak i —
VR AL ZF L, 2 HE K W R 4 ok 11,05 A
0.65 mg-L ™", 284 A AL P BF 1 & &R 0. 97
mg- L~ R E R RBRIE AN 1. 05 mg-L7".

Ay BH T ST X 1 K A B 43 0 14 mg -1 0
19 mg- L' AR EBIAHS B I, DLEE 182 d A4
143 d B A 5 43 #7. PR & 1E K 4R Tk BE X5 29 0.6
mg- 1" 022 W 2 7K e R ot R B A S T P
B SCRTAE, EAE R R R A0 O R th kK s R R R A
ST B s B, SR 38 B 2 R A R R AT R

. B 6 Wi Wk S R R R AR Ak, T
1,56 182 d MIEH 143 d BT 20 em BR R IR &5
W17 mg-L™" A 1,15 mg-L~", H A E LA
M OREMR L ATERT 20 em, HAT 20 em =AY
WA HIA 14. 01 mg-L 7' F113.70 mg-L~", {5 Rl
FERAE AR Y T HEA 20 em 22 )5 BY 382 I 4%
WREE BRI N RBIE B B8 1 S8k , 1A W R
R, B F R FERT 20 em BOEALY X R R
Wi B, T A3 TR BT A 224 0% S, e B T A Y
A AL I, 24 2 0 K B vk 4 )k 19
mg- L~ F 14 mg- LB, 8 AE b 2R3040 2.

20 3.0
25
16
- 20 -
a b T
o 12 ]
£ g
g 15 =
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Fig.! 6 0 Variations in iron and TN in the filter column f

on the 182" and 143" day

NFE 4TI, KR e BE AN AR I iR KO Bk
W B2 AT A R BRI AR, ST 34 i K Ik vk
JE <6 mg: L' BIEARARBL , A LLNL LB
T 24 P4 HE K WA IR FE =8 mg- L' By AE Fh sk IF
AL e SN E A F B AR R, I
Ao 2 R 2 A AT B PR b i 42 22 B eAh , K 2 A
R B 538 R TR AR A T WIS P A, O AR
R A A 2 A W X RN, EL ER R Y
SR AT kv B %) 354 hm T 34wl i, A AR X
FURAWIWHE S T Al E . ordr 3R 4 &l 6 mf
1, 24 S8 R KO R 43 5 14 mg- LA 19
mg - LA Bk AR Ak W B %) 0 RURE 2 1) DR R«
20 em ERAIT LN 14 mg- L~ BULIE B K
AL AR S T 2R A 20 em Z )5 AU DB JE Ok ik
FESIRAR , AN BEIE B2 08 19 Ak W, I 1% A W BT 2=
R, PEYIKEERT 20 em 7= A 10 S8 16 W % 2 0K I
B, 5 A R o 2 SR 2.
2.2.2  AS[EVER MR R R BRiR R

NFE 4 BT, 27K I AR MR BE AR 1T R 7K 4
(0.6 ~2.0 mg-L™ ") REASHBEmMIERTER
W AR SO IR N ik — A I A A R

;'x-‘
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Table 4 Removal of ammonia nitrogen at different intake iron concentrations/mg+L ™!

IS Hl/d PR BEK kAR B PR BEK Sl PR BK AR PRI EBREA PR RBRAIER
20 ~30 3 0.6 0.85 0 0.85
31 ~41 6 0.6 1.16 0 1.16
42 ~52 8 0.6 1.29 0.34 0.95
90 ~ 100 11 0.6 1.9 0.96 1.03
137 ~ 147 14 0.6 2.08 117 0.91
148 ~ 154 0 0.6 1.24 0 1.24
155 ~ 162 6 0.6 0.56 0 0.56
163 ~ 170 4.3 0.6 0.39 0 0.39
172 ~ 182 19 0.6 2.37 1.18 1.19

B KA ER 76 d Hﬁ%fr% Bl 7(a) W% 76 d BT
B/ Ak, I al g, dE oK B A W B 1.48
mg- L™ KB AR N 115 mg- L' KB/
THARBE  IEEP AR K E N 0.33 mg-L7', 20
em A RVEHE FE R 1,15 mg- L' 5 K R Rk B AR
&M T KSR TR E A T A EM %,E ES

1.4 0.04

1.2 H

L
5

=76 d S Bk HE
- 76 d F R
—a— 76 d F i R

(=]

I AR i g /mg- L

- 0.0

SRR S gL

1
=
=

¥ S S S — 0
80 100 120 140 160 180 200
8 J2 L HE /em

PR 0.33 mg- L™, S UL PEAE P A E B,

40 cm A BEREIR A 1. 15 mg-L™" 5 20 cm Ab &L
FUAHSE , FRICTT R, 2 F2 E K 2 8 mg-L7',

HEKERVREE N 1. 50 mg- L™ B A ZH B 5’%“#&%
TERT 20 em , ZJ5 I IEIZ *ﬁ%ﬁﬂ?hi HEH
PR EN 0. 33 mg- L. N o 54 ¢

12 1.8
¢ ® 76 d Wik 116
10: —e-76d DO
- ——T76d H 414
W 8 {112 -
E \ 2
P &0
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Fig. 7 Variations in different substances in the filter column on the 76" day

ME7(b) F5K 5 A H 20 em 382 K BREER
F5E 43 3 A 7.98 mg-L~" F10.08 mg-L~", JHFE 1Y
DO 4354 1. 14 mg-L~"F10. 0232 mg-L™", #t i
FENEER FIER THAERY DO 2278 1. 1632 mg-L™" kK
2217 20 em WHFEAY DO K 3.68 mg-L~". KL TG 20
em 294 2.5168 mg-L ™' ) DO S5 & A LBk, [FH
%5 AT%0, R AERT 20 em FRAERH 0.55 mg- L',
IMER LTS N A A R R AL 4, ﬁ"J%ﬁﬁ
fEA B 0.55 mg-L~" i & Br % DO 2k 2.514
mg-L7", 5 FidZ 'ﬁﬁﬁ%ﬁ%é’) DO #H 24, # AT 20
em A= B AS RN 4 th A R &4k 7= A £ 20 ~200
em WEEK DO 2 A \ﬂzﬁn%nﬁﬁﬁ%tgﬁﬁﬂﬁ 0.
1.42.2.7.0.50, 0 F10.50 mg-L~". {7 BB il
REM A B, 8Ot 50T F0 8T @& DO L2y
2.697 mg-L™", 5ULIEFREFER DO AHY, HEA A E
i SE AR AR 520 ~200 em A 2L
A8k, B 7 (a) AT%, #ERT 20 em £ 0. 88 mg- L~

MR R, Bl Eal s, fe ey N A 0.55
mg L' A S 5, AT 20 em A 0.33
mg- L™ E AR HARTHAE DO, 5z N A
’%% JAAHAE. TR IS N A e 2 A 25 B,
RN AL R R FE A, DEAE T A AR R
EANH*-N/ANO N EE AR R A 10 ﬁ'ﬁﬂ:t;@”
r K 5T 20 em JEJZ B} ANH, -N/ANO; -NJy 1. 6
W1 = TR A LR i B R, B B 2 &R
ANn] R I i AR 22 B
&5 76 dF DO &
Table 5 DO calculations at 76™ day

e /mg-1,7!

WA MRk I BB
i . Al )5 N ‘er ]
PR 20 em AL Do 4 D0" DO ZFi

2+

Fe 7.98 0 7.98 0. 143 1. 14 11632

Mn?2* 1.50 1.42 0. 08 0.29 0.0232

NO; 0.10 0. 65 0.55 4.57 2.514

DO 10.44 6.76 3.68




6 TRASEE AR E R B 2 T A R L B A 2733

UL ANH, -N/ANO, -N7EffL R & CANON T
CHSVERE Y, (EARYE 5 A9 DO 43 AT, Hi 20
em PP 0. 55 me- LA A e m A fh re A i
Rl R A AE7E CANON o F2, BT 20 em $81 2K 19 0. 33
mg- L' A & A TR R 1T RE 28 W BfF 25 Bk, g & 1 1]
A UERHTESS 20 d E W BRHRLRD , IS 22 W R X A
R B, [FIRE 2% 2wl 0, R sk e ks Ak
XS R BT R BRI, H 56 76 d BSR4 Bt

ALAT, K AR IRAERT 20 em 2B, R EAL)
BEAEIE DY A, [ A 2 /2 AT 20 em $ % 0Pt
I S ERIE ) S AL 0 IR A A [R] DX ). fR b i —
A F AR ERT 20 em $1 2 10 2 AU S 8RR ALY
B 25, 24 2 K T Bk AN AR Tk B 430 Sk 7,98
1.50 mg- L', 22 Bk 40 E AL W W B S BR i A A
0.33 mg-L~', M &AL /EH LB EA RN 1.05
mg-Lfl. i Falfggk 6.

®6 AEHKEREMNEEANER

Table 6 Removal of ammonia nitrogen at different intakes of manganese concentrations

- %i@i&ﬂ(ﬂz%"ﬂkg ?i’—ﬂiﬁmﬁiﬂkfﬁ ¥13E7k‘fk%th%f§ JFlQWMJI{ﬁ‘{"f\% ?l’—‘lﬁﬁ%tl‘ﬁiﬁ’ﬂﬁﬁ
/mg-L /mg-L /mg-L /mg-L /mg-L

42 ~52 8 0.6 1.29 0.34 0.95

54 ~64 8 1.0 1.30 0.34 0. 96

66 ~76 8 1.5 1.34 0.35 0.99

78 ~88 8 2.0 1.37 0.35 .02

90 ~ 100 11 0.6 1.99 0. 96 ool OB .

102 ~112 11 1.0 2.0 ‘ 70.95 " 1877

114 ~124 11 1.5 2.02 0.96 74106 =

126 ~ 136 11 2.0,

e

1.99 [ | o) 104

_—

hy BT G 1 2 R B AR 1 1 5

EFWTE 55 d S 88 d (IR b

1 A7 L8 7352 o AR 88 o PR B R
5, T DK S B 2508, 06 et Lt
FiI 8110 mg (L', FLF 3 5 A /T 200 e KB, 2

WEE K TV HE R BB 0 3 SR LR H 1)
FRAHERT 20 gm , BAGRBUREEIIH5.0. 340mg o7

M0L3S g L~ B IHAA W] .22 5. i AL
R 2405 DR AT Pl T R A 2 U . K
FEAE 434 0. 62 mg+L ™" F12.02 mg-L™", 20 c¢m
Ab5EHBE 43594 0. 59 mg- L' 11,94 mg-L~", #AT
20 em K BR 09 46 43 0 & 0.03 mg-L™" 1 0.08
mg- L™, BRI HE KRR TR B 22 00 8K, (AT 20 em
FBRAER D RILRT 20 em T A AR A AL M0 AR

10 22

L - 52d gk —A-52dEE |,

—— 88 d gk —e—52d SR |

88dfk |
8 —0—333%’;} .
—¥-52 i =
B \ ~<-8aiil "0
- 414 =
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Fig. 8 Variations of ferrous, manganese, and TN concentrations

in the filter column on the 52" and 88" day

1 r.
| i

S04, 7K PG XA T PR S0 3 5k SR Y e
FRCT 20 e 25 R RO AP 26 S ST 25
TRk, SR R E T8 5 kA 2
BRI A IR 20 em 2 Ry 21,
i FEAE 20 cm J5 B8RP EBR, AR 20 ¢m 5 =
RO A0 AL I I B VR, G K v
(0.6 ~2.0 mg-L"") A7 W] B R L 2.

i 2.2.1 A1 2.2.2 AT, ARSIE R A
CANON 2, M 28 5 %2 FE A% AnAOB B} % PR
HT 2 W A7E 76 CANON. iy B M A 52 56 A 77 78
CANON FYJE A it 9 3 HEA T 1 5% B AR S 46 7 249 1F
KA 7K DO 43514 10. 37 mg-L ™' F14. 43 mg-L™",
JEH R 2 m-h ' S E L AE AR SEEE K DOl S
~8 mg- L™ BRI h AL Z Ak A 25
HISFEA RN 4. 89 ~8.19 mg-L ™", ik DO " &
AR, HHUEE K 5 m-h ™" fixf Al 40, A 525 DO
VO T2 2% NS25 DO i DO RESE hn iy 1k 40
BRIXT DO W) o7 SR A o R, A
FIF CANON SZBR7> 200 e A AR 2 56 1 3k 378 IR T
SCHR22 ] RS S0 08 2, AR IE SR I S A X DO 7R A 4
LF R AR R 127 L R AT e ok R R A AR
CANON T.Z 1 CANON 1E H ik 55, i b 1E H 34
9 2427 R SIS g K DO BRI TR ALAE ST, K
5 RIE 7 wTA L IERE AR A WAERLR, 20 em LK
AT 0.5 mg-L™",DO KF 6 mg-L~", 7K DO &
H 4 mg-L". IS A AR DO AL, L
TR R ] BB B S A 2 7 CANON.
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